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I. INTRODUCTION 

Obesity 

Obesity is defined as abnormal or extensive fat 

accumulation that negatively affects health.
[1]

 According 

to the World Health Organization
[1]

, obesity is defined as 

Body Mass Index (BMI) ≥ 30 kg/m 
2
 and central obesity 

as a waist circumference greater than 102 cm in men and 

88 cm in women. Whether these criteria are appropriate 

for older individuals has been questioned. Obesity is a 

disease characterized by increased adiposity with 

negative impact on patient health, and it is commonly 

diagnosed by body mass index (BMI) above 30 kg/m 2 

(or above 27.5 kg/m 2 in specific ethnic groups). Its 

prevalence has rapidly increased worldwide over the last 

three decades, largely due to combined genetic 

predisposition and profound lifestyle changes including 

sedentary habits and high-calorie dietary intake.
[2] 

In 

many parts of the world, overweight (BMI > 25 kg/m 2) 

and obese individuals currently account for a majority of 

the population
[3]

; the proportion is substantially higher in 

middle- and elderly age groups.
[4]

Obesity is a strong risk 

factor for metabolic diseases such as metabolic syndrome 

and type 2 diabetes as well as atherosclerosis and 

cardiovascular events. In addition, obese individuals are 

at higher risk for many chronic and acute diseases 

involving end-stage organ failures, cancer, and 

infections.
[5] 

For example, overweight and obese patients 

carry an at least 70% higher risk for coronary disease and 

a 20–50% higher risk of developing wound infections 

after colorectal surgery compared to normal-weight 

patients.
[6]

 Liver steatosis, cirrhosis, and cancer becomes 

a raising challenge for patients with long-standing 

obesity.
[7]

 

 

Sarcopenia and Sarcopenic obesity 
The term sarcopenia comes from the Greek words sarx 

(meaning flesh) and penia (meaning loss) was originally 

meant to represent age-related loss of muscle mass with 

aging.
[8]

 Baumgartner et al.
[9]

 defined sarcopenia as 

―appendicular skeletal muscle mass divided by body 
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height squared in meters (muscle mass index)‖ two 

standard deviations or more below reference values from 

young, healthy individuals measured with dual X-ray 

absorptiometry (DXA). In spite of the limitation 

discussed above, most of the literature focuses on the 

obesity/low muscle mass combination, appropriately 

defined as sarcopenic obesity. Like sarcopenia, 

sarcopenic obesity was first defined by Baumgartner
[10]

 

as a muscle mass index less than 2 SD below the sex-

specific reference for a young, healthy population. 

 

COMPARISON OF DIFFERENT SARCOPENIC OBESITY DEFINITIONS AND PREVALENCE 

Table 1: shows the definitions of sarcopenic obesity given by New Mexico Ageing Process Study
[10]

, NHANES 

III
[20]

 and Zoico et al
[21]

 and their prevalence respectively. 

 
New Mexico Aging 

Process Study 
NHANES III Zoico et al 

Definition of sarcopenic 

obesity 

Sarcopenia: skeletal 

muscle mass -2 SD 

below mean of young 

population or < 7.26 

kg/m
2
 in men and < 5.45 

kg/m
2
 in women. 

 

Obesity: percentage 

body fat greater than 

median or > 27% in men 

and 38% in women. 

Sarcopenia: two lower 

quintiles of muscle mass 

(<9.12 kg/m
2
 in men and 

<6.53 kg/m
2
 in women). 

 

 

Obesity: two highest 

quintiles of fat mass 

(>37.16% in men and > 

40.01% in women). 

Sarcopenia: two lower 

quintiles of muscle mass 

(<5.7 kg/m
2
) 

 

 

 

 

Obesity: two highest 

quintiles of fat mass 

(>42.9%) 

Prevalence 
M: 4.4% 

F: 3.0% 

M: 4.4% 

F: 3.0% 
F: 12.4% 

 

Prevalence of Sarcopenic Obesity 

Accurate estimation of the prevalence of sarcopenic 

obesity is limited due to not only the lack of a universally 

adopted definition of sarcopenia but also the use of 

different body composition assessment techniques.
[11]

 In 

a 14-year prospective study of older adults (n = 4,652) 

more than 60 years of age by the National Health and 

Nutrition Examination Survey (NHANES) III, the 

prevalence rates of sarcopenic obesity were 18.1% in 

women and 42.9% in men.
[12]

 The study defined 

sarcopenia using the BIA-derived sex-specific cutoffs for 

ALM/ht
2
, as proposed by Janssen et al.

[13]
 (men: ≤ 10.75 

kg/m
2
 and women: ≤ 6.75 kg/m

2
). Obesity was based on 

the percentage of body fat (men: ≥27%, women: ≥38%). 

