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During the twentieth century, the overall life expectancy of the human population 
is rapidly increasing worldwide. The global share of older people (aged 60 years 
or over) increased from 9.2% in 1990 to 11.7% in 2013, and it is predicted that by 
2050, it will reach 21.1% of the world population, with 392 million persons aged 
80 years or over, more than three times the present [1]. Aging is associated with a 
progressive loss of tissue and organ function over time [2]. With aging, there is an 
increased risk of unfavorable changes in body composition, including a decrease in 
muscle and an increase in fat mass [3].

27.1	 �Obesity

Overweight and obesity represent worldwide phenomena, which are associated with 
a risk to develop several chronic diseases such as type 2 diabetes and metabolic 
syndrome, cancer, rheumatoid arthritis and osteoarthritis, cognitive impairment and 
dementia, gallbladder disease, and those affecting the cardiovascular system [4, 5]. 
Besides, both obesity and aging impose various functional limitations on the human 
body, resulting in a severe burden on quality of life [6], and it is estimated that a 2.3% 
of global disability-adjusted life years are caused by overweight or obesity [7].

With increasing longevity, the proportion of postmenopausal women is also 
on the rise. Obesity and central adiposity are major health problems during the 
postmenopausal years. Estrogen deficiency linked to the menopausal transition has 
been shown to be associated with the increase in visceral fat mass and waist to hip 
ratio changing from a gynoid to an android body fat distribution pattern, where 
fat accumulates on the upper portion of the abdomen instead of the hips [8, 9]. 
However other authors have reported that chronological aging but not menopause 
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was associated with the increase in weight and waist circumference during the fifth 
and sixth decades of life, while menopausal status was not associated with these 
changes [10]. As well as hormonal changes and aging, weight gain at midlife has 
been also attributed to the reduction in energy expenditure of women who have 
undergone menopause compared with premenopausal women, mainly as a result of 
the reduction in physical activity [11].

Body mass index (BMI) is the most commonly employed instrument to assess over-
weight and obesity in global population-based adult research and is assessed by divid-
ing an individual’s weight (kg) by her height (m2). A BMI < 25 kg/m2 indicates normal 
weight, 25 ≤ BMI < 30 kg/m2 overweight, and BMI ≥ 30 kg/m2 obesity [12]. However, 
several issues regarding BMI as a tool for obesity assessment have been reported. Its 
validity to assess obesity status in older adults has been recently questioned [13, 14], 
especially in older women due to those menopause-related changes in body composi-
tion and height decrease associated with kyphosis, shortening of the spinal vertebrae, 
or thinning of weight-bearing cartilage [15], which may result in BMI overestimation, 
causing weight category misclassifications. Moreover, BMI has little correlation with 
adipose mass, which in the second half of life tends to become troncular. To this respect 
waist circumference has been used to assess abdominal obesity. Overweight status and 
obesity have been reliably linked to coronary artery disease, congestive heart failure, 
and gallbladder disease using waist circumference to determine overweight and obese 
status [16]. Waist circumference of 102 cm and over for men and of 88 cm and over for 
women has been described to assess abdominal obesity [17].

BMI also fails to differentiate between lean and fat tissue. Imaging techniques 
such as magnetic resonance imaging (MRI) or computed tomography (CT) are the 
gold standard for evaluating the distribution of body fat, but the high cost and low 
availability make it difficult to use in large population studies. In clinical practice, 
dual-energy X-ray absorptiometry (DEXA) and bioelectrical impedance analy-
sis (BIA) are the most frequently used methods to assess body composition and 
calculate body fat percentage. When DEXA was employed for body composition 
assessment, a body fat percentage of more than 28% and 40% of body fat percent 
for elderly men and women, respectively, have been used to define obesity [18]. A 
cutoff point of 27% and 38% of body fat percentage for elderly men and women, 
respectively, has been described to determine obesity with BIA [19].

27.2	 �Sarcopenia

One of the dramatic changes associated with human aging is the progressive 
decline of skeletal muscle mass. As the human body ages, the skeletal muscle mass 
declines annually approximately by 0.1–0.5% starting from age 30, and this grad-
ual decrease, which has been suggested to be approximately 6% per decade after 
midlife, is accompanied by a simultaneous reduction of strength [20, 21]. There are 
significant differences among individuals in peak muscle mass, the age at which 
muscle loss begins, and the amount of muscle that is lost over time [22]. In women 
there a sharp decline in muscle mass after menopause has been described [23].
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The term “sarcopenia” was first proposed by Rosenberg in 1989 to describe the 
decline of muscle mass associated with aging [24]. Since then, sarcopenia has been 
defined as the loss of skeletal muscle mass and strength that occurs with advancing 
age [25].

