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patients achieve their weight loss goals and ameliorates 
cardiometabolic risks [1–3]. Empirical evidence in recent 
decades has indicated that achieving 50% excess weight 
loss or 20% total weight loss within the first year postop-
eratively is a critical metric for assessing the efficacy of 
bariatric surgery [4, 5]. However, the inaccurate detection 
of changes in the balance between muscle and fat mass due 
to excess and total weight loss is of particular concern, as 
these methods may not identify physiological and metabolic 
disturbances that can arise with significant deterioration in 
muscle quantity, quality, and function, leading to potentially 
undetected abnormalities [6–8].

The reported impact of weight loss interventions in indi-
viduals with obesity suggests that these effects are evident 
during rapid weight loss interventions [9]. This implies that 
weight loss resulting from bariatric surgery, along with the 
primary goal of reducing body fat, is inevitably associated 
with changes in muscle mass [10]. Although the benefits of 
dramatic weight loss after surgery may initially outweigh the 
burden of muscle changes, excessive loss or damage to mus-
cle tissue can have long-term detrimental effects, especially 
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Among the current treatment options for patients with mor-
bid obesity, bariatric surgery is considered a fundamen-
tal and long-lasting therapeutic strategy because it helps 
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on physiological metabolism and physical performance [11–
13]. Muscle tissue plays a vital role in healthy metabolism, 
serving not only as a model for functional capacity but also 
as an essential organ responsible for storing glycogen, fat, 
and proteins [14]. For patients experiencing rapid weight 
loss of approximately 20% total weight and/or 50% excess 
weight within one year post-surgery, there is a particular 
need for proactive monitoring and intervention, specifically 
targeting balanced changes in body composition and skeletal 
muscle health. However, studies have shown heterogeneity 
in detecting muscle changes following surgery [10], high-
lighting the need for the development of comprehensive 
methods to evaluate muscle status pre- and postoperatively.

Bariatric healthcare providers who understand the signifi-
cance of maintaining healthy muscles are paying attention to 
the concept of sarcopenia [15, 16]. The term “sarcopenia” 
originally denoted the loss of muscle mass and weakness in 
older individuals [17]. As more evidence and research have 
emerged, its definition has expanded to include pathological 
changes in muscles that accompany functional deterioration 
resulting from disease processes such as obesity [18, 19]. 
Within this paradigm, the conceptualization of “sarcopenic 
obesity” was a notable advance in understanding the deleteri-
ous changes in muscle that coexist with obesity [20]. However, 
despite being a relatively simple concept in which obesity 
and sarcopenia coexist, sarcopenic obesity lacks standardized 
definitions and diagnostic criteria, limiting its clinical utility 
[21]. Its complexity stems from its intricate association with 
sarcopenia, which accentuates the decline in function related 
to low muscle mass due to aging [22]. These limitations make 
it challenging to evaluate potential outcomes using the con-
cept of sarcopenia in patients with morbid obesity, thereby 
hindering the appropriate implementation of muscle-related 
interventions before and after surgery [13].

This review discusses the challenges encountered by 
healthcare providers in managing patients with morbid 
obesity, particularly those undergoing bariatric surgery, 
focusing on sarcopenia. Subsequently, we highlight a multi-
faceted and inclusive methodology for detecting sarcopenia 
to achieve harmonious alterations in body composition and 
enhance metabolic and physical capacity after bariatric sur-
gery, ultimately maximizing the effectiveness of the surgery 
and minimizing side effects [13].

2  Identifying sarcopenia in patients 
undergoing bariatric surgery in current 
practice

The most common and prioritized criterion for defining 
sarcopenia among patients undergoing bariatric surgery 
has been low muscle mass [16, 23–30], with measures of 

muscle strength or physical performance used as additional 
indicators [27–30]. Table  1 summarizes the objectives, 
population characteristics, methodological approaches, 
and main findings of studies related to the diagnosis 
of sarcopenia in patients undergoing bariatric surgery 
indexed in the PubMed and Embase databases as of April 
29, 2023. The search terms used and the full search strat-
egy for each database are listed in Supplementary Table 
1. Among the retrieved literature, we have selected litera-
ture that either defined sarcopenia or sarcopenic obesity 
using their own criteria or applied existing diagnostic cri-
teria, in patients undergoing bariatric surgery. Definitions, 
diagnostic criteria, and tools utilized vary depending on 
factors such as the patient being studied, the availability 
of technical resources within the research setting, and the 
ultimate purpose of the study. Therefore, heterogeneity 
inevitably exists among studies conducted to diagnose 
sarcopenia in patients undergoing bariatric surgery [10]. 
This section provides a concise overview of the tools and 
indicators currently employed in research for diagnosing 
sarcopenia to establish a foundation for identifying the 
challenges in diagnosing sarcopenia in patients undergo-
ing bariatric surgery.