Previous studies in Korea have assessed the prevalence 

rates of sarcopenic obesity using information from the 

Korean NHANES (KNHANES) IV
[14]

 database, which 

measured skeletal muscle mass using DXA. The 

prevalence rate of sarcopenic obesity was 7.6% for men 

and 9.1% for women based on ALM/weight (%). 

However, the rate was nearly zero for men and women 

using the ALM/ht
2
 definition in the elderly population 

aged ≥65 years. The prevalence of sarcopenia in patients 

attending geriatric clinics was high.
[15]

 Sarcopenic 

obesity was defined as class II sarcopenia with central 

obesity (WC: ≥90 cm for men and ≥85 cm for 

women).
[16]

 Another study in Koreans (n = 2,221) aged 

over 60 years that used the same definition of sarcopenic 

obesity (ALM/weight (%)<2 SD from the reference 

values of young adult and central obesity) reported a 

prevalence rate of sarcopenic obesity of 6.1% for men 

and 7.3% for women.
[17]

 

 

 

 

II. HEALTH CONSEQUENCES OF 

SARCOPENIC OBESITY 

Sarcopenic obesity is associated with disability. In a 

cohort study of 451 elderly men and women, subjects 

with sarcopenic obesity, defined according to ALM/ht2 

and percent body fat, had a 2.5-fold increased risk of 

disability during an 8-year follow-up period than 

individuals without sarcopenic obesity
[18]

; however, 

sarcopenia or obesity alone were not significantly 

associated with disability. The Concord Health and 

Aging Project reported that elderly men with sarcopenic 

obesity had a 2-fold higher risk of frailty and an ~1.5-

fold increased risk of disability during the 7 years of 

follow-up.
[19]

 Sarcopenia was associated with poor 

functional outcomes while obesity alone was not 

associated with any adverse outcomes. However, several 

cross-sectional studies reported opposite or mixed 

results. Sarcopenia or sarcopenic obesity (low muscle 

mass and high % body fat) was not related to disability in 

people aged 70 years and older from the NHANES, 

although obesity was associated with an increased risk of 

functional limitation in both men and women.
[20]

 Another 

study reported that elderly women with sarcopenia only 

or with sarcopenic obesity did not have increased risks of 

disability, whereas those with obesity showed a 3-fold 

increased risk of disability.
[21]

 Growing evidence 

indicates that muscle strength is a better indicator of 

aging-related functional decline than muscle mass. A 

meta-analysis of the relationship between body 

composition and muscle strength measures and 

functional decline in older men and women reported an 

association between dynapenia and obesity and long-

term functional decline, respectively.
[22]

 A cross-

sectional study from China found that dynapenic obesity 

(low handgrip strength and elevated BMI) was associated 
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with increased risks of disability and slow gait speed 

compared to either dynapenia or obesity alone in an older 

Asian population.
[23]

 Another prospective cohort study of 

Health ABC participants showed increased risks of 

functional limitation and mortality in participants with 

slow gait speed.
[24]

 Furthermore, other tests of lower 

extremity function such as chair stand and standing 

balance showed comparable prognostic value for adverse 

health events.  Each component of sarcopenia has a 

different association with institutionalization. A large 

observational study using data from Health ABC 

participants found that low muscle mass was not 

independently associated with an increased risk of 

hospitalization.
[25] 

However, low muscle strength and 

poor physical performance were associated with 

increased risks of hospitalization.
[26]

 Moreover, physical 

performance measures such as gait speed have been 

associated with future hospitalization and 

institutionalization in a variety of populations.
[27]

 

However, the association between obesity and 

hospitalization or institutionalization is more obvious. 

For instance, participants with obesity (BMI ≥30 kg/m2) 

in the NHANES showed a higher likelihood of nursing 

facility use
[28]

 A longitudinal observation study reported 

midlife obesity to be associated with an increased risk of 

nursing home admission in late life
[29]

, an association 

that persists in older adults with obesity.
[30]

 

 

Mortality 

Several prospective studies have investigated the 

relationship between sarcopenic obesity and the risk of 

mortality. The British Regional Heart Study, a 6-year 

prospective study of 4,252 men aged 60–79 years, 

reported a 55% higher risk of mortality in men with a 

high WC (>102 cm) and low midarm muscle 

circumference (sarcopenic obesity) than in those without 

sarcopenia or obesity.
[31]

 Another prospective study of 

4,652 participants aged ≥60 years from the NHANES III 

with a 14-year follow-up showed higher risks of all-

cause mortality in women with sarcopenia and 

sarcopenic obesity than in women without sarcopenia or 

obesity.
[32]

