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ARTICLE INFO ABSTRACT

Keywords: Enigmatic sarcopenic obesity is still a challenge for science and adds to the global public health burden. The
Sarcobesity progressive accumulation of body fat combined with a dysfunctional skeletal muscle structure and composition,
Aging

oxidative stress, mitochondrial dysfunction, and anabolic resistance, among other aggravating factors, together
represent the seriousness and complexity of treating the metabolic disorder of sarcobesity in aging. For this
reason, further studies are needed that encourage the support of therapeutic management. It is along these lines
that we direct the reader to therapeutic approaches that demonstrate important, but still obscure, outcomes in
the physiological conditions of sarcobesity, such as the role of taurine in modulating inflammatory and anti-
oxidant mechanisms in muscle and adipose tissue, as well as the management of gut microbiota, able to sys-
temically re-establish the structure and function of the gut-muscle axis, in addition to the merits of physical
exercise as an instrument to improve muscular health and lifestyle quality.
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1. Introduction known as sarcobesity (SO), still challenges science, as this condition can
aggravate changes in the demographic distribution and emerging global
Understanding the pathophysiology of sarcopenic obesity, also public health problem of a progressively aging population (Batsis and
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Villareal, 2018). The subset of individuals over 65 years of age with SO,
a prevalent geriatric combination between excessive weight gain and
loss of muscle mass and strength, has advanced considerably. In this
sense, SO may be a risk factor for other chronic inflammatory-based
complications, such as Anabolic Resistance (AR), Insulin Resistance
(IR), cardiovascular diseases and diabetes (Heymsfield and Wadden,
2017; Batsis and Villareal, 2018; Wagenaar et al., 2021).

Estimates indicate that the prevalence of older adults may reach 2.1
billion by 2050 and science has shown concerns in the search for
effective therapies for healthy aging in this population. Aging promotes
numerous metabolic alterations that can worsen due to a sedentary
lifestyle and a diet with poor nutritional content. In this sense, non-drug
therapies are interesting strategies to alleviate these changes (Batsis and
Villareal, 2018; Wagenaar et al., 2021).

In this context, despite the existing limitations for a consensual
definition of SO, which is still an obstacle to the advancement of science
in this regard (Batsis and Villareal, 2018), the population aged 65 years
or older presents important aging related changes in body composition,
involving the progressive decline in muscle mass and increase in body
fat, characterizing sarcopenia linked to obesity (Stenholm et al., 2008;
Parr et al., 2013).

When these conditions coexist, called sarcobesity, they further drive
the inflammatory process and metabolic dysfunction in aging. This is
accompanied by changes in the gut microbiota of these individuals,
since both age progression and obesity itself are closely related to
potentially pathogenic taxonomic signatures, loss of microbial diversity,
and even more exacerbated gut permeability (Biagi et al., 2010; Bana
and Cabreiro, 2019). In addition, recently, studies have reported that
taurine concentrations naturally decline with age in some organs,
raising the possibility that falling taurine may contribute to
aging-related physiological decline (Singh et al., 2023).

Taurine deficiency is known to be related to a myriad of adverse
health conditions, including diabetes, hypertension, liver disease,
inflammation, and obesity, as well as diverse immunological phenotypes
(Schaffer and Kim, 2018). However, there is still a gap in the knowledge
on the regulatory mechanisms that operate endogenous taurine levels
throughout development (Izquierdo, 2023). In mice, a study showed
that taurine levels are inversely correlated with age-associated diseases
(Mkrtchyan et al., 2020; Singh et al., 2023). The authors found that
taurine supplementation increased life expectancy by an average of
12 % in women and 10 % in men, and life expectancy at 28 months
increased by 18-25 %, three to four months of life (equivalent to
approximately seven to eight human years). These results showed that
taurine deficiency is a determining factor in aging, at least in mice,
because its reversal increased life expectancy.

Taurine was shown to reduce the number of senescent cells. A
decline in circulating taurine is a feature of aging in multiple species,
including humans, with levels falling by around 80 % over the human
lifespan. It was also found that mice lacking the main taurine transporter
had shorter adult lives. Supplementing middle-aged wild-type mice with
taurine increased average lifespan by 10-12 % (Schaffer and Kim, 2018;
Singh et al., 2023). Studies have noted a decrease in circulating taurine
in people with obesity and diabetes, as well as its elevation through
exercise, strengthening its correlation with general health.

Adipose and muscle tissue actively interact in the development of
SO, because the inflammatory process in obesity signals the secretion of
Tumor Necrosis Factor alpha (TNF-a) and other cytokines with pro-
inflammatory potential, that drive IR exacerbated by muscle catabo-
lism, with preferential mobilization of muscle and not fat (Schrager
et al., 2007; Zamboni et al., 2008; Srikanthan et al., 2010). Furthermore,
sarcobesity is accompanied by atrophy of type II muscle fibers (Nilwik
etal., 2013), and a reduction in postprandial amino acid availability and
digestive capacity, resulting from splenic sequestration of amino acids
and changes in glucose metabolism, aspects that result in and increase
the risk of AR (Bauer et al., 2013). Additionally, the low-grade inflam-
matory process becomes even more evident when lipotoxicity
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mechanisms are activated, since aging can stimulate the infiltration and
deposit of fat in the muscle, favoring sarcopenia (Visser et al., 2005).

In this sense, studies have demonstrated the importance of knowing
and clarifying the key role of the use of possible non-pharmacological
strategies in the context of sarcobesity (Xu et al., 2019), such as
taurine supplementation (Mkrtchyan et al., 2020; Singh et al., 2023), the
management of gut microbiota (Xu et al., 2019), and physical exercise
incorporated into a non-sedentary lifestyle.

This is the first review to connect three potential therapeutic axes
from the perspective of sarcobesity. Here, we dedicate our interest to
understanding three possible therapeutic targets with the potential to
mitigate sarcobesity in aging. The interest is in taurine supplementation,
the interface between the microbiota and the distinct axes that shape the
host’s metabolism, such as the gut-muscle-axis, with implications even
for chromosomes and cellular senescence, as well as classic physical
exercise therapy that is poorly adhered to in the long term and still lacks
in-depth understanding about the best prescription. In general, these
aspects are carefully discussed, as this therapeutic triad is directly or
indirectly connected, still requiring clarification of the deleterious
impact that inflammation in sarcobesity has on peripheral tissues, such
as adipose, muscle, and gut, among others, and the crosstalk that these
tissues have with microbiota, exercise, and taurine.

Thus, the current review aims to elucidate a general and current
approach to sarcobesity, highlighting three potential therapeutic targets
involving taurine supplementation, modulation of the intestinal micro-
biota, and physical exercise as important perspectives on sarcobesity
and its challenging clinical implications.

2. Diagnosis of sarcobesity and its challenges

The accentuated and progressive decline in muscle mass and
strength, characterized as sarcopenia, is a prevalent condition in people
aged 65 years or older. This condition increases the risks for physical
disabilities, falls, fractures, and hospitalization (Cruz-Jentoft et al.,
2019) and it is a limiting factor for the quality of life of older adults. This
prognosis worsens when it is linked to increased body fat, characterizing
the clinical and distinct picture of sarcobesity (Donini et al., 2020).
Although it is commonly observed in older adults, sarcobesity can also
be diagnosed in young people with obesity. This occurs due to behav-
ioral factors, such as a sedentary lifestyle, or hormonal and metabolic
alterations, cancer, or after bariatric surgery when there is a lack of
proper nutritional care (Donini et al., 2020).

Due to the lack of universally recognized diagnostic criteria, different
definitions and methods have been used for the clinical diagnosis of
sarcobesity. The absence of diagnostic criteria can underestimate or
overestimate sarcobesity, making it a complex, challenging, and unre-
liable reality (Stenholm et al., 2008; Prado et al., 2012). The European
Society for Clinical Nutrition and Metabolism (ESPEN) and the European
Association for the Study of Obesity (EASO) carried out a systematic
review to analyze the definitions and criteria used to diagnose sarco-
besity in the scientific literature (Donini et al., 2020). The authors found
several definitions and diagnostic approaches, arising from the different
definitions of obesity and sarcopenia, as well as differences in method-
ologies for assessing body composition and function.

The combination of methods that assess muscle mass, strength and
functionality, and body fat are useful for the diagnosis of sarcobesity
(Cruz-Jentoft et al., 2010; Choi, 2016). In this sense, the use of
Computed Tomography (CT) and Magnetic Resonance (MR) to evaluate
body composition results in high definition and accurate measurements,
however, these are high-cost, have limited access, and involve a high
radioactive charge. An alternative widely explored in clinical trials is
Dual-energy X-ray Absorptiometry (DEXA) (Choi, 2016).

Table 1 provides a summary of different definitions and methods
used in the clinical diagnosis of sarcobesity. Previous evidence used the
assessment of appendicular skeletal muscle mass (ASM) exclusively to
diagnose sarcopenia, considering cutoff points of < 19.75 kg and <
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Table 1
Different definitions and methods used in the clinical diagnosis of sarcobesity.
Authors, Year Sample Sample Sarcobesity Body
group, size definition composition
Age assessment
range
(years)
Park et at., 2017 Women 50 ASM/body weight BIA
(74.1 < 25.1 %; BMI for
+6.1 obesity > 25.0 kg/
years) m? (Lim et al.,
2010).
Dieli-Conwright Women 100 ASM/height2 < DEXA
et al., 2018 (53+10.4 5.45 kg/m2 for
years) sarcopenia (
Baumgartner,
2000); BMI for
obesity >
30.0 kg/m?
Kemmler et al., Older 965 ASM/BMI < 0.789 DEXA
2018 men (>70 for sarcopenia
years) (FNIH definition, (
Studenski et al.,
2014); body fat >
27 % for obesity (
Baumgartner,
2000).
Zhou et al., 2018 Older 48 ASM/height? < BIA
men (>60 7.0 kg/m? for
years) sarcopenia (AWGS
definition, (Chen
et al., 2014);
body fat > 25 %
for obesity (WHO,
1999).
Nabuco et al., Older 26 ASM < 15.02 kg DEXA
2019 women for sarcopenia
(>60 (FNIH definition, (
years) Studenski et al.,
2014);
body fat > 35 %
for obesity (Batsis
et al., 2015).
Himoto et al., Women 46 ASM/height?® < BIA
2020 and men 5.7 kg/m? women;
(> 50 < 7.0 kg/m® men,
years) and Handgrip

strength <18
women; < 26 kg
man for sarcopenia
(JSH definition, (
Nishikawa et al.,
2016); BMI less
than 25 for the
definition of
hidden obesity and
body fat > 30 %
women; > 25 %
men for obesity.

Note: ASM, appendicular skeletal muscle mass; AWGS, Asian Working Group for
Sarcopenia; BIA, Bioelectric Impedance Analysis; BMI, Body mass index; DEXA,
Dual-energy X-ray Absorptiometry. FNIH, The Foundation for the National In-
stitutes of Health; JSH, Japan Society of Hepatology; WHO, World Health
Organization.

15.02 kg for men and women, respectively (Nabuco et al., 2019).
Furthermore, ASM adjusted by the body mass index (ASM/BMI),
considering cutoff points of < 0.789 for men and < 0.512 for women
(Batsis et al., 2015; Kemmler et al., 2018; Kemmler et al., 2020), and
ASM adjusted for height (ASM/h?) have been a diagnostic target for
sarcopenia (Dieli-Conwright et al., 2018; Zhou et al., 2018). These
definitions were previously recommended by the Foundation National
Institute of Health (FNIH) (Studenski et al., 2014). The diagnostic pa-
rameters portrayed by the ASM/h? combined with the variable muscle
strength (Himoto et al., 2020) or the ASM adjusted for the percentage of
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body weight (ASM/body weight%) (Park et al., 2017), complement
diagnostic strategies using ASM.

Grip strength and the chair stand test are tools for assessing muscle
strength and functionality that can be used in the diagnosis of sarco-
penia, according to the European Working Group on Sarcopenia in Older
People 2 (EWSGOP2) consensus (Cruz-Jentoft et al., 2019). However,
the diagnosis of SO has encountered divergences as it does not consider
the factors muscular strength and physical performance, but only the
reduction in skeletal muscle mass (El Hajj et al., 2018). Corroborating
this context, the lack of methodological standardization for the classi-
fication of body weight gain and degrees of obesity still persists, chal-
lenging the reliable diagnosis of sarcobesity.

Despite being inaccurate and highly controversial, BMI has been
used in conjunction with sarcopenia classifications to diagnose sarco-
besity (WHO, 1999; Prado et al., 2012; Dieli-Conwright et al., 2018; El
Hajj et al., 2018). In addition to BMI, body fat mass percentage (FM%)
(Kemmler et al., 2018; Nabuco et al., 2019; Kemmler et al., 2020),
sex-adjusted FM% (Batsis et al., 2015; Zhou et al., 2018), and BMI in
conjunction with FM%, have also been proposed to aid in the diagnosis
of SO (Himoto et al., 2020).

Considering the complexity of defining SO, due to the scarcity of
precise and well-established diagnoses (Himoto et al., 2020), previously
used tools, such as anthropometric parameters, encompass the changes
in body composition intrinsically observed with the progression of the
disease, which include a significant loss of muscle mass accompanied by
a gain in body fat (Cruz-Jentoft et al., 2010). In this sense, the epide-
miological panorama portrays inconsistencies in the global prevalence
of sarcobesity (Prado et al., 2012; Johnson Stoklossa et al., 2017). Using
the DXA method and the ASM/h? definition, a prevalence of 15 % was
observed in individuals aged between 60 and 69 years and 40 % in in-
dividuals aged 80 years or over (Baumgartner, 2000). In contrast, Batsis
et al. (2015) showed that the prevalence of sarcobesity reached 27.3 %
in men and 33.5 % in women aged 60 or over, when using the ASM and
ASM/BMI methods.

Additionally, Donini et al. (2020) found that the majority of studies
used methods that assessed ASM, regardless of muscle functionality.
However, this assessment impacts the accuracy of the diagnosis, since
sarcopenia is not limited only to the decline in muscle mass, but also to
the reduction in the physical and functional capacity of the muscle mass.
Therefore, as EWGSOP2 takes into account variables of muscular
strength and physical performance to diagnose SO, a more precise and
accurate diagnosis is suggested in older adults (Cruz-Jentoft et al.,
2010).

The different criteria for diagnosing sarcobesity reflect the use of
methods that are still poorly standardized, resulting in underestimation
or overestimation of sarcobesity. This fact deserves caution and public
health educational strategies, able to resolve the divergences observed
in this diagnosis (Barazzoni et al., 2018; Trouwborst et al., 2018). These
obstacles hinder patient treatment, early diagnosis, disease prognosis,
and adequate treatment. Furthermore, possible risks of complications
associated with high adiposity and a reduction in muscle mass, strength,
and functionality can be masked during aging (Barazzoni et al., 2018;
Donini et al., 2020).

Thus, well-designed clinical trials covering a large sample size are
encouraged, to contribute to knowledge gaps regarding the diagnostic
approach to sarcobesity. These findings would make it possible to pro-
mote a solid and well-established consensus, as considered by the ESPEN
and EASO (Barazzoni et al., 2018).

3. Taurine supplementation as a therapeutic strategy in
sarcobesity

3.1. Mechanisms of action in adipose tissue

AR, IR, and obesity, as well as the progressive decline in strength and
muscle mass, are metabolic disorders commonly observed in the aging



G. Batitucci et al.

process. This problem can be partially explained by the morphological
and functional changes in White Adipose Tissue (WAT). These alter-
ations may present a structure of hypertrophied fat follicles, infiltration
of inflammatory cytokines in adipocytes, and abundant senescent cells,
capable of signaling the systemic inflammatory cascade and promoting
irreversible interruption of cell proliferation. The fact is that WAT loses
its endocrine functionality as a regulator of energy homeostasis via pro-
inflammatory adipokine signaling, leading to a reduction in mitochon-
drial content. This reinforces the impairment in the insulin signaling
pathway, with the ability to store lipids and dissipate energy (Von Bank
et al., 2021; Smith et al., 2021).

WAT dysfunction is seen in coexisting conditions of obesity and
sarcopenia in aging (Longo et al., 2019), and has negative impacts on
muscle function and catabolism (Kalinkovich and Livshits, 2017; De
Carvalho et al., 2019). Brown Adipose Tissue (BAT) and beige adipose
tissue also present anatomical alterations that are accompanied by
dysfunctional characteristics in aging. For example, deregulation in the
secretion of adipokines, reduced oxidation capacity for substrates (lipids
and carbohydrates), and the occurrence of inflammatory processes
(Zoico et al., 2019; Y. Liu et al., 2020; Silva and Amato, 2022).

The decline in thermogenic capacity observed in adipocytes during
aging seems to be associated with damage induced by the cellular
senescence system in brown and beige adipocyte progenitor cells (APC),
affecting the ability of these cells to proliferate and differentiate. The
intrinsic factors that contribute to this decline involve not only the
impact of cellular senescence system on APC, but also encompass aspects
associated with mitochondrial dysfunction during aging (Zoico et al.,
2019; Z. Liu et al., 2020; Silva and Amato, 2022), for example, a
reduction in mitochondrial content and biogenesis, in addition to the
decrease in the expression and activity of the thermogenesis of mito-
chondrial proteins, such as Uncoupling Protein 1 (UCP1) (Zoico et al.,
2019; Amorim et al., 2022).

The implications related to the thermogenic activity of adipocytes in
aging are not yet fully understood. Previous evidence indicates that the
age-related decline in the thermogenic capacity of adipose tissue can
negatively affect metabolic homeostasis and consequently contribute to
the development of IR (Silva and Amato, 2022). Additionally, the obe-
sogenic condition may act in conjunction with age-related adipose tissue
dysfunction, thus increasing the risk of metabolic disorders (Conte et al.,
2019; Silva and Amato, 2022). Although most studies focus on animal
models, new insights in the scientific literature on the mechanisms un-
derlying the thermogenic capacity of adipose tissue in aging could
contribute to the development of strategies that are promising for
improving health (Silva and Amato, 2022), in particular for the growing
population of older people, which is generating public health concerns.
Among the proposed strategies, taurine has been mentioned as an area of
interest, standing out as a possible non-pharmacological intervention.

