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ABSTRACT

The risk of sarcopenic obesity (SO), characterized by the coexistence of excess adiposity and low muscle mass and function,
may be increased in metabolic and bariatric surgery (MBS). There is a possibility of SO development after surgery, but
also aggravation of pre-existing SO, a hidden condition associated with poor health-related outcomes. This scoping review

synthesizes existing literature on SO in MBS, with a thorough discussion of diagnostic criteria and assessment methods,

investigation of SO prevalence (presurgery and postsurgery), incidence postsurgery, and impact on clinical outcomes. SO

prevalence in MBS is highly heterogeneous, depending on the applied diagnostic criteria and body composition/physical
function assessments. Following appropriate diagnostic criteria, one of four individuals both before and post-MBS seems to
have SO, thus requiring targeted interventions. SO may be associated with lower weight loss and quality of life, increased
risk of gastric leak, prolonged operation time, and hospital stay. Increased awareness of postsurgery SO is recommended,

especially with aging. Standardization of SO diagnosis is urgently needed to improve identification and enable comparisons

among studies and associations with clinical outcomes. This is important for developing effective policies, guidelines, and

interventions to better address and manage this condition.

1 | Introduction

In the context of metabolic and bariatric surgery (MBS), there is
an increased risk of development or aggravation of sarcopenic
obesity (SO), a hidden condition characterized by the coexis-
tence of excess fat mass (FM) with sarcopenia (i.e., low mus-
cle mass and low muscle function) [1, 2]. This highlights the
importance of muscle as a functional and metabolic organ [3].
SO is associated with even worse health-related outcomes than
sarcopenia or obesity alone, including lower quality of life and
increased morbidity and mortality [4-6].

This is an important area of study in an era of rapidly
increasing prevalence of MBS worldwide [7]. Patients
undergoing MBS require close monitoring of their nutritional
and physical activity statuses, focused not only on weight loss
but also on body composition and physical function, including
the risk for SO. In this scoping review, we initially provide a
background discussion to highlight key points for the reader
about obesity, MBS, and SO. Then we review the evidence
regarding SO in the context of MBS, including definitions,
prevalence, incidence after surgery, and impact on clinical
outcomes.
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2 | Background
2.1 | Obesity and MBS

Obesity is defined as an excessive accumulation of fat, with or
without adipose tissue abnormal function or distribution, with a
multifactorial etiology. Obesity can be further divided into pre-
clinical obesity, a state of excess adiposity with the preserved
function of other organs and tissues, and clinical obesity, when
alterations due to excess adiposity are identified in the function
of organs, tissues, or the whole individual, potentially leading
to noncommunicable diseases and severe end organ damage
[8]. The rates are increasing globally; in 2022, there were 2.5
billion adults affected by overweight, and of these, 890 million
had obesity classified by a body mass index (BMI) greater than
30kg/m? [9].

MBS has strong evidence of safety and efficacy in terms of weight
loss and remission of comorbidities [10]. MBS works through
multiple mechanisms, including a reduction in appetite and en-
ergy intake, and alterations in gastrointestinal neurohormones
(e.g., ghrelin, glucagon-like peptide-1 [GLP-1], and peptide YY
[PYY]) and gut microbiota [11]. The most commonly performed
procedures are sleeve gastrectomy (SG) and Roux-en-Y gastric
bypass (RYGB) [12]. Since 2012, SG has replaced RYGB as the
most commonly performed MBS procedure in the United States,

with similar trends worldwide [7, 13] and globally accounts for
approximately 63% of current MBS [12]. SG involves the removal
of the greater curvature of the stomach to create a smaller,
tubular-shaped stomach [14]. RYGB (29% of MBS worldwide)
[12] is a more complex procedure that involves creating a small
stomach pouch and connecting it to the middle of the small in-
testine, bypassing the majority of the stomach, the duodenum,
and part of the jejunum [14].

2.2 | SO Etiology in the Context of MBS

There are several mechanisms implicated in the development of
SO, which typically arises from a combination of chronic inflam-
mation and hormonal dysregulation compounded by reduced
physical activity and a low protein and/or pro-inflammatory
diet [6]. Figure 1 illustrates potential risk factors for SO in the
context of MBS throughout the postoperative period, which are
discussed below. MBS reduces appetite and overall energy con-
sumption, including protein [15, 16]. This leads to a rapid and
substantial weight loss of not only FM but also lean soft tissue
(LST, commonly known as lean mass). At 1year postoperatively,
the average MBS recipient loses 8.1kg of LST (approximately
23% of total weight loss) [17], increasing the risk of body com-
position abnormalities such as low muscle mass and sarcope-
nia. Over time, a combination of factors, including lifestyle and
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physiological changes, can allow for significant weight regain,
often derived from FM [18]. There is no consensus on weight re-
gain criteria, and it could consider increases in weight (absolute
or percentage) from the postoperative weight nadir or a decrease
in the total weight loss percentage, which is a more clinically
meaningful approach. Weight regain may be followed by re-
emergence of inflammatory comorbidities [19] and perpetuation
of low muscle mass alongside high FM, with elevated risk for
SO [6, 20, 21].