In the last 20 years, several different definitions of sarcopenia have been proposed, 
but no consensus has been reached. For instance, Baumgartner et al. [26] used a mea-
sure of relative muscle mass, since absolute muscle mass is correlated strongly with 
height and thus calculated an index of relative skeletal muscle mass as appendicular 
skeletal muscle mass (kg)/height2 (m2). They defined sarcopenia as the index of rela-
tive skeletal muscle mass being less than two standard deviations below the mean of 
a young reference group. On the other hand, Janssen et al. [27] converted absolute 
skeletal muscle mass (kg) to percentage skeletal muscle mass (muscle mass/body 
mass × 100) and termed the skeletal muscle index. They defined class I and II sarco-
penia when values were within 1–2 and <2 standard deviations of young adult values.

Since then, muscle strength and physical performance have incorporated to mus-
cle mass in the criteria for sarcopenia diagnosis. In 2010, the European Working 
Group on Sarcopenia in Older People (EWGSOP) defined sarcopenia as “a syn-
drome characterized by progressive and generalized loss of skeletal muscle mass 
and strength with a risk of adverse outcomes such as physical disability, poor 
quality of life and death” [28]. Therefore, diagnostic criteria included low mus-
cle mass (presarcopenia) together with low muscle strength or physical function 
(sarcopenia). The presence of the three diagnostic criteria refers to severe sarco-
penia. Several groups such as the Foundation for the National Institutes of Health 
(FNIH) Sarcopenia Project [29]; International Working Group (IWG) [30]; Society 
of Sarcopenia, Cachexia, and Wasting Disorders (SCWD) [31]; and the European 
Society for Clinical Nutrition and Metabolism Special Interest Group on cachexia-
anorexia in chronic wasting diseases (ESPEN) [32] have published operational 
criteria to define sarcopenia, using different assessment tools or cutoff points. For 
instance, while the EWGSOP employed appendicular skeletal muscle mass/height2 
as skeletal muscle mass index, the FNIH Sarcopenia Project used appendicular lean 
mass divided by body size (ALMBMI). SCWD and ESPEN criteria are similar to 
those described by the EWGSOP, while IWG took a different cutoff point for gait 
speed when assessing physical performance.

As for muscle mass assessment, CT and MRI are also considered as the gold 
standard for estimating muscle mass given that they allow distinguishing fat from 
other soft tissues [33]. DEXA has been shown to be the preferred alternative method 
to CT and MRI for research and clinical use since it may discriminate between fat, 
bone mineral, and lean tissues and estimate appendicular skeletal muscle mass [28]. 
Bioelectrical impedance analysis estimates lean and fat body mass at the molecular 
level with good correlation with MRI [34] and DEXA [35]. Although positive cor-
relations have been described between calf circumference and appendicular skeletal 
muscle mass and skeletal muscle index, and thus it could be used as a surrogate 
marker of muscle mass for diagnosing sarcopenia [36], anthropometric measure-
ments such as this one or calf circumference are not recommended for diagnosing 
sarcopenia given that they are prone to error [28].
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Regarding muscle strength, handgrip strength is commonly used in research and 
clinical practice [37], since it has been reported to be highly correlated with lower 
extremity muscle strength [38], which is important in gait, posture, and physical 
function. Knee flexion and extension techniques may be suitable for research stud-
ies, but their use in clinical practice is limited by equipment and training special 
requirements [28].

There are a number of methods to evaluate physical performance. The Short 
Physical Performance Battery test, which combines gait speed, chair-rise time, and 
balance assessment, is one of the most commonly used tools in the research of sarco-
penia [39]. Among other tests, usual gait speed, which is a part of the Short Physical 
Performance Battery test, but can also be obtained from the timed up-and-go test, can 
be used as a single parameter to provide a predictive value for disability [40].