2.1  Methodologies for assessing muscle mass

The methods for measuring skeletal muscle mass differ in 
terms of cost, complexity, and accessibility and serve both 
research and clinical purposes. Computed tomography (CT) 
and magnetic resonance imaging (MRI) are the gold stan-
dards for precise body imaging techniques that can separate 
fat from other soft tissues in the body [31]. Voican et al. 
measured the cross-sectional area of the skeletal muscle at 
the third lumbar vertebra using CT images and calculated 
the skeletal muscle index (SMI) as this area divided by the 
square of the patient height (m2). Sarcopenia was diag-
nosed in individuals who met sex-specific cutoffs [24], who 
showed higher mortality rates and poorer functional status 
in previous research [32]. Gaillard et al. measured the total 
areas of both the psoas muscles and all visible muscles using 
CT images and diagnosed individuals in the lowest tertile 
of SMI with sarcopenia for each sex [33]. Vassilev et al. 
calculated the SMI using MRI scans from the third lumbar 
vertebra and applied the cutoffs for sarcopenia introduced 
by Prado et al. [34]. CT and MRI are precise methods for 
assessing muscle mass; however, their use in primary care 
is restricted because of their high cost, limited accessibility, 
and concerns regarding radiation exposure [35]. As a result, 
a definite criterion for identifying low muscle mass through 
these assessments has yet to be established for individuals 
who have undergone bariatric surgery and even for the over-
all population.
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bariatric surgery and establishing appropriate cutoff values 
remain a challenge.

2.2  Methodologies for assessing muscle strength 
and physical performance

Few reliable methods are available for assessing muscular 
strength and physical performance, even in the general pop-
ulation [18]. These challenges are further compounded in 
individuals with obesity because of joint impairment caused 
by excessive weight loading [21]. Handgrip strength, timed 
get-up-and-go test, and gait speed test are often used, includ-
ing in studies involving patients who underwent bariatric 
surgery [45, 46]. Coral et al. presented hand grip strength as 
a measure of muscular strength and separated the results of 
the timed get-up and go and gait speed tests as measures of 
physical performance among patients during the initial six 
months after bariatric surgery [27]. Ruthes et al. used the 
EWGSOP guidelines and strength as a measure of muscu-
lar strength in the first protocol for diagnosing sarcopenia 
[28]. Baad et al. measured grip strength and the short physi-
cal performance battery, which included measurements of 
walking speed, lower limb muscular strength in five repeti-
tions of rising from a chair, and static balance for 10 s in 
three different positions (feet together, partially in front, and 
totally in front) without distinguishing between muscular 
strength and physical performance [30].

3  Exploration of reaching a consensus for 
the diagnosis of sarcopenia in patients 
undergoing bariatric surgery

This section proposes a diagnostic approach for sarcopenia 
in the management of patients undergoing bariatric sur-
gery by reviewing the definitions and diagnostic agreement 
of sarcopenia from the past to the present. Figure  1 sum-
marizes the changes in the consensus on sarcopenia defini-
tions as agreed upon by major organizations. Sarcopenia 
was initially defined as an age-related reduction in muscle 
mass accompanied by decreased functionality [17], which 
was later expanded by the EWGSOP to include low muscle 
mass and loss of muscle strength and/or reduced physical 
performance, which is also associated with disease or mal-
nutrition [19]. This consensus on sarcopenia was revised in 
2019, known as EWGSOP2, which redefined sarcopenia as 
a muscle disease in which low muscle strength assumes a 
predominant role over reduced muscle mass as the primary 
determinant for diagnosing the condition. Additionally, a new 
term, ‘muscle quality,’ was introduced to consider changes in 
muscle structure, composition, and functional performance 
per unit of muscle mass [18]. In 2014, the FNIH Sarcopenia 

