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A B ST R AC T  
 

Sarcopenic obesity involves the co-occurrence of sarcopenia and obesity, 

yields more health risks than either condition alone, thus requiring 

prevention and treatment for healthy aging. In this review, the literature 

on the diagnosis of sarcopenic obesity, the mechanisms of its 

pathogenesis and treatment with emphasis on exercise and dietary protein 

were revised. Changes in body composition and sex hormones with age, 

myocellular mechanisms, inflammation, oxidative stress, physical 

inactivity, and insufficient protein intake are the main factors associated 

with the pathogenesis of sarcopenic obesity. Treatment targets weight 

loss while preserving muscle mass and function. Promising approaches 

involve high-protein and low-calorie diets combined with aerobic and 

resistance exercises. In addition to the total amount of protein taken daily, 

the amount consumed per meal, the type, source, and essential amino acid 

content of the protein are also important factors.   
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Introduction  

The proportion of the elderly population in the world 

has been increasing over the years. While the population 

aged 60 and over was 1 billion, aged 65 and over was 700 

million in 2019, these numbers are estimated to reach 2.1 

billion and 1.5 billion, respectively, in 2050 [1,2]. The 

increase in the elderly population in society brings about a 

rapid rise in the importance of health problems in this age 

group. Sarcopenia is one of the most prominent health 

problems in the elderly. A study of community-dwelling 

older adults (mean age 67 years) in the UK found the 

prevalence of sarcopenia to be 4.6% in men and 7.9% in 

women [3]. A study conducted in the United States 

reported that the prevalence of sarcopenia was 36.5% in 

older adults with a mean age of 70.1 years [4]. 

Obesity is a significant health problem that has become 

an epidemic, its prevalence increasing almost threefold 

since 1975 [5]. Both sarcopenia [6] and obesity [7] are 

associated with many metabolic and cardiovascular 

diseases. Sarcopenic obesity, which means the coexistence 

of these two conditions, shows more negative effects on 

morbidity and mortality through a synergistic effect [8-10].  

Sarcopenic obesity is associated with a higher risk of 

diabetes [11], dyslipidemia [11], metabolic syndrome [2], 

restrictive lung disease [12], osteoporosis [13]. Therefore, 

it is necessary to prevent or treat sarcopenic obesity for 

healthy aging. 

Although sarcopenic obesity is associated with aging, 

it is a preventable and treatable condition [14]. However, 

there is no approved drug therapy for the treatment of 

sarcopenic obesity yet. Therefore, lifestyle interventions 

consisting of nutrition and exercise form the cornerstone of 

treatment [9,10,15]. In the treatment of sarcopenic obesity, 

ESPEN stated that the primary goal is to maintain muscle 

strength and function, and the secondary goal is to provide 

body weight loss, but also emphasized that this loss should 

be from fat, not muscle [16]. However, for an effective 

treatment, the diagnosis of sarcopenic obesity and its 

pathophysiology should be well-known. Therefore, this 

review will examine the sarcopenic obesity diagnostic 

criteria, pathophysiology, and treatment strategies focusing 

on exercise and dietary protein intake and will address the 

issue of sarcopenic obesity holistically. 

Discussions 

Sarcopenic obesity is generally expressed as the 

coexistence of sarcopenia and obesity. Although there is no 
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consensus on its definition, the criteria used in sarcopenia 

and obesity diagnosis also constitute the criteria for 

sarcopenic obesity [9]. However, there are different 

definitions in the literature regarding sarcopenia and 

obesity that confuses the diagnosis of sarcopenic obesity. 

Sarcopenia 

The diagnosis of sarcopenia is generally based on two 

or three parameters of low muscle mass, low muscle 

strength, and low physical performance [9]. While 

European Working Group on Sarcopenia in Older People 

(EWGSOP, 2010) [17] and Asian Working Group for 

Sarcopenia (AWGS, 2014) [18] recommended evaluating 

low muscle mass and low muscle strength or low physical 

performance parameters in the diagnosis of sarcopenia, 

International Working Group on Sarcopenia (IWGS, 2011) 

[19] and Society of Sarcopenia, Cachexia and Wasting 

Disorder (SSCWD, 2011) [20] suggested evaluating low 

muscle mass and low physical performance parameters 

without considering low muscle strength. On the other 

hand, the Foundation for the National Institutes of Health 

(FINH, 2014) [21] supported that all three parameters 

should be evaluated together in the definition of 

sarcopenia. The EWGSOP updated the sarcopenia 

diagnostic criteria in 2019 [22] and defined the cut-off 

points for these criteria (Table 1). Accordingly, it was 

emphasized that low muscle strength was the primary 

parameter in the definition of sarcopenia, and low physical 

performance was used to evaluate the degree of sarcopenia. 