Protein intake and exercise are chief anabolic stimuli for muscle
tissue and are of high importance to optimal MBS postoperative
care. However, the protein requirements post-MBS vary relative
to the postoperative time based on nitrogen balance analysis, in-
dependently of surgery type, and most individuals do not reach
the required protein amount [22]. Additionally, food intolerance
and poor food adaptation to protein-based solid textures such as
red meat are often reported post-MBS [23]. Protein supplementa-
tion is highly recommended postoperatively to account for these
barriers to adequate protein intake; however, low adherence to
protein supplementation [24] and unsupervised restrictive diets
are common postoperatively. MBS involves important changes
in food preferences and may impose a risk factor for disorga-
nized eating patterns [25]. Onset or recurrence of disordered
eating behaviors (e.g., feeding and eating disorders) can occur
after surgery. This may lead to insufficient intake of micronutri-
ents and macronutrients (especially protein) even if the energy
intake is in excess [26]. Furthermore, sedentary behavior is still
a concern post-MBS, especially the lack of resistance training,
as surgery appears to only trivially impact moderate-to-vigorous
physical exercise [27]. This can exacerbate SO as reduced muscle
function leads to further reductions in physical activity, creating
another self-perpetuating cycle that underlies SO. Physical exer-
cise is required to help maintain and promote gains in LST and
physical function in the postoperative period [28]. Post-MBS, re-
sistance training stimulates improvements both in muscle func-
tion and physical performance [29] and, when combined with
protein supplementation, also generates gains in muscle mass
[30], which helps prevent or treat SO.

Chronic inflammation appears to be both a result of and a cause
of obesity. In obesity, there is an expansion of adipose tissue
subcutaneously, around viscera, and ectopic fat within muscle.
Excess adipose tissue creates a pro-inflammatory environment
with infiltration by immune cells, including mast cells, pro-
inflammatory macrophages, and T lymphocytes. Increased lev-
els of leptin in obesity upregulate pro-inflammatory cytokines
such as tumor necrosis factor-alpha (TNF-a) and interleukin-6
(IL-6) and reduce the anabolic insulin-like growth factor-1
(IGF-1) [31]. Pro-inflammatory cytokines recruit further in-
flammatory cells for adipose tissue and muscle infiltration [32].
Within muscle, inflammatory cells promote muscle cell atro-
phy, which is replaced by fibrosis and further intramuscular
adipose tissue. Individuals undergoing MBS are at significant
risk for SO because they have severe obesity and usually at
least one associated condition linked to chronic inflammation.
Insulin is a chief promoter of muscle anabolism, and insulin re-
sistance, common in individuals with obesity, has been shown
to result in both a reduction in protein synthesis and an increase
in protein degradation. With advancing sarcopenia, insulin re-
sistance also worsens further as there is a progressive loss of

insulin-sensitive myocytes [32]. Chronic inflammation and in-
sulin resistance thus create a self-fulfilling cycle propagating
SO. Physical exercise also appears as a potential modulator of
inflammation post-MBS, promoting reductions in leptin and, in
individuals with higher visceral fat area, reduction in C-reactive
protein [33].

Globally, the median age of MBS recipients varies from 31 to
45years, depending on the country. However, many countries
report that 25% of MBS is performed in individuals older than
the age of 50 [12]. With increasing postoperative time, the im-
pact of aging is also worth noting. Aging is well established as a
cause of sarcopenia, sometimes referred to as primary sarcope-
nia, in contrast to secondary sarcopenia related to diseases like
SO. Muscle protein in the body is continuously undergoing turn-
over, but after the age of 30, the balance progressively moves
toward protein degradation rather than synthesis [31, 34]. There
is a reduction in the diameter and number of muscle fibers, and
muscle cells are less sensitive to anabolic stimuli; the loss of total
LST decreases resting energy expenditure, which increases the
risk of obesity [34]. Additionally, there are also alterations in
adipose tissue, with a change in composition and redistribu-
tion of deposits, in combination with senescent cell accumu-
lation and adipocyte progenitor functional decline [35]. Older
individuals undergoing MBS may therefore be at increased
risk of baseline SO because of the combined effects of primary
and secondary sarcopenia, and the aging MBS recipient may
also be at increased risk for SO development. Although aging
typically results in the loss of muscle mass and strength and
FM accumulation, not everyone will develop SO. These abnor-
malities occur at vastly different rates in different individuals,
which reflects multiple additional mechanisms that influence
SO development.