The scientific community has demonstrated the promising effects of
taurine supplementation on adipose tissue, in terms of anti-
inflammatory, antioxidant, and energy regulation potential
(Murakami, 2017). However, the scarcity of studies demonstrating the
role of taurine in sarcobesity is still evident. Taurine, 2-aminoethanesul-
fonic acid, is a quasi-essential nutrient found in all eukaryotic organisms
and highly expressed in mammalian tissues. It is synthesized from
cysteine through the action of cysteine sulfonic acid decarboxylase
(Sharma et al., 2023), although it can also be obtained from the diet
(meat, fish, and milk/dairy), and transported into cells by the Slc6a6
transporter (Warskulat et al., 2007). Supplementation with this nutrient
improved the inflammatory profile of the obese phenotype in an
experimental model. The results indicated greater polarization of type 2
macrophages (M2), with a potentially anti-inflammatory action, to the
detriment of type 1 macrophages (M1) (Lin et al., 2013). This mecha-
nism is not fully understood, but taurine appears to act on the activation
of Peroxisome Proliferator Receptors Gamma (PPARy), playing a key
role in M2 differentiation (Bouhlel et al., 2007; Gao et al., 2019).

Furthermore, taurine can interact with neutrophils in adipose tissue
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during the process of taurine chloramine synthesis, which contributes to
the suppression of the phosphorylation of Nuclear Factor kappa Beta
(NF-kB), closely linked to the activation of low-grade inflammation.
However, the processes by which this occurs still remain unclear
(Schuller-Levis, 2005). Researchers have also demonstrated that taurine
can improve glucose tolerance, and reduce concentrations of tri-
glycerides and total cholesterol, in addition to mitigating the synthesis
of pro-inflammatory cytokines, and modulating glucose and lipid
metabolism, in order to reduce the risk of comorbidities associated with
weight gain (Lin et al., 2013; Murakami, 2017).

Investigations of the few clinical trials already carried out still lack
clear and significant results, as taurine has demonstrated limited effects
in humans. Rosa et al. (Rosa et al., 2014) in a pioneering clinical trial,
investigated the effects of taurine supplementation using 3 g of taurine
daily in conjunction with nutritional counseling in women with obesity.
The authors observed that taurine showed promising effects on greater
production of adiponectin and reduced levels of C-reactive protein
(CRP), independent of changes in body weight. The same dose as used by
Rosa et al. (Rosa et al., 2014) was tested on new inflammatory param-
eters, and taurine associated with physical training demonstrated good
results in women with obesity. The women showed a reduction in levels
of interleukin 6 (IL-6), which has inflammatory potential, and increases
in IL-5 and IL-10 levels (De Carvalho et al., 2022). These results provide
scientific support for the potential of taurine supplementation as an
adjuvant therapy in the treatment of obesity, since it leads to even better
metabolic effects when combined with classic and well-documented
strategies (i.e., dietary interventions and physical exercise) for the pre-
vention and treatment of metabolic disorders, especially obesity (De
Carvalho et al., 2019). Table 2 elucidates the main clinical findings of
taurine supplementation, combined or not with physical exercise

Clearly, the interface between the role of taurine supplementation in
the confluence of obesity and sarcopenia in aging involves the thera-
peutic approach of this nutrient, considering the functional changes in
adipose tissue and possible risks of comorbidities associated with
excessive weight, with emphasis on diabetes, cardiovascular diseases,
and cancer (Von Bank et al., 2021; Z. Liu et al., 2020; Murakami, 2017).
Another dysfunctionality of adipocytes in the aforementioned condi-
tions is related to the exacerbated accumulation of Reactive Oxygen
Species (ROS) (Z. Liu et al., 2020), since the imbalance between anti-
oxidant defenses and the release of ROS converge in oxidative stress,
which in turn accelerates the process of cellular senescence (Monickaraj
et al., 2013). Taurine appears to modulate and mitigate oxidative stress
(Baliou et al., 2021) by acting as an antioxidant, stimulating an increase
in the plasmatic enzyme Superoxide Dismutase (SOD) in obese women
aged between 55 and 70 years (Abud et al., 2022).

In sarcobesity, this categorically inflamed adipose tissue has even
more deleterious outcomes. These hypertrophied adipocytes lead to
hypoxia and poor vascularization of the tissue, impacting the loss of
mitochondrial function, one of the main hallmarks of aging (Miwa et al.,
2022). These damages can compromise the homeostasis of lipid and
energy metabolism (Von Bank et al., 2021; Heinonen et al., 2020).
Recently, Singh et al. (Singh et al., 2023) found that taurine reduced
cellular senescence, suppressed mitochondrial dysfunction, attenuated
inflammation, and suppressed DNA damage in a study involving aged
animal models and older humans.

Moreover, taurine supplementation can restore mitochondrial func-
tion in WAT by elevating gene expression of Peroxisome Proliferator-
Activated Receptor Gamma Coactivator 1-alpha (PGCl-alpha), Peroxi-
some Proliferator-Activated Receptors (PPAR), genes that modulate
energy metabolism and thermogenesis, as well as other compounds that
modulate lipid metabolism, such as acyl-CoA oxidase, synthase, and
dehydrogenase (Murakami, 2015; Tsuboyama-Kasaoka et al., 2006).
Taurine supplementation also resulted in greater expression of the
mitochondrial respiration UCP-1 in the WAT of mice. Furthermore, the
supplementation protected against body weight gain, increased energy
expenditure, and improved glucose metabolism (Guo et al., 2019).
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Table 2

Effects of taurine in isolation, exercise in isolation, and taurine plus physical exercise.
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Authors, Sample Groups Sample Taurine Type of exercise =~ Outcomes found
year group size Dose . .. R ©
Taurine isolate Exercise isolate Taurine + physical
exercise
(De Obese Taurine 16 30g 8-Weeks Decreased - Increased anti-
Carvalho women supplementation combined interleukin—6; inflammatory interleukins
et al., (32.3+£6.9 (n=8) exercise training Reduction in (IL-15 and IL-10);
2021a) years) Taurine 3 times/week, adipocyte size; Reduced IL—1p gene
supplementation + for 55 min/day. Increased connective expression in the scWAT;
exercise (n=8) tissue and Reduction in adipocyte
multilocular droplets size; Increased amount of
in scWAT. connective tissue and
multilocular droplets in
scWAT.

(Chupel Older Combined exercise 48 15¢g 14-weeks Increased neuron -Reduced TNF-a, Increased the mini mental
et al., women training (n=13) combined specific enolase levels  IL—6, and IL—1p/ state examination score.
2018) (83.6 + 6.9 Taurine exercise training Decreased the IL—1p/ IL—1ra, IL-6/

years) supplementation 2 times/week. IL—1 ratio. 1L10, and TNF-
(n=12) o/IL—10 ratios
Exercise training/
taurine (n=11)
Group control (n =12)

(Masouleh Women TRX suspension 40 25¢g 8-weeks - - Decreased HbAlc, HOMA-
et al., with Type training + placebo resistance IR, insulin, TG, and TC;
2021) 2 Diabetes (n=10) exercise - Increased HDL;

(53 +5 TRX suspension suspension - Declined BFP.
years) training + taurine training,

supplementation 3 times/week,

(n=10) for 60 min/day.

Taurine

supplementation

(n=10) Group control

(n=10).

(De Obese Taurine 24 3g 8-weeks Increased expression Increased resting Increased resting energy
Carvalho ~ women supplementation combined of fat oxidation genes  energy expenditure  expenditure rate;
et al., (329 +£6.3  group (n=8) exercise training (ACO2 and ACOX1) rate; Decreased respiratory
2021b) years) Exercise group (n=8) 3 times/week, Decreased quotient;

Taurine for 55 min/day. respiratory Incresead of fat oxidation

supplementation + quotient; genes (PPARa, PPARy,

exercise group (n=8) Increased lipid LPL, ACO1, ACO2, HSL,
oxidation and ACOX1, and CD36);
improved scWAT Higher expression of
mitochondrial mitochondrial activity
respiratory genes (CIDEA, PGCla,
capacity. PRDM16, UCP1, and
Increased UCP2);
expression of fat Improved scWAT
oxidation genes mitochondrial respiratory
(ACO2and ACOX1)  capacity.

(Batitucci Obese Exercised and 22 3g 8-weeks of high - Increased resting Increased Resting

et al., women supplemented with intensity metabolic rate metabolic rate;
2019) (36.6 + 6.4  placebo (n=14) physical Higher plasma
years) Exercised and training, Deep concentrations of irisin.
supplemented with water running, 3
taurine (n=8) times/week, for
50 min/day.

(Chupel Older Exercise training 48 15¢g 14-weeks Decreased MPO and - Improvements in physical
etal., women (n=13) Taurine combined MMP 9; Decreased fitness (better agility and
2021) (83.6 £6.9  supplementation exercise training lymphocytes. anaerobic capacity)

years) (n=12) 2 times/week.

Exercise training and
taurine (n=11)
Group control (n=12)

Note: Subcutaneous white adipose tissue (scWAT); Interleukin-15 (IL-15); Interleukin-10 (IL-10); Interleukin-1p (IL-1beta); Interleukin-1f / Interleukin-1 ratio (IL-1p/
IL-1 ratio); Tumor necrosis factor (TNF-a); Interleukin-6 (IL-6); Interleukin-1p / Antagonist of receptor of interleukin 1 ratio (IL-18/IL-1ra); Interleukin-6 / Interleukin-
10 ratio (IL-6/IL10); Tumor necrosis fator / Interleukin-10 ratio (TNF-o/IL-10). Total body resistance exercise (TRX); Hemoglobin Alc (HbAlc); Insulin resistance
(HOMA-IR); Triglyceride (TG); Total cholesterol (TC); High-density lipoprotein (HDL); Body fat percentage (BFP); Myeloperoxidase (MPO); matrix metalloproteinase-

9 (MMP-9).

However, it is important to highlight that these outcomes do not reflect
aging conditions and were only observed in animal models. In humans,
promising effects of taurine supplementation were only reported when
combined with physical exercise. Our group of researchers observed that
this combination improves energy metabolism, mitochondrial activity,

and lipid oxidation in adult women with obesity (De Carvalho et al.,
2021b).

It is known that there are still many gaps in the knowledge regarding
the role of taurine in adipose tissue, especially in the aging population
with sarcobesity, however there is scientific support to encourage and
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strengthen future hypotheses regarding the relevance of taurine as a
possible target with therapeutic potential.

3.2. Mechanisms of action in skeletal muscle

Muscle loss commonly seen in aging and sarcopenia is a multifac-
torial process that involves distinct metabolic pathways. AR is a result of
low intestinal protein absorption, splenic sequestration of amino acids,
reduced responsiveness to anabolic stimuli, and reduced Muscle Protein
Synthesis (MPS), depicting the different metabolic signaling recruited
(Ahmed et al., 2021; Baliou et al., 2021). There are several factors that
contribute to the functional imbalance of skeletal muscle in sarcobesity.
Among them, unbridled driving catabolic processes throughout aging (i.
e., exacerbated production of ROS), muscle mitochondrial dysfunction,
systemic inflammation, and a reduction in anabolic hormones, such as
Insulin-like Growth Factor 1 (IGF-1), testosterone, and estrogen. This
process is similar to that of adipose tissue due to the cross-talk between
the changes in metabolism of sarcobesity and peripheral tissues in older
adults (Kalyani et al., 2014).

Studies investigating taurine supplementation have demonstrated
the potential benefit of this substance in various metabolic pathways
involved in SO in animals (Barbiera et al., 2022) and in vitro (Barbiera
et al., 2020). Taurine can reduce muscle catabolism (Li et al., 2012; Doss
et al., 2022) and directly and indirectly help in reducing muscle loss,
which is strongly associated with SO in advanced age. Thus, taurine may
represent a potential non-pharmacological therapeutic target in pro-
moting muscular health (Surai et al., 2021).

SO in aging aggravates oxidative stress and can lead to cellular
damage, further contributing to impairments in muscle function. It is in
this context that taurine supplementation appears to be a potential
antioxidant agent in the biological progression of aging (Abud et al.,
2022), as it has the potential to improve redox balance by acting on the
body’s antioxidant system (Surai et al., 2021). Directly, taurine can
donate electrons and act as a chelator of transition metals such as copper
and iron, which are responsible for the heightened production of free
radicals. Therefore, taurine prevents the excessive production of ROS
and neutralizes Reactive Nitrogen Species (RNS), preserving natural
antioxidant defenses (Seidel et al., 2019). Indirectly, taurine modulates
antioxidant enzymes, including SOD, Catalase (CAT), and Glutathione
Peroxidase (GPx), by increasing the expression and plasma concentra-
tion of these enzymes (Abud et al., 2022; Seidel et al., 2019). On the
other hand, taurine can modulate the activity of oxidant enzymes, such
as Malondialdehyde (MDA) and 8-hydroxy-2-deoxyguanosine
(8-OHAG), by regulating the body’s antioxidant pathways (Surai et al.,
2021; Seidel et al., 2019). In this sense, taurine presents antioxidant
properties that are important in protecting muscles against oxidative
damage, preventing mitochondrial dysfunction, catabolism, and muscle
weakness (Seidel et al., 2019).

The pivotal role that taurine plays in maintaining mitochondrial
function, crucial for energy production and tissue functionality, is
clearly elucidated. The linked mechanisms in these processes are asso-
ciated with regulating mitochondrial membrane potential, and mito-
chondrial fission and fusion, and increased oxidative phosphorylation,
biogenesis, and mitochondrial morphology (Jong et al., 2021). These
signaling pathways align with increased expression of genes involved in
energy metabolism and mitochondrial biogenesis, such as PGC1-alpha,
which is modulated by taurine’s action (Jong et al., 2021). In this
context, ensuring the structural and functional maintenance of mito-
chondria is essential in conditions of sarcobesity, and taurine supple-
mentation has been shown to participate in these processes (Jong et al.,
2021). Previous review studies demonstrated that taurine has intracel-
lular actions through transporters, facilitating its entry into the mito-
chondria, such as the taurine mitochondrial transporter (mTauT) (Jong
et al., 2021; Wen et al., 2019).

The cellular damage inherent in the coexisting conditions of sarco-
penia and obesity in aging is also closely linked to the subclinical
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inflammatory process that can exacerbate harmful catabolic mecha-
nisms. In this sense, taurine can modulate systemic inflammation
through the Nuclear Factor Erythroid 2-Related Factor 2 (Nrf2) and
Serine/threonine protein kinase (TAK1) / Mitogen activated protein
kinases (MAPK) pathways, reducing pro-inflammatory cytokines,
including IL-6, CRP, TNF-a, and Nicotinamide Adenine Dinucleotide
Phosphate (NADPH) oxidase. In addition, taurine supplementation in-
creases anti-inflammatory cytokines, including IL-10 and Transforming
Growth Factor beta (TGF-p) (Li et al., 2022) and can suppress the NF-kB
signaling pathway. The NF-kB is a nuclear transcription factor that
regulates the expression of various pro-inflammatory genes and is
involved in muscular catabolism by stimulating the expression of
Atrogin-1 and Muscle Ring Finger 1 (MuRF-1) (Qaradakhi et al., 2020;
Doss et al., 2022). In animal models, taurine was also able to inhibit the
MAPK-dependent pathway, involved in the production of
pro-inflammatory cytokines and the inflammasome (Doss et al., 2022).

The fact is that the inflammatory signaling cascade, when activated,
triggers impairments in MPS, and studies have demonstrated the
mechanistic and metabolic relevance of taurine in mitigating these
deleterious responses. Taurine accomplishes this by modulating intra-
cellular muscle signaling pathways, including mammalian target of
rapamycin (mTOR), Phosphoinositide 3-Kinase (PI3K)/ Protein Kinase B
(AKT), MAPK, Myogenic Regulatory Factor (MyoD), and Myocyte
Enhancer Factor-2 (MEF2), which regulate MPS signaling. Additionally,
taurine contributes to the regulation of calcium channels and stabiliza-
tion of cell membranes, thereby mitigating Muscle Protein Degradation
(MPD) and attenuating processes of muscle atrophy (Barbiera et al.,
2020). However, these outcomes on the beneficial effects of taurine on
muscle restoration were demonstrated in animal in vitro models, while
in humans, the results are still limited and poorly understood.

Regarding the role of taurine in regulating intramuscular calcium
homeostasis, taurine is involved in activating calcium channel trans-
porters, which are essential for maintaining osmotic balance, muscle
contraction, and relaxation. These functions are crucial in protecting the
muscle from damage caused by either an excess or a deficiency of
intracellular calcium (Seidel et al., 2019). Taurine enhances the activity
of the sarcoplasmic reticulum Ca2+ ATPase (SERCA), responsible for
calcium reuptake into the sarcoplasmic reticulum during muscle relax-
ation. Furthermore, it increases the activity of the Ryanodine Receptor
(RyR), which releases calcium during muscle contractions (Seidel et al.,
2019; Wen et al.,, 2019). This occurs because taurine modulates
muscular chloride and potassium ion channels, guarantees the mainte-
nance of cellular action potential, prevents muscle depolarization, and
ensures proper functionality of skeletal muscle (Seidel et al., 2019).

Furthermore, the ubiquitin-proteasome system involved in the
degradation of misfolded proteins may play a role in Disuse Muscle
Atrophy (DPM). Taurine has been associated with regulating this system
by controlling the expression of genes involved in this signaling
pathway. This regulation enhances the efficiency of muscle cell ho-
meostasis and safeguards skeletal muscle from degradation processes
(Seidel et al., 2019; Barbiera et al., 2022).

Chronic low-grade inflammation negatively impacts the MPS process
and also involves impairments in glucose uptake and IR. These are
commonly observed in the AR of SO in advanced age (Wang et al.,
2020). Therefore, reversing the pathway that leads to muscular AR
through avenues capable of blocking IR is fundamental for muscular
health. In this sense, taurine supplementation appears to play a leading
role in this scenario (Inam-U-Llah et al., 2018). Additionally, activation
of Adenosine5’-Monophosphate (AMP)-Activated Protein Kinase
(AMPK), an intracellular sensor for energy and mitochondrial homeo-
stasis, largely to activate glucose and fatty acid uptake and oxidation
when cellular energy is low, also appears to be mediated by the action of
intracellular taurine, contributing to better insulin signaling and glucose
uptake (Wen et al., 2019). Borck et al., 2018 demonstrated, in a clinical
trial with animals, that supplementation with 5 % taurine diluted in
drinking water for 12 months appears to have led to greater activation of
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AMPK, with an increase in the AMPK content in the gastrocnemius
muscle, while the total content of AMPK reduced compared to the
control group. Furthermore, an improvement in insulin sensitivity was
demonstrated in the taurine-supplemented group (Borck et al., 2018).
However, the magnitude of these effects in humans has not yet been
clarified, which strongly reinforces the need for clinical trials in this field
of knowledge.

In summary, compromised mitochondrial biogenesis and oxidative
capacity lead to the progressive accumulation of ROS and this damage
contributes to cellular aging and senescence in skeletal muscle (Kauppila
et al., 2017; Singh et al., 2023). In this sense, taurine supplementation
can minimize these effects, as evidenced by Singh et al. (Singh et al.,
2023), who observed less accumulation of ROS in mitochondria isolated
from skeletal muscle after taurine treatment in middle-aged mice.