27.3	 �Sarcopenic Obesity

Aging-related decrease in muscle and fat mass increase may be masked by a stable 
body weight, resulting in a phenotype called sarcopenic obesity which is id defined as 
the coexistence of both sarcopenia and obesity [41]. Although it has gained significant 
attention from the scientific community in recent years, there is no universally accepted 
definition. Therefore, true prevalence estimations are unclear due to several factors 
such as the lack of consensus regarding diagnostic criteria or definitions (i.e., muscle 
mass alone or together with muscle strength and/or physical performance for sarco-
penia) or differences associated with ethnicity in study populations [42]. For instance, 
Kemmler et al. [43] reported a SO prevalence that ranged from 4.1% (EWGSOP crite-
ria + body fat >25%) to 2.1% (IWGS criteria + body fat >30%) in community-dwell-
ing ≥ 70 years men. There is also divergence in terms of the chosen outcome to define 
sarcopenia (i.e., appendicular skeletal muscle mass, skeletal muscle mass, or fat-free 
mass) and obesity (i.e., body mass index, waist circumference, or body fat percentage). 
To this respect, fat accumulation and redistribution associated with muscle loss do not 
necessarily lead to BMI increase, and Han et al. [44] suggested that waist circumfer-
ence gives a better indication of adiposity and sarcopenic obesity than BMI.

The prevalence of sarcopenic obesity also varies with regard to the cutoff 
points and methods used for its diagnosis (Table 27.1). For instance, with DEXA, 
Baumgartner et al. [41] reported that the prevalence of SO was 2% in 60–69 years 
old people from New Mexico and 10% for those ≥80 years. When using a Relative 
Skeletal Muscle Index, 8.9% of men and 7.1% of women (70–79 years old, USA) 
sarcopenic obese (appendicular lean mass/height2) [45], but prevalence was higher 
(60 years and older, USA) when using appendicular lean mass/BMI, ranging from 
16 to 40% [46].

27.3.1	 �Etiopathogenesis

The etiopathogenesis of sarcopenic obesity is a complex process where several com-
mon pathophysiological mechanisms interplay (Fig.  27.1). These factors involve 
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lifestyle factors such as diet, low physical activity and sedentary behavior, smoking, 
hormone changes (insulin, growth factors, vitamin D), oxidative stress, neuromus-
cular changes, or immunological (proinflammatory cytokines) factors [51].

Aging-related changes in body composition seem to be strongly interconnected. 
With age, and together with muscle mass decrease, there is an alteration in body fat 

Table 27.1  Prevalence of sarcopenic obesity in female population using various definitions and 
criteria

Study group

Body 
composition 
assessment

Sarcopenia 
definition

Obesity 
definition

Sarcopenic 
obesity 
prevalence 
(females) (%)

Batsis 
et al.  [46]

Adults 
>60 years 
(USA)

DEXA ALM/BMI PBF 27.3
ALM PBF 12.6
ALM BMI 0.2

Bouchard 
et al. [47]

Adults 
68–82 years 
(Canada)

DEXA ASM/
height2

PBF 10.82

Oh et al. 
[48]

Adults 
>60 years 
(Korea)

DEXA ASM/weight BMI 31.10

Öztürk 
et al. [49]

Adults 
≥65 years 
(Turkey)

BIA ASM/
height2

Handgrip 
strength
Gait speed

BMI 12.5

Moreira 
et al. [50]

Women 
40–65 years

BIA ASM/
height2

WC 7.1

ALM appendicular lean mass, ASM appendicular skeletal muscle mass, BIA bioelectrical imped-
ance analysis, BMI body mass index, DEXA dual-energy X-ray absorptiometry, PBF percent body 
fat, SMM skeletal muscle mass, WC waist circumference

SarcopeniaObesity

Intramuscular fat
infiltration

Poor muscle
quality and
strength

Insulin
resistance

Inflamatory
markers

muscle mass
    muscle
strength

• Muscle fatigue

• Low mobility and physical acitvity
• Disability

Fig. 27.1  Association of sarcopenia and obesity
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distribution where visceral fat and waist circumference increase, whereas subcutane-
ous fat decreases. Besides, there is an important increase in muscle fat infiltration [52].

The aging process is characterized by a state of chronic inflammation, known 
as “inflammaging.” It is an important link among obesity, insulin resistance, aging, 
and age-associated diseases [4]. Inflammation leads to local and systemic increment 
of proinflammatory makers, such as tumor necrosis factor-α, interleukin-1β or 6, 
interferon-γ, inflammatory adipokines, chemokines, and free fatty acids [53].