While pre-sarcopenia is characterized by low muscle mass 

without impact on muscle strength or physical 

performance, sarcopenia is characterized by low muscle 

mass plus low muscle strength or low physical 

performance. In addition, meeting all three criteria 

indicates severe sarcopenia [17]. 

Table 1. Criteria for the diagnosis of sarcopenia 

according to EWGSOP 

Test 
Cut-off points 

for men 

Cut-off points 

for women 

(1)  Low muscle strength 

Handgrip strength <27 kg <16 kg 

Time to rise from a chair 

five times 
>15 s >15 s 

(2)  Low muscle mass 

Appendicular skeletal 

muscle mass  
<20 kg <15 kg 

Appendicular skeletal 
muscle mass/height2 

<7 kg/m2 <5.5 kg/m2 

(3)  Low physical performance 

Usual gait speed ≤0.8 m/s ≤0.8 m/s 

Short Physical Performance 

Battery  
≤ 8-point score ≤ 8-point score 

Timed get-up-and-go test ≥ 20 s ≥ 20 s 

400m walk test ≥ 6 min or non-

completion 

≥ 6 min or non-

completion 

Obesity 

Obesity is defined by the World Health Organization 

(WHO) as “abnormal or excessive fat accumulation that 

poses a health risk”. A BMI ≥30 kg/m2 based on body mass 

index (BMI) in the evaluation of obesity indicates the 

presence of obesity [5]. However, the fact that Chinese, 

Ethiopians, and Indonesians with similar BMI have higher 

fat percentages compared to Blacks and Polynesians [23] 

indicates that BMI alone is not a confident parameter for 

evaluating body fat percentages. Evaluation of waist 

circumference in addition to BMI for obesity diagnosis 

increases the reliability. But it should be underlined that the 

cut-off points for the diagnosis of obesity in waist 

circumference, as in BMI [24], differ according to ethnic 

groups [24-26]. In addition, changes in body composition 

with aging, such as shortening in stature, increase in 

adipose tissue, and muscle loss, make it inconvenient to use 

BMI in obesity diagnosis in the elderly [27]. Therefore, 

direct evaluation of body fat percentage in the diagnosis of 

sarcopenic obesity is seen as a more reliable method 

compared to BMI and waist circumference measurements 

[8,9]. Methods such as Dual Energy X-Ray 

Absorptiometry (DEXA), Bioelectric Impedance Analysis 

(BIA), Magnetic Resonance Imaging (MRI), and 

Computed Tomography (CT) can be used to evaluate body 

fat and muscle mass. It has been reported that DEXA can 

be used as a reference method in the determination of 

muscle and fat mass for the sarcopenia diagnosis [28]. 

Sarcopenic obesity  

Recently, the European Society for Clinical Nutrition 

and Metabolism (ESPEN) and the European Association 

for the Study of Obesity (EASO) have published a 

consensus on a two-step algorithm for screening and 

identifying sarcopenic obesity [29]. Accordingly, two 

factors were identified in screening for sarcopenic obesity: 

(1) low skeletal muscle mass with high BMI or waist 

circumference and (2) low muscle function. In sarcopenic 

obesity screening, the diagnostic evaluation should be 

performed in individuals who meet both criteria. In 

addition, primarily decreased skeletal muscle function in 

the diagnosis of sarcopenic obesity; subsequent assessment 

of body composition (high-fat mass and low muscle mass) 

has been suggested. Cut-off points can be used in different 

ethnic groups for these parameters were also determined. 

The differences in the parameters used in the diagnosis 

of sarcopenic obesity, the methods used in the evaluation 

of these parameters, and the cut-off points cause the rates 

in prevalence studies to differ. For example, in a study 

evaluating sarcopenic obesity with eight different 

definitions, the prevalence was found to vary between 

4.4% and 84.0% in men and between 3.6% and 94% in 

women [30]. In addition, these differences cause variations 
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in the evaluation, comparison, and monitoring of the 

effectiveness of the methods used in sarcopenic obesity 

treatment. For this reason, establishing agreed diagnostic 

criteria for sarcopenic obesity is critical in taking more 

appropriate steps on the subject. 