Studies that adhered to the diagnostic guidelines for sar-
copenia provided by The European Working Group on Sar-
copenia in Older People (EWGSOP) and the Foundation for 
the National Institutes of Health (FNIH) used dual-energy 
X-ray absorptiometry (DXA) and bioimpedance analysis 
(BIA), which is an alternative method preferred in clinical 
settings. In DXA, the assessment of appendicular lean mass 
(ALM) is adjusted for patient height squared (m2), weight 
(kg), and body mass index (BMI), and each SMI was used 
as an indicator [28–30]. BIA utilizes whole-body electrical 
conductivity to estimate muscle mass but cannot directly 
measure muscle mass [36]. In BIA, the estimation is based 
on a conversion equation calibrated using a reference for 
DXA-measured lean mass in a specific population [37]. In 
both DXA and BIA, the validation and establishment of 
cutoff points for specific equations used in calculations are 
crucial, as they can vary considerably across different stud-
ies [38, 39]. Moreover, when the BMI exceeds 34 kg/m2, 
fat mass and fat-free mass tend to be underestimated and 
overestimated, respectively [21]. In contrast, Vassilev et al. 
recently compared BIA and MRI, highlighting the signifi-
cant role of BIA as an accurate and cost-effective tool for 
estimating body composition in patients who underwent 
bariatric surgery [34].

Recent research suggests that ultrasonography as a sim-
ple low-cost screening strategy for detecting sarcopenia in 
patients undergoing bariatric surgery. Simó-Servat et al. 
have reported a reliable correlation between the thickness 
of thigh muscles measured using ultrasonography and the 
measurements acquired through BIA in both pre- and post-
bariatric surgery patients, thereby indicating the potential 
for predicting sarcopenia [26, 40]. Considering that early 
stages of sarcopenia affect the lower extremities, ultraso-
nography is typically conducted on the quadriceps femoris 
to detect regional sarcopenia related to body function and 
its potential for predicting quality of life [41]. The enhanced 
echo intensity of the rectus femoris in ultrasonography 
also has been found to be associated with age-related mus-
cle strength decline, suggesting its potential as a safe and 
straightforward approach for simultaneous assessment of 
muscle mass and strength [42]. However, it is important to 
note that this method is not yet fully standardized, and there 
is no universally defined criterion for low muscle mass [41, 
43].

Various methods for diagnosing sarcopenia in the general 
population are also often used in patients undergoing bariat-
ric surgery. However, more attention must be paid to muscle 
mass measurements, as individuals with obesity generally 
have higher muscle mass owing to their larger body size 
[44]. Assessing changes in relative muscle mass during 
rapid weight loss and alterations in body composition after 
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muscle mass [44], which can lead to an overestimation 
of muscle mass when using the ALM adjusted for height 
squared (m2). Low relative muscle mass and excess fat mass 
can result in unfavorable cardiometabolic and functional 
outcomes, irrespective of absolute muscle mass [48, 49]. In 
this context, Newman et al. proposed the consideration of 
fat mass in diagnosing sarcopenia in patients with obesity; 
however, its clinical application has encountered limitations 
[50]. To address the potential issue of misestimating muscle 
mass reduction in patients undergoing bariatric surgery, 
Ruthes et al. argued that the FNIH criteria, which adjust 
ALM using BMI, are more appropriate than the EWG-
SOP2 criteria [28]. The ALM adjusted for squared height 
(m2) showed a reduction of approximately 10% during the 
first year after surgery, while the value adjusted for BMI 
increased at the 1-year and 2-year measurements compared 
with the pre-surgery values, also suggesting that the BMI-
adjusted value better reflects the changes in body composi-
tion associated with weight loss [12].

Additional evidence supporting the appropriateness 
of applying the FNIH criteria in diagnosing sarcopenia 
in patients undergoing bariatric surgery is that the criteria 
propose measuring muscle mass as a prioritized criterion 
for evaluating muscle loss [47]. The sarcopenia diagnostic 
algorithms proposed by the EWGSOP2 and ESPEN/EASO 
involve initial assessment through the handgrip test; if no 
issues are identified, they do not proceed with evaluating 
muscle mass through measurements [18, 21].The goal of 
bariatric surgery is to achieve weight loss and alleviate or 
improve obesity-related conditions, prioritizing the signifi-
cant changes in body composition that inevitably accom-
pany it [10], rather than focusing primarily on changes in 
physical function. The utility of these two criteria can be 
determined by considering the distinction between abnor-
mal physical functioning associated with musculoskeletal 
pain, independent of muscle issues that can occur in indi-
viduals with severe obesity [51].