2.3 | SO Definition, Screening, and Assessment

Historically, sarcopenia has often been defined as low muscle
mass or LST, irrespective of muscle function. This was particu-
larly common when defining sarcopenia in the setting of obesity
[36]. However, with time, there has been increasing emphasis on
concurrent assessment of physical function (i.e., muscle function
[e.g., strength] and physical performance), particularly champi-
oned within the aging literature. Several groups have previously
published operational criteria to define sarcopenia. The most
used is the European Working Group on Sarcopenia in Older
People (EWGSOP), revised in 2019 (EWGSOP2), which defines
sarcopenia as the concurrent presence of low muscle mass and
reduced muscle function, either in terms of strength or perfor-
mance [37]. Similarly, the Asian Working Group for Sarcopenia
(AWGS) acknowledges the concurrent presence of both low
muscle mass and low muscle function for the diagnosis of sar-
copenia in Asian people [38]. The Foundation for the National
Institutes of Health (FNIH) proposes the use of low muscle mass
and weakness (low handgrip strength [HGS]) to define sarcope-
nia and, alternatively, the use of BMI-adjusted cutoff points [39].
Lastly, the Sarcopenia Definition and Outcomes Consortium
(SDOC) defines sarcopenia as reduced HGS and slowness, indi-
cated by diminished gait speed. The SDOC definition does not
include low muscle mass and highlights the importance of re-
duced muscle strength as a primary parameter, as it is a more
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consistent predictor of adverse outcomes than muscle mass de-
cline alone [40]. The recent and ongoing efforts of the Global
Leadership Initiative on Sarcopenia (GLIS) aim to consolidate
these definitions and propose an international consensus [41].

For sarcopenia, the most used assessment of low muscle mass
includes appendicular LST (sum of LST of both arms and
legs) lower than two standard deviations compared to ref-
erence data, or the lowest two quintiles for relative muscle
mass (ALST/height? or ALST/body weight x 100) of the spe-
cific population [36, 42, 43]. Obesity definitions are also vari-
able. Excess adiposity has often been defined using BMI (kg/
m?), %FM, or assessments of height-adjusted FM index (FMI).
A comprehensive list of how these conditions have been com-
bined in the diagnosis of SO has been summarized in a pre-
vious publication [36]. A major challenge in understanding its
prevalence and health outcomes has been the lack of a unani-
mous consensus on diagnostic criteria. To address the lack of
common criteria, the European Society for Clinical Nutrition
and Metabolism (ESPEN) and the European Association for the
Study of Obesity (EASO) launched the first specific diagnostic
criteria for SO [1, 2]. The Sarcopenic Obesity Global Leadership
Initiative (SOGLI) group proposed that SO should be defined
as the coexistence of excess adiposity and low muscle mass and
function [1, 2]. They have also set an agenda for research and
policy priorities to advocate for the identification and treatment
of this condition [44].

2.3.1 | SO:Screening and Assessment

The first step in identifying SO is screening. Ideal screening
methods should be quick, practical, and cost-effective without
requiring specialized knowledge [45]. The SOGLI expert group
recommended high BMI, an elevated waist circumference using
sex and ethnic-specific thresholds, and surrogate markers of sar-
copenia as screening tools [3, 21, 44]. Of note, the use of BMI
may miss hidden excess adiposity [46]. These surrogate mark-
ers include clinical signs or risk factors, including post-MBS,
older age (> 70years), presence of chronic disease, recent acute
disease, history of fatigue, and functional limitation. Validated
questionnaires like the Strength, Assistance with walking,
Rising from a chair, Climbing stairs, and Falls (SARC-F) ques-
tionnaire (for older adults) [47], used alone or combined with
calf circumference (SARC-Calf; for patients of all ages) [48], can
also be applied for SO screening.

If screening results are positive, the next step involves the diag-
nostic process, emphasizing the evaluation of both muscle func-
tion and body composition. To conclude the process, the staging
of SO is determined based on the presence of complications such
as metabolic disease, functional disability, or cardiovascular or
respiratory disease. Those without complications are catego-
rized as Stage 1, whereas those with complications related to
body composition or skeletal muscle functionality are classified
as Stage 2 [1, 2, 44].

Regarding physical function and body composition methods
used in defining SO, several modalities have been applied, each
with its strengths and drawbacks. For muscle function, HGS is
a simple, widely accepted method, although it only represents

upper-body strength [49]. Similarly to body composition, more
research is needed on adjusting muscle strength, especially as
benchmarks for HGS are not well-established. The chair stand
test (CST, 30seconds or five repetitions) evaluates lower body
strength and performance but can be influenced by factors like
balance and the presence of osteoarthritis [50]. For physical per-
formance, the 6-minute walk distance test (6MWD) measures
the distance that an individual can quickly walk on a flat, hard
surface in 6 min. It assesses aerobic capacity and endurance, but
results can be affected by nonmuscular factors. The timed-up
and go test (TUG), the duration to stand up, walk a distance of
3m, turn, walk back, and sit down again, evaluates mobility,
but its performance can be influenced by cognitive factors. The
short physical performance battery (SPPB) assesses balance,
gait speed, and lower extremity function/performance, offering
a comprehensive measure of physical function but requiring
special training for administration and lacking validation in
adults [51].