 Meanwhile, women with obesity were not at a 

high risk of mortality, and no significant difference was 

observed in mortality risk in male participants with 

sarcopenia, obesity, and sarcopenic obesity. However, 

individuals with sarcopenic obesity showed the lowest 

survival rate.
[33] 

Interestingly, low physical performance 

(measured using walking speed) was significantly 

associated with increased mortality in older adults.
[33]

 

Measures of muscle strength, both knee extension and 

grip, were strong and independent predictors of mortality 

in older adults.
[34] 

The magnitude of association for both 

quadriceps and grip strength were similar.
[34]

 Although 

leg strength was more strongly associated with age itself 

than has grip strength
[35]

, grip strength is currently much 

easier to measure, thus has greater potential for 

incorporating into clinic practice. A growing body of 

evidence indicates that muscular strength, as measured 

using grip strength, is associated with a variety of health 

outcomes including mortality in older adults.
[36]

 A 

similar observation was reported in a 33-year follow-up 

study that included 3,594 men and women aged 50–91 

years from the Mini-Finland Health Examination Survey. 

In this study, among participants aged ≥70 years, the risk 

of mortality was higher in participants with dynapenic 

obesity and dynapenia alone than in participants without 

dynapenia or obesity.
[37] 

Moreover, the English 

Longitudinal Study of Aging reported minimal 

differences in all-cause mortality between patients with 

dynapenic obesity and those with dynapenia alone.
[38]

 In 

this study, weight loss combined with low muscle 

strength had the greatest risk of mortality. Likewise, 

recent studies have shown an association between 

overweight or obesity and a lower risk of CVD or CVD-

associated death, whereas being underweight is 

associated with an increased risk of CVD, a phenomenon 

known as the obesity paradox.
[39]

 Older people with 

weight loss lose a greater percentage of lean mass than 

fat mass
[40]

, which could contribute to the increased risk 

of CVD events after weight loss. Slow walking speed in 

older people was associated with an increased risk of 

cardiovascular mortality in a cohort of 3,208 older men 

and women.
[41]

 Short Physical Performance Battery 

(SPPB) score is a group of physical performance 

measures including gait speed, chair rises, and balance 

test, and it was associated with an increased risk of all-

cause mortality in a meta-analysis.
[42]

 However, there is 

no study that evaluated the synergistic effects of low 

physical performance and obesity. 

 

Metabolic Diseases 

Both sarcopenia and obesity are associated with 

metabolic disorders.
[43]

 Thus, sarcopenic obesity may 

have a greater impact on metabolic diseases and CVD-

associated mortality than either sarcopenia or obesity 

alone.
[44]

 In a large cross-sectional analysis of 14,528 

adults from the NHANES III, the sarcopenic obesity 

group showed the highest risk of insulin resistance and 

dysglycemia.
[45] 

The Korean Sarcopenic Obesity Study 

(KSOS) cohort study showed that sarcopenic obesity was 

associated with insulin, inflammation (C-reactive protein 

level), and vitamin D deficiency.
[46]

 A cross-sectional 

study of 2,943 participants aged 60 years or older from 

KNHANES also reported that sarcopenic obesity was 

associated with insulin resistance, metabolic syndrome, 

dyslipidemia, and vitamin D deficiency.
[47]

 Lim et al. 

observed a higher risk of metabolic syndrome among 

adults with sarcopenic obesity in a cross-sectional study 

of 565 participants aged ≥65 years from the Korean 

Longitudinal Study on Health and Aging.
[48]

 Several 

cross-sectional studies of Korean populations of older 

adults from the KNHANES database reported sarcopenic 

obesity to be more strongly associated with increased 

risks of hypertension, dyslipidemia, and diabetes than 

sarcopenia or obesity alone.
[49]

 The risk of hypertension 

was higher in the sarcopenia, and sarcopenic obesity 

groups than in the non-sarcopenia non-obesity group. 

Furthermore, individuals with sarcopenic obesity had a 

higher risk of dyslipidemia than men in the obesity and 

sarcopenia groups.
[49]

 Recent studies have investigated 
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the relationship between low muscle strength and 

metabolic diseases. Relative handgrip strength, defined 

as handgrip strength normalized for BMI, was strongly 

negatively correlated with metabolic syndrome
[50]

, 

hypertension
[51]

, and dyslipidemia.
[52]

 Handgrip strength 

normalized by body weight was inversely associated 

with insulin resistance and type 2 diabetes
[53]

 

Furthermore, lower handgrip strength was associated 

with non-alcoholic fatty liver disease
[54]

 and all-cause 

and CVD mortality.
[55]

 The risk of CVD increased by 

23% in the dynapenia and obesity groups. Chronic 

medical conditions such as hypertension, diabetes 

mellitus, and dyslipidemia were associated with lower 

walking speed and greater decline in walking speed in 

older people.
[56]

 All these results indicated that midlife 

cardiovascular risk factors likely contribute to poor 

physical function and disability in the elderly. 