Additionally, the fact that most patients undergoing bariat-
ric surgery for obesity are relatively younger further supports 
the application of the FNIH criteria. Most patients undergoing 

Project proposed a consensus emphasizing the importance 
of evaluating the influence of body mass, based on extensive 
and diverse population-based research. From these analyses, 
the FNIH suggested the measurement of lean mass as the 
first criterion for pre-sarcopenia classification, and the final 
recommended cutoff point for sarcopenia diagnosis was grip 
strength [47]. The European Society for Clinical Nutrition 
and Metabolism (ESPEN) and the European Association for 
the Study of Obesity (EASO) presented a consensus on the 
diagnosis of sarcopenic obesity, including BMI and waist 
circumference. This consensus provides a diagnostic algo-
rithm comparable to EWGSOP2, offering initial screening, 
functional assessment, and body composition evaluation 
[21]. The current consensus on the diagnosis of sarcopenia 
recognizes muscle mass and strength as key parameters for 
defining sarcopenia in the general population. However, it is 
essential to bear in mind the limitation that prevailing defi-
nitions predominantly center around the elderly population. 
Even in the consensus reached by ESPEN/EASO, which 
aimed to detect the causes of sarcopenia from the perspec-
tive of obesity, appropriate criteria have not been provided 
at the screening stage, and they only propose the validation 
questionnaire SARC-F for the older subjects [21].

3.1  Which current criteria take priority for 
diagnosing sarcopenia in patients undergoing 
bariatric surgery?

The clues to unravel this answer can be found in the results 
of studies that have applied and compared the consensus 
criteria proposed by EWGSOP2, ESPEN/EASO, and FNIH 
for diagnosing sarcopenia in patients undergoing bariat-
ric surgery [12, 28, 29]. When applied to a population of 
individuals who underwent bariatric surgery more than two 
years prior, the prevalence of sarcopenia based on the ALM 
adjusted for height squared (m2) according to the EWG-
SOP2 criteria was significantly lower than the prevalence 
of sarcopenia determined using the ESPEN/EASO criteria, 
which incorporate weight adjusted ALM [29]. In the case of 
obesity, larger body size is generally associated with higher 

Fig. 1  Changes in the consensus on sarcopenia definitions as agreed upon by major organizations
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and proposed a 15% loss in muscle mass within one year as 
a threshold to distinguish metabolic outcomes [55]. However, 
this analysis was based on a study conducted on adults aged 
18–50 years who underwent bariatric surgery, and there is a 
significant lack of research on muscle mass loss and its associ-
ated outcomes in pediatric and geriatric populations [10].

Some studies have revealed a highly contentious topic 
by demonstrating no association or positive associations 
between fat-free mass and insulin resistance, even after 
adjusting for other potential confounding factors [58, 59]. 
Considering the non-intuitive nature of these findings, 
extensive research on the mechanisms underlying such 
observations is lacking. One promising mechanism that 
may be implicated is the accumulation of intramuscular lip-
ids in the context of reduced oxidative capacity [60]. This 
concept is related to the microstructural aspects of muscle 
tissue, which refers to muscle quality.

The assessment of muscle quality, which also considers 
the functional output per unit of appendicular muscle mass, 
can be valuable in patients undergoing bariatric surgery 
[18, 61] as the measurement of muscle strength in patients 
with morbid obesity is difficult for distinguishing musculo-
skeletal pain and atypical movement patterns from issues 
derived directly from the muscles, independent of the limi-
tations of muscle strength measurement techniques or meth-
ods [51, 52]. This is particularly important considering the 
significant controversy surrounding the correlation between 
muscle mass and muscle strength as well as observations of 
improved muscle strength despite a substantial reduction in 
muscle mass following bariatric surgery [27].