The present review encourages the importance of exploring the
multifactorial capabilities of taurine supplementation in skeletal muscle
in well-controlled trials with individuals with SO. In this way, it will be
possible to expand scientific contributions regarding the key role that
taurine may have in counteracting metabolic alterations resulting from
aging. Given the emerging needs of global public health, it is important
to investigate the effects by which taurine mechanisms could be
considered a potential non-drug therapeutic strategy in the future.

Fig. 1 summarizes the physiological mechanisms through which
taurine supplementation could enhance muscle and adipose tissue
functionality, contributing to healthy aging.

4. Aging and gut permeability: modulation of gut microbiota as
a therapeutic strategy in sarcobesity

The complex processes of age-related diseases are aggravated by
sarcobesity, a multifaceted condition, endorsed by crucial changes in the
gut microbiota that inevitably occur with aging, and the expected
imbalance in general health. The gut microbiota is reciprocally related
to age, which means that the factors that determine aging, such as ge-
netics, epigenetics, behavior, and lifestyle, are also conditioned by
changes in the gut microbiota (Ghosh et al., 2022). It is in this approach
that the gut microbiota has been considered as a potential metabolic
biomarker of the host (Nagpal et al., 2018), since chronological age is
accompanied by changes in host-microorganism homeostasis. Dysbiosis
is an additional hallmark of old age (O’Toole and Jeffery, 2015; Bana
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and Cabreiro, 2019; Ticinesi et al., 2020), accentuated even more by the
coexistence of obesity and other metabolic disorders, as has already
been well elucidated (Turnbaugh et al., 2006; Fan and Pedersen, 2021).
However, there is still much to be explored and clarified about the
metabolic enigma of sarcobesity in aging.

Functional and structural dysregulation of the microbiota due to loss
of integrity and increased permeability of the intestinal epithelium are
interlinked with the aging process and inflammation, characterizing the
gut microbiota of older adults by taxonomic signatures that are poten-
tially inflammatory and inversely related to longevity (Bana and Cab-
reiro, 2019; Ticinesi et al., 2023). This means that tight-junction
proteins can undergo ruptures that signal mechanisms of metabolic
endotoxemia, characterized by the activation of Toll Like Receptor-4
(TLR-4) receptors and translocation of lipopolysaccharides (LPS) pre-
sent in the outer membrane of gram-negative bacteria, favoring systemic
inflammation and compromising the host’s normal immune response
(Cani and Jordan, 2018).

Older individuals have a gut microbiota that differs from young
adults without chronic diseases (O’ Toole and Jeffery, 2015). Overall,
microbial diversity decreases with age, along with a reduction in
Short-Chain Fatty Acid (SCFA)-producing species, particularly butyrate
(Biagi et al., 2010). SCFAs are one of the main metabolites produced by
the gut microbiota and have demonstrated important effects on meta-
bolic health by circulating systemically to peripheral tissues, such as
adipose, muscle, liver, and brain tissue, acting as potential signaling
molecules by binding to G-protein coupled receptor 41 (GPR41) and
G-protein coupled receptor 43 (GPR43), expressed both in the intestinal
epithelium and in these peripheral tissues (Tilg and Kaser, 2011; Canfora
et al., 2015; Plaza-Diaz et al., 2019).

Additionally, it is also well established that a diet typically rich in
fiber increases the SCFA content in the bloodstream and mobilizes
groups of intestinal bacteria with symbiotic and anti-inflammatory po-
tential that signal the production of intestinal hormones, such as Peptide
YY (PYY) and Glucagon-Like Peptide 1 (GLP-1), which communicate
with neurotransmitters that control hunger and satiety mechanisms,
which are important for management in conditions of obesity (Canfora
et al., 2015; Agus et al., 2021)

Deciphering changes in the gut microbiota in aging is even more
complex in conditions of sarcobesity, not merely as a result of chrono-
logical aging, but also because the microbiota is intrinsically resilient
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Fig. 1. Summary chart of the effects of taurine supplementation on skeletal muscle (left) and adipose tissue (right), contributing to the recovery of functionality in

both tissues and promoting healthy aging. Created with Biorender.
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and dynamic, as external conditions such as lifestyle, eating habits,
general health status, and medication, can impact the phylogenetic
community of bacteria (An et al., 2018; Ghosh et al., 2022). Therefore,
advances in metagenomics and metabolomics can provide greater un-
derstanding regarding the triggers, or protection against diseases,
mediated by the gut microbiota, as well as contributing to understand-
ing of the synthesis of metabolites and metabolic pathways capable of
deciphering the intestinal functional, genomic, and taxonomic profile,
techniques that assist in the complete mapping of the gut microbiota
and, possibly, in the development of personalized therapies (Mainardi
et al., 2018; Gonzalez Olmo et al., 2021).

Furthermore, other biomarkers and external factors also strongly
influence aging and modulation of the gut microbiota. This can influ-
ence the modification of histones, such as Sirtuin-1 (SIRT-1), a protein
that plays a role in regulating inflammation of the intestinal epithelium
and longevity (Wellman et al., 2017). In addition, telomeres play an
important role in genomic maintenance and their length is considered a
biomarker of biological aging and DNA damage (Cheng et al., 2021).
Telomeres are located at the ends of eukaryotic chromosomes and have
sequences of a protein complex that leads to chromosomal stability
(Zhang et al., 2016). Telomere length is related to longevity, while
shortened telomeres are directly related to cellular senescence and
increased inflammation (Lopez-Otin et al., 2013). However, while there
is a direct link between telomere attrition and aging, the role of the gut
microbiota in mediating these effects has yet to be demonstrated. Evi-
dence suggests that both obesity and a typically Western diet can
exacerbate telomere shortening (Valdes et al., 2005) and it is in this
sense that the gut microbiota may indirectly influence telomeres and
longevity.

The transition from a natural diet to typically industrialized eating
patterns has led to drastic changes in the gut microbiota, exacerbating
inflammatory mechanisms. So-called "junk food" has gained prominence
in the scientific community, particularly in the area of microbiota.
Longer telomeres were found in participants who had a more anti-
inflammatory diet, assessed in a population at a high risk of cardiovas-
cular disease (Garcia-Calzon et al., 2015; Ojeda-Rodriguez et al., 2020),
however, the relationship between these outcomes and the gut micro-
biota is still unknown.

From a therapeutic perspective, physical exercise has been proposed
as a strategy capable of positively modulating the gut microbiota, raising
species that synthesize SCFA, and through anti-inflammatory effects
seems to activate mechanisms that help the integrity of the intestinal
epithelium (Bermon et al., 2015; Y. Liu et al., 2020), in addition to
providing protection against telomere shortening (Brandao et al., 2020).
The trilateral interaction between gut microbiota, telomere shortening,
and inflammation in aging is still an obscure field, but it is plausible to
think of the crosstalk that exists between a dysbiotic microbiota
resulting from aging and obesity, under the strong influence of a cate-
gorically inflammatory diet, which may drive telomere shortening
through an increase in ROS and dysfunctional mitochondria, increasing
the risk of a poor prognosis for sarcobesity with worsening associated
complications (Assis et al., 2022).

In sarcobesity in older adults, the composition and functionality of
the gut microbiota face complex changes. Increased inter-individual
variability in composition, reduced biodiversity, and overgrowth of
pathobionts are signatures of the microbiota in these conditions
(O’Toole and Jeffery, 2015; Zhang et al., 2023). The gut-muscle inter-
face reinforces the idea that changes in the composition and diversity of
the gut microbiota directly influence host physiology, regulating
anabolic balance, influencing protein homeostasis (Nay et al., 2019),
and the systemic availability of amino acids, as well as mediating
age-related AR (Neis et al., 2015; Ticinesi et al., 2019; Mancin et al.,
2023).

The use of different amino acids from dietary protein sources or
endogenous synthesis relies on the participation of the gut microbiota,
which can modulate the processes of muscle protein synthesis and
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degradation (Neis et al., 2015). In addition, it is also recognized that
excess protein from food can alter the bacterial metabolism aimed at the
degradation and fermentation of amino acids in a more accentuated way
(Picca et al., 2019).

The gut-muscle axis is decisive in understanding the processes
involving the loss of microbial diversity in aging, specifically the
decrease in butyrate-producing bacteria, accompanied by the preva-
lence of pathobionts such as Enterobacteriaceae, and the existing dia-
logue with muscle atrophy and increased fragility in older adults
(Jackson et al., 2016; Picca et al., 2019). This means that changes in
muscle metabolism, to the detriment of dysbiosis, are influenced by the
decline in SCFA-producing bacteria, intimidating anabolic signals and
enhancing mitochondrial dysfunction, impairing glucose uptake in
skeletal muscle and potentially favoring intramuscular fat deposits
(Walsh et al., 2015; Lahiri et al., 2019).

Collectively, the processes outlined so far reinforce the importance of
modulating the gut microbiota in order to mitigate metabolic endotox-
emia, the production of undesirable metabolites, and susceptible taxo-
nomic alterations in aging and obesity, improving the gut-muscle
interface in sarcobesity. However, despite the versatility and resilience
of the human gut microbiome, designing microbiome-based in-
terventions in sarcobesity still holds great promise, as the responsiveness
of the gut ecosystem to therapeutic modulation is largely unclear,
especially in older adults (Ghosh et al., 2022). Personalized therapeutic
strategies for rebuilding the microbiome of older adults have been
proposed, aimed at identifying the phenotypic interactions of the host,
the microbiota, and the overall response to a given intervention (Ghosh
et al., 2022).

In this context, interventions have included the use of probiotics,
especially Lactobacillus, Bifidobacterium, and Faecalibacterium, pre-
biotics, synbiotics, postbiotics, such as butyrate, and Mediterranean-
type dietary modulation, which can culminate in an increase in the
abundance of potentially beneficial taxons (Liao et al., 2020; Ghosh
et al., 2020; Meslier et al., 2020; Chen et al., 2022; C.C. Lee et al., 2021;
M.C. Lee et al., 2021; Ghosh et al., 2022). In addition, phenolic com-
pounds appear to exert protective effects on muscle cells in conditions of
sarcopenia, but these effects are dependent on the composition of the gut
microbiota and may affect the bioavailability of dietary polyphenols
(Cortés-Martin et al., 2020; Bagherniya et al., 2022). Furthermore, the
analysis of three independent cohorts revealed that the decline in the
Bacteroides genus emerged as one of the main characteristics of healthy
aging (Wilmanski et al., 2021), as well as the important increased
abundance of Akkermansia muciniphila (O’Toole and Jeffery, 2015;
Ragonnaud and Biragyn, 2021). Considering physical exercise as an
important component in the modulation of the gut microbiota, in the
therapeutic aid of anabolic resistance and as a behavioral change that
aids weight loss in obese conditions, has also been crucial in the man-
agement of sarcobesity at the existing interface with the gut microbiota
(Burtscher et al., 2022).

Science supports the role of physical exercise as a behavioral
component that can drive qualitative and quantitative alterations in the
composition and function of the gut microbiota, benefiting the host.
However, prudent and cautious choices need to be made regarding the
type of exercise, considering that the modulation of the gut microbiota
exerted by exercise is dependent on the physiological state of the indi-
vidual, varying between athletes, lean sedentary subjects, or those with
obesity (Mohr et al., 2020). It has already been shown that exhausting
exercise promotes a more permeable intestinal epithelium and suscep-
tibility to metabolic endotoxemia (Clark and Mach, 2016), while mod-
erate exercise can protect the intestine from these effects, being less
deleterious to the microbiota (Zuhl et al., 2014).

Furthermore, considering that along with advancing age there are
changes in intestinal transit time (Harari et al., 1996), which together
alter the composition of the microbiota, when not prolonged, moderate
intensity exercise seems to confer advantages by speeding up digestive
transit (Motiani et al., 2019). The recent review by Mohr et al., 2020
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summarizes the advantages and disadvantages of different categories of
physical exercise on the gut microbiota of individuals with different
nutritional status, elucidating the potential damage that prolonged
excessive exercise can have on the composition and function of the
microbiota and intestinal permeability, deleterious effects that are much
less pronounced in sedentary subjects.

Controlling environmental influences, including diet, exercise, mul-
timorbidity, and excess medication, in aging in sarcobesity conditions, is
relevant to designing well-targeted clinical trials and scientifically
advancing the possible causal relationships between microbiota and
advancing age, so that therapeutic strategies can actually corroborate
the management of gut microbiota in aging.

Fig. 2 summarizes the impact of sarcobesity and the associated life-
style on the gut microbiota, demonstrating the role that the microbiota
plays as a potential metabolic biomarker of the host in aging.
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5. Physical exercise as a therapeutic strategy in sarcobesity

Physical inactivity and sedentary behavior are particularly high in
older adults, presenting global public health challenges (Dogra et al.,
2022). The causes of physical inactivity and a sedentary lifestyle among
older adults are multifaceted, and include environmental, demographic,
and socioeconomic factors, and physical and cognitive limitations or
health conditions that hinder exercise participation (Evenson et al.,
2012; Ding et al., 2012). Furthermore, the reduction in time spent in
social interactions and active behavior is also responsible for the in-
crease in sedentary behavior (Perissinotto et al., 2012). Promising
strategies, such as physical exercise, have been widely employed as a
potentially effective therapy to prevent and treat obesity, as well as to
improve muscle mass and functionality, and the literature discusses its
applicability as an efficient treatment in the condition of SO
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(Trouwborst et al., 2018).

According to the American College of Sports Medicine, the recom-
mendation for physical exercise for individuals over 65 years of age
should involve different fitness capacities, such as aerobic exercises,
muscle strengthening, balance, and flexibility (Chodzko-Zajko et al.,
2009), ensuring improvement in physical and aerobic capabilities, and
body composition, particularly the increase in lean muscle mass
(Distefano and Goodpaster, 2018). This approach contributes to
reducing the risk of premature mortality and morbidity, improved
quality of life, and better management of chronic disease (Dogra et al.,
2022).

Strength exercises with control of variables of intensity, strength, rest
time, and correct execution of the movement improve strength and
muscle anabolism in individuals with obesity, and long-term aerobic
exercise favors improvements in aerobic capacity (Silva and Farinatti,
2007; Aksovi¢ et al., 2020; Grgic et al., 2020). Among older adults who
meet the guidelines for aerobic activity, participating in any strength
training is associated with better balance, mobility, body composition,
perceived health, and healthy aging (Copeland et al., 2019).

Strength exercise is highly recommended in the sarcobesity condi-
tion, as it promotes mTOR signaling, and thus greater activation of
satellite cells. This leads to an increase in protein synthesis and a
reduction in muscle catabolism, and, consequently, to an increase in
muscle mass, which is directly related to the improvement in functional
aspects, such as balance, strength, and a reduced risk of falling
(Johnston et al., 2008; de Oliveira Silva et al., 2018). Therefore, the
greater the number of muscle groups worked per session at high in-
tensity, the better the observed strength results (Yoo et al., 2018).
Furthermore, training promotes improved neural function, with greater
activation of motor units and, consequently, greater muscle activation
(Aguirre and Villareal, 2015; Consitt et al., 2019; Colleluori and Vil-
lareal, 2021).

The training protocol indicated for increasing muscle strength should
be performed with a load of between 60 % and 85 % of one maximum
repetition (RM), 3-4 sets of 15 repetitions (Mayer et al., 2011; Aguirre
and Villareal, 2015; Izquierdo et al., 2021). To increase strength,
training must be carried out at high intensity, however it needs to be
aligned with the physical, motor, and functional capacity of the indi-
vidual with SO. This care is important, since strength exercises present
greater risks of muscle and joint damage, whether due to excessive load
or poor execution. These injuries can cause an acute reduction in
strength and function, leading the older adult to abandon physical ex-
ercise (Yoo et al., 2018; Peterson et al., 2010; Mayer et al., 2011; Ors-
satto et al., 2018).

Aerobic training is also highly recommended for older adults with
sarcobesity, since it promotes improvement in vascular tone and muscle
oxidative capacity, and an anti-inflammatory effect. In addition, aerobic
training helps control body composition by reducing body fat, oxidative
stress, and insulin resistance (Short et al., 2004; Xiao and Fu, 2015;
Erlich et al., 2016; Chen et al., 2017; Batsis and Villareal, 2018; Ramos
et al., 2019; Consitt et al., 2019; Aksovic¢ et al., 2020; Colleluori and
Villareal, 2021; Izquierdo et al., 2021).

In aerobic exercise, both duration and intensity must be controlled to
achieve the best results. Lower intensity training is linked to longer
duration. Therefore, training sessions of 50’ — 60’ at 60 % — 90 % of
maximum heart rate (HRmax) or 50 % — 85 % maximum oxygen volume
(VO2max) are strongly recommended to improve cardiorespiratory
function and promote changes in body composition (Sunami et al., 1999;
Aksovic et al., 2020; Bull et al., 2020). Another aerobic training method
widely used to control body composition and improve cardiorespiratory
capacity is High-Intensity Interval Training (HIIT). HIIT is characterized
by training with intensities >90 % VO2max or >90-95 % HRmax for 6’
to 4’ and low-intensity active or passive intervals (Viana et al., 2019;
Ballesta-Garcia et al., 2019). Despite the high effectiveness of HIIT for
energy expenditure and muscle gain, it is necessary to pay attention to
the type of stimulus performed, due to the high risk of muscle and joint
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damage. Furthermore, additional studies are needed to provide evidence
of the safety of the practice for the population with SO (Liu et al., 2022).

Robust evidence has shown the benefits of exercise associated with
nutritional interventions, which can play a crucial role in the treatment
of SO (Hita-Contreras et al., 2018; Martinez-Amat et al., 2018). Hypo-
caloric diets may be efficient in reducing body fat (Jensen et al., 2014),
but inadequate protein intake can negatively impact protein synthesis,
increasing muscle catabolism and impairing the maintenance of lean
mass (Schoufour et al., 2021; Prado et al., 2014). Therefore, protein
intake of 1.0-1.2 g/kg body weight is strongly recommended in older
adults with multimorbidity, to maintain and recover muscle mass and
function over the long term, and higher intake (1.2-1.5 g/kg body
weight) should be prescribed with caution (Weijs and Wolfe, 2016;
Schoufour et al., 2021; Cheah and Cheah, 2023). However, despite ev-
idence demonstrating potentially positive effects regarding the combi-
nation of exercise and nutritional interventions, the results remain
obscure due to the heterogeneity of the sarcopenia criteria and the
characteristics of physical training, which represent some of the limiting
factors (Martinez-Amat et al., 2018).

In view of the above, the need to practice physical exercise becomes
evident, both strength exercise with adequate intensities for muscle
gain, and strength and aerobic exercise with adequate duration and
intensity, in order to guarantee improvement in cardiorespiratory ca-
pacity and body composition. In this sense, both exercise protocols must
be performed safely. It is important to highlight that physical exercise
needs to be associated with nutritional strategies for clinical improve-
ment in SO, since adequate protein intake favors the gain and mainte-
nance of muscle, triggering a reduction in the losses caused by SO.