For body composition assessment [52], dual-energy x-ray ab-
sorptiometry (DXA) is considered the reference standard in clin-
ical settings, providing a more comprehensive analysis of body
composition, but it is not always available and skeletal muscle
mass (SM) is not directly assessed; instead, muscle is estimated
using ALST. Bioelectrical impedance analysis (BIA) is noninva-
sive, affordable, and easy to use. However, it is less accurate for
individuals with obesity and only estimates body composition
measures. More sophisticated techniques, such as computerized
tomography (CT) scans, offer precise measurements but are
costly and come with radiation risks. Similarly, magnetic res-
onance imaging (MRI) analysis, due to its high cost and time-
consuming nature, is currently limited to research settings.
Ultrasound, an emerging imaging technique, is portable and
free of radiation. Yet, it is operator-dependent and may be less
reliable in assessing adipose tissue [52]. The reader is referred to
additional publications summarizing the pros and cons of these
techniques [45, 53].

A significant limitation is the absence of specific protocols
and cutoff points to define abnormalities in body composition.
These differ based on the evaluation technique, the target pop-
ulation, and the criteria used to characterize unusual levels of
muscle and fat. Another important consideration is how body
composition data are expressed. Adjusting for body weight is es-
sential when obesity is present. Typically, as mentioned above,
measures of low muscle mass are adjusted for height, often
squared, but this might not accurately reflect the muscle mass
in individuals with excess adiposity. Even with seeming muscle
reduction, they might match or exceed the muscle mass of peo-
ple without excess adiposity. The concept of “relative adequate
muscle” is emerging but needs further research. Although some
suggest using BMI as a measure, its reliability is questionable
[1, 2]. Understanding the definitions, operationalizations, and
evaluation methods of SO is crucial for its diagnosis, manage-
ment, and research.

3 | Materials and Methods

The PI(E)COs strategy used for study inclusion in this scoping
review is described in Table 1. The following exclusion criteria
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TABLE 1 | PI(E)CO(s) strategy to explore sarcopenic obesity in the
context of metabolic and bariatric surgery.

Population Humans, >18years old,

males and females

Metabolic and bariatric
surgery of any kind (i.e., Roux-
en-Y gastric bypass, sleeve
gastrectomy, gastric band,
duodenal switch, biliopancreatic
diversion with duodenal switch,
mini gastric bypass, and one
anastomosis gastric bypass)

Intervention/exposure

Comparator Nonoperated peers, individuals
post-metabolic and bariatric
surgery without sarcopenia/

sarcopenic obesity, and
pre- and post-metabolic

and bariatric surgery

Outcomes Sarcopenia/sarcopenic obesity,
assessed by any diagnostic
criteria and assessment
technique (i.e., EWGSOP,
ESPEN/EASO, AWGS, SDOC,
FNIH, body composition alone
[e.g., muscle and surrogates],
physical function alone [e.g.,
strength and physical function
tests], and body composition
plus physical function)

Studies Original studies (observational
and intervention), with no

restrictions on date and language

Abbreviations: AWGS: Asian Working Group on Sarcopenia; ESPEN/EASO:
Sarcopenic Obesity Consensus by The European Society for Clinical Nutrition
and Metabolism and The European Association for the Study of Obesity;
EWGSOP: European Working Group on Sarcopenia in Older People; FNTH:
Foundation for the National Institutes of Health Sarcopenia Project; SDOC:
Sarcopenia Definitions and Outcomes Consortium.

were applied: (1) conference and abstract publications; (2) stud-
ies that evaluated body composition and physical function
post-MBS but did not diagnose SO/sarcopenia; and (3) studies
involving individuals who underwent placement of intragastric
balloon. The full search strategy for all databases is described in
Appendix S1. This review protocol was not registered.

We aimed to locate both published and unpublished studies and
reported results according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines,
extension for scoping reviews (Appendix S2) [54]. An initial lim-
ited search of MEDLINE (1946 to present via Ovid) was under-
taken to identify articles on the topic. The text words contained
in the titles and abstracts of relevant articles, and the index terms
used to describe the articles were used to develop a full search
strategy for MEDLINE (1946 to present via Ovid), following the
Peer Review of Electronic Search Strategies (PRESS) guidelines
[55]. The search employs both controlled vocabularies, such as
MeSH, and keywords representing concepts related to the topic.
The search strategy, including all identified keywords and index

terms, was adapted for each database, and reference lists of ar-
ticles selected for full-text review were used to screen for addi-
tional papers. The search strategy did not include any limiters.