Pathophysiology of Sarcopenic Obesity 

The pathophysiology of sarcopenic obesity is 

multifactorial. Various risk factors consisting of changes in 

body composition and sex hormones due to aging, 

sedentary lifestyle, unhealthy eating habits, systemic 

inflammation, and oxidative stress are the primary 

mechanisms thought to be involved in the pathogenesis of 

sarcopenic obesity (Figure 1). 

 
Figure 1. Pathophysiology and Treatment of Sarcopenic 
Obesity 

Changes in body composition 

It has been reported that lean body mass increases until 

the age of 45-55 in women and 60 years in men and then 

begins to decrease [31]. Skeletal muscle atrophy is 

inevitable with aging. Loss of muscle fibers starts around 

the age of the fifties and differs according to the usual 

physical activity level of the individual. It has also been 

suggested that these losses are parallel to the losses in the 

motor units in terms of timing and magnitude, so the 

mechanism responsible for both damages is the same [32]. 

The decrease in lean body mass, physical activity level, 

mitochondrial volume, and oxidative capacity with age 

causes the resting metabolic rate to slow down [10]. 

Decreased Resting energy expenditure and physical 

activity can lead to an increase in body fat tissue. However, 

Chumlea et al.'s study stated that total body fat increased 

for both genders until the ages of 55-65 years old and 

started to decrease in advanced old age [31]. This decrease 

in adipose tissue may be explained by reduced appetite and 

energy intake [33]. As a result, a decrease in lean tissue 

mass and an increase or decrease in fat mass may be 

observed with age. In addition, vertebral compression in 

old age can cause a shortening of stature and an increase in 

BMI even if the same body weight is maintained [34]. 

In addition to changes in adipose tissue, there are 

differences in the distribution of fat in the body with age. 

Intramuscular and hepatic lipid accumulations are higher 

in older adults than younger adults [35]. With advancing 

age, fats generally have an ectopic distribution in the liver, 

muscles, and pancreas [15,35-37]. 

Changes in sex hormones 

Sex hormones have a strong effect on both body fat 

distribution and skeletal muscle mass. There are estrogen 

receptors in brown and white adipocytes, and estrogen 

shows its effects by binding to estrogen receptor-α in these 

cells. The binding of estrogen to the receptor in brown 

adipocytes activates AMP-protein kinase, which in turn 

activates the peroxisome proliferative activation receptor-

gamma coactivator 1α, resulting in an increase in 

uncoupled protein 1 expression. Estrogen increases 

lipolysis and decreases adipogenesis by decreasing 

lipoprotein lipase activity and increasing beta-adrenergic 

receptor activity in white adipocytes [38].  

The self-repairing and regenerating properties of 

skeletal muscles occur through satellite cells. Estrogen and 

testosterone have a regulatory effect on the proliferation of 

satellite cells. By activating satellite cells, these hormones 

can suppress inflammation in skeletal muscle and 

regenerate muscle tissue [39-41]. In addition, testosterone, 

an anabolic hormone, increases protein synthesis in muscle 

cells and reduces protein degradation, thus positively 

affecting muscle hypertrophy and myogenesis [42].  

The decrease in sex hormones with age in women and 

men leads to the loss of the protective effects of these 

hormones on fat and muscle tissue, and as a result, the risk 

of sarcopenic obesity increases.  

Inflammatory mechanisms 

Physical inactivity, low protein intake, and increased 

adiposity increase the infiltration of immune cells into 

adipose tissue and the release of inflammatory cytokines 

from adipocytes [43]. Adipokines and cytokines released 

from adipocytes and immune cells cause low-grade chronic 

inflammation, increase insulin resistance, and promote 

ectopic fat distribution. Low-grade chronic inflammation 

and intramuscular lipid deposition lead to mitochondrial 

dysfunction. Therefore, mitochondrial β-oxidation of lipids 

is impaired, lipid peroxidation increases, and lipid 

intermediates and reactive oxygen metabolites accumulate 

in myocytes. All these processes cause further increases in 

insulin resistance, inflammation, oxidative stress, and 

lipotoxicity [9,10,43]. It was determined that the highest 

hs-CRP levels were observed in individuals with 

sarcopenic obesity in a large-scale study, and hs-CRP was 

1.17, 2.23, and 3.23 times higher in groups with obesity, 

sarcopenia, and sarcopenic obesity, respectively, compared 

to healthy individuals [44]. 
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Myoselüler mechanisms 

With aging, both the amount and size of muscle fibers 

decrease [32,45]. However, age-related loss of skeletal 

muscle mass is primarily due to reductions in the size of 

muscle fibers, particularly type II muscle fibers [45]. 