Aging promotes alterations in body composition, such as the redis-
tribution of muscle mass and fat mass, bone reduction, and increased
adiposity, in addition to a greater risk for other chronic diseases (Siervo
et al., 2016; Bray et al., 2017; Batsis and Villareal, 2018; Bliiher, 2019).
In this sense, lifestyle interventions for older individuals with obesity,
with or without sarcopenia, that encompass diverse protocols of exercise
and nutritional interventions, could contribute to improving quality of
life. These interventions may lead to increased muscular functionality,
reduced physical frailty, and enhanced autonomy. Such improvements
are associated with a greater life expectancy and, consequently, a lower
risk for the development of chronic diseases (Mathus-Vliegen, 2012).

Overall, Fig. 3 illustrates the importance of physical, aerobic, and
strength exercises in breaking sedentary behavior and the key role that
these exercises play in global metabolic health on sarcobesity, particu-
larly in muscle, protein, and glucose metabolism, as well as helping to
manage body adiposity and promoting more pronounced physical
fitness and quality of life.

Sarcobesity is a concerning and progressive health condition that can
impact the older population. Additionally, the lack of consensus on
diagnostic criteria is an additional concern, which may result in un-
derestimation or overestimation of sarcobesity. Possible non-
pharmacological strategies, such as taurine supplementation, manage-
ment of gut microbiota, as well as physical exercise incorporated into a
non-sedentary lifestyle, appear promising. However, knowledge gaps
related to these strategies still remain obscure.

Overall, studies have shown that taurine supplementation appears to
reduce the synthesis of pro-inflammatory cytokines, modulate lipid
metabolism and adipose tissue morphology, and decrease oxidative
stress and mitochondrial dysfunction. These potential benefits interact
with the gut microbiota, which is intrinsically affected by aging and
aggravated by the coexistence of sarcobesity. However, when modu-
lated, the microbiota seems to provide protection against DNA damage
and telomere shortening, as well as improvements in dysbiosis through
more diverse microbial enrichment, and a less permeable intestinal
epithelium, combinations that can provide a more functional and
healthy gut-muscle axis.
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Fig. 3. Breaking the sedentary behavior pattern typically seen in advanced age in sarcobesity, with aerobic and strength physical exercise, demonstrating that
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6. Future perspectives

This review addresses a topical issue that still requires major ad-
vances in knowledge in view of the emerging need for truly effective
therapeutic perspectives capable of preventing and treating sarcobesity.
Herein, we encourage the search for more clinical and experimental
trials that can contribute to the lack of understanding of the problem
discussed and, in particular, we focus on potential therapeutic ap-
proaches, such as taurine supplementation, which acts on adipose and
muscle tissue, in the modulation of the intestinal microbiota, intrinsi-
cally related to the dietary pattern, longevity, and microbial metabolites
that interact systemically with the senescence process in aging, as well
as aerobic and resistance exercise, two classics that effectively modulate
the individual’s lifestyle and offer metabolic and molecular benefits to
anabolic resistance, inflammation, and the prevention of chronic
metabolic disorders.

Considering that there is still much to be explored and clarified about
the metabolic enigma of sarcobesity in aging, it is relevant to value the
advances in metagenomics and metabolomics, that can offer important
approaches to understanding regarding the triggers or protection against
diseases mediated by the gut microbiota. In addition, this knowledge can
contribute to the understanding of the synthesis of metabolites and
metabolic pathways capable of deciphering the microbial functional,
genomic, and taxonomic profile, techniques that assist in the complete
mapping of the gut microbiota and in the development of personalized
therapies in sarcobesity. Interventions based on the microbiome in
sarcobesity remain very promising, since the ability by which the in-
testinal ecosystem responds to therapeutic modulation, including the
use of probiotics, prebiotics, and future components based on the SCFA-
producing microbiota, such as butyrate and other potentially beneficial
bacteria, for example Akkermansia muciniphila, is still largely obscure,
with predominantly inconclusive clinical outcomes and scarce studies in
older adults. Furthermore, although the mechanisms by which taurine
supplementation could be a potential non-pharmacological therapeutic
have been widely discussed, it is not yet a strategy with clinical viability,
justified by the shortcomings in knowledge of the exact doses, adequate
clinical management, well understood and established mechanisms, and
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the need for well-controlled trials able to clarify the use of taurine
supplementation in sarcobesity. In this perspective, we encourage sci-
entific advancement in this field of research, as it appears to be prom-
ising within the perspective of personalized therapies in the
management of sarcobesity and its complex clinical implications.

The incessant struggle for public policies that are truly interested in
mitigating the dramatic reality of public health worldwide in the face of
the inability to slow down the advance of obesity in old age, aggravated
by sarcopenia, is still an urgent priority. This path will make it possible
to; plan educational approaches involving socioeconomic, cultural, so-
cial, demographic, and ethnic principles, that can help to reduce
sedentary behavior in the long term, understand the deleterious impacts
of physical inactivity, make lasting changes towards a non-sedentary
lifestyle and more nutritious eating patterns that are less condensed in
terms of the palatability junk food, and finally, highlight how necessary
and precisely important it is to disseminate scientific information to
society in proper and accessible language.

Obesity is known to be one of the world’s most serious public health
problems, but this scenario is aggravated by the coexistence of sarco-
penia and serious future actions are needed to encourage and motivate
the elderly population to exercise regularly. The perspectives discussed
here could pave the way for more effective and personalized therapeutic
interventions, for a promising scientific advance in this field of
knowledge.

7. Conclusions

Finally, we suggest that research and public health initiatives on
active aging should focus on the importance of knowing and clarifying
the fundamental role of using possible non-pharmacological tools in the
context of obesity linked to sarcopenia, with the aim of providing a
greater breadth that is less constrained by a focus on the prevention and
management of particular chronic diseases. This broader, multidisci-
plinary approach and its major components should allow for the crea-
tion of more inclusive and relevant research outputs and public health
messages that facilitate active aging, based on improvements in quality
of life and effective management of sarcobesity.



G. Batitucci et al.
Author contributions

GB: Conceptualization, Writing - Original Draft and Review & Edit-
ing final version. GFA: Writing - Review & Editing final version. GUO:
Writing - Review & Editing final version. LFB: Writing - Review &
Editing. SGT: Writing - Review & Editing final version. MCLV: Writing -
Review & Editing. ACRV: Writing - Review & Editing final version. ECF:
Supervision.

Funding

This research was funded by Fundacao de Amparo a Pesquisa do
Estado de Sao Paulo (Fapesp), grant numbers 2019/17947-7, 2019/
11820-5, 2022/15078-4, 2022/00221-6, 2022/06638-6, 2023/
09554-0, 2023/01611-5, 2024/01271-2 and National Council for Sci-
entific and Technological Development, CNPq number 303766,/2022-0.

Declaration of Competing Interest
The authors declare no conflict of interest.
Data availability
No data was used for the research described in the article.

References

Abud, G.F., De Carvalho, F.G., Batitucci, G., Travieso, S.G., Bueno Junior, C.R., Barbosa
Junior, F., Marchini, J.S., de Freitas, E.C., 2022. Taurine as a possible antiaging
therapy: A controlled clinical trial on taurine antioxidant activity in women ages 55
to 70 (Sep). Nutrition 101, 111706. https://doi.org/10.1016/j.nut.2022.111706.

Aguirre, L.E., Villareal, D.T., 2015. Physical Exercise as Therapy for Frailty, 2015 Nestle
Nutr. Inst. Workshop Ser. 83, 83-92. https://doi.org/10.1159/000382065.

Agus, A., Clément, K., Sokol, H., 2021. Gut microbiota-derived metabolites as central
regulators in metabolic disorders (Jun). Gut 70 (6), 1174-1182. https://doi.org/
10.1136/gutjnl-2020-323071.

Ahmed, B., Sultana, R., Greene, M.W., 2021. Adipose tissue and insulin resistance in
obese (May). Biomed. Pharm. 137, 111315. https://doi.org/10.1016/j.
biopha.2021.111315.

Aksovi¢, N., Bjelica, B., Joksimovi¢, M., Skrypchenko, I., Filipovi¢, S., Milanovi¢, F.,
Pavlovic, B., Corluka, B., Przulj, R., 2020. Effects of aerobic physical activity to
cardio-respiratory fitness of the elderly population: systematic overview. Pedagog.
Phys. Cult. Sports v. 24 (n. 5), 208-218. https://doi.org/10.15561/
26649837.2020.0501.

Amorim, J.A., Coppotelli, G., Rolo, A.P., Palmeira, C.M., Ross, J.M., Sinclair, D.A., 2022.
Mitochondrial and metabolic dysfunction in ageing and age-related diseases (Apr).
Nat. Rev. Endocrinol. 18 (4), 243-258. https://doi.org/10.1038/541574-021-00626-
7.

An, R., Wilms, E., Masclee, A.A.M., Smidt, H., Zoetendal, E.G., Jonkers, D., 2018. Age-
dependent changes in GI physiology and microbiota: time to reconsider? (Dec). Gut
67 (12), 2213-2222. https://doi.org/10.1136/gutjnl-2017-315542.

Assis, V., de Sousa Neto, L.V., Ribeiro, F.M., de Cassia Marqueti, R., Franco, O.L., da Silva
Aguiar, S., Petriz, B., 2022. The emerging role of the aging process and exercise
training on the crosstalk between gut microbiota and telomere length. Jun 25 Int. J.
Environ. Res. Public Health 19 (13), 7810. https://doi.org/10.3390/
ijerph19137810.

Bagherniya, M., Mahdavi, A., Shokri-Mashhadi, N., Banach, M., Von Haehling, S.,
Johnston, T.P., Sahebkar, A., 2022. The beneficial therapeutic effects of plant-
derived natural products for the treatment of sarcopenia (Dec). J. Cachex-.-.
Sarcopenia Muscle 13 (6), 2772-2790. https://doi.org/10.1002/jcsm.13057.

Baliou, S., Adamaki, M., Ioannou, P., Pappa, A., Panayiotidis, M.I., Spandidos, D.A.,
Christodoulou, I., Kyriakopoulos, A.M., Zoumpourlis, V., 2021. Protective role of
taurine against oxidative stress (Review) (Aug). Mol. Med. Rep. 24 (2), 605. https://
doi.org/10.3892/mmr.2021.12242.

Ballesta-Garcia, ., Martinez-Gonzalez-Moro, L., Rubio-Arias, J.A., Carrasco-Poyatos, M.,
2019. High-intensity interval circuit training versus moderate-intensity continuous
training on functional ability and body mass index in middle-aged and older women:
a randomized controlled trial, 2019 Oct 30 Int. J. Environ. Res. Public Health 16
(21), 4205. https://doi.org/10.3390/ijerph16214205.

Bana, B., Cabreiro, F., 2019. The Microbiome and Aging. Dec 3 Annu. Rev. Genet. 53,
239-261. https://doi.org/10.1146/annurev-genet-112618-043650.

Barazzoni, R., Bischoff, S.C., Boirie, Y., Busetto, L., Cederholm, T., Dicker, D., Toplak, H.,
Van Gossum, A., Yumuk, V., Vettor, R., 2018. Sarcopenic obesity: Time to meet the
challenge (Dec). Clin. Nutr. 37 (6 Pt A), 1787-1793. https://doi.org/10.1016/j.
clnu.2018.04.018.

Barbiera, A., Sorrentino, S., Lepore, E., Carfi, A., Sica, G., Dobrowolny, G., Scicchitano, B.
M., 2020. Taurine Attenuates Catabolic Processes Related to the Onset of Sarcopenia.
Nov 23 Int. J. Mol. Sci. 21 (22), 8865. https://doi.org/10.3390/ijms21228865.

12

Ageing Research Reviews 101 (2024) 102460

Barbiera, A., Sorrentino, S., Fard, D., Lepore, E., Sica, G., Dobrowolny, G.,

Tamagnone, L., Scicchitano, B.M., 2022. Taurine Administration Counteracts Aging-
Associated Impingement of Skeletal Muscle Regeneration by Reducing Inflammation
and Oxidative Stress. May 21 Antioxid. (Basel) 11 (5), 1016. https://doi.org/
10.3390/antiox11051016.

Batitucci, G., Brandao, C.F.C., De Carvalho, F.G., Marchini, J.S., Pfrimer, K., Ferrioli, E.,
Cunha, F.Q., Papoti, M., Terrazas, S.I.B.M., Junqueira-Franco, M.V.M., da Silva, A.S.
R., Freitas, E.C., 2019. Taurine supplementation increases irisin levels after high
intensity physical training in obese women (Nov). Cytokine 123, 154741. https://
doi.org/10.1016/j.cyt0.2019.154741.

Batsis, J.A., Villareal, D.T., 2018. Sarcopenic obesity in older adults: aetiology,
epidemiology and treatment strategies (Sep). Nat. Rev. Endocrinol. 14 (9), 513-537.
https://doi.org/10.1038/541574-018-0062-9.

Batsis, J.A., Mackenzie, T.A., Lopez-Jimenez, F., Bartels, S.J., 2015. Sarcopenia,
sarcopenic obesity, and functional impairments in older adults: National Health and
Nutrition Examination Surveys 1999-2004 (Dec). Nutr. Res. 35 (12), 1031-1039.
https://doi.org/10.1016/j.nutres.2015.09.003.

Bauer, J., Biolo, G., Cederholm, T., Cesari, M., Cruz-Jentoft, A.J., Morley, J.E.,

Phillips, S., Sieber, C., Stehle, P., Teta, D., Visvanathan, R., Volpi, E., Boirie, Y., 2013.
Evidence-based recommendations for optimal dietary protein intake in older people:
a position paper from the PROT-AGE Study Group, 2013 Aug J. Am. Med. Dir. Assoc.
14 (8), 542-559. https://doi.org/10.1016/j.jamda.2013.05.021.

Baumgartner, R.N., 2000. Body composition in healthy aging (May). Ann. N. Y. Acad.
Sci. 904, 437-448. https://doi.org/10.1111/j.1749-6632.2000.tb06498.x.

Bermon, S., Petriz, B., Kajéniené, A., Prestes, J., Castell, L., Franco, O.L., 2015. The
microbiota: an exercise immunology perspective. Exerc. Immunol. Rev. 21, 70-79.

Biagi, E., Nylund, L., Candela, M., Ostan, R., Bucci, L., Pini, E., Nikkila, J., Monti, D.,
Satokari, R., Franceschi, C., Brigidi, P., De Vos, W., 2010. Through ageing, and
beyond: gut microbiota and inflammatory status in seniors and centenarians, 2010
May 17 PLoS One 5 (5), €10667. https://doi.org/10.1371/journal.pone.0010667.

Bliiher, M., 2019. Obesity: global epidemiology and pathogenesis (May). Nat. Rev.
Endocrinol. 15 (5), 288-298. https://doi.org/10.1038/541574-019-0176-8.

Borck, P.C., Vettorazzi, J.F., Branco, R.C.S., Batista, T.M., Santos-Silva, J.C.,

Nakanishi, V.Y., Boschero, A.C., Ribeiro, R.A., Carneiro, E.M., 2018. Taurine
supplementation induces long-term beneficial effects on glucose homeostasis in ob/
ob mice (Jun). Amino Acids 50 (6), 765-774. https://doi.org/10.1007/s00726-018-
2553-3.

Bouhlel, M.A., Derudas, B., Rigamonti, E., Dievart, R., Brozek, J., Haulon, S.,
Zawadzki, C., Jude, B., Torpier, G., Marx, N., Staels, B., Chinetti-Gbaguidi, G., 2007.
PPARgamma activation primes human monocytes into alternative M2 macrophages
with anti-inflammatory properties (Aug). Cell Metab. 6 (2), 137-143. https://doi.
org/10.1016/j.cmet.2007.06.010.

Brandao, C.F.C., Nonino, C.B., de Carvalho, F.G., Nicoletti, C.F., Noronha, N.Y., San
Martin, R., de Freitas, E.C., Junqueira-Franco, M.V.M., Marchini, J.S., 2020. The
effects of short-term combined exercise training on telomere length in obese women:
a prospective, interventional study. Jan 16 Sports Med. Open 6 (1), 5. https://doi.
org/10.1186/540798-020-0235-7.

Bray, G.A., Kim, K.K., Wilding, J.P.H., 2017. World Obesity Federation. Obesity: a
chronic relapsing progressive disease process. A position statement of the World
Obesity Federation (Jul). Obes. Rev. 18 (7), 715-723. https://doi.org/10.1111/
obr.12551.

Bull, F.C., Al-Ansari, S.S., Biddle, S., Borodulin, K., Buman, M.P., Cardon, G., Carty, C.,
Chaput, J.P., Chastin, S., Chou, R., Dempsey, P.C., DiPietro, L., Ekelund, U., Firth, J.,
Friedenreich, C.M., Garcia, L., Gichu, M., Jago, R., Katzmarzyk, P.T., Lambert, E.,
Leitzmann, M., Milton, K., Ortega, F.B., Ranasinghe, C., Stamatakis, E.,
Tiedemann, A., Troiano, R.P., van der Ploeg, H.P., Wari, V., Willumsen, J.F., 2020.
World Health Organization 2020 guidelines on physical activity and sedentary
behaviour (Dec). Br. J. Sports Med. 54 (24), 1451-1462. https://doi.org/10.1136/
bjsports-2020-102955.

Burtscher, J., Ticinesi, A., Millet, G.P., Burtscher, M., Strasser, B., 2022. Exercise-
microbiota interactions in aging-related sarcopenia (Apr). J. Cachex-.-. Sarcopenia
Muscle 13 (2), 775-780. https://doi.org/10.1002/jcsm.12942.

Canfora, E.E., Jocken, J.W., Blaak, E.E., 2015. Short-chain fatty acids in control of body
weight and insulin sensitivity (Oct). Nat. Rev. Endocrinol. 11 (10), 577-591. https://
doi.org/10.1038/nrendo.2015.128.

Cani, P.D., Jordan, B.F., 2018. Gut microbiota-mediated inflammation in obesity: a link
with gastrointestinal cancer (Nov). Nat. Rev. Gastroenterol. Hepatol. 15 (11),
671-682. https://doi.org/10.1038/541575-018-0025-6.

Cheah, K.J., Cheah, L.J., 2023. Benefits and side effects of protein supplementation and
exercise in sarcopenic obesity: A scoping review. Oct 23 Nutr. J. 22 (1), 52. https://
doi.org/10.1186,/512937-023-00880-7.