 

III. METABOLIC AND LIFESTYLE CHANGES 

Primary Metabolic Abnormalities 
Clustered metabolic derangements including systemic 

and muscle oxidative stress, inflammation and insulin 

resistance may occur in obesity
[57]

 due to various causes 

that primarily include i) excess nutrient availability and 

tissue delivery, particularly saturated fat
[58]

 and 

glucose
[59]

 as well as ii) adipose tissue dysfunction upon 

activation of maladaptive responses in the presence of 

enhanced demand for lipid storage.
[60]

 These alterations 

are at least in part causally interrelated and have a strong 

muscle-catabolic potential
[61]

; they can also promote a 

typical ‗anabolic resistance‘ state in skeletal muscle, 

meaning that the response of muscle protein synthesis to 

nutrients is blunted.
[62]

 

 

Ectopic Muscle Fat Accumulation 
Muscle lipid accumulation commonly occurs

[60]
 as a 

result of insufficient adipose tissue expansion in the face 

of excess lipid availability
[63]

; convincing evidence has 

long demonstrated the close association of skeletal 

muscle lipid content with tissue and systemic insulin 

resistance.
[60]

 Mechanisms mediating metabolic 

lipotoxicity are complex and appearto include direct pro-

oxidative and inflammatory activities
[64]

 as well as 

accumulation of metabolically toxic lipid moieties such 

as diacylglycerol and ceramides.
[65]

 Recent evidences 

show that ectopic lipid deposition may also compromise 

muscle protein turnover.
[66]

 

 

Mitochondrial Dysfunction 
Mitochondrial changes are not invariably observed in 

obese skeletal muscle until relatively late stages.
[67]

 Their 

onset may however exacerbate oxidative stress and 

related metabolic cascades leading to insulin resistance 

and catabolism.
[67]

 Potential reduction in ATP production 

may also directly result in low muscle strength and 

endurance capacity. 

 

Stem Cell Dysfunction 

Functionally altered muscle stem cells that may undergo 

adipocyte differentiation are increasingly described in 

the context of complicated obesity and muscle fat 

accumulation
[68]

, and their potential relevant role in 

limiting skeletal muscle mass maintenance has been 

proposed. 

 

Physical Inactivity 
Low physical activity is one fundamental contributor to 

positive energy balance.
[69]

 Progressive reduction of 

physical activity is further observed with disease 

progression due to worsening obesity and its joint and 

musculoskeletal complications
[69]

, with direct negative 

impact on muscle protein turnover and muscle oxidative 

and performance capacity.
[70] 

 

IV. COMORBIDITIES 

Cardiometabolic Complications 
Complications such as metabolic syndrome or overt type 

2 diabetes and hyperglycemia are associated with 

enhanced oxidative stress, pro-inflammatory changes, 

and mitochondrial dysfunction
[71]

 that commonly cause 

catabolic abnormalities and may independently further 

muscle alterations.Altered tissue perfusion in the 

presence or absence of clinically relevant atherosclerotic 

disease as well as epicardial fat enlargement may also 

cause metabolic complications by enhancing ROS 

production and their negative metabolic impact.
[72] 

 

Chronic and Acute Complications 

Obesity directly enhances the risk for, or may be 

associated with chronic organ failure syndromes and 

chronic diseases (including chronic heart failure, chronic 

kidney disease, chronic obstructive pulmonary disease, 

obstructive sleep apnea syndrome, and cancer) as well as 

their acute complications.
[73] 

All of the above events and 

conditions may result in heterogeneous sources of 

inflammation and oxidative stress
[74]

 while impairing 

spontaneous physical activity, thereby synergistically 

enhancing muscle loss and dysfunction.
[75]

 

 

V. PATHWAYS TO THE OBESITY/MUSCLE 

IMPAIRMENT SYNDROME 

Age-related changes in body composition 

Longitudinal studies have shown that fat mass increases 

with age and is higher among later birth cohorts peaking 

at about age 60-75 years
[76]

, whereas muscle mass and 

strength starts to decline progressively around the age of 

30 years with a more accelerated loss after the age of 

60.
[77]

 Visceral fat and intramuscular fat tend to increase, 

while subcutaneous fat in other regions of the body 

declines.
[78]

 Furthermore, fat infiltration into muscle is 

associated with lower muscle strength and leg 

performance capacity.
[79]