4  Evaluation of muscle quality in patients 
undergoing bariatric surgery

Muscle quality, which encompasses both muscle archi-
tecture and composition as well as functional output per 
unit of muscle mass, was incorporated into the operational 
definition of sarcopenia in the EWGSOP2 consensus [18]. 
Currently, there is no universal consensus on standardized 
assessment methods for routine clinical practice. However, 
utilizing methods that have been validated in several stud-
ies to assess muscle quality could be beneficial for patients 
undergoing bariatric surgery.

4.1  Methodologies assessing muscle quality

Intramuscular lipid or ectopic fat infiltration into the muscle, 
also known as myosteatosis, has been assessed as an indica-
tor of muscle quality, primarily in research settings, using 
sensitive imaging tools such as CT or MRI [62]. Muscle 
attenuation at the L3–5 level, including muscles such as 

bariatric surgery are young adults, with approximately 97–99% 
of patients < 65 years of age according to the United States 
national data from 2006 to 2015 [52]. The current assessment 
methods for muscle strength, such as handgrip strength or 
lower extremity strength, have limitations in accurately detect-
ing muscle strength issues associated with obesity-related 
muscle dysfunction, particularly in non-aged populations 
[21]. In addition to the low probability of short-term muscular 
strength issues following bariatric surgery in relatively young 
adults, substantial changes in body composition post-surgery 
may improve functional abilities [53]. Indeed, the six-month 
postoperative follow-up of individuals with an average age of 
38.4 ± 10.8 years who underwent bariatric surgery showed no 
decline in handgrip strength despite the typical reduction of 
approximately 13% in lean body mass. Gait speed and timed 
get-up and go tests demonstrated improvements [27].

Therefore, prioritizing the assessment of muscle mass 
using BMI-adjusted indices and the subsequent long-term 
evaluation of functional decline associated with muscle 
strength are rational and appropriate for patients undergoing 
bariatric surgery.

3.2  Key considerations in measuring muscle mass 
and strength according to current criteria

Fat mass reduction is the primary component of weight loss 
after bariatric surgery. However, there is always a certain 
degree of muscle loss. Patients undergoing bariatric sur-
gery experience a significant decrease in skeletal muscle 
mass, averaging approximately 13–15%, primarily within 
the first three months after the procedure, with a gradual 
decline throughout the first year. Depending on the surgical 
technique employed, there is a higher risk of muscular dam-
age, particularly in procedures with malabsorption, such 
as Roux-en-Y gastric bypass, compared to restrictive tech-
niques like sleeve gastrectomy. These differences are likely 
due to variations in nutrient absorption, changes in intesti-
nal transit, absorptive surface loss, and significant hormonal 
changes based on the surgical techniques employed [54].

During the rapid decline in muscle mass following bar-
iatric surgery, metabolism-related positive effects have been 
observed, which could be attributed to the benefits of fat mass 
reduction or potential improvement in muscle quality despite 
the decrease in muscle mass [55–57]. Based on the current 
research findings, it is possible to estimate the acceptable level 
of muscle loss that coexists with positive changes in meta-
bolic function and muscular strength after bariatric surgery. 
Coral et al. reported a 13% reduction in muscle mass along 
with improvements in metabolic parameters and muscle 
strength six months post-surgery [27]. One study reported that 
postoperative changes in blood glucose levels were the sole 
determinant factors associated with muscle mass after surgery 
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mobility [70]. Interesting findings regarding intramuscular 
lipids and the functional assessment of muscles have been 
reported in elderly populations. An analysis of a subgroup 
of the Framingham Heart Study with a mean age of 66 years 
and not limited to individuals with obesity showed that 
decreased muscle attenuation, indicating increased muscle 
fat content, was associated with increased odds of walking 
speed ≤ 1 m/s (odds ratio = 1.29; 95% confidence interval = 
1.11, 1.50; p = 0.0009). This association persisted even after 
adjusting for BMI and visceral adipose tissue [71]. There-
fore, meticulous evaluation of muscle strength and physical 
performance, particularly related to muscle quality, is cru-
cial for elderly patients. Research assessing muscle wasting 
in elderly patients who have undergone bariatric surgery is 
lacking, emphasizing the urgent need for studies investigat-
ing muscle quality in this population.