Obesity and sarcopenia are interconnected. Abdominal fat deposit has been 
described to be more proinflammatory than general obesity. Increased intramus-
cular and intrahepatic fat contribute to insulin resistance [54] which may affect 
protein degradation, protein synthesis, and muscle growth through locally released 
adipokines and free fatty acids. Adipokines secreted from fat tissue could lead to 
muscle wasting and fatty infiltration [55] which may cause an inflammatory state 
within the muscle. With this proinflammatory environment, obese people prefer-
entially mobilize muscle, not fat, leading to fat increase and muscle loss and thus 
sarcopenic obesity.

27.3.2	 �Consequences

Obesity-related consequences are widely studied and debated modern epidem-
ics and are related to a substantial and rising percentage of healthcare costs [56]. 
Among others, obesity is associated with an increased risk of type 2 diabetes, hyper-
tension, dyslipidemia, and cardiovascular disease [57]. Sarcopenia is also known 
to be linked with adverse glucose metabolism and metabolic syndrome, in middle-
aged and older nonobese people [58].

Sarcopenia also represents a significant influence on healthcare charges, mainly 
attributed to its strong effect on disability, and the increased healthcare expenditures 
in disabled persons [59]. Compared with sarcopenia or obesity alone, individuals 
with sarcopenic obesity have been reported to have poorer physical function and 2.5 
times higher risk of reporting disability regarding instrumental daily living activities 
[18]. Obesity has been also associated with disability, and BMI and waist circum-
ference have been described as important predictors of the onset or worsening of 
mobility disability in the older adult [60].

In sarcopenic obese people, both sarcopenia and obesity might synergistically 
increase their health-related deleterious effects [42], with, among others, worse cardio-
vascular risk profiles [61]. However, there are conflicting results, and several studies 
have reported that, compared with sarcopenic obesity, obesity has more cardiovascular 
risk factors in older women [62]. Sarcopenic obesity also presents a negative effect on 
lower functional capacity, a higher risk of falls [35], and a loss of independence [63].

Regarding mortality rates, Janssen et al. [64] reported that higher BMI values 
may be related to a lower risk, but if obesity is combined with low muscle strength, 
the risk of mortality may overcome the protective effect. Elderly people with sarco-
penia have decreased survival rates following acute illness and with a doubled risk 
of nosocomial infection [65]. As for sarcopenic obesity, it has been associated with 
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significantly higher risk of all-cause mortality compared to nonsarcopenic, non-
obese subjects [66]. Nevertheless, in the study published by Batsis et al. [19] with 
data extracted from NHANES III study, older women with sarcopenia had a higher 
risk of all-cause mortality, independent of obesity.

27.3.3	 �Management

Differences regarding sarcopenic obesity definition and diagnose lead to difficulties 
in comparing the effectiveness of the strategies that target this entity [67]. Taking 
into account the complexity of sarcopenic obesity etiopathogenesis, its management 
requires a multifactorial approach [68].

Obesity management has traditionally centered on decreasing weight rather than 
increasing muscle. It mainly aims to reduce intra-abdominal fat through caloric 
restriction. As mentioned above, obesity is associated with several chronic illnesses, 
and in this way, intentional weight loss in obese patients can have important clini-
cal benefits or prevent many of the obesity-related risk factors for cardiovascular 
diseases as well as improvements in osteoarthritis or type 2 diabetes mellitus [69]. 
It has been also described that a moderate weight loss determines a significant 
improvement in insulin resistance, in fat distribution, and, more importantly, in 
muscle lipid infiltration [70]. Besides, excess caloric intake that results in obesity 
may lead to abnormal surges in serum-free fatty acids and glucose levels, which are 
linked high levels of oxidative stress, accelerating sarcopenia [71].

Therefore, a correct diet approach is of great importance in obesity manage-
ment. A recent study analyzed several diet patterns in postmenopausal women and 
showed that with independence of age, menopausal age, total daily caloric intake 
and daily physical activity, and high consumption of unrefined cereals and legumes 
together with low intake of refined cereals were associated with lower BMI, waist 
circumference, and waist to height ratio. Nevertheless, greater consumption of red 
meat and potatoes, and low consumption of nuts, coffee, and tea, was associated 
with an increase in these three obesity parameters.