 The increase in body weight 

and fatness are probably due to progressive decline in 

total energy expenditure stemming from decreased 

physical activity and reduced basal metabolic rate
[80]

 in 

the presence of increased or stable caloric intake 

exceeding basal and activity-related needs. Aging is also 

associated with a decline in a variety of neural, hormonal 

and environmental trophic signals to muscle. Physical 

inactivity, hormonal changes, proinflammatory state, 
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malnutrition, loss of alpha-motor units in the central 

nervous system, and altered gene expression accelerate 

the loss of muscle mass and mass-specific strength.
[81]

 

 

Physical activity 

Sedentary life-style is an important risk factor for weight 

gain.
[82]

 Obese persons also tend to be less physically 

active and this may contribute to decreased muscle 

strength.
[83]

 Finally, muscle atrophy leads to reduction in 

metabolic rate both at rest and during physical activity 

and further aggravates the sedentary state, all of which 

can cause weight gain. Two recent studies have shown 

that weight loss intervention combining diet and exercise 

among older obese people improves muscle strength and 

muscle quality in addition to fat loss confirming the 

hypothesis about tight connection between adiposity and 

impaired muscle function.
[84]

 

 

Inflammation 

It is now evident that adipose tissue is an active 

metabolic tissue that secretes hormones and proteins. For 

example, in adipose tissue, either adipocytes directly or 

infiltrating macrophages produces pro-inflammatory 

cytokines, such as interleukin(IL)-6 and tumor necrosis 

factor (TNF)-α and adipokines, such as leptin and 

adiponectin, that up-regulate the inflammatory 

response
[85]

, which, again, may contribute to muscle 

mass and strength decline.
[86]

 Cesari et al.
[87]

 reported 

that pro-inflammatory cytokines were positively 

associated with fat mass and negatively with muscle 

mass. In the InCHIANTI study, Schrager et al.
[88]

 found 

that obese community-dwelling older persons with low 

muscle strength had elevated levels of CRP and IL-6 

compared to those with normal strength. Thus, a pro-

inflammatory state may be one of the key factors in 

creating a vicious cycle of decreased muscle strength 

among obese persons. 

 

Insulin resistance 

Studies in animals and humans have found that 

inflammatory molecules mediate obesityrelated insulin 

resistance through a cross-talk between cytokine 

receptors and insulin receptor signaling pathways.
[89]

 It 

has been hypothesized that muscle fat infiltration causes 

insulin resistance in obese individuals
[90]

 and this 

hypothesis has been partially confirmed in humans.
[91]

 

Since insulin is a powerful anabolic signal on proteins
[92]

, 

insulin resistance in obese individuals may promote 

muscle catabolism. Studies have shown that insulin 

resistance is an independent correlate of poor muscle 

strength
[93] 

and older diabetic patients show accelerated 

loss of leg muscle strength and quality.
[94]

 Furthermore, 

resistance training improves insulin sensitivity and 

glycemic control.
[95]

 

 

Growth hormone and testosterone 

Increased adiposity is often associated with high 

circulating free fatty acids
[96]

, which inhibit growth 

hormone production and decrease plasma insulin-like 

growth factor I (IGF-I).
[97]

 Recent study showed that 

sarcopenic obese persons had depressed growth hormone 

secretion compared to obese persons.
[98]

 Similarly, obese 

individuals tend to have lower testosterone.
[99]

 

Noteworthy, low levels of these anabolic hormones have 

been reported positively associated with low muscle 

strength
[100]

 and may therefore contribute to muscle 

impairment in obese individuals.
[101]

 

 

Malnutrition and weight loss 

Weight gain results from the misbalance between energy 

intake and expenditure. Older persons tend to obtain too 

little proteins in their diet
[102]

 which may impair protein 

muscle turnover, especially during periods of weight 

loss
[103]

 which is often coincident with accelerated 

sarcopenia. 

 

VI. DIAGNOSIS OF SARCOPENIC OBESITY 

There is currently no consistent diagnosis of SO, 

nevertheless an adequate one should include the 

individual diagnosis of obesity and sarcopenia. 

According to the criteria of WHO, BMI ≥ 30 kg/m2 or 

wrist circumference (men ≥ 102 cm and women ≥ 88 

cm) is considered as obesity. However, whether these 

criteria are appropriate for each individual has been 

questioned. Alternatively, cutoffs of BF% (Body Fat 

Percentage) or other adiposity indices have been 

regarded as useful outcomes measure of obesity.
[104]

 

European Working Group on Sarcopenia in Older People 

(EWGSOP) has proposed that (1) low muscle mass; (2) 

low muscle strength; (3) low physical performance are 

the three important parameters to define sarcopenia.
[105]

 

 

Various techniques emerge for assessing muscle mass, 

among which, computed tomography (CT) and magnetic 

resonance imaging (MRI) are deemed as the gold 

standard to distinguish fat from other soft tissues, 

thereby, effectively estimating fat mass and muscle mass. 