Furthermore, research on measuring muscle quality in 
patients undergoing bariatric surgery is limited, with only 
a handful of studies examining the patterns of muscle qual-
ity changes resulting from surgery along with a few meta-
bolic parameters. A study on patients with type 2 diabetes 
who underwent Roux-en-Y gastric bypass (n = 33, mean 
age, 45 ± 9 years) revealed consistently increased muscle 
attenuation for 24 months after surgery, with improvements 
in metabolic abnormalities, including high triglyceride and 
free fatty acid levels, as well as low high-density lipoprotein 
cholesterol levels [72]. A study comparing pre- and post-
operative biopsy results of the rectus abdominis muscle in 
patients undergoing Roux-en-Y gastric bypass, stratified by 
the presence (n = 14, mean age, 50 ± 2 years) or absence of 
type 2 diabetes (n = 15, mean age, 41 ± 3 years), revealed 
that muscle fat accumulation was associated with insulin 
resistance in glucose utilization and lipolysis, as well as 
elevated levels of plasma inflammatory biomarkers. The 
study concluded that excessive fat infiltration in the skel-
etal muscle and inflammation of the visceral adipose tissue 
exacerbate beta-cell dysfunction [73]. In a recent presenta-
tion of preliminary results, sleeve gastrectomy in patients 
with metabolic syndrome (n = 65, age range, 22–59 years) 
demonstrated a significant reduction in intramuscular lipid 
concentration one year after surgery, which was associated 
with underlying metabolic issues related to serum glucose 
levels, lipid levels, and blood pressure [74].

5  Considerations for integrated assessment 
of muscle mass, muscle function, and muscle 
quality

Given the rapid and substantial weight loss accompanied by 
changes in body composition within the first year follow-
ing bariatric surgery [1, 3], it is imperative to acknowledge 

the psoas, erector spinae, quadratus lumborum, transversus 
abdominis, external oblique, internal oblique, and rectus 
abdominis, has been used as an index to evaluate muscle 
composition during the assessment of intramuscular lipids 
[63]. Given the tendency for higher amounts of intramuscu-
lar lipids in slow-twitch muscles than in fast-twitch muscles, 
measurements were predominantly performed in the paraspi-
nal muscle [64]. The evaluations were based on the measure-
ment of Hounsfield units (HU), with water as the reference 
(HU 0), by comparing the average HU values of pixels repre-
senting adipose tissue (-190 to -30 HU) and skeletal muscle 
(-29 to 150 HU) [65]. A lower average muscle attenuation 
value indicated higher intramuscular lipid content [66].

4.2  Meaning of assessing muscle quality in patients 
undergoing bariatric surgery

Multiple studies have consistently demonstrated that intra-
muscular lipids play significant roles in the development of 
insulin resistance, type 2 diabetes mellitus, and dyslipid-
emia. These effects were observed independent of overall 
obesity, visceral fat accumulation, and other relevant risk 
factors, indicating that intramuscular lipids could serve 
as a valuable tool for predicting metabolic risks and other 
obesity-related diseases [65, 67]. Studies investigating the 
levels of intramuscular fat infiltration using CT imaging 
in the general population have primarily focused on obe-
sity and aging. Individuals with type 2 diabetes who were 
obese exhibited significantly higher levels of intramuscu-
lar fat infiltration not only compared with individuals with 
normal body weight but also compared with individuals 
with obesity but without diabetes. These findings were sup-
ported by the correlation with the observed lipid content 
from muscle biopsies conducted 12 h after CT scans [66]. 
In a study of patients with morbid obesity (mean BMI = 
40.2  kg/m2), muscle attenuation reflected the severity of 
nonalcoholic fatty liver disease. Furthermore, the data indi-
cated that a significant reduction in muscle fat content, as 
a potential pathophysiological contributor, was associated 
with improvement in nonalcoholic steatohepatitis [68].