In postmenopausal women, physical exercise benefits in age-related diseases such 
as disability and falls, metabolic syndrome, cardiovascular diseases, or dementia, 
and cognitive function impairment has been widely described [72]. Nevertheless, 
the addition of exercise to energy restriction does not appear to have an additive 
effect on the amount of weight lost [42]. Moreover, weight loss induced by energy 
restriction alone may be costly in terms of losses in fat-free mass, and thus, muscle 
mass may decrease together with total body weight.

Several strategies have been described in the recent years regarding the treatment 
and management of sarcopenia, mainly aimed to improve muscle mass and function 
[73]. The most important approaches include nutritional and physical exercise inter-
ventions, either alone or combined, which have been shown as effective strategies 
not only for sarcopenia treatment but also to prevent the onset and the development 
of risk factors for sarcopenia, such as obesity, diabetes, chronic low-grade inflam-
matory state, cardiovascular accidents, and hormonal deficit. In a recent review, 
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Sgro et al. [74] concluded that that even in the case of overt hormonal deficiency, 
replacement therapy may be recommended not only because of the direct effects on 
muscle mass and performance but also because a good hormone milieu represents 
a requisite for adaptive process of supercompensation to training-induced stimulus. 
At this respect, recent studies in rats have shown that hormone replacement therapy 
with growth and/or parathyroid hormone may be an effective strategy in sarcopenia 
prevention and treatment [75, 76].

27.3.3.1	 �Physical Exercise
The benefits of distinct forms of programmed physical exercise programs on muscle 
mass and function have been demonstrated in different age groups. For instance, 
Crane et  al. [77] studied muscle strength in three different age groups (20–39, 
40–64, and 64–86 years), concluding that muscle strength significantly decreased 
with age, and people who practiced long-term aerobic exercise had significantly 
higher muscle strength assessed by several methods such as grip strength, relative 
maximal isometric knee extension torque, and absolute and relative 1-RM knee 
extension. In addition, it has been shown that, in well-trained older adults, skeletal 
muscle structure analyzed by muscle biopsies is more similar to the active young 
men than to that of the age-matched sedentary men [78].

It has been widely described that prolonged resistance exercise, which has been 
shown to be effective and safe even in very old and frail subjects, leads to specific 
type II muscle fiber hypertrophy in healthy young and older men [79]. Aerobic exer-
cise training has also important benefits, and it is more suitable to maintain and/or 
increase aerobic and cardiovascular fitness and conserves muscle mass by improv-
ing muscle blood flow and decreasing oxidative stress [80].

Resistance exercise is currently described as the most effective exercise strategy 
to improve muscle mass, strength, and function in older people, but most of these 
studies have been performed among older, nonsarcopenic obese adults [81, 82]. 
When analyzing the effects of programmed physical exercise on people with sarco-
penic obesity, only a few randomized controlled trials have been published. At this 
respect, Gadelha et al. [83] found improvements in both fat-free mass and sarcope-
nic obesity index that considered appendicular FFM based on height and fat mass, 
after 24 weeks of progressive resistance training.

The benefits of both aerobic and resistance exercises combined in sarcopenic 
obesity people have been studied, and thus Park et al. [84] found improvements in 
waist circumference, physical performance, fat mass, and muscle strength in post-
menopausal women aged 65 years and over. Chen et al. [85], in a study performed 
in men and women aged 65–75  years, found an increase in muscle mass and a 
decrease in total fat mass and visceral fat area after resistance and aerobic exercises 
alone or combined (concurrent exercise), compared with participants who did not 
train. Muscle strength performance and serum IGF-1 level were also superior in 
the trained groups, especially after resistance exercises. Nevertheless, despite these 
improvements in sarcopenic obesity parameters, a clear conclusion cannot be drawn 
due to the disparity of the results obtained and the heterogeneity in the assessment 
of the sarcopenic obesity-related outcomes and criteria [86].
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Between the recent training modalities, whole-body electromyostimulation 
(WB-EMS) has been proven to be effective in increasing muscle thickness, muscle 
fiber cross-sectional area, and knee extension strength in healthy human skeletal 
muscles [87]. More specifically, WB-EMS has shown benefits in muscle strength 
in different target populations such as elite soccer players [88] or postmenopausal 
women [89]. In 2016, Kemmler et  al. [90] reported that, in middle-aged men, 
WB-EMS effects on general strength and body composition are similar to those 
obtained by high-intensity resistance training exercise. Nevertheless, WB-EMS 
studies carried out in sarcopenic obese people usually employee a combination of 
this exercises and dietary supplementation and will be described below.