However, it is hard to generalize CT and MRI due to the 

high cost, and the risk of radiation (for CT).
[106]

 

Therefore, another relatively inexpensive and low 

radiation method called dual-energy-X-ray 

absorptiometry (DXA) is recommended to estimate the 

lean and fat mass of the whole body or certain regions of 

body. Moreover, it also manifests strength in assessment 

of bone mass and density, thus simultaneously providing 

the conditions of bone, muscle, and fat.
[107]

 In addition, 

as an affordable and available tool, bioelectrical 

impedance analysis (BIA) is used to measure muscle 

mass as well, whereas, the inaccuracy makes it 

unrecommended to diagnose sarcopenia.
[108]

 An 

overestimation is accompanied with a poor distinction 

between extracellular and intracellular fluid.
[109]

 

Furthermore, air displacement plethysmography (ADP) 

measures body volume and body density and hence, total 

fat and lean tissue.
[110] 

In spite of the widespread use of 

anthropometric measurements, such as mid-upper arm 

circumference, calf circumference, and skin fold 

thickness, they are inaccurate.
[111] 
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Muscle strength can be assessed by handgrip strength, 

knee flexion/extension, and peak expiratory flow. 

Handgrip strength is a great predictor of extremity 

muscle power and mobility. Physical performance is 

defined by short physical performance battery (SPPB), 

usual gait speed, timed get-up-and-go test, and stair 

climb power test, which evaluate an individual's balance, 

gait, strength and endurance.
[112]

 

 

VII. NONPHARMACOLOGICAL TEATMENT 

Exercise and combined interventions 

While aerobic and resistance exercises are core 

components in the treatment of sarcopenic obesity, the 

specific frequency, intensity, time and types (aerobic, 

resistance or both) should be considered. Longitudinal 

studies should verify whether weight loss plus combined 

aerobic and resistance training prolongs physical 

independence in sarcopenic obesity. Such studies might 

translate to older adults who have access to health 

membership benefits in community-based exercise 

centres.
[113]

 Assessing aquatic therapies
[114]

 or tai chi
[115]

, 

in isolation or in tandem with other types of physical 

activities, might prove useful for treating patients with 

sarcopenic obesity. The addition of pharmacotherapy, 

such as testosterone supplementation, to progressive 

resistance training augmented the improvements in body 

composition, including reduced fat mass and improved 

lean mass
[116] 

However, whether or not physical activity 

should be combined with novel and promising treatments 

requires systematic and further investigation. 

 

Periodization strategies 

Periodization, which is a systematic variation in physical 

training specificity, intensity and volume within periods, 

has emerged as a potential strategy to improve muscle 

performance.
[117]

 Linear periodization reduces training 

volume while increasing training intensity or load 

between cycles.
[118]

 Periodized resistance training in 

older adults demonstrated equal efficacy in physical 

function and physiological outcomes when compared 

with non-periodized resistance training.
[119]

 In patients 

with sarcopenic obesity, no differences were observed in 

strength, power or short performance physical battery 

following a 10-week periodization strategy of strength 

and endurance training with concentric and eccentric 

movements.
[120]

 Preliminary studies indicate that 

periodization results in increases in serum levels of irisin 

and decreases in IL-1β.
[121]

 Leptin might also be reduced 

further with periodized resistance training.
[122]

 While 

periodization could feasibly be prescribed in sedentary or 

frail older adults to improve physical function, it is 

premature to endorse this training as superior to non-

periodized training.
[123]

 Longer-term investigations in 

older populations with sarcopenic obesity are needed. 

 

Whole-body vibration therapy 

Whole-body vibration therapy is a novel therapy that 

could increase muscle contraction efficiency and 

function with similar efficacy to resistance training, 

though data on its efficacy are mixed. This safe and 

convenient technique is associated with a low risk of 

injury.
[124]

 Whole-body vibration therapy uses the 

transmission of mechanical stimuli through the person‘s 

body
[125]

 to activate the primary ends of muscle spindles, 

which leads to neuromuscular activation.
[126]

 The 

participant stands on a vibrating platform where 

electrical signals are delivered through the body, and 

thus primary endings of muscle spindles are activated. 