Chen, H.T., Chung, Y.C., Chen, Y.J., Ho, S.Y., Wu, H.J., 2017. Effects of Different Types of
Exercise on Body Composition, Muscle Strength, and IGF-1 in the Elderly with
Sarcopenic Obesity (Apr). J. Am. Geriatr. Soc. 65 (4), 827-832. https://doi.org/
10.1111/jgs.14722.

Chen, L.H., Chang, S.S., Chang, H.Y., Wu, C.H., Pan, C.H., Chang, C.C., Chan, C.H.,
Huang, H.Y., 2022. Probiotic supplementation attenuates age-related sarcopenia via
the gut-muscle axis in SAMP8 mice (Feb). J. Cachex-.-. Sarcopenia Muscle 13 (1),
515-531. https://doi.org/10.1002/jcsm.12849.

Chen, L.K., Liu, L.K., Woo, J., Assantachai, P., Auyeung, T.W., Bahyah, K.S., Chou, M.Y.,
Chen, L.Y., Hsu, P.S., Krairit, O., Lee, J.S., Lee, W.J., Lee, Y., Liang, C.K.,
Limpawattana, P., Lin, C.S., Peng, L.N., Satake, S., Suzuki, T., Won, C.W., Wu, C.H.,
Wu, S.N., Zhang, T., Zeng, P., Akishita, M., Arai, H., 2014. Sarcopenia in Asia:
consensus report of the Asian Working Group for Sarcopenia (Feb). J. Am. Med Dir.
Assoc. 15 (2), 95-101. https://doi.org/10.1016/j.jamda.2013.11.025.


https://doi.org/10.1016/j.nut.2022.111706
https://doi.org/10.1159/000382065
https://doi.org/10.1136/gutjnl-2020-323071
https://doi.org/10.1136/gutjnl-2020-323071
https://doi.org/10.1016/j.biopha.2021.111315
https://doi.org/10.1016/j.biopha.2021.111315
https://doi.org/10.15561/26649837.2020.0501
https://doi.org/10.15561/26649837.2020.0501
https://doi.org/10.1038/s41574-021-00626-7
https://doi.org/10.1038/s41574-021-00626-7
https://doi.org/10.1136/gutjnl-2017-315542
https://doi.org/10.3390/ijerph19137810
https://doi.org/10.3390/ijerph19137810
https://doi.org/10.1002/jcsm.13057
https://doi.org/10.3892/mmr.2021.12242
https://doi.org/10.3892/mmr.2021.12242
https://doi.org/10.3390/ijerph16214205
https://doi.org/10.1146/annurev-genet-112618-043650
https://doi.org/10.1016/j.clnu.2018.04.018
https://doi.org/10.1016/j.clnu.2018.04.018
https://doi.org/10.3390/ijms21228865
https://doi.org/10.3390/antiox11051016
https://doi.org/10.3390/antiox11051016
https://doi.org/10.1016/j.cyto.2019.154741
https://doi.org/10.1016/j.cyto.2019.154741
https://doi.org/10.1038/s41574-018-0062-9
https://doi.org/10.1016/j.nutres.2015.09.003
https://doi.org/10.1016/j.jamda.2013.05.021
https://doi.org/10.1111/j.1749-6632.2000.tb06498.x
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref21
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref21
https://doi.org/10.1371/journal.pone.0010667
https://doi.org/10.1038/s41574-019-0176-8
https://doi.org/10.1007/s00726-018-2553-3
https://doi.org/10.1007/s00726-018-2553-3
https://doi.org/10.1016/j.cmet.2007.06.010
https://doi.org/10.1016/j.cmet.2007.06.010
https://doi.org/10.1186/s40798-020-0235-7
https://doi.org/10.1186/s40798-020-0235-7
https://doi.org/10.1111/obr.12551
https://doi.org/10.1111/obr.12551
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1002/jcsm.12942
https://doi.org/10.1038/nrendo.2015.128
https://doi.org/10.1038/nrendo.2015.128
https://doi.org/10.1038/s41575-018-0025-6
https://doi.org/10.1186/s12937-023-00880-7
https://doi.org/10.1186/s12937-023-00880-7
https://doi.org/10.1111/jgs.14722
https://doi.org/10.1111/jgs.14722
https://doi.org/10.1002/jcsm.12849
https://doi.org/10.1016/j.jamda.2013.11.025

G. Batitucci et al.

Cheng, F., Carroll, L., Joglekar, M.V., Januszewski, A.S., Wong, K.K., Hardikar, A.A.,
Jenkins, A.J., Ma, R.C.W., 2021. Diabetes, metabolic disease, and telomere length
(Feb). Lancet Diabetes Endocrinol. 9 (2), 117-126. https://doi.org/10.1016/52213-
8587(20)30365-X.

American College of Sports Medicine, Chodzko-Zajko, W.J., Proctor, D.N., Fiatarone
Singh, M.A., Minson, C.T., Nigg, C.R., Salem, G.J., Skinner, J.S., 2009. American
College of Sports Medicine position stand. Exercise and physical activity for older
adults (Jul). Med Sci. Sports Exerc 41 (7), 1510-1530. https://doi.org/10.1249/
MSS.0b013e3181a0c95c.

Choi, K.M., 2016. Sarcopenia and sarcopenic obesity, 2016 Nov Korean J. Intern Med 31
(6), 1054-1060. https://doi.org/10.3904/kjim.2016.193.

Chupel, M.U., Minuzzi, L.G., Furtado, G., Santos, M.L., Hogervorst, E., Filaire, E.,
Teixeira, A.M., 2018. Exercise and taurine in inflammation, cognition, and
peripheral markers of blood-brain barrier integrity in older women (Jul). Appl.
Physiol. Nutr. Metab. 43 (7), 733-741. https://doi.org/10.1139/apnm-2017-0775.

Chupel, M.U., Minuzzi, L.G., Furtado, G.E., Santos, M.L., Ferreira, J.P., Filaire, E.,
Teixeira, A.M., 2021. Taurine supplementation reduces myeloperoxidase and matrix-
metalloproteinase-9 levels and improves the effects of exercise in cognition and
physical fitness in older women. Amino Acids 53 (3), 333-345. https://doi.org/
10.1007/500726-021-02952-6.

Clark, A., Mach, N., 2016. Exercise-induced stress behavior, gut-microbiota-brain axis
and diet: a systematic review for athletes. Nov 24 J. Int Soc. Sports Nutr. 13, 43.
https://doi.org/10.1186/5s12970-016-0155-6.

Colleluori, G., Villareal, D.T., 2021. Aging, obesity, sarcopenia and the effect of diet and
exercise intervention (Nov). Exp. Gerontol. 155, 111561. https://doi.org/10.1016/j.
exger.2021.111561.

Consitt, L.A., Dudley, C., Saxena, G., 2019. Impact of Endurance and Resistance Training
on Skeletal Muscle Glucose Metabolism in Older Adults. Nov 3 Nutrients 11 (11),
2636. https://doi.org/10.3390/nul1112636.

Conte, M., Martucci, M., Sandri, M., Franceschi, C., Salvioli, S., 2019. The Dual Role of
the Pervasive "Fattish" Tissue Remodeling With Age, 2019 Feb 26 Front Endocrinol.
(Lausanne) 10, 114. https://doi.org/10.3389/fendo.2019.00114.

Copeland, J.L., Good, J., Dogra, S., 2019. Strength training is associated with better
functional fitness and perceived healthy aging among physically active older adults:
a cross-sectional analysis of the Canadian Longitudinal Study on Aging (Sep). Aging
Clin. Exp. Res 31 (9), 1257-1263. https://doi.org/10.1007/540520-018-1079-6.

Cortés-Martin, A., Selma, M.V., Tomas-Barberan, F.A., Gonzélez-Sarrias, A., Espin, J.C.,
2020. Where to Look into the Puzzle of Polyphenols and Health? The Postbiotics and
Gut Microbiota Associated with Human Metabotypes (May). Mol. Nutr. Food Res 64
(9), €1900952. https://doi.org/10.1002/mnfr.201900952.

Cruz-Jentoft, A.J., Baeyens, J.P., Bauer, J.M., Boirie, Y., Cederholm, T., Landji, F.,
Martin, F.C., Michel, J.P., Rolland, Y., Schneider, S.M., Topinkov4, E.,
Vandewoude, M., Zamboni, M., European Working Group on Sarcopenia in Older
People., 2010. Sarcopenia: European consensus on definition and diagnosis: Report
of the European Working Group on Sarcopenia in Older People (Jul). Age Ageing 39
(4), 412-423. https://doi.org/10.1093/ageing/afq034.

Cruz-Jentoft, A.J., Bahat, G., Bauer, J., Boirie, Y., Bruyere, O., Cederholm, T., Cooper, C.,
Landi, F., Rolland, Y., Sayer, A.A., Schneider, S.M., Sieber, C.C., Topinkova, E.,
Vandewoude, M., Visser, M., Zamboni, M., Writing Group for the European Working
Group on Sarcopenia in Older People 2 (EWGSOP2), and the Extended Group for
EWGSOP2, 2019. Sarcopenia: revised European consensus on definition and
diagnosis. Jan 1 Age Ageing 48 (1), 16-31. https://doi.org/10.1093/ageing/afy169.

De Carvalho, F.G., Justice, J.N., Freitas, E.C., Kershaw, E.E., Sparks, L.M., 2019. Adipose
Tissue Quality in Aging: How Structural and Functional Aspects of Adipose Tissue
Impact Skeletal Muscle Quality. Oct 23 Nutrients 11 (11), 2553. https://doi.org/
10.3390/nul11112553.

De Carvalho, F.G., Brandao, C.F.C., Munoz, V.R., Batitucci, G., Tavares, M.E.A.,
Teixeira, G.R., Pauli, J.R., De Moura, L.P., Ropelle, E.R., Cintra, D.E., da Silva, A.S.
R., Junqueira-Franco, M.V.M., Marchini, J.S., De Freitas, E.C., 2021a. Taurine
supplementation in conjunction with exercise modulated cytokines and improved
subcutaneous white adipose tissue plasticity in obese women (Sep). Amino Acids 53
(9), 1391-1403. https://doi.org/10.1007/s00726-021-03041-4.

De Carvalho, F.G., Brandao, C.F.C., Batitucci, G., Souza, A.O., Ferrari, G.D., Alberici, L.C.,
Munoz, V.R., Pauli, J.R., De Moura, L.P., Ropelle, E.R., da Silva, A.S.R., Junqueira-
Franco, M.V.M., Marchini, J.S., de Freitas, E.C., 2021b. Taurine supplementation
associated with exercise increases mitochondrial activity and fatty acid oxidation
gene expression in the subcutaneous white adipose tissue of obese women (Apr).
Clin. Nutr. 40 (4), 2180-2187. https://doi.org/10.1016/j.cInu.2020.09.044.

De Carvalho, F.G., Batitucci, G., Abud, G.F., de Freitas, E.C., 2022. Taurine and Exercise:
Synergistic Effects on Adipose Tissue Metabolism and Inflammatory Process in
Obesity. Adv. Exp. Med Biol. 1370, 279-289. https://doi.org/10.1007/978-3-030-
93337-1_27.

Dieli-Conwright, C.M., Courneya, K.S., Demark-Wahnefried, W., Sami, N., Lee, K.,
Buchanan, T.A., Spicer, D.V., Tripathy, D., Bernstein, L., Mortimer, J.E., 2018.
Effects of Aerobic and Resistance Exercise on Metabolic Syndrome, Sarcopenic
Obesity, and Circulating Biomarkers in Overweight or Obese Survivors of Breast
Cancer: A Randomized Controlled Trial. J. Clin. Oncol. 36 (9), 875-883. Mar 20.

Ding, D., Sugiyama, T., Winkler, E., Cerin, E., Wijndaele, K., Owen, N., 2012. Correlates
of change in adults’ television viewing time: a four-year follow-up study (Jul). Med
Sci. Sports Exerc 44 (7), 1287-1292. https://doi.org/10.1249/
MSS.0b013e31824ba87e.

Distefano, G., Goodpaster, B.H., 2018. Effects of Exercise and Aging on Skeletal Muscle.
Mar 1 Cold Spring Harb. Perspect. Med 8 (3), a029785. https://doi.org/10.1101/
cshperspect.a029785.

Dogra, S., Dunstan, D.W., Sugiyama, T., Stathi, A., Gardiner, P.A., Owen, N., 2022. Active
Aging and Public Health: Evidence, Implications, and Opportunities. Apr 5 Annu

13

Ageing Research Reviews 101 (2024) 102460

Rev. Public Health 43, 439-459. https://doi.org/10.1146/annurev-publhealth-
052620-091107.

Donini, L.M., Busetto, L., Bauer, J.M., Bischoff, S., Boirie, Y., Cederholm, T., Cruz-
Jentoft, A.J., Dicker, D., Friihbeck, G., Giustina, A., Gonzalez, M.C., Han, H.S.,
Heymsfield, S.B., Higashiguchi, T., Laviano, A., Lenzi, A., Parrinello, E.,
Poggiogalle, E., Prado, C.M., Rodriguez, J.S., Rolland, Y., Santini, F., Siervo, M.,
Tecilazich, F., Vettor, R., Yu, J., Zamboni, M., Barazzoni, R., 2020. Critical appraisal
of definitions and diagnostic criteria for sarcopenic obesity based on a systematic
review (Aug). Clin. Nutr. 39 (8), 2368-2388. https://doi.org/10.1016/j.
clnu.2019.11.024.

Doss, H.M., Kim, J.Y., Kim, K.S., 2022. Taurine Supplementation Inhibits the Expression
of Atrogin-1 and MURF-1, Protein Degradation Marker Genes, in Skeletal Muscle of
C26-Induced Cachexia Mouse Model. Adv. Exp. Med Biol. 1370, 129-136. https://
doi.org/10.1007/978-3-030-93337-1_12.

El Hajj, C., Fares, S., Chardigny, J.M., Boirie, Y., Walrand, S., 2018. Vitamin D
supplementation and muscle strength in pre-sarcopenic elderly Lebanese people: a
randomized controlled trial. Dec 19 Arch. Osteoporos. 14 (1), 4. https://doi.org/
10.1007/511657-018-0553-2.

Erlich, A.T., Tryon, L.D., Crilly, M.J., Memme, J.M., Moosavi, Z.S.M., Oliveira, A.N.,
Beyfuss, K., Hood, D.A., 2016. Function of specialized regulatory proteins and
signaling pathways in exercise-induced muscle mitochondrial biogenesis (Sep).
Integr. Med Res 5 (3), 187-197. https://doi.org/10.1016/j.imr.2016.05.003.

Evenson, K.R., Buchner, D.M., Morland, K.B., 2012. Objective measurement of physical
activity and sedentary behavior among US adults aged 60 years or older. Prev.
Chronic Dis. 9, E26.

Fan, Y., Pedersen, O., 2021. Gut microbiota in human metabolic health and disease (Jan).
Nat. Rev. Microbiol 19 (1), 55-71. https://doi.org/10.1038/541579-020-0433-9.

Gao, N, Yao, X., Jiang, L., Yang, L., Qiu, T., Wang, Z., Pei, P., Yang, G., Liu, X., Sun, X.,
2019. Taurine improves low-level inorganic arsenic-induced insulin resistance by
activating PPARy-mTORC2 signalling and inhibiting hepatic autophagy. (Apr).

J. Cell Physiol. 234 (4), 5143-5152. https://doi.org/10.1002/jcp.27318.
Garcia-Calzon, S., Zalba, G., Ruiz-Canela, M., Shivappa, N., Hébert, J.R., Martinez, J.A.,
Fitd, M., Gomez-Gracia, E., Martinez-Gonzalez, M.A., Marti, A., 2015. Dietary
inflammatory index and telomere length in subjects with a high cardiovascular
disease risk from the PREDIMED-NAVARRA study: cross-sectional and longitudinal

analyses over 5y (Oct). Am. J. Clin. Nutr. 102 (4), 897-904. https://doi.org/
10.3945/ajcn.115.116863.

Ghosh, T.S., Rampelli, S., Jeffery, I.B., Santoro, A., Neto, M., Capri, M., Giampieri, E.,
Jennings, A., Candela, M., Turroni, S., Zoetendal, E.G., Hermes, G.D.A., Elodie, C.,
Meunier, N., Brugere, C.M., Pujos-Guillot, E., Berendsen, A.M., De Groot, L.C.P.G.M.,
Feskins, E.J.M., Kaluza, J., Pietruszka, B., Bielak, M.J., Comte, B., Maijo-Ferre, M.,
Nicoletti, C., De Vos, W.M., Fairweather-Tait, S., Cassidy, A., Brigidi, P.,
Franceschi, C., O’Toole, P.W., 2020. Mediterranean diet intervention alters the gut
microbiome in older people reducing frailty and improving health status: the NU-
AGE 1-year dietary intervention across five European countries. Gut. Jul. 69 (7),
1218-1228. https://doi.org/10.1136/gutjnl-2019-319654.

Ghosh, T.S., Shanahan, F., O'Toole, P.W., 2022. The gut microbiome as a modulator of
healthy ageing (Sep). Nat. Rev. Gastroenterol. Hepatol. 19 (9), 565-584. https://doi.
org/10.1038/s541575-022-00605-x.

Gonzalez Olmo, B.M., Butler, M.J., Barrientos, R.M., 2021. Evolution of the Human Diet
and Its Impact on Gut Microbiota, Immune Responses, and Brain Health. Jan 10
Nutrients 13 (1), 196. https://doi.org/10.3390/nu13010196.

Grgic, J., Garofolini, A., Orazem, J., Sabol, F., Schoenfeld, B.J., Pedisic, Z., 2020. Effects
of Resistance Training on Muscle Size and Strength in Very Elderly Adults: A
Systematic Review and Meta-Analysis of Randomized Controlled Trials (Nov). Sports
Med 50 (11), 1983-1999. https://doi.org/10.1007/540279-020-01331-7.

Guo, Y.Y., Li, B.Y., Peng, W.Q., Guo, L., Tang, Q.Q., 2019. Taurine-mediated browning of
white adipose tissue is involved in its anti-obesity effect in mice. Oct 11 J. Biol.
Chem. 294 (41), 15014-15024. https://doi.org/10.1074/jbc.RA119.009936.

Harari, D., Gurwitz, J.H., Avorn, J., Bohn, R., Minaker, K.L., 1996. Bowel Habit in
Relation to Age and Gender Findings From the National Health Interview Survey and
Clinical Implications. Arch. Intern Med 156 (3), 315-320. https://doi.org/10.1001/
archinte.1996.00440030117014.

Heinonen, S., Jokinen, R., Rissanen, A., Pietilainen, K.H., 2020. White adipose tissue
mitochondrial metabolism in health and in obesity (Feb). Obes. Rev. 21 (2), e12958.
https://doi.org/10.1111/0br.12958.