27.3.3.2	 �Nutrition
Nutrition is a key factor in the development of both sarcopenia and obesity, although 
while sarcopenia is associated with an inadequate nutritional intake, obesity may be 
a result of an excess in the energy intake consumption (together with low energy 
expenditure) [91]. Consequently, nutritional strategies focused on sarcopenic obese 
people should target an optimal nutrient intake to increase skeletal muscle mass or 
prevent muscle mass loss, as well as to decrease excess fat mass.

Hypocaloric diets are very effective for losing weight in obese older adults. 
However, this strategy is highly undesirable in sarcopenic obese people, since it is 
estimated that about 25% of this weight loss is skeletal muscle mass, and can also 
have harmful effects for the micronutrient status and bone mineral density. Thus, 
in sarcopenic obesity, a weight loss diet should always focus on the preservation of 
muscle mass and could be combined with a high-protein diet and/or micronutrient 
supplementation [67].

Dietary amino acids have been demonstrated to have a positive regulatory effect 
on the muscle protein synthesis [92]. Protein intake may also be a significant factor 
for sarcopenia prevention and management. In older adults (>65 years), a dietary 
protein intake of 1.0–1.2  g/kg is recommended to maintain and regain the mus-
cle mass and function in the long term, while it should be higher (1.2–1.5 g/kg) 
in individuals that suffer from chronic diseases [93]. This can reduce the risk of 
chronic diseases and improve outcomes [94]. Nevertheless it has been reported that 
an excessive intake of protein could be very harmful for the 65 and younger popula-
tion [95].

The type of protein and the amino acid composition are also relevant for muscle 
mass preservation or gain during weight loss. Whey protein, the soluble protein 
fractions extracted from diary milk [96], can stimulate whole-body and muscle 
protein synthesis [97] and could represent an effective countermeasure to prevent 
muscle atrophy associated with physical inactivity and muscle unloading during 
aging [42]. Nevertheless, it has been reported that whey protein ingestion has a 
greater anabolic effect in the elderly than the essential amino acids that it contains 
[98]. An intake of leucine (2.0–2.5 g/day), mainly derived from animal sources, has 
been reported to improve the postprandial muscle protein synthesis in elderly men 
[99]. Beta-hydroxy-beta-methylbutyrate, a metabolite of leucine, can improve this 
muscle loss, but to date only a small number of studies have shown increases in lean 
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(muscle) mass and some muscle function and physical performance parameters in 
older people with or without resistance exercise and in muscle mass preservation 
during bed rest [100]. Other essential amino acids such as l-arginine [101] or l-
cysteine [102] have been shown to have beneficial effects regarding insulin resis-
tance in type 2 diabetic patients.

Protein source (plant or animal) and intake timing are also of importance. 
Overall, animal-derived dietary protein seems most effective in eliciting muscle 
protein synthesis [103]. Regarding the timing of protein intake, a more evenly dis-
tribution of dietary protein intake (every 3–4 h), instead of protein consumption dur-
ing the three main meals, has been associated with higher muscle strength, physical 
performance, and skeletal muscle mass in older adults [104, 105].

As for older people with sarcopenic obesity, hypocaloric diets should be supplied 
with adequate protein, which may help to prevent muscle loss [106] and improve 
adherence to low energy intake [107]. Ensuring adequate dietary protein intake 
using high-quality proteins should be of importance in adults with sarcopenic obe-
sity, with the quality of the protein being more important than the quantity [42]. It 
has been described that whey protein and essential amino acid meal replacement 
during weight loss induced by caloric restriction diet promote a reduction of adi-
pose tissue and a modest loss of lean tissue in the elderly population people [108]. 
However, although the combination of a hypocaloric high-protein diet seems to be 
effective in the prevention of sarcopenic obesity, this strategy does not seem to be 
effective for its treatment [67].