Searched databases included MEDLINE (1946 to present via
Ovid), CINAHL Plus with Full Text (EBSCO), Embase (1974
to present via Ovid), Cochrane Library (Wiley Online Library),
and Web of Science-All Databases (Clarivate Analytics), which
in itself includes the following: Web of Science Core Collection,
BIOSIS Citation Index, BIOSIS Previews, CABI: CAB Abstracts,
Current Contents Connect, Derwent Innovations Index, KCI-
Korean Journal Database, Russian Science Citation Index,
SciELO Citation Index, and Zoological Record. Sources of un-
published studies and gray literature were searched through the
database: Dissertations and Theses Global (ProQuest).

All databases were searched, and the results were exported
on December 5, 2022. The search was later updated on July
12, 2024, rerunning in each database to add results from 2023
to 2024. Collated citations were exported to Covidence (2021,
Melbourne, Australia), and duplicates were removed. The re-
maining citations were screened by two independent reviewers
for assessment against the inclusion criteria for the review (ti-
tles, abstracts, and full texts). Missing data were requested by
email from the authors of the included studies. If no answer
was received after 15days, another email was sent, and if not
successful, only the available data were included. The data were
summarized narratively, followed by a descriptive quantitative
summary.

4 | Results

The results of the search strategy and selection process are pre-
sented in Figure 2. We identified 22 studies [56-77] that dis-
cussed SO in the context of MBS: 10 in MBS candidates and 12
post-MBS, with eight of them also reporting prevalence before
the surgery. Characteristics of the included studies are described
in Table 2. Most studies were in patients post-RYGB (50.0%,
n=11), followed by SG (36.4%, n=8), and no studies involved
patients with other surgery types (e.g., duodenal switch or gas-
tric banding). Most studies were in adults, and only two included
individuals >65years old in their sample [70, 72]. Race/ethnic-
ity was poorly reported and, when reported, included mainly
Caucasians. Information regarding SO diagnosis and associated
outcomes appears in Table 3. Assessment of SO across the liter-
ature is illustrated in Figure 3, whereas the prevalence of SO at
various time points is illustrated in Figure 4.

4.1 | How Has the Literature Defined SO in
the Context of MBS?

The majority of the studies (59.1%, n=13) used body composi-
tion alone to identify SO [56, 57, 61, 63, 66-72, 74, 77]. SO was
then defined as muscle mass derivative below a specified cutoff
[56, 57, 61,63, 66,67, 70, 72, 77] or as the lowest tertile or quintile
of muscle mass within the study cohort [68, 69, 71, 74].

Eight studies used a consensus definition combining the as-
sessments of body composition and physical function, whereas

5 of 25



Studies from databases/registers (n = 3802)

IDENTIFICATION
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m=11)
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INCLUDED

4 Post-MBS (n = 12)

FIGURE2 | Flow diagram of the literature search about sarcopenic obesity in the context of metabolic and bariatric surgery (MBS).

Crispim Carvalho et al. [75] used body composition or phys-
ical function for SO definition. The EWGSOP2 was the most
commonly used diagnostic criteria, with different modalities
to define either low muscle mass or low muscle strength/per-
formance [58-60, 62, 64, 65, 73]. Two studies used the FNIH
2014 diagnostic criteria while also applying the EWGSOP2
[62, 73]. Two studies used the ESPEN/EASO 2022 [64, 76] and
only Vieira et al. [64] used the SDOC 2020, alongside other
diagnostic criteria.

Most studies (90.9%, n=20) assumed the excess adiposity
(“obesity”) component upon eligibility criteria based on ele-
vated BMI or post-MBS. Only the two studies that used the
ESPEN/EASO 2022 consensus confirmed excess adiposity by
analysis of body composition by DXA [64, 76]. Vieira et al. [64]
highlighted that 30% of their sample with a median postoper-
ative time of 6.8years after MBS would not be considered as
having excess adiposity if only BMI was used as an evaluation
criterion.

4.2 | How Are Muscle Mass and Function
Evaluated in the Context of MBS?

There were several techniques by which muscle mass and its de-
rivatives were evaluated. The most commonly used method and
the one used in the largest studies was BIA [58, 61, 64, 68, 70-76].
There was significant variability in how the BIA was used, with
the most common approach using the Jansen 1985 equation to
calculate the SM adjusted for height squared [61, 68, 72, 74], fol-
lowed by adjusted ALST [58, 71, 73, 75|, and one study used the
ratio between FMI and fat-free mass index (FFMI) [70]. There

were only three studies where BIA was adjusted for weight or
BMI, using ALST or SM [64, 71, 73, 75, 76]. All studies sepa-
rated analysis by sex, when applicable, but few considered and
adjusted for age.