Heymsfield, S.B., Wadden, T.A., 2017. Mechanisms, Pathophysiology, and Management
of Obesity. Jan 19 N. Engl. J. Med 376 (3), 254-266. https://doi.org/10.1056/
NEJMral5140009.

Himoto, T., Miyatake, K., Maeba, T., Masaki, T., 2020. Verification of the Nutritional and
Dietary Factors Associated with Skeletal Muscle Index in Japanese Patients with
Nonalcoholic Fatty Liver Disease. Jul 9 Can. J. Gastroenterol. Hepatol. 2020,
3576974. https://doi.org/10.1155/2020/3576974.

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

Inam-U-Llah, Piao, F., Aadil, R.M., Suleman, R., Li, K., Zhang, M., Wu, P., Shahbaz, M.,
Ahmed, Z., 2018. Ameliorative effects of taurine against diabetes: a review (May).
Amino Acids 50 (5), 487-502. https://doi.org/10.1007/s00726-018-2544-4.

Izquierdo, J.M., 2023. Taurine as a possible therapy for immunosenescence and
inflammaging (Jan). Cell Mol. Immunol. 21 (1), 3-5. https://doi.org/10.1038/
$41423-023-01062-5.


https://doi.org/10.1016/S2213-8587(20)30365-X
https://doi.org/10.1016/S2213-8587(20)30365-X
https://doi.org/10.1249/MSS.0b013e3181a0c95c
https://doi.org/10.1249/MSS.0b013e3181a0c95c
https://doi.org/10.3904/kjim.2016.193
https://doi.org/10.1139/apnm-2017-0775
https://doi.org/10.1007/s00726-021-02952-6
https://doi.org/10.1007/s00726-021-02952-6
https://doi.org/10.1186/s12970-016-0155-6
https://doi.org/10.1016/j.exger.2021.111561
https://doi.org/10.1016/j.exger.2021.111561
https://doi.org/10.3390/nu11112636
https://doi.org/10.3389/fendo.2019.00114
https://doi.org/10.1007/s40520-018-1079-6
https://doi.org/10.1002/mnfr.201900952
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.3390/nu11112553
https://doi.org/10.3390/nu11112553
https://doi.org/10.1007/s00726-021-03041-4
https://doi.org/10.1016/j.clnu.2020.09.044
https://doi.org/10.1007/978-3-030-93337-1_27
https://doi.org/10.1007/978-3-030-93337-1_27
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref53
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref53
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref53
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref53
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref53
https://doi.org/10.1249/MSS.0b013e31824ba87e
https://doi.org/10.1249/MSS.0b013e31824ba87e
https://doi.org/10.1101/cshperspect.a029785
https://doi.org/10.1101/cshperspect.a029785
https://doi.org/10.1146/annurev-publhealth-052620-091107
https://doi.org/10.1146/annurev-publhealth-052620-091107
https://doi.org/10.1016/j.clnu.2019.11.024
https://doi.org/10.1016/j.clnu.2019.11.024
https://doi.org/10.1007/978-3-030-93337-1_12
https://doi.org/10.1007/978-3-030-93337-1_12
https://doi.org/10.1007/s11657-018-0553-2
https://doi.org/10.1007/s11657-018-0553-2
https://doi.org/10.1016/j.imr.2016.05.003
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref61
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref61
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref61
https://doi.org/10.1038/s41579-020-0433-9
https://doi.org/10.1002/jcp.27318
https://doi.org/10.3945/ajcn.115.116863
https://doi.org/10.3945/ajcn.115.116863
https://doi.org/10.1136/gutjnl-2019-319654
https://doi.org/10.1038/s41575-022-00605-x
https://doi.org/10.1038/s41575-022-00605-x
https://doi.org/10.3390/nu13010196
https://doi.org/10.1007/s40279-020-01331-7
https://doi.org/10.1074/jbc.RA119.009936
https://doi.org/10.1001/archinte.1996.00440030117014
https://doi.org/10.1001/archinte.1996.00440030117014
https://doi.org/10.1111/obr.12958
https://doi.org/10.1056/NEJMra1514009
https://doi.org/10.1056/NEJMra1514009
https://doi.org/10.1155/2020/3576974
https://doi.org/10.1016/j.maturitas.2018.07.007
https://doi.org/10.1016/j.maturitas.2018.07.007
https://doi.org/10.1007/s00726-018-2544-4
https://doi.org/10.1038/s41423-023-01062-5
https://doi.org/10.1038/s41423-023-01062-5

G. Batitucci et al.

Izquierdo, J.M., Merchant, R.A., Morley, J.E., Anker, S.D., Aprahamian, ., Arai, H.,
Aubertin-Leheudre, M., Bernabei, R., Cadore, E.L., Cesari, M., Chen, L.K., de Souto
Barreto, P., Duque, G., Ferrucci, L., Fielding, R.A., Garcia-Hermoso, A., Gutiérrez-
Robledo, L.M., Harridge, S.D.R., Kirk, B., Kritchevsky, S., Landi, F., Lazarus, N.,
Martin, F.C., Marzetti, E., Pahor, M., Ramirez-Vélez, R., Rodriguez-Manas, L.,
Rolland, Y., Ruiz, J.G., Theou, O., Villareal, D.T., Waters, D.L., Won Won, C.,
Woo, J., Vellas, B., Fiatarone, Singh, M., 2021. International Exercise
Recommendations in Older Adults (ICFSR): Expert Consensus Guidelines. J. Nutr.
Health Aging 25 (7), 824-853. https://doi.org/10.1007/512603-021-1665-8.

Jackson, M.A., Jeffery, I.B., Beaumont, M., Bell, J.T., Clark, A.G., Ley, R.E., O'Toole, P.
W., Spector, T.D., Steves, C.J., 2016. Signatures of early frailty in the gut microbiota.
Jan 29 Genome Med 8 (1), 8. https://doi.org/10.1186/513073-016-0262-7.

Jensen, M.D., Ryan, D.H., Apovian, C.M., Ard, J.D., Comuzzie, A.G., Donato, K.A., Hu, F.
B., Hubbard, V.S., Jakicic, J.M., Kushner, R.F., Loria, C.M., Millen, B.E., Nonas, C.A.,
Pi-Sunyer, F.X., Stevens, J., Stevens, V.J., Wadden, T.A., Wolfe, B.M., Yanovski, S.Z.,
Jordan, H.S., Kendall, K.A., Lux, L.J., Mentor-Marcel, R., Morgan, L.C., Trisolini, M.
G., Wnek, J., Anderson, J.L., Halperin, J.L., Albert, N.M., Bozkurt, B., Brindis, R.G.,
Curtis, L.H., DeMets, D., Hochman, J.S., Kovacs, R.J., Ohman, E.M., Pressler, S.J.,
Sellke, F.W., Shen, W.K., Smith, S.C.Jr, Tomaselli, G.F., American College of
Cardiology/American Heart Association Task Force on Practice Guidelines; Obesity
Society, 2014. 2013 AHA/ACC/TOS guideline for the management of overweight
and obesity in adults: a report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines and The Obesity Society, 2014
Jun 24 Circulation 129 (25 Suppl 2), S102-S138. https://doi.org/10.1161/01.
¢ir.0000437739.71477 .ee.

Johnson Stoklossa, C.A., Sharma, A.M., Forhan, M., Siervo, M., Padwal, R.S., Prado, C.
M., 2017. Prevalence of Sarcopenic Obesity in Adults with Class II/IIl Obesity Using
Different Diagnostic Criteria. J. Nutr. Metab. 2017, 7307618 https://doi.org/
10.1155/2017/7307618.

Johnston, A.P., De Lisio, M., Parise, G., 2008. Resistance training, sarcopenia, and the
mitochondrial theory of aging (Feb). Appl. Physiol. Nutr. Metab. 33 (1), 191-199.
https://doi.org/10.1139/H07-141.

Jong, C.J., Sandal, P., Schaffer, S.W., 2021. The Role of Taurine in Mitochondria Health:
More Than Just an Antioxidant. Aug 13 Molecules 26 (16), 4913. https://doi.org/
10.3390/molecules26164913.

Kalinkovich, A., Livshits, G., 2017. Sarcopenic obesity or obese sarcopenia: A cross talk
between age-associated adipose tissue and skeletal muscle inflammation as a main
mechanism of the pathogenesis (May). Ageing Res Rev. 35, 200-221. https://doi.
org/10.1016/j.arr.2016.09.008.

Kalyani, R.R., Corriere, M., Ferrucci, L., 2014. Age-related and disease-related muscle
loss: the effect of diabetes, obesity, and other diseases (Oct). Lancet Diabetes
Endocrinol. 2 (10), 819-829. https://doi.org/10.1016/52213-8587(14)70034-8.

Kauppila, T.E.S., Kauppila, J.H.K., Larsson, N.G., 2017. Mammalian Mitochondria and
Aging: An Update. Jan 10 Cell Metab. 25 (1), 57-71. https://doi.org/10.1016/j.
cmet.2016.09.017.

Kemmler, W., Grimm, A., Bebenek, M., Kohl, M., von Stengel, S., 2018. Effects of
Combined Whole-Body Electromyostimulation and Protein Supplementation on
Local and Overall Muscle/Fat Distribution in Older Men with Sarcopenic Obesity:
The Randomized Controlled Franconia Sarcopenic Obesity (FranSO) Study (Sep).
Calcif. Tissue Int 103 (3), 266-277. https://doi.org/10.1007/500223-018-0424-2.

Kemmler, W., von Stengel, S., Kohl, M., Rohleder, N., Bertsch, T., Sieber, C.C.,
Freiberger, E., Kob, R., 2020. Safety of a Combined WB-EMS and High-Protein Diet
Intervention in Sarcopenic Obese Elderly Men. Jun 24 Clin. Inter. Aging 15,
953-967. https://doi.org/10.2147/CIA.S248868.

Lahiri, S., Kim, H., Garcia-Perez, 1., Reza, M.M., Martin, K.A., Kundu, P., Cox, L.M.,
Selkrig, J., Posma, J.M., Zhang, H., Padmanabhan, P., Moret, C., Gulyas, B.,
Blaser, M.J., Auwerx, J., Holmes, E., Nicholson, J., Wahli, W., Pettersson, S., 2019.
The gut microbiota influences skeletal muscle mass and function in mice. Jul 24 Sci.
Transl. Med 11 (502), eaan5662. https://doi.org/10.1126/scitranslmed.aan5662.

Lee, C.C,, Liao, Y.C., Lee, M.C,, Lin, K.J., Hsu, H.Y., Chiou, S.Y., Young, S.L., Lin, J.S.,
Huang, C.C., Watanabe, K., 2021. Lactobacillus plantarum TWK10 Attenuates Aging-
Associated Muscle Weakness, Bone Loss, and Cognitive Impairment by Modulating
the Gut Microbiome in Mice. Oct 13 Front Nutr. 8, 708096. https://doi.org/
10.3389/fnut.2021.708096.

Lee, M.C., Tu, Y.T., Lee, C.C., Tsai, S.C., Hsu, H.Y., Tsai, T.Y., Liu, T.H., Young, S.L.,
Lin, J.S., Huang, C.C., 2021. Lactobacillus plantarum TWK10 Improves Muscle Mass
and Functional Performance in Frail Older Adults: A Randomized, Double-Blind
Clinical Trial. Jul 8 Microorganisms 9 (7), 1466. https://doi.org/10.3390/
microorganisms9071466.

Li, M., Gao, Y., Wang, Z., Wu, B., Zhang, J., Xu, Y., Han, X., Phouthapane, V., Miao, J.,
2022. Taurine inhibits Streptococcus uberis-induced NADPH oxidase-dependent
neutrophil extracellular traps via TAK1/MAPK signaling pathways, 2022 Aug 25
Front Immunol. 13, 927215. https://doi.org/10.3389/fimmu.2022.927215.

Li, Y., Hu, Z., Chen, B., Bu, Q., Lu, W., Deng, Y., Zhu, R., Shao, X., Hou, J., Zhao, J., Li, H.,
Zhang, B., Huang, Y., Lv, L., Zhao, Y., Cen, X., 2012. Taurine attenuates
methamphetamine-induced autophagy and apoptosis in PC12 cells through mTOR
signaling pathway. Nov 23 Toxicol. Lett. 215 (1), 1-7. https://doi.org/10.1016/j.
toxlet.2012.09.019.

Liao, X., Wu, M., Hao, Y., Deng, H., 2020. Exploring the Preventive Effect and
Mechanism of Senile Sarcopenia Based on "Gut-Muscle Axis. Nov 5 Front Bioeng.
Biotechnol. 8, 590869. https://doi.org/10.3389/fbioe.2020.590869.

Lim, S., Kim, J.H., Yoon, J.W., Kang, S.M., Choi, S.H., Park, Y.J., Kim, K.W., Lim, J.Y.,
Park, K.S., Jang, H.C., 2010. Sarcopenic obesity: prevalence and association with
metabolic syndrome in the Korean Longitudinal Study on Health and Aging
(KLoSHA) (Jul). Diabetes Care 33 (7), 1652-1654. https://doi.org/10.2337/dc10-
0107.

14

Ageing Research Reviews 101 (2024) 102460

Lin, S., Hirai, S., Yamaguchi, Y., Goto, T., Takahashi, N., Tani, F., Mutoh, C., Sakurai, T.,
Murakami, S., Yu, R., Kawada, T., 2013. Taurine improves obesity-induced
inflammatory responses and modulates the unbalanced phenotype of adipose tissue
macrophages (Dec). Mol. Nutr. Food Res 57 (12), 2155-2165. https://doi.org/
10.1002/mnfr.201300150.

Liu, Q.Q., Xie, W.Q., Luo, Y.X., Li, Y.D., Huang, W.H., Wu, Y.X., Li, Y.S., 2022. High
Intensity Interval Training: A Potential Method for Treating Sarcopenia. May 26
Clin. Inter. Aging 17, 857-872. https://doi.org/10.2147/CIA.S366245.

Liu, Y., Wang, Y., Ni, Y., Cheung, C.K.Y., Lam, K.S.L., Wang, Y., Xia, Z., Ye, D., Guo, J.,
Tse, M.A., Panagiotou, G., Xu, A., 2020. Gut Microbiome Fermentation Determines
the Efficacy of Exercise for Diabetes Prevention. Jan 7 Cell Metab. 31 (1), 77-91.e5.
https://doi.org/10.1016/j.cmet.2019.11.001.

Liu, Z., Wu, K.K.L., Jiang, X., Xu, A., Cheng, K.K.Y., 2020. The role of adipose tissue
senescence in obesity- and ageing-related metabolic disorders. Jan 31 Clin. Sci.
(Lond. ) 134 (2), 315-330. https://doi.org/10.1042/CS20190966.

Longo, M., Zatterale, F., Naderi, J., Parrillo, L., Formisano, P., Raciti, G.A., Beguinot, F.,
Miele, C., 2019. Adipose Tissue Dysfunction as Determinant of Obesity-Associated
Metabolic Complications. May 13 Int J. Mol. Sci. 20 (9), 2358. https://doi.org/
10.3390/ijms20092358.

Lopez-Otin, C., Blasco, M.A., Partridge, L., Serrano, M., Kroemer, G., 2013. The
hallmarks of aging. Jun 6 Cell 153 (6), 1194-1217. https://doi.org/10.1016/j.
cell.2013.05.039.

Mainardi, P., Carta, P., Mainardi, M., Striano, P., 2018. How Knowledge on Microbiota
may be Helpful to Establish an Optimal Diet for Health Maintenance. Dec 21 Int J.
Nutr. 3 (2), 6-12. https://doi.org/10.14302/issn.2379-7835.ijn-18-2501.

Mancin, L., Wu, G.D., Paoli, A., 2023. Gut microbiota-bile acid-skeletal muscle axis.
Trends Microbiol. Mar. 31 (3), 254-269. https://doi.org/10.1016/].
tim.2022.10.003.

Martinez-Amat, A., Aibar-Almazan, A., Fabrega-Cuadros, R., Cruz-Diaz, D., Jiménez-
Garcia, J.D., Pérez-Lopez, F.R., Achalandabaso, A., Barranco-Zafra, R., Hita-
Contreras, F., 2018. Exercise alone or combined with dietary supplements for
sarcopenic obesity in community-dwelling older people: A systematic review of
randomized controlled trials (Apr). Maturitas 110, 92-103. https://doi.org/
10.1016/j.maturitas.2018.02.005.

Masouleh, S.S., Bagheri, R., Ashtary-Larky, D., Cheraghloo, N., Wong, A., Bilesvar, O.Y.,
Suzuki, K., Siahkouhian, M., 2021. The Effects of TRX Suspension Training
Combined with Taurine Supplementation on Body Composition, Glycemic and Lipid
Markers in Women with Type 2 Diabetes. Nov 5 Nutrients 13 (11), 3958. https://doi.
org/10.3390/nu13113958.

Mathus-Vliegen, E.M., 2012. Obesity and the elderly (Aug). J. Clin. Gastroenterol. 46 (7),
533-544. https://doi.org/10.1097/MCG.0b013e31825692ce.

Mayer, F., Scharhag-Rosenberger, F., Carlsohn, A., Cassel, M., Miiller, S., Scharhag, J.,
2011. The intensity and effects of strength training in the elderly (May). Dtsch
Arztebl Int 108 (21), 359-364. https://doi.org/10.3238/arztebl.2011.0359.

Meslier, V., Laiola, M., Roager, H.M., De Filippis, F., Roume, H., Quinquis, B., Giacco, R.,
Mennella, I., Ferracane, R., Pons, N., Pasolli, E., Rivellese, A., Dragsted, L.O.,
Vitaglione, P., Ehrlich, S.D., Ercolini, D., 2020. Mediterranean diet intervention in
overweight and obese subjects lowers plasma cholesterol and causes changes in the
gut microbiome and metabolome independently of energy intake (Jul). Gut 69 (7),
1258-1268. https://doi.org/10.1136/gutjnl-2019-320438.

Miwa, S., Kashyap, S., Chini, E., von Zglinicki, T., 2022. Mitochondrial dysfunction in
cell senescence and aging, 2022 Jul 1 J. Clin. Invest 132 (13), e158447. https://doi.
org/10.1172/JCI158447.