Imbalances between muscle protein synthesis and 

breakdown cause muscle fiber atrophy, and it is thought 

that “anabolic resistance” underlies this deterioration [46].  

Anabolic resistance is the reduction/impairment of muscle 

protein synthesis response to dietary protein intake. An 

increase in splanchnic amino acid sequestration and 

reductions in digestive and absorptive capacity, the 

presence of postprandial amino acids, muscle perfusion, 

uptake of dietary amino acids into muscles, and anabolic 

signal proteins are some of the causes of anabolic 

resistance in the elderly [47]. 

Intramyocellular lipid accumulation leads to 

mitochondrial dysfunction, the generation of reactive 

oxygen species, and increased inflammation. All these 

factors associated with obesity and aging cause 

demyelination, motor loss, and axonal atrophy. As a result, 

neuromuscular connections are weakened, and physical 

functions such as muscle contraction are reduced 

[43,48,49]. In addition, decreases in the signaling and 

functionality of muscle satellite cells during aging also 

cause decreases in muscle functions [50,51].    

Treatment of Sarcopenic Obesity: Exercise and protein 

intake 

The most promising option for sarcopenic obesity 

treatment is lifestyle changes consisting of diet and 

exercise. In this review, the subject of diet will be 

examined through the protein component of the diet 

(Figure 1). 

Exercise 

Physical inactivity is a risk factor for sarcopenic obesity 

[52]. Meta-analysis [53,54] and systematic reviews [55,56] 

of exercise intervention in individuals with sarcopenic 

obesity showed that exercises, especially resistance 

exercises, were effective in increasing muscle mass and 

reducing fat mass. Both effects of exercise are very 

important in the treatment. When the exercise types were 

examined, it was determined that the programs combining 

resistance and aerobic exercises were more effective in 

increasing muscle strength [55]. According to the meta-

analysis study of Hsu et al. (2019), resistance exercises and 

a combination of aerobic and resistance exercises reduced 

body fat percentage more compared to aerobic exercises, 

grip strength increased only in resistance exercises, and 

walking speed increased in a combination of aerobic and 

resistance exercises [53]. However, studies show that most 

adults, especially the elderly, exercise much below the 

recommended level of exercise [57,58]. In a systematic 

review examining why osteopenia and osteoporosis 

patients do not follow exercise recommendations, many 

different factors were identified, such as lack of time, fear 

of falling or injury, problems in transportation, and the 

thought that physical activity is not necessary [59]. For this 

reason, the elderly should be informed about the necessity 

and importance of physical activity, and the conditions for 

safe exercise should be provided. Whole-body 

electromyostimulation, a new exercise concept activating 

up to 16 regions simultaneously, is one of the topics of 

interest in sarcopenic obesity treatment. According to Yang 

et al. (2022)'s meta-analysis [60], whole-body 

electromyostimulation significantly decreased the 

sarcopenia Z score and increased the skeletal muscle mass 

index and appendicular muscle mass in individuals with 

sarcopenic obesity.  

Protein Intake  

Studies on the use of dietary protein or protein 

supplements in the treatment of sarcopenic obesity are not 

as consistent as studies examining the effects of exercise in 

the treatment of sarcopenic obesity. Variations between 

studies are due to methodological differences such as dose 

of protein concentration, essential amino acid content, 

initial protein intake, intake days (training days only or 

daily), the timing of protein intake, length of intervention, 

and dietary protein source. 