The next most common modality for muscle mass evaluation
was DXA [56, 59, 60, 62, 64-67, 76]. Studies using DXA all used
ALST, but there was again significant variability in how the
value was adjusted. From the DXA studies, 55.6% (n=5) ad-
justed ALST for weight or BMI [62, 64, 66, 67, 76], whereas the
remaining four were adjusted by height squared. Vieira et al.
[64] compared the performance of DXA and BIA in mid- to long-
term post-MBS, and agreement was poor to moderate (kappa
of 0.3-0.43 depending on the SO definition used). In contrast,
Arnaiz et al. [76] found a kappa of 0.977 when comparing DXA
and BIA in MBS candidates; however, the prevalence of low
muscle mass in their sample was 88%-100%.

There were three studies that defined low muscle mass using
skeletal muscle index (SMTI) at the level of the third lumbar verte-
bra, two from CT [57, 69], and one using MRI [63]. An additional
study using CT defined SO by the ratio between FM and FFM
estimated by predictive equations involving skeletal muscle area
and adipose tissue area [77]. Finally, one pilot study compared
BIA to thigh muscle thickness by ultrasound and proposed cut-
offs to predict low SMI [74]. However, low SMI was defined as
the lowest tertile within the cohort, and there was no external
validation.

Despite deficits in physical function in addition to low muscle
mass being central to the diagnosis of SO, only nine out of 22
studies evaluated muscle strength and/or physical performance
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=27),
= 9)
NA
SG

RYGB (n
SG (n

Baseline* vs. 1year
*SO only assessed
at baseline
Surgery candidates
9, and 12months
*SO only assessed
at baseline

Surgery-related time Surgery type
Baseline* vs. 1, 3, 6,

n: 362
Age: mean 39.0+11.2years
BMI: mean 44.0 + 4.4kg/m?
Race/ethnicity: NA

Abbreviations: 6MWD, 6-min walk distance; ALST: appendicular lean soft tissue; BIA, bioelectrical impedance analysis; BMI, body mass index; CT, computed tomography; DXA, dual-energy x-ray absorptiometry; EASO, European

Race/ethnicity: NA
Association for the Study of Obesity; ESPEN, European Society for Clinical Nutrition and Metabolism; EWGSOP2, The Revised European Working Group on Sarcopenia in Older People; FNIH, Foundation of the National Institutes

Population/sample
Race/ethnicity: NA
n: 124 (899, 358)

Age: mean 42.6 £ 8.9years
BMI: mean 45.9 +5.2kg/m?
n: 245 (1879, 583)
Age: mean 29.7 +7.7years
BMI: mean 37.4+8.2kg/m?

Study design
Prospective cohort
Retrospective cohort
Retrospective cohort

Objective
To evaluate anthropometric, metabolic,
and musculoskeletal outcomes in females
with low muscle mass and/or strength who
underwent MBS for a 1-year follow-up
To apply the ESPEN/EASO consensus
criteria for the identification of SO in adult
candidates for bariatric surgery by DXA and
BIA according to different cutoff points
conduct a quality of life (QOL) evaluation
for patients with SO vs. non-SO post-SG.

To evaluate disparities in weight loss and

(Continued)

of Health; HGS, handgrip strength; IQR, interquartile range; MBS, metabolic and bariatric surgery; MM, muscle mass; NA, not available/not applicable; OLMM, obesity with low muscle mass; ONMM, obesity with normal muscle

mass; RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy; SM, skeletal muscle mass; SMI, skeletal muscle index; SO, sarcopenic obesity.

2A study focused on post-MBS but only assessed SO at baseline.

Arnaiz et al. 2024 [74], Spain
Shang-Guan et al. 2024 [75]2,

Crispim Carvalho et al. 20232
China

Reference, year, country
[73], Brazil

TABLE 2

[58-60, 62, 64, 65, 73, 75, 76]. HGS was done in 100% of these
studies either as the lone functional measure [62, 73, 75, 76] or
in addition to other measures [58-60, 64, 65], and only one of
them adjusted for body size [64]. The five studies that evaluated
a mixture of functional measurements [58-60, 64, 65] included
HGS, as well as CST (five repetitions or 30seconds), gait speed,
6MWD, TUG, and/or SPPB.

4.3 | What Is the Prevalence of SO in MBS
Candidates?

We identified 14 studies that reported the prevalence of SO
prior to MBS, including eight studies that also provided data
post-surgery. SO prevalence ranged from 0% to 89.3%, depend-
ing on the diagnostic criteria used [57, 58, 60-63, 65-67, 70, 72,
73, 76, 77]. Eight of these studies used body composition alone
[57, 61, 63, 66, 67, 70, 72, 77], and six used body composition in
combination with physical performance [58, 60, 62, 65, 73, 76].
Of note, five additional studies defined SO based on the lowest
tertile, quartile, or quintile within their study cohort; thus, they
were not considered as prevalence measures for this review
(68, 69, 71, 74, 75].