Mkrtchyan, G.V., Abdelmohsen, K., Andreux, P., Bagdonaite, 1., Barzilai, N., Brunak, S.,
Cabreiro, F., de Cabo, R., Campisi, J., Cuervo, A.M., Demaria, M., Ewald, C.Y.,
Fang, E.F., Faragher, R., Ferrucci, L., Freund, A., Silva-Garcia, C.G.,
Georgievskaya, A., Gladyshev, V.N., Glass, D.J., Gorbunova, V., de Grey, A., He, W.
W., Hoeijmakers, J., Hoffmann, E., Horvath, S., Houtkooper, R.H., Jensen, M.K.,
Jensen, M.B., Kane, A., Kassem, M., de Keizer, P., Kennedy, B., Karsenty, G.,
Lamming, D.W., Lee, K.F., MacAulay, N., Mamoshina, P., Mellon, J., Molenaars, M.,
Moskalev, A., Mund, A., Niedernhofer, L., Osborne, B., Pak, H.H., Parkhitko, A.,
Raimundo, N., Rando, T.A., Rasmussen, L.J., Reis, C., Riedel, C.G., Franco-
Romero, A., Schumacher, B., Sinclair, D.A., Suh, Y., Taub, P.R., Toiber, D.,
Treebak, J.T., Valenzano, D.R., Verdin, E., Vijg, J., Young, S., Zhang, L., Bakula, D.,
Zhavoronkov, A., Scheibye-Knudsen, M., 2020. ARDD 2020: from aging mechanisms
to interventions. Dec 30 Aging (Albany NY) 12 (24), 24484-24503. https://doi.org/
10.18632/aging.202454.

Mohr, A.E., Jager, R., Carpenter, K.C., Kerksick, C.M., Purpura, M., Townsend, J.R.,
West, N.P., Black, K., Gleeson, M., Pyne, D.B., Wells, S.D., Arent, S.M., Kreider, R.B.,
Campbell, B.I., Bannock, L., Scheiman, J., Wissent, C.J., Pane, M., Kalman, D.S.,
Pugh, J.N., Ortega-Santos, C.P., Ter Haar, J.A., Arciero, P.J., Antonio, J., 2020. The
athletic gut microbiota. J. Int Soc. Sports Nutr. 17, 24. https://doi.org/10.1186/
$12970-020-00353-w.

Monickaraj, F., Aravind, S., Nandhini, P., Prabu, P., Sathishkumar, C., Mohan, V.,
Balasubramanyam, M., 2013. Accelerated fat cell aging links oxidative stress and
insulin resistance in adipocytes (Mar). J. Biosci. 38 (1), 113-122. https://doi.org/
10.1007/512038-012-9289-0.

Motiani, K.K., Collado, M.C., Eskelinen, J.J., Virtanen, K.A., Loyttyniemi, E.,

Salminen, S., Nuutila, P., Kalliokoski, K.K., Hannukainen, J.C., 2019. Exercise
training modulates gut microbiota profile and improves Endotoxemia. Med Sci.
Sports Exerc 52 (1), 94-104.

Murakami, S., 2015. Role of taurine in the pathogenesis of obesity (Jul). Mol. Nutr. Food
Res 59 (7), 1353-1363. https://doi.org/10.1002/mnfr.201500067.

Murakami, S., 2017. The physiological and pathophysiological roles of taurine in adipose
tissue in relation to obesity. Oct 1 Life Sci. 186, 80-86. https://doi.org/10.1016/j.
1fs.2017.08.008.


https://doi.org/10.1007/s12603-021-1665-8
https://doi.org/10.1186/s13073-016-0262-7
https://doi.org/10.1161/01.cir.0000437739.71477.ee
https://doi.org/10.1161/01.cir.0000437739.71477.ee
https://doi.org/10.1155/2017/7307618
https://doi.org/10.1155/2017/7307618
https://doi.org/10.1139/H07-141
https://doi.org/10.3390/molecules26164913
https://doi.org/10.3390/molecules26164913
https://doi.org/10.1016/j.arr.2016.09.008
https://doi.org/10.1016/j.arr.2016.09.008
https://doi.org/10.1016/S2213-8587(14)70034-8
https://doi.org/10.1016/j.cmet.2016.09.017
https://doi.org/10.1016/j.cmet.2016.09.017
https://doi.org/10.1007/s00223-018-0424-2
https://doi.org/10.2147/CIA.S248868
https://doi.org/10.1126/scitranslmed.aan5662
https://doi.org/10.3389/fnut.2021.708096
https://doi.org/10.3389/fnut.2021.708096
https://doi.org/10.3390/microorganisms9071466
https://doi.org/10.3390/microorganisms9071466
https://doi.org/10.3389/fimmu.2022.927215
https://doi.org/10.1016/j.toxlet.2012.09.019
https://doi.org/10.1016/j.toxlet.2012.09.019
https://doi.org/10.3389/fbioe.2020.590869
https://doi.org/10.2337/dc10-0107
https://doi.org/10.2337/dc10-0107
https://doi.org/10.1002/mnfr.201300150
https://doi.org/10.1002/mnfr.201300150
https://doi.org/10.2147/CIA.S366245
https://doi.org/10.1016/j.cmet.2019.11.001
https://doi.org/10.1042/CS20190966
https://doi.org/10.3390/ijms20092358
https://doi.org/10.3390/ijms20092358
https://doi.org/10.1016/j.cell.2013.05.039
https://doi.org/10.1016/j.cell.2013.05.039
https://doi.org/10.14302/issn.2379-7835.ijn-18-2501
https://doi.org/10.1016/j.tim.2022.10.003
https://doi.org/10.1016/j.tim.2022.10.003
https://doi.org/10.1016/j.maturitas.2018.02.005
https://doi.org/10.1016/j.maturitas.2018.02.005
https://doi.org/10.3390/nu13113958
https://doi.org/10.3390/nu13113958
https://doi.org/10.1097/MCG.0b013e31825692ce
https://doi.org/10.3238/arztebl.2011.0359
https://doi.org/10.1136/gutjnl-2019-320438
https://doi.org/10.1172/JCI158447
https://doi.org/10.1172/JCI158447
https://doi.org/10.18632/aging.202454
https://doi.org/10.18632/aging.202454
https://doi.org/10.1186/s12970-020-00353-w
https://doi.org/10.1186/s12970-020-00353-w
https://doi.org/10.1007/s12038-012-9289-0
https://doi.org/10.1007/s12038-012-9289-0
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref112
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref112
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref112
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref112
https://doi.org/10.1002/mnfr.201500067
https://doi.org/10.1016/j.lfs.2017.08.008
https://doi.org/10.1016/j.lfs.2017.08.008

G. Batitucci et al.

Nabuco, H.C.G., Tomeleri, C.M., Fernandes, R.R., Sugihara, Junior, P., Cavalcante, E.F.,
Cunha, P.M., Antunes, M., Nunes, J.P., Venturini, D., Barbosa, D.S., Burini, R.C.,
Silva, A.M., Sardinha, L.B., Cyrino, E.S., 2019. Effect of whey protein
supplementation combined with resistance training on body composition, muscular
strength, functional capacity, and plasma-metabolism biomarkers in older women
with sarcopenic obesity: A randomized, double-blind, placebo-controlled trial (Aug).
Clin. Nutr. ESPEN 32, 88-95. https://doi.org/10.1016/j.clnesp.2019.04.007.

Nagpal, R., Mainali, R., Ahmadi, S., Wang, S., Singh, R., Kavanagh, K., Kitzman, D.W.,
Kushugulova, A., Marotta, F., Yadav, H., 2018. Gut microbiome and aging:
Physiological and mechanistic insights. Jun 15 Nutr. Healthy Aging 4 (4), 267-285.
https://doi.org/10.3233/NHA-170030.

Nay, K., Jollet, M., Goustard, B., Baati, N., Vernus, B., Pontones, M., Lefeuvre-Orfila, L.,
Bendavid, C., Rué, O., Mariadassou, M., Bonnieu, A., Ollendorff, V., Lepage, P.,
Derbré, F., Koechlin-Ramonatxo, C., 2019. Gut bacteria are critical for optimal
muscle function: a potential link with glucose homeostasis. Jul 1 Am. J. Physiol.
Endocrinol. Metab. 317 (1), E158-E171. https://doi.org/10.1152/
ajpendo.00521.2018.

Neis, E.P., Dejong, C.H., Rensen, S.S., 2015. The role of microbial amino acid metabolism
in host metabolism. Apr 16 Nutrients 7 (4), 2930-2946. https://doi.org/10.3390/
nu7042930.

Nilwik, R., Snijders, T., Leenders, M., Groen, B.B., van Kranenburg, J., Verdijk, L.B., van
Loon, L.J., 2013. The decline in skeletal muscle mass with aging is mainly attributed
to a reduction in type II muscle fiber size (May). Exp. Gerontol. 48 (5), 492-498.
https://doi.org/10.1016/j.exger.2013.02.012.

Nishikawa, H., Shiraki, M., Hiramatsu, A., Moriya, K., Hino, K., Nishiguchi, S., 2016.
Japan Society of Hepatology guidelines for sarcopenia in liver disease (1st edition):
Recommendation from the working group for creation of sarcopenia assessment
criteria (Sep). Hepatol. Res 46 (10), 951-963. https://doi.org/10.1111/hepr.12774.

Ojeda-Rodriguez, A., Zazpe, 1., Alonso-Pedrero, L., Zalba, G., Guillen-Grima, F.,
Martinez-Gonzalez, M.A., Marti, A., 2020. Association between diet quality indexes
and the risk of short telomeres in an elderly population of the SUN project (Aug).
Clin. Nutr. 39 (8), 2487-2494. https://doi.org/10.1016/j.cInu.2019.11.003.

de Oliveira Silva, A., Dutra, M.T., de Moraes, W.M.A.M., Funghetto, S.S., Lopes de
Farias, D., Dos Santos, P.H.F., Vieira, D.C.L., Nascimento, D.D.C., Orsano, V.S.M.,
Schoenfeld, B.J., Prestes, J., 2018. Resistance training-induced gains in muscle
strength, body composition, and functional capacity are attenuated in elderly
women with sarcopenic obesity. Mar 15 Clin. Inter. Aging 13, 411-417. https://doi.
org/10.2147/CIA.S156174.

Orssatto, L.B.R., Moura, B.M., Bezerra, E.S., Andersen, L.L., Oliveira, S.N.,
Diefenthaeler, F., 2018. Influence of strength training intensity on subsequent
recovery in elderly (Jun). Exp. Gerontol. 106, 232-239. https://doi.org/10.1016/j.
exger.2018.03.011.

O’Toole, P.W., Jeffery, I.B., 2015. Gut microbiota and aging. Dec 4 Science 350 (6265),
1214-1215. https://doi.org/10.1126/science.aac8469.

Park, J., Kwon, Y., Park, H., 2017. Effects of 24-Week Aerobic and Resistance Training on
Carotid Artery Intima-Media Thickness and Flow Velocity in Elderly Women with
Sarcopenic Obesity. Nov 1 J. Atheroscler. Thromb. 24 (11), 1117-1124. https://doi.
org/10.5551/jat.39065.

Parr, E.B., Coffey, V.G., Hawley, J.A., 2013. Sarcobesity’: a metabolic conundrum (Feb).
Maturitas 74 (2), 109-113. https://doi.org/10.1016/j.maturitas.2012.10.014.

Perissinotto, C.M., Stijacic Cenzer, L., Covinsky, K.E., 2012. Loneliness in older persons: a
predictor of functional decline and death. Jul 23 Arch. Intern Med 172 (14),
1078-1083. https://doi.org/10.1001/archinternmed.2012.1993.

Peterson, M.D., Rhea, M.R., Sen, A., Gordon, P.M., 2010. Resistance exercise for
muscular strength in older adults: a meta-analysis (Jul). Ageing Res Rev. 9 (3),
226-237. https://doi.org/10.1016/j.arr.2010.03.004.

Picca, A., Ponziani, F.R., Calvani, R., Marini, F., Biancolillo, A., Coelho-Junior, H.J.,
Gervasoni, J., Primiano, A., Putignani, L., Del Chierico, F., Reddel, S., Gasbarrini, A.,
Landi, F., Bernabei, R., Marzetti, E., 2019. Gut Microbial, Inflammatory and
Metabolic Signatures in Older People with Physical Frailty and Sarcopenia: Results
from the BIOSPHERE Study. Dec 26 Nutrients 12 (1), 65. https://doi.org/10.3390/
nul2010065.

Plaza-Diaz, J., Ruiz-Ojeda, F.J., Gil-Campos, M., Gil, A., 2019. Mechanisms of Action of
Probiotics. Jan 1 Adv. Nutr. 10 (suppl_1)), S49-S66. https://doi.org/10.1093/
advances/nmy063.

Prado, C.M., Wells, J.C., Smith, S.R., Stephan, B.C., Siervo, M., 2012. Sarcopenic obesity:
A Critical appraisal of the current evidence (Oct). Clin. Nutr. 31 (5), 583-601.
https://doi.org/10.1016/j.cInu.2012.06.010.

Prado, C.M., Batsis, J.A., Donini, L.M., Gonzalez, M.C., Siervo, M., 2014. Sarcopenic
obesity in older adults: a clinical overview, 2024 Feb 6 Nat. Rev. Endocrinol..
https://doi.org/10.1038/541574-023-00943-z.

Qaradakhi, T., Gadanec, L.K., McSweeney, K.R., Abraham, J.R., Apostolopoulos, V.,
Zulli, A., 2020. The Anti-Inflammatory Effect of Taurine on Cardiovascular Disease.
Sep 17 Nutrients 12 (9), 2847. https://doi.org/10.3390/nu12092847.

Ragonnaud, E., Biragyn, A., 2021. Gut microbiota as the key controllers of “healthy”
aging of elderly people. Immun. Ageing 18, 2. https://doi.org/10.1186/512979-020-
00213-w.

Ramos, R.M., Coelho-Jtnior, H.J., Asano, R.Y., Prado, R.C.R,, Silveira, R., Urtado, C.B.,
de Lima, L.C.R., Aguiar, S.D.S., Prestes, J., Medeiros, A.L.A., Rodrigues, B., de
Oliveira Assumpgao, C., 2019. Impact of Moderate Aerobic Training on Physical
Capacities of Hypertensive Obese Elderly, 2333721419859691 Gerontol. Geriatr.
Med 5. https://doi.org/10.1177/2333721419859691.

Rosa, F.T., Freitas, E.C., Deminice, R., Jordao, A.A., Marchini, J.S., 2014. Oxidative stress
and inflammation in obesity after taurine supplementation: a double-blind, placebo-
controlled study (Apr). Eur. J. Nutr. 53 (3), 823-830. https://doi.org/10.1007/
s00394-013-0586-7.

15

Ageing Research Reviews 101 (2024) 102460

Schaffer, S., Kim, H.W., 2018. Effects and Mechanisms of Taurine as a Therapeutic Agent.
May 1 Biomol. Ther. (Seoul. ) 26 (3), 225-241. https://doi.org/10.4062/
biomolther.2017.251.

Schoufour, J.D., Tieland, M., Barazzoni, R., Ben Allouch, S., van der Bie, J., Boirie, Y.,
Cruz-Jentoft, A.J., Eglseer, D., Topinkova, E., Visser, B., Voortman, T., Tsagari, A.,
Weijs, P.J.M., 2021. The Relevance of Diet, Physical Activity, Exercise, and
Persuasive Technology in the Prevention and Treatment of Sarcopenic Obesity in
Older Adults. May 24 Front Nutr. 8, 661449. https://doi.org/10.3389/
fnut.2021.661449.

Schrager, M.A., Metter, E.J., Simonsick, E., Ble, A., Bandinelli, S., Lauretani, F.,
Ferrucci, L., 2007. Sarcopenic obesity and inflammation in the InCHIANTI study
(Mar). J. Appl. Physiol. (1985) 102 (3), 919-925. https://doi.org/10.1152/
japplphysiol.00627.2006.

Schuller-Levis, G.B., 2005. Park E. Taurine and its chloramine: modulators of immunity
(Jan). Neurochem Res 29 (1), 117-126. https://doi.org/10.1023/b:
nere.0000010440.37629.17.

Seidel, U., Huebbe, P., Rimbach, G., 2019. Taurine: A Regulator of Cellular Redox
Homeostasis and Skeletal Muscle Function (Aug). Mol. Nutr. Food Res 63 (16),
€1800569. https://doi.org/10.1002/mnfr.201800569.

Sharma, S., Sahoo, B.M., Banik, B.K., 2023. Biological Effects and Mechanisms of Taurine
in Various Therapeutics, 2023 Curr. Drug Discov. Technol. 20 (6), 60-78. https://
doi.org/10.2174/1570163820666230525101353.

Short, K.R., Vittone, J.L., Bigelow, M.L., Proctor, D.N., Nair, K.S., 2004. Age and aerobic
exercise training effects on whole body and muscle protein metabolism, 2004 Jan
Am. J. Physiol. Endocrinol. Metab. 286 (1), E92-E101. https://doi.org/10.1152/
ajpendo.00366.2003.

Siervo, M., Lara, J., Celis-Morales, C., Vacca, M., Oggioni, C., Battezzati, A., Leone, A.,
Tagliabue, A., Spadafranca, A., Bertoli, S., 2016. Age-related changes in basal
substrate oxidation and visceral adiposity and their association with metabolic
syndrome (Jun). Eur. J. Nutr. 55 (4), 1755-1767. https://doi.org/10.1007/s00394-
015-0993-z.

Silva, G.D.N., Amato, A.A., 2022. Thermogenic adipose tissue aging: Mechanisms and
implications. Aug 1 Front Cell Dev. Biol. 10, 955612. https://doi.org/10.3389/
fcell.2022.955612.

Silva, N.L.D., Farinatti, P.D.T.V., 2007. Influéncia de varidveis do treinamento contra-
resisténcia sobre a forca muscular de idosos: uma revisao sistematica com énfase nas
relagoes dose-resposta. Rev. Bras. De. Med. do Esport. v. 13, 60-66. https://doi.org/
10.1590/S81517-86922007000100014.

Singh, P., Gollapalli, K., Mangiola, S., Schranner, D., Yusuf, M.A., Chamoli, M., Shi, S.L.,
Lopes Bastos, B., Nair, T., Riermeier, A., Vayndorf, E.M., Wu, J.Z., Nilakhe, A.,
Nguyen, C.Q., Muir, M., Kiflezghi, M.G., Foulger, A., Junker, A., Devine, J.,
Sharan, K., Chinta, S.J., Rajput, S., Rane, A., Baumert, P., Schonfelder, M.,
Iavarone, F., di Lorenzo, G., Kumari, S., Gupta, A., Sarkar, R., Khyriem, C.,
Chawla, A.S., Sharma, A., Sarper, N., Chattopadhyay, N., Biswal, B.K., Settembre, C.,
Nagarajan, P., Targoff, K.L., Picard, M., Gupta, S., Velagapudi, V., Papenfuss, A.T.,
Kaya, A., Ferreira, M.G., Kennedy, B.K., Andersen, J.K., Lithgow, G.J., Ali, A.M.,
Mukhopadhyay, A., Palotie, A., Kastenmiillerm, G., Kaeberleinm, M.,

Wackerhage, H., Pal, B., Yadav, V.K., 2023. Taurine deficiency as a driver of aging.
Jun 9 Science 380 (6649), eabn9257. https://doi.org/10.1126/science.abn9257.