Dietary protein is essential for muscle protein synthesis 

as it provides the amino acids needed for muscle protein 

anabolism [61]. Therefore, inadequate protein intake is a 

risk factor for sarcopenic obesity in general [8]. Older men 

aged 65 years with dietary protein intakes below the 

recommended amount were found to be 5.82 times more at 

risk of osteosarcopenic obesity compared to those with 

protein intakes at or above the recommended protein intake 

[62]. A national study also showed that elderly with 

sarcopenia and osteosarcopenia had lower dietary protein 

intake than healthy ones [63].  

As the muscle protein synthesis response to anabolic 

stimuli is blunted in the elderly, more protein is needed to 

stimulate muscle protein synthesis [64]. In addition, 

chronic diseases such as congestive heart failure, chronic 

kidney disease, and diabetes in the elderly increase the 

requirement for protein since they increase inflammation 

and metabolism [65]. In a study conducted on women with 

sarcopenic obesity, it was observed that normal (0.8 g/kg 

desirable body weight)- and high (1.2 g/kg desirable body 

weight)-protein hypocaloric diets (20-25 kcal/kg desirable 

body weight) were effective in reducing obesity-related 

parameters. But the increase in sarcopenia-related muscle 

mass index was only seen in the high-protein hypocaloric 

diet and reduced muscle mass index over time in the 

normal-protein hypocaloric diet [66]. In this context, 

evidence-based recommendations support 1.0-1.2 g/kg 

body weight protein intake to maintain and increase muscle 

mass in the elderly aged 65 and over. This amount 
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increases to 1.2-1.5 g/kg for the elderly with chronic or 

acute illness and up to 2.0 g/kg for malnourished patients 

with severe disease or injury. However, patients with 

severe kidney disease who did not undergo dialysis were 

excluded from these recommendations, and it was 

recommended to limit their protein intake [16,67].  

In addition to the daily protein intake, the amount of 

protein consumed per meal is also prominent. Loenneke et 

al. (2016) found that more frequent consumption of meals 

containing 30-45 g of protein 1-2 times/day in adults aged 

50-85 was associated with more lean leg mass and strength, 

and accordingly, recommended that consumption of meals 

containing 30-45 g of protein was a considerable strategy 

for increasing or maintaining body mass and muscle 

strength in later ages [68]. According to evidence-based 

recommendations, the amount of dietary protein/amino 

acid to be taken per meal to stimulate postprandial muscle 

protein synthesis in the elderly is 25-30 g protein 

containing 2.5-2.8 g leucine [67]. In addition, it is 

recommended that the amount of protein should be 

distributed throughout the day to stimulate muscle protein 

synthesis after each meal [16,64].   

Protein source 

The source of protein in the diet and its essential amino 

acid content can regulate muscle protein synthesis. The 

anabolic effects of proteins from animal foods on muscle 

protein synthesis are higher than proteins from plant 

sources. This is due to the difference in digestibility, 

amount of essential amino acids (especially leucine), and 

type of proteins [69].  

A meta-analysis conducted on middle and older adults 

with and without sarcopenic obesity concluded that milk 

and dairy products significantly increased appendicular 

muscle mass, did not affect muscle strength parameters, 

and their effects on muscle function were contradictory 

[70]. Among milk proteins, whey proteins are known to 

support muscle protein anabolism better than caseins [71] 

because whey proteins have higher digestion and 

absorption rates and leucine contents than caseins [72]. In 

the treatment of sarcopenia, it has been stated that rapidly 

digestible protein sources have an effect beyond the 

amount of protein in the diet, and fast-digestible dietary 

proteins such as whey protein, which are rich in essential 

amino acids, branched-chain amino acids, and leucine, are 

more effective in stimulating muscle protein synthesis 

[71].  