Summative effects of the combination of whole body 

vibration therapy and resistance exercises
[127]

 or of 

whole-body vibration therapy and vitamin D367 are 

mixed. Others hypothesize that pathways contributing to 

weight loss as a result of whole-body vibration therapy 

could inhibit adipogenesis, increase energy expenditure 

and reduce muscle mass.
[128]

 Augmenting existing 

squatting exercises with whole-body vibration therapy 

failed to improve muscle mass in younger men aged 18–

30 years.
[129]

 Future research should focus on type, 

frequency and duration of treatment.
[130]

 

 

Bariatric surgery 

Bariatric surgery improves weight and metabolic 

outcomes and reduces mortality. In carefully selected 

patients, this could be considered a treatment for 

sarcopenic obesity in older adults ≥65 years.
[131]

 Its 

safety and efficacy in sarcopenic obesity is unknown 

other than one study that evaluated the influence of 

sarcopenic obesity on gastric bypass and sleeve 

gastrectomy results.
[132]

 Bariatric surgery leads to loss of 

fat mass
[133]

, alters gut hormones
[134]

 and can exacerbate 

weight loss-induced sarcopenia
[135]

 and osteoporosis.
[136]

 

Carefully designed studies are needed before promoting 

this intervention. 

 

VIII. PHARMACOLOGICAL THERAPY 

Myostatin inhibitors 

Myostatin inhibition may result in favorable changes in 

both adiposity and lean body mass. A member of the 

TGF-β superfamily of secreted growth factors, myostatin 

is produced by skeletal muscle and adipose tissue, 

functioning as a negative regulator of muscle mass.
[137]

 

Its clinical relevance has been confirmed in rodent 

models whereby myostatin infusion has resulted in 

marked muscle wasting.
[138]

 Moreover, myostatin 

influences adipocyte differentiation with substantial 

evidence to suggest myostatin-mediated crosstalk 

between muscle and adipose tissue.
[139]

 Indeed, myostatin 

has proven to be a biomarker of sarcopenia in the elderly, 

correlating inversely with muscle mass, with higher 

levels being observed in frail older adults compared to 

younger adults.
[140]

 In contrast, observations of myostatin 

deficiency in nature have shed light on the implications 

of myostatin inhibition, with exceptional muscularity and 

scarce adiposity being well-described in myostatin-

deficient cattle.
[141] 

Similarly, a homozygous mutation in 

the myostatin gene has been described in a human child 

with increased muscle strength and phenotypic features 

overlapping those described in myostatin-deficient 

livestock.
[142]

 Further, inhibition of myostatin by the 

administration of myostatin antibodies or introduction of 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4046899/#R51
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4046899/#R52
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inhibitory propeptides in mice has been associated with 

improved muscle mass and function
[143]

, increased 

intramuscular satellite cell function and IGF-1 signaling , 

enhanced thermogenesis, and resistance to obesity.
[144]

 In 

one phase I/II trial of a myostatin antibody, no 

improvement in muscle strength or function was 

observed in muscular dystrophy patients, although the 

study was not powered for efficacy.
[145]

 Further 

uncertainties regarding the effects of myostatin inhibition 

on muscle function stem from observations in individuals 

with the K153R polymorphism in the myostatin gene, a 

variant reported to reduce the ability of myostatin to 

modulate muscle mass and strength.
[146]

 While this 

variant may contribute to exceptional longevity
[147]

, there 

are also reports of diminished muscle force in some.
[148]

, 

but not all
[149] 

affected individuals. There are other 

unanswered questions regarding the long-term 

cardiovascular safety of myostatin inhibition given the 

evidence of myocardial expression of myostatin and its 

role in the development of heart failure.
[150]

 For these 

reasons, long-term data are needed to elucidate the role 

myostatin inhibition may have in the prevention or 

treatment of sarcopenic obesity, with current studies 

ongoing in healthy adults. 

 

Testosterone 
A predictable decline in testosterone with aging parallels 

both the loss in lean body mass and the gain in fat mass 

which lead to sarcopenic obesity.
[151]

 The beneficial 

effects of testosterone replacement on body composition 

and muscle strength in hypogonadal men have been well 

documented in a recent review.
[152]

 Hildreth et al recently 

investigated the effects of 12 months of testosterone 

therapy or placebo in healthy older adults randomized to 

progressive resistance training versus no exercise.
[153]

 In 

those subjects randomized to exercise, testosterone 

therapy was associated with improvements in fat mass 

and fat-free mass; however, no differences were 

observed in physical function or muscle strength 

compared to placebo. In contrast, upper body strength 

improved in the non-exerciser subjects treated with 

testosterone although no improvements were noted in 

physical function. Similarly, other studies in healthy 

older men have reported favorable effects of testosterone 

therapy on body composition.
[154]

 Evidence suggests that 

testosterone therapy in healthy older men exerts 

beneficial effects on body composition which may be 

protective against sarcopenic obesity; however, there is 

need for careful monitoring for potential adverse events 

such as erythrocytosis, growth of subclinical prostate 

cancer, worsening of obstructive sleep apnea, and fluid 

retention.. The 2010 Endocrine Society Guidelines 

suggest treatment in older adults only if clinical and 

biochemical evidence of hypogonadism are present and 

after an informed discussion regarding the risks and 

benefits of therapy.
[155]