Intramuscular lipids accumulate in skeletal muscles 
during obesity and aging. Muscle strength per unit size 
decreases under these conditions, and intramuscular lipid 
tissue is a negative predictor of both muscle and mobility 
functions in the elderly [69]. In the analysis of MRI scans 
of individuals aged ≥ 65 years, frail individuals exhibited 
higher intramuscular lipid levels than their age- and BMI-
matched counterparts. This was significantly associated 
with increased muscle inflammation, as quantified by inter-
leukin-6 and tumor necrosis factor-alpha levels by muscle 
biopsy. These results suggested a potential link between 
intramuscular lipids and reduced muscle function and 
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deposition, contribute to therapeutic metabolic effects [72–
74, 80]. The direct correlation between increased intramus-
cular lipid content and decreased insulin sensitivity is well 
established [81], particularly in individuals with obesity 
[66, 68]. Muscle strength and related physical function also 
play crucial roles in the long-term management of patients 
undergoing bariatric surgery, with particular attention paid 
to elderly patients [13]. Despite the significant interest in 
developing therapeutic approaches targeting anabolic path-
ways with hormones such as testosterone, growth hormone, 
and insulin-like growth factor-1, given the positive correla-
tion between muscle mass and strength in the field of aging 
research [82], some studies have observed that an increase 
in muscle mass does not necessarily translate into a corre-
sponding increase in strength [83, 84]. Conversely, the treat-
ment of aged mice with a ryanodine receptor-stabilizing 
factor in muscle cells improved strength without increas-
ing muscle size [85]. Moreover, despite the rapid decline 
in muscle mass following bariatric surgery, improvements 
in strength and physical function were observed [53]. Thus, 
we emphasize the importance of evaluating the structural 
factors within the muscle, such as intramuscular lipids, in 
addition to considering muscle mass alone, as previous find-
ings have indicated that the impact of muscle mass changes 
on muscular strength may be modest.

The correlation between intramuscular lipids and mus-
cle strength was observed in a finite-element model of the 
human gastrocnemius as a complex biomaterial, which was 
used to evaluate the influence of intramuscular lipids on the 
contractile capacity of the muscle [69]. A cross-sectional 
study involving non-ambulatory chronic stroke survivors 
showed that decreased intramuscular lipid levels within the 
quadriceps muscle were associated with increased leg press 

that both muscle quantity and quality undergo inevitable 
transformations [10]. The loss of muscle mass after surgery 
results in reduced physical function and decreased energy 
expenditure at rest, which can contribute to weight regain 
and, to some extent, the recurrence of obesity-related health 
issues [75, 76] (Fig.  2). Furthermore, because multiorgan 
insulin resistance is a characteristic feature of type 2 dia-
betes, it serves as a causative factor in the development of 
cardiometabolic diseases [77]. In this context, it is crucial 
to consider not only the correlation between muscle mass 
and function, particularly in individuals with obesity but 
also the intricate interplay between muscle quality and 
metabolic performance [56]. Compelling evidence has 
recently emerged demonstrating significant therapeutic 
effects on metabolic function solely attributable to weight 
loss, irrespective of the method of weight reduction. The 
evidence obtained through a comparative analysis of glyce-
mic control and major physiological factors in two groups 
of patients with type 2 diabetes achieving approximately 
18% weight loss via Roux-en-Y gastric bypass or dietary 
therapy highlights a significant correlation between changes 
in muscle insulin sensitivity resulting from weight loss and 
subsequent therapeutic metabolic effects [78]. Muscle, as a 
target tissue for insulin action, can be influenced by both 
muscle quantity and quality, potentially affecting insulin 
sensitivity. In theory, muscle loss due to weight loss could 
increase insulin resistance; however, this was observed to 
coexist with improvements in metabolic effects, despite a 
typical muscle mass reduction of 13–15% [27, 55].

Moreover, various positive factors, such as a reduction in 
adipose tissue and alterations in plasma metabolites follow-
ing bariatric surgery [6, 79], along with histological changes 
in muscles, including a decrease in intramuscular lipid 

Fig. 2  Multifaceted and inclusive 
evaluation for the detection of 
sarcopenia in patients undergoing 
bariatric surgery
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and understand the results in this regard. The assessment 
of muscle quality, which has been newly proposed in the 
current EWGSOP2 guidelines as a measurement variable 
for diagnosing sarcopenia, is limited by the difficulty in 
predominantly relying on CT or MRI image analysis [18]. 
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6  Conclusion

The current consensus on the diagnosis of sarcopenia in 
the general population recommends sequential assessment 
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function [18]. However, this review proposes that in patients 
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style guidance or more intensive treatment. Comprehensive 
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and can guide interventions tailored to specific requirements. 
Additionally, further evaluation of potential postsurgical 
complications will enable the assessment of the effectiveness 
and validity of surgical interventions.
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