In the studies using body composition alone to define SO,
there were three that used gold standard cross-sectional imag-
ing assessment at the L3 vertebra level, reporting a preopera-
tive prevalence of 8%-40.4% using CT [57, 77], and 12% using
MRI [63]. In two large studies using BIA with sex-specific re-
gression of the BMI vs. SMI relationship versus a reference
group, Molero et al. reported pre-surgical SO prevalence of
20.2% and 22.9% [61, 72]. Xiao et al. reported a prevalence of
SO at 50.7% in MBS candidates, using BIA FMI/FFMI above
the 95" percentile compared to age, sex, and BMI-specific val-
ues from NHNES [70]. The remaining two studies used DXA
and applied cutoff points proposed by consensus diagnostic
criteria; however, they did not include any physical function
evaluation [66, 67]. Maimoun et al. [66] tested different muscle
mass adjustments and only found SO when ALST was rela-
tive to BMI, not height squared, whereas Rodrigues et al. [67]
found the highest SO prevalence among all studies involving
MBS candidates with 89.3%.

The prevalence of SO was noticeably lower in studies using
body composition in combination with physical function com-
pared to body composition alone. Four studies reported 0%
prevalence, all using the EWGSOP2 definition with muscle
mass derivative adjusted for height squared and unadjusted
HGS [58, 62, 65, 73]. Buzza et al. also used the EWGSOP2 defi-
nition, but they reported a 16.6% prevalence of SO in a nonop-
erated control group [60]. In this study, CST, not unadjusted
HGS, was the main defining feature for low muscle strength,
as nearly all individuals had HGS above the EWGSOP2 cutoffs
[60]. Two studies used FNIH, with one finding a 4.1% preva-
lence of SO [73] and the other reported 100% pre-sarcopenia
(i.e., low muscle mass by ALM/BMI) but 0% SO prevalence
when unadjusted HGS was combined [62]. Only Arnaiz et al.
[76] applied the ESPEN/EASO 2022 diagnostic criteria and
found prevalences ranging from 12.9% to 23.4% overall, de-
pending on the body composition method and cutoff used
for HGS.

Obesity Reviews, 2025
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FIGURE 3 | Prevalence of sarcopenic obesity assessment in the context of metabolic and bariatric surgery among the included studies 6 MWD,

6-min walk distance; BC, body composition; BIA, bioelectrical impedance analysis; CT, computed tomography; DXA, dual-energy x-ray absorpti-
ometry; EASO, European Association for the Study of Obesity; ESPEN, European Society for Clinical Nutrition and Metabolism; EWGSOP2, The
Revised European Working Group on Sarcopenia in Older People; FNIH, Foundation of the National Institutes of Health; MRI, magnet resonance

imaging; PF, physical function; SDOC, Sarcopenia Definition and Outcomes Consortium; SPPB, short physical performance battery tests; TUG,

timed-up and go test.

4.4 | What Is the Prevalence of SO After MBS?

There were 12 studies reporting the prevalence of SO after MBS,
eight of which were prospective cohort studies evaluating patients
at specified time points postoperatively [56-58, 61-63, 66, 67],
and four cross-sectional studies with variable postoperative
times [59, 60, 64, 65]. In prospective studies using body composi-
tion alone, the prevalence of SO 3months after surgery was 45%
using MRI [63] and 54% using a definition of >15% of weight lost
from muscle mass as per DXA [56]; 57% at 6 months using MRI
[63]; and at 1year 2.9%-5.3% using DXA adjusted by weight or
BMI [66, 67|, 6.7% using BIA adjusted for height squared [61],
29.3% using a definition of > 15% of weight lost from muscle mass
as per DXA [56], and 32% using CT [57]. Maimoun et al. [66] and
Molero et al. [61] were the only studies with follow-up beyond
lyear, reporting 3.3% at 2years [66] and 22.7% at Syears [61], re-
spectively. Of the prospective cohort studies, only two used body
composition in combination with physical performance [58, 62].
Using the EWGSOP2 definition with muscle mass derivative
adjusted for height squared and unadjusted HGS, Coral et al.
reported a 0% prevalence of SO at 6months [58, 62], whereas
Ruthes et al. also reported 0% prevalence at 1year [62].