Smith, U, Li, Q., Rydén, M., Spalding, K.L., 2021. Cellular senescence and its role in
white adipose tissue (May). Int J. Obes. (Lond. ) 45 (5), 934-943. https://doi.org/
10.1038/541366-021-00757-x.

Srikanthan, P., Hevener, A.L., Karlamangla, A.S., 2010. Sarcopenia exacerbates obesity-
associated insulin resistance and dysglycemia: findings from the National Health and
Nutrition Examination Survey III. May 26 PLoS One 5 (5), €10805. https://doi.org/
10.1371/journal.pone.0010805.

Stenholm, S., Harris, T.B., Rantanen, T., Visser, M., Kritchevsky, S.B., Ferrucci, L., 2008.
Sarcopenic obesity: definition, cause and consequences (Nov). Curr. Opin. Clin. Nutr.
Metab. Care 11 (6), 693-700. https://doi.org/10.1097/MCO.0b013e328312¢37d.

Studenski, S.A., Peters, K.W., Alley, D.E., Cawthon, P.M., McLean, R.R., Harris, T.B.,
Ferrucci, L., Guralnik, J.M., Fragala, M.S., Kenny, A.M., Kiel, D.P., Kritchevsky, S.B.,
Shardell, M.D., Dam, T.T., Vassileva, M.T., 2014. The FNIH sarcopenia project:
rationale, study description, conference recommendations, and final estimates.

J. Gerontol. A Biol. Sci. Med Sci. May 69 (5), 547-558. https://doi.org/10.1093/
gerona/glu010.

Sunami, Y., Motoyama, M., Kinoshita, F., Mizooka, Y., Sueta, K., Matsunaga, A.,
Sasaki, J., Tanaka, H., Shindo, M., 1999. Effects of low-intensity aerobic training on
the high-density lipoprotein cholesterol concentration in healthy elderly subjects
(Aug). Metabolism 48 (8), 984-988. https://doi.org/10.1016/s0026-0495(99)
90194-4.

Surai, P.F., Earle-Payne, K., Kidd, M.T., 2021. Taurine as a Natural Antioxidant: From
Direct Antioxidant Effects to Protective Action in Various Toxicological Models,
2021 Nov 24 Antioxid. (Basel) 10 (12), 1876. https://doi.org/10.3390/
antiox10121876.

Ticinesi, A., Nouvenne, A., Cerundolo, N., Catania, P., Prati, B., Tana, C., Meschi, T.,
2019. Gut Microbiota, Muscle Mass and Function in Aging: A Focus on Physical
Frailty and Sarcopenia. Jul 17 Nutrients 11 (7), 1633. https://doi.org/10.3390/
null071633.

Ticinesi, A., Mancabelli, L., Tagliaferri, S., Nouvenne, A., Milani, C., Del Rio, D.,
Lauretani, F., Maggio, M.G., Ventura, M., Meschi, T., 2020. The Gut-Muscle Axis in
Older Subjects with Low Muscle Mass and Performance: A Proof of Concept Study
Exploring Fecal Microbiota Composition and Function with Shotgun Metagenomics
Sequencing. Nov 25 Int J. Mol. Sci. 21 (23), 8946. https://doi.org/10.3390/
ijms21238946.

Ticinesi, A., Nouvenne, A., Cerundolo, N., Parise, A., Meschi, T., 2023. Accounting Gut
Microbiota as the Mediator of Beneficial Effects of Dietary (Poly)phenols on Skeletal


https://doi.org/10.1016/j.clnesp.2019.04.007
https://doi.org/10.3233/NHA-170030
https://doi.org/10.1152/ajpendo.00521.2018
https://doi.org/10.1152/ajpendo.00521.2018
https://doi.org/10.3390/nu7042930
https://doi.org/10.3390/nu7042930
https://doi.org/10.1016/j.exger.2013.02.012
https://doi.org/10.1111/hepr.12774
https://doi.org/10.1016/j.clnu.2019.11.003
https://doi.org/10.2147/CIA.S156174
https://doi.org/10.2147/CIA.S156174
https://doi.org/10.1016/j.exger.2018.03.011
https://doi.org/10.1016/j.exger.2018.03.011
https://doi.org/10.1126/science.aac8469
https://doi.org/10.5551/jat.39065
https://doi.org/10.5551/jat.39065
https://doi.org/10.1016/j.maturitas.2012.10.014
https://doi.org/10.1001/archinternmed.2012.1993
https://doi.org/10.1016/j.arr.2010.03.004
https://doi.org/10.3390/nu12010065
https://doi.org/10.3390/nu12010065
https://doi.org/10.1093/advances/nmy063
https://doi.org/10.1093/advances/nmy063
https://doi.org/10.1016/j.clnu.2012.06.010
https://doi.org/10.1038/s41574-023-00943-z
https://doi.org/10.3390/nu12092847
https://doi.org/10.1186/s12979-020-00213-w
https://doi.org/10.1186/s12979-020-00213-w
https://doi.org/10.1177/2333721419859691
https://doi.org/10.1007/s00394-013-0586-7
https://doi.org/10.1007/s00394-013-0586-7
https://doi.org/10.4062/biomolther.2017.251
https://doi.org/10.4062/biomolther.2017.251
https://doi.org/10.3389/fnut.2021.661449
https://doi.org/10.3389/fnut.2021.661449
https://doi.org/10.1152/japplphysiol.00627.2006
https://doi.org/10.1152/japplphysiol.00627.2006
https://doi.org/10.1023/b: nere.0000010440.37629.17
https://doi.org/10.1023/b: nere.0000010440.37629.17
https://doi.org/10.1002/mnfr.201800569
https://doi.org/10.2174/1570163820666230525101353
https://doi.org/10.2174/1570163820666230525101353
https://doi.org/10.1152/ajpendo.00366.2003
https://doi.org/10.1152/ajpendo.00366.2003
https://doi.org/10.1007/s00394-015-0993-z
https://doi.org/10.1007/s00394-015-0993-z
https://doi.org/10.3389/fcell.2022.955612
https://doi.org/10.3389/fcell.2022.955612
https://doi.org/10.1590/S1517-86922007000100014
https://doi.org/10.1590/S1517-86922007000100014
https://doi.org/10.1126/science.abn9257
https://doi.org/10.1038/s41366-021-00757-x
https://doi.org/10.1038/s41366-021-00757-x
https://doi.org/10.1371/journal.pone.0010805
https://doi.org/10.1371/journal.pone.0010805
https://doi.org/10.1097/MCO.0b013e328312c37d
https://doi.org/10.1093/gerona/glu010
https://doi.org/10.1093/gerona/glu010
https://doi.org/10.1016/s0026-0495(99)90194-4
https://doi.org/10.1016/s0026-0495(99)90194-4
https://doi.org/10.3390/antiox10121876
https://doi.org/10.3390/antiox10121876
https://doi.org/10.3390/nu11071633
https://doi.org/10.3390/nu11071633
https://doi.org/10.3390/ijms21238946
https://doi.org/10.3390/ijms21238946

G. Batitucci et al.

Muscle in Aging. May 18 Nutrients 15 (10), 2367. https://doi.org/10.3390/
nul5102367.

Tilg, H., Kaser, A., 2011. Gut microbiome, obesity, and metabolic dysfunction (Jun).

J. Clin. Invest 121 (6), 2126-2132. https://doi.org/10.1172/JCI58109.

Trouwborst, L., Verreijen, A., Memelink, R., Massanet, P., Boirie, Y., Weijs, P.,

Tieland, M., 2018. Exercise and Nutrition Strategies to Counteract Sarcopenic
Obesity, 2018 May 12 Nutrients 10 (5), 605. https://doi.org/10.3390/nul0050605.

Tsuboyama-Kasaoka, N., Shozawa, C., Sano, K., Kamei, Y., Kasaoka, S., Hosokawa, Y.,
Ezaki, O., 2006. Taurine (2-aminoethanesulfonic acid) deficiency creates a vicious
circle promoting obesity, 2006 Jul Endocrinology 147 (7), 3276-3284. https://doi.
org/10.1210/en.2005-1007.

Turnbaugh, P.J., Ley, R.E., Mahowald, M.A., Magrini, V., Mardis, E.R., Gordon, J.I.,
2006. An obesity-associated gut microbiome with increased capacity for energy
harvest. Dec 21 Nature 444 (7122), 1027-1031. https://doi.org/10.1038/
nature05414.

Valdes, A.M., Andrew, T., Gardner, J.P., Kimura, M., Oelsner, E., Cherkas, L.F., Aviv, A.,
Spector, T.D., 2005. Obesity, cigarette smoking, and telomere length in women. Aug
20-26 Lancet 366 (9486), 662-664. https://doi.org/10.1016/50140-6736(05)
66630-5.

Viana, R.B., Naves, J.P.A., Coswig, V.S., de Lira, C.A.B., Steele, J., Fisher, J.P., Gentil, P.,
2019. Is interval training the magic bullet for fat loss? A systematic review and meta-
analysis comparing moderate-intensity continuous training with high-intensity
interval training (HIIT) (May). Br. J. Sports Med 53 (10), 655-664. https://doi.org/
10.1136/bjsports-2018-099928.

Visser, M., Goodpaster, B.H., Kritchevsky, S.B., Newman, A.B., Nevitt, M., Rubin, S.M.,
Simonsick, E.M., Harris, T.B., 2005. Muscle mass, muscle strength, and muscle fat
infiltration as predictors of incident mobility limitations in well-functioning older
persons. J. Gerontol. A Biol. Sci. Med Sci. Mar. 60 (3), 324-333. https://doi.org/
10.1093/gerona/60.3.324.

Von Bank, H., Kirsh, C., Simcox, J., 2021. Aging adipose: Depot location dictates age-
associated expansion and dysfunction, 2021 May Ageing Res Rev. 67, 101259.
https://doi.org/10.1016/j.arr.2021.101259.

Wagenaar, C.A., Dekker, L.H., Navis, G.J., 2021. Prevalence of sarcopenic obesity and
sarcopenic overweight in the general population: The lifelines cohort study, 2021
Jun Clin. Nutr. 40 (6), 4422-4429. https://doi.org/10.1016/j.clnu.2021.01.005.

Walsh, M.E., Bhattacharya, A., Sataranatarajan, K., Qaisar, R., Sloane, L., Rahman, M.M.,
Kinter, M., Van Remmen, H., 2015. The histone deacetylase inhibitor butyrate
improves metabolism and reduces muscle atrophy during aging (Dec). Aging Cell 14
(6), 957-970. https://doi.org/10.1111/acel.12387.

Wang, M., Tan, Y., Shi, Y., Wang, X., Liao, Z., Wei, P., 2020. Diabetes and sarcopenic
obesity: pathogenesis, diagnosis, and treatments. Aug 25 Front. Endocrinol.
(Lausanne) 11, 568. https://doi.org/10.3389/fendo.2020.00568.

Warskulat, U., Heller-Stilb, B., Oermann, E., Zilles, K., Haas, H., Lang, F., Haussinger, D.,
2007. Phenotype of the taurine transporter knockout mouse, 2007 Methods Enzym.
428, 439-458. https://doi.org/10.1016/50076-6879(07)28025-5.

Weijs, P.J.M., Wolfe, R.R., 2016. Exploration of the protein requirement during weight
loss in obese older adults (Apr). Clin. Nutr. 35 (2), 394-398. https://doi.org/
10.1016/j.clnu.2015.02.016.

16

Ageing Research Reviews 101 (2024) 102460

Wellman, A.S., Metukuri, M.R., Kazgan, N., Xu, X., Xu, Q., Ren, N.S.X., Czopik, A.,
Shanahan, M.T., Kang, A., Chen, W., Azcarate-Peril, M.A., Gulati, A.S., Fargo, D.C.,
Guarente, L., Li, X., 2017. Intestinal Epithelial Sirtuin 1 Regulates Intestinal
Inflammation During Aging in Mice by Altering the Intestinal Microbiota (Sep).
Gastroenterology 153 (3), 772-786. https://doi.org/10.1053/j.gastro.2017.05.022.

Wen, C., Li, F., Zhang, L., Duan, Y., Guo, Q., Wang, W., He, S., Li, J., Yin, Y., 2019.
Taurine is Involved in Energy Metabolism in Muscles, Adipose Tissue, and the Liver,
2019 Jan Mol. Nutr. Food Res. 63 (2), €e1800536. https://doi.org/10.1002/
mnfr.201800536.

WHO Consultation on Obesityr, 1999. Geneva, Switzerland)P & World Health
Organization. (72000)r. Obesity: preventing and managing the global epidemic:
report of a WHO consultation. World Health Organization.

Wilmanski, T., Diener, C., Rappaport, N., Patwardhan, S., Wiedrick, J., Lapidus, J.,
Earls, J.C., Zimmer, A., Glusman, G., Robinson, M., Yurkovich, J.T., Kado, D.M.,
Cauley, J.A., Zmuda, J., Lane, N.E., Magis, A.T., Lovejoy, J.C., Hood, L., Gibbons, S.
M., Orwoll, E.S., Price, N.D., 2021. Gut microbiome pattern reflects healthy ageing
and predicts survival in humans (Feb). Nat. Metab. 3 (2), 274-286. https://doi.org/
10.1038/542255-021-00348-0.

Xiao, T., Fu, Y.F., 2015. Resistance training vs. aerobic training and role of other factors
on the exercise effects on visceral fat. Eur. Rev. Med. Pharmacol. Sci. 19 (10),
1779-1784 (May).

Xu, K., Guo, Y., Li, Z., Wang, Z., 2019. Aging Biomarkers and Novel Targets for Anti-
Aging Interventions, 2019 Adv. Exp. Med. Biol. 1178, 39-56. https://doi.org/
10.1007/978-3-030-25650-0_3.

Yoo, S.Z., No, M.H., Heo, J.W., Park, D.H., Kang, J.H., Kim, S.H., Kwak, H.B., 2018. Role
of exercise in age-related sarcopenia, 2018 Aug 24 J. Exerc. Rehabil. 14 (4),
551-558. https://doi.org/10.12965/jer.1836268.134.

Zamboni, M., Mazzali, G., Fantin, F., Rossi, A., Di Francesco, V., 2008. Sarcopenic
obesity: a new category of obesity in the elderly (Jun). Nutr. Metab. Cardiovasc. Dis.
18 (5), 388-395. https://doi.org/10.1016/j.numecd.2007.10.002.

Zhang, J., Rane, G., Dai, X., Shanmugam, M.K., Arfuso, F., Samy, R.P., Lai, M.K.,
Kappei, D., Kumar, A.P., Sethi, G., 2016. Ageing and the telomere connection: An
intimate relationship with inflammation (Jan). Ageing Res. Rev. 25, 55-69. https://
doi.org/10.1016/j.arr.2015.11.006.

Zhang, Y., Zhu, Y., Guo, Q., Wang, W., Zhang, L., 2023. High-throughput sequencing
analysis of the characteristics of the gut microbiota in aged patients with sarcopenia.
Oct 15 Exp. Gerontol. 182, 112287. https://doi.org/10.1016/j.exger.2023.112287.

Zhou, X., Xing, B., He, G., Lyu, X., Zeng, Y., 2018. The effects of electrical acupuncture
and essential amino acid supplementation on sarcopenic obesity in male older
adults: a randomized control study. Obes. Facts 11 (4), 327-334. https://doi.org/
10.1159/000491797.

Zoico, E., Rubele, S., De Caro, A., Nori, N., Mazzali, G., Fantin, F., Rossi, A., Zamboni, M.,
2019. Brown and Beige Adipose Tissue and Aging. Jun 20 Front. Endocrinol.
(Lausanne) 10, 368. https://doi.org/10.3389/fendo.2019.00368.

Zuhl, M., Schneider, S., Lanphere, K., Conn, C., Dokladny, K., Moseley, P., 2014. Exercise
regulation of intestinal tight junction proteins. Br. J. Sports Med. 48 (12), 980-986.
https://doi.org/10.1136/bjsports-2012-091585.


https://doi.org/10.3390/nu15102367
https://doi.org/10.3390/nu15102367
https://doi.org/10.1172/JCI58109
https://doi.org/10.3390/nu10050605
https://doi.org/10.1210/en.2005-1007
https://doi.org/10.1210/en.2005-1007
https://doi.org/10.1038/nature05414
https://doi.org/10.1038/nature05414
https://doi.org/10.1016/S0140-6736(05)66630-5
https://doi.org/10.1016/S0140-6736(05)66630-5
https://doi.org/10.1136/bjsports-2018-099928
https://doi.org/10.1136/bjsports-2018-099928
https://doi.org/10.1093/gerona/60.3.324
https://doi.org/10.1093/gerona/60.3.324
https://doi.org/10.1016/j.arr.2021.101259
https://doi.org/10.1016/j.clnu.2021.01.005
https://doi.org/10.1111/acel.12387
https://doi.org/10.3389/fendo.2020.00568
https://doi.org/10.1016/S0076-6879(07)28025-5
https://doi.org/10.1016/j.clnu.2015.02.016
https://doi.org/10.1016/j.clnu.2015.02.016
https://doi.org/10.1053/j.gastro.2017.05.022
https://doi.org/10.1002/mnfr.201800536
https://doi.org/10.1002/mnfr.201800536
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref172
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref172
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref172
https://doi.org/10.1038/s42255-021-00348-0
https://doi.org/10.1038/s42255-021-00348-0
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref174
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref174
http://refhub.elsevier.com/S1568-1637(24)00278-2/sbref174
https://doi.org/10.1007/978-3-030-25650-0_3
https://doi.org/10.1007/978-3-030-25650-0_3
https://doi.org/10.12965/jer.1836268.134
https://doi.org/10.1016/j.numecd.2007.10.002
https://doi.org/10.1016/j.arr.2015.11.006
https://doi.org/10.1016/j.arr.2015.11.006
https://doi.org/10.1016/j.exger.2023.112287
https://doi.org/10.1159/000491797
https://doi.org/10.1159/000491797
https://doi.org/10.3389/fendo.2019.00368
https://doi.org/10.1136/bjsports-2012-091585

	Sarcobesity: New paradigms for healthy aging related to taurine supplementation, gut microbiota and exercise
	1 Introduction
	2 Diagnosis of sarcobesity and its challenges
	3 Taurine supplementation as a therapeutic strategy in sarcobesity
	3.1 Mechanisms of action in adipose tissue
	3.2 Mechanisms of action in skeletal muscle

	4 Aging and gut permeability: modulation of gut microbiota as a therapeutic strategy in sarcobesity
	5 Physical exercise as a therapeutic strategy in sarcobesity
	6 Future perspectives
	7 Conclusions
	Author contributions
	Funding
	Declaration of Competing Interest
	Data availability
	References