 

 

Other therapies 

Aging is associated with a progressive decline in growth 

hormone (GH) secretion and IGF-1 production
[152]

, 

which is felt to be responsible in part for the decline in 

lean body mass and increase in fat mass that contribute 

to sarcopenic obesity.
[156]

 Thus, GH therapy has been 

studied as an anti-aging agent and, in healthy older 

adults, reverses these changes in body composition.
[157]

 

Unfortunately, treatment has also been associated with 

significant adverse events such as arthralgias, edema, and 

glucose intolerance, and for this reason a systematic 

review in 2007 concluded that GH should not be used as 

anti-aging therapy.
[158]

 The growth hormone 

secretagogue capromorelin improved body composition 

and physical function in healthy older adults but was 

associated with aggravation of glucose homeostasis.
[159]

 

On the other hand, Makimura et al recently reported the 

effects of a GHRH analog which reduced fat mass and 

increased lean body mass in obese individuals yet was 

not associated with abnormalities in glucose homeostasis 

or other adverse events compared to placebo.
[160]

 The 

role for androgenic therapies aside from testosterone in 

improving body composition has also been evaluated. 

While there are conflicting data pertaining to the use of 

dehydroepiandrosterone (DHEA) alone on muscle mass 

and strength, we have demonstrated that DHEA 

supplementation potentiates the anabolic effects of heavy 

resistance exercise in older adults.
[161]

 A recent meta-

analysis of double blind placebo controlled trials in 

elderly men showed that DHEA supplementation can 

induce a small but significant positive effect on body 

composition, which is dependent on DHEA conversion 

to androgens or estrogens.
[162]

 Treatment of elderly men 

with the synthetic anabolic androgen, oxandrolone, was 

associated with improvements in lean body mass, fat 

mass, and muscle strength.
[163]

, but significant reductions 

in high-density lipoprotein (HDL) cholesterol were also 

observed.
[164]

  Other treatments currently in development 

include inhibitors of transcription factor nuclear factor 

kappa B (NF-κB) for protection against cancer-related 

cachexia. Early studies demonstrate favorable effects of 

NF-κB inhibition on cancer-related cachexia and provide 

further insight into the pathogenesis of this disorder, 

offering promise for continued progress in the 

development of targeted therapies for muscle wasting 

disorders.
[165]

 

 

IX. ALTERNATIVE TREATMENTS FOR 

SARCOPENIC OBESITY 

Herbal Medicine and Derivative 

With the growing of popularity of herbal medicine, many 

studies have indicated that herbal medicine or related 

derivatives may be effective methods to treat SO .A 

study has reported two cases about using wild ginseng 

complex (WGC) on two patients who only wanted to 

lose abdominal fat, but not in other parts of body. After 3 

weeks of WGC intervention, the two patients had an 

increase in muscle mass, protein content, and basal 

metabolic rate. Therefore, WGC intervention may be a 

new alternative treatment for age-related sarcopenic 

obesity but more studies using larger samples are 

required to support this.
[166]
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Acupuncture 

Acupuncture has been used in diabetes for a long time in 

Asian countries and recent studies have also suggested 

that acupuncture may alleviate SO.
[167]

 A randomized 

controlled trial, using electrical acupuncture coupled 

with essential amino acid supplementation to treat SO in 

male older people, has indicated that both electrical 

acupuncture with oral essential amino acids group and 

oral essential amino acids alone group can decrease BF% 

and increase ASM/H2, with the combination group being 

more effective than another group. Moreover, the 

combination group can increase muscle mass in a shorter 

time.
[168]

 Besides, a meta-analysis of randomized 

controlled trials has confirmed that acupuncture should 

be recommended as a complementary treatment in T2D 

control, particularly with obesity or other metabolic 

disorders.
[169]

 

 

X. CONCLUSION 

The increasing prevalence of obesity in elderly coupled 

with the decline in muscle mass resulting in sarcopenia 

act synergistically to maximize disability, morbidity, and 

mortality. It is necessary to provide effective treatment in 

the elderly. The primary treatment for sarcopenic obesity 

is lifestyle interventions. Though weight loss and 

exercise independently result in reversal of sarcopenic 

obesity, an intervention strategy incorporating combined 

weight loss and exercise has proven to be the most 

effective treatment for this disorder. Optimim protein 

intake also has beneficial effects. With regard to 

pharmacologic therapies for sarcopenic obesity, we do 

not believe that the data as of yet support testosterone 

therapy in the absence of symptomatic hypogonadism. 

On the other hand, there is promising, albeit limited data 

pertaining to the use of myostatin inhibitors and GHRH-

analogs for sarcopenic obesity. 
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