Leucine is a branched-chain amino acid and role in 

initiating mRNA translation, which is required to stimulate 

protein synthesis by directly activating the mammalian 

target 1 (mTORC1) signaling pathway of the rapamycin 

protein complex in skeletal muscle [71,73]. A meta-

analysis study evaluating the effects of leucine 

supplementation on body composition reported that 

leucine promotes an increase in lean body mass and this 

effect of leucine is particularly pronounced in the elderly 

with sarcopenia [74]. According to evidence-based 

recommendations, the dose of leucine required to achieve 

maximum stimulation of postprandial muscle protein 

synthesis in the elderly is approximately 3-4 g/meal, which 

requires consuming 25-30 g protein/meal [73]. Cereda et 

al. (2022) reported that oral supplements containing whey 

protein, leucine, and vitamin D are an effective treatment 

strategy for the elderly with sarcopenia, and these can be 

used not only to improve clinical outcomes but also to 

reduce resource consumption in healthcare [75]. Camajani 

et al. (2022) also supported this view. In this study, a low-

calorie diet applied for 45 days in postmenopausal women 

with sarcopenic obesity and insulin resistance was 

supplemented with a mixed drink containing 18 g whey 

protein (4.1 g leucine) and vitamin D (5.01 mcg), resulting 

in a daily protein intake has been raised to approximately 

1.4 g/kg. It has been determined that this diet prevents 

muscle mass loss and significantly improves muscle 

strength measured by grip strength and muscle function 

measured by short physical performance battery, besides 

improving parameters related to obesity and insulin 

resistance [76].   

Exercise and Protein Intake  

A systematic review [55] of randomized controlled 

studies examining the effects of exercise alone or 

combined with nutritional supplements on sarcopenic 

obesity parameters in individuals with sarcopenic obesity 

included three studies examining the intervention of 

protein supplementation.  In these studies, 40 g of protein 

powder containing 21 g of whey and 2.8 g of leucine [77]; 

3 g of the leucine [78] and whey protein supplement was 

used to complete the protein intake to 1.7-1.8 g/kg/day 

[79]. At the end of the review, it was reported that though 

it was difficult to reach a clear conclusion due to the 

differences in the methodologies of the studies, protein 

supplementation did not significantly affect muscle 

strength. These results were supported in later meta-

analyses. Accordingly, protein supplementation [53,60] or 

low-calorie high-protein diets (20-25 kcal/kg/day, 1.2 

g/kg/day) [53] without exercise intervention did not 

significantly affect muscle mass in individuals with 

sarcopenic obesity but provided significant improvements 

in obesity parameters. This systematic review [55] and 

meta-analyses [53,60] determined that protein 

supplementation or low-calorie high-protein diets 

combined with exercise did not benefit muscle mass and 

strength compared to exercise interventions alone. The 

ineffectiveness of these diets and supplements in 

increasing muscle mass may be due to the inadequacy of 

whey and leucine intake. Studies in healthy elderly have 

shown that whey protein taken at low doses may not 
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stimulate postprandial muscle protein synthesis, 30-40 g of 

whey protein is required to stimulate muscle protein 

synthesis [80,81], and that the primary determinant of 

anabolic response of muscle is the amount of leucine rather 

than total protein intake [82]. For example, Nabuco et al. 

(2019) [83] also found that the use of 35 g of hydrolyzed 

whey protein (containing 3.8 g of leucine) after resistance 

exercise performed three times/week for 12 weeks in 

women with sarcopenic obesity resulted in a more increase 

in appendicular smooth muscle tissue compared to placebo.  

Despite all these contradictions regarding dietary 

protein intake or protein supplements, low-calorie, high-

protein diets supplemented with whey and leucine for 

sarcopenic obesity treatment are promising. 

Conclusions 

Sarcopenic obesity is a grave health problem with its 

increasing prevalence and negative effects on health. 

However, there is no consensus on its definition and 

diagnostic criteria; This significantly limits the evaluation 

of the efficacy of the treatments under investigation and the 

comparability of different studies and treatments. 

Therefore, establishing standard diagnostic criteria for 

diagnosing sarcopenic obesity is essential for scientific 

studies and clinical practices to be carried out healthily. 

Existing literature shows that aerobic and resistance 

exercises supplemented with high protein hypocaloric diets 

rich in rapidly digestible and essential amino acids, 

especially leucine, may be helpful for sarcopenic obesity 

treatment. However, the optimal protein amount and type 

have not been determined, and more well-planned 

randomized controlled studies are needed for this 

condition. 

Highlights 

✓ Although there is no consensus on its definition and 

diagnostic criteria, sarcopenic obesity is generally 

expressed as the coexistence of sarcopenia and 

obesity. 

✓ The etiology of sarcopenic obesity entails a complex 

interplay of factors, encompassing aging, alterations in 

body composition and sex hormones, systemic 

inflammation, and myocellular mechanisms. 

✓ Aerobic and resistance exercises supplemented with 

high protein hypocaloric diets rich in rapidly digestible 

and essential amino acids may be helpful for 

sarcopenic obesity treatment. 
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