Another strategy is to combine different anabolic nutrients. It has been recently 
reported that the combination of vitamin D with whey protein, which has been 
enriched with leucine, could increase protein synthesis and finally promote muscle 
mass gain in older adults [109]. The risk of developing micronutrient deficiencies 
such as 25-hydroxyvitamin D; vitamin B6, C, and E; selenium; magnesium; or zinc 
is relatively high in obese adults, who, in addition, are especially at risk for micro-
nutrient deficiencies when following a weight loss diet [110]. On the other hand, 
some of these minerals as well as low 25-hydroxy-vitamin D status are associated 
with the development of sarcopenia [111, 112], and vitamin D supplementation has 
been demonstrated to improve several sarcopenic parameters in older adults [113].

27.3.3.3	 �Exercise + Nutrition
As mentioned above, a combination of different approaches seems to be more 
appropriate than one single strategy, whether it is nutrition or exercise, in sarcope-
nic obesity management.

The addition of exercise to a hypocaloric diet in obese older adults attenuates the 
loss of skeletal muscle mass [114], and it also improves muscle strength and perfor-
mance [67]. In frail obese adults, a hypocaloric diet together with the combination 
of aerobic and resistance exercise is more effective for improving the functional 
status than the combination of low energy diet with either aerobic or resistance 
exercises alone [115].

As for the combination of exercise and nutrition, Liao et al. [116] reported that, 
in overweight and obese elderly people, higher increases in lean mass, muscular 
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volume, and leg strength are observed after resistance exercise combined with pro-
tein supplementation, in comparison with resistance exercise alone. However, they 
found that obese participants did not show greater change in muscle volume and 
grip strength compared with nonobese. Diet supplementation (particularly high pro-
tein intake or protein supplementation) combined with exercise is the most common 
strategy to counteract sarcopenic obesity. A recently published meta-analysis [117] 
focused on sarcopenic obese people has concluded that exercise alone and together 
with dietary supplementation improve muscle-related outcomes and reduce fat-
related outcomes. However, the authors state that there is a need for better-designed 
randomized controlled trials with systematic evaluation of the different types of 
exercise and dietary supplements. More specifically, Kim et  al. [118] analyzed 
the effects of progressive sequence of resistance and aerobic training and amino 
acid supplementation with tea catechin alone and combined. They observed that, 
although exercise and nutrition have beneficial effects on individual variables of 
body composition and physical function, improvements in muscle mass and vari-
able combinations such as skeletal muscle mass index and fat percentage or physi-
cal performance and fat percentage were not found. When analyzing randomized 
controlled trials with combined nutritional supplements and exercise on sarcopenic 
obese population, WB-EMS is the most commonly used form of exercise. In a project 
performed in sarcopenic obesity community-dwelling women aged over 70 years, 
WB-EMS increased muscle mass and functional capacity, but the effect on body fat 
was minor, and the addition of protein-enriched supplements did not increase the 
effects of WB-EMS alone [43]. In the same project, when studying the effects on the 
metabolic syndrome [119], isolated WB-EMS did not induce significant improve-
ments, but combined with low-dose protein supplementation, more favorable results 
were observed. In a similar project carried out in men (>70 years), improvements 
in fat and muscle mass, muscle strength, and gait velocity were observed in both 
WB-EMS alone and combined with protein supplements [120, 121].

27.4	 �Conclusions

Aging-related decrease in muscle and fat mass increase may be masked by a stable 
body weight, called sarcopenic obesity. Estimation of the prevalence is difficult 
due to the lack of consensus regarding sarcopenia definition and the heterogeneity 
in the assessment of the sarcopenic obesity-related outcomes. Different common 
pathophysiological mechanisms, such as lifestyle, immunological, endocrine, or 
vascular factors, are involved in its pathogenesis. A proinflammatory environment 
seems to play an important role in the association between sarcopenia and obesity. 
Postmenopause is associated with an increase in visceral adipose tissue, an impor-
tant source of inflammatory markers. Sarcopenic obesity management requires a 
multifactorial approach, and several strategies, such as physical exercise or diet, 
either alone or combined have been studied in literature, but the limited number 
of studies focused on sarcopenic obesity people and the variability regarding the 
outcome measures and study designs preclude firm conclusions. An adequate 
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combination of hypocaloric diet focused on losing weight in obese older adults 
and an appropriate protein intake have been described to be important factors for 
sarcopenic obesity prevention and treatment. Among the different forms of exercise, 
resistance and aerobic exercise programs, as well as more recent modalities such 
as whole-body electromyostimulation, seem to be effective in sarcopenic obesity 
management.
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