There were four cross-sectional studies evaluating body com-
position in combination with physical performance in patients
who were at least 1-2years post-MBS, with mean postsurgical
times of approximately 4-6years. Vieira et al. compared six defi-
nitions of SO, evaluating body composition with both BIA and
DXA and using multiple methods to define low muscle strength
and performance [64]. They found a prevalence of SO between
0% and 30.3% depending on the definition used (see Table 3)

[64]. In this study, HGS was adjusted for BMI and weight, and
unlike unadjusted HGS at EWGSOP2 cutoffs, was able to iden-
tify individuals with low muscle strength/SO [64]. Significantly
more patients were classified as having SO when DXA was used
rather than BIA (e.g., 23% vs. 7.9% using ESPEN/EASO and 3.3%
vs. 0.7% using EWGSOP2). Likewise, more patients were clas-
sified as having SO using the SDOC and ESPEN/EASO defini-
tions compared to EWGSOP2. When prevalence was stratified
based on length of postoperative time (2-5years vs. 5-10years
vs. >10years), the prevalence of SO appears to increase with
greater postoperative time [64]. The three other cross-sectional
studies used the EWGSOP2 to define SO. Although Florencio
et al. [65] found a 0% prevalence, the other two reported 22.5%-
28.3% [59, 60]. The difference was that instead of using unad-
justed HGS for muscle strength evaluation, Buzza et al. used
5-CST [60], whereas Baad et al. used SPPB [59]. Both studies also
evaluated unadjusted HGS, which was not sensitive compared
to other modalities for identifying low muscle strength.

4.5 | Incident SO After MBS: When Does SO
Develop?

As previously noted, most of the cohort data at various time
points after MBS come from studies using body composition
alone. Within these limitations, SO can be present before sur-
gery and develop as soon as 6weeks after MBS, as seen by
Vassilev et al. using repeated MRI measurements [63]. In the
largest study using BIA, Molero et al. found an initial reduction
in SO from 20.2% at baseline to 6.6% at 1year [61], followed by
a rebound to 22.7% at Syears. In contrast, Maimoun et al. [66]
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FIGURE 4 | Sarcopenic obesity prevalence according to different diagnostic criteria in the context of metabolic and bariatric surgery (MBS)

among the included studies. ALST/ht?, appendicular lean soft tissue divided by height squared; BIA, bioelectrical impedance analysis; CT, computed
tomography; DXA, dual-energy x-ray absorptiometry; EASO, European Association for the Study of Obesity; ESPEN, European Society for Clinical
Nutrition and Metabolism; EWGSOP2, The Revised European Working Group on Sarcopenia in Older People; HGS, handgrip strength; MM, muscle

mass; MRI, magnetic resonance imaging; SDOC, Sarcopenia Definition and Outcomes Consortium; SMI, skeletal muscle mass index.

found a gradual decrease in SO throughout the postoperative pe-
riod (0-24 months). Baseline SO independently predicted SO at 1
and 5years post-MBS, and age was associated with muscle mass
loss and SO [61, 66]. Voican et al. developed a predictive score
for new sarcopenia (defined as low SMI) at 1year after SG and
found male sex and baseline SMI were independent predictors
[57]. However, there was no external validation for this score.

There were two studies using physical parameters in addition
to body composition to evaluate SO in the first year after MBS.
Coral et al. found no SO at baseline or 6 months after surgery
using EWGSOP2 with unadjusted HGS, the limitations of which
were discussed above [58]. They reported that despite a signif-
icant reduction in muscle mass, there was no change in abso-
lute HGS and significant improvements in TUG and gait speed.
Ruthes et al. found a significant decrease in HGS after 1year
[62], although this was absolute and not relative to body size.

4.6 | IsThere a Difference in SO Depending on
the Type of MBS?

Limited studies compared RYGB with SG [56, 58, 59, 61, 67, 75|
in terms of outcomes. In five of them, there were no differences

between the surgical modalities on SO overall or using individ-
ual parameters of muscle mass or strength [56, 58, 59, 67, 75],
even despite a higher total weight loss in RYGB [59]. The only
study with a long-term follow-up of Syears is by Molero et al.
[61]; they did not find differences at 1year, but at 5years, SG was
an independent risk factor for low SM.

4.7 | What Is the Impact of SO on Outcomes After
MBS?

Three authors examined the association between body
composition-defined SO and perioperative complications. Using
CT, Gaillard et al. found an association between baseline SO and
increased incidence of gastric leak [69], and Shang-Guan et al.
[77] found an increased operation time and hospital stay postop-
eratively, whereas using BIA, Mastino et al. found no differences
[68]. There were six studies that assessed the relationship be-
tween SO and postoperative weight loss, with conflicting results.
At 1year after surgery, Voican et al. [57] and Rodrigues et al. [67]
found a greater total percent weight loss or BMI, Mastino et al.
found no differences in weight loss [68], and Molero et al. [61]
and Shang-Guan et al. [77] found a lower total or excess percent
weight loss. In two studies with longer postoperative time, both
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found significantly lower total percent weight loss in individuals
with SO at 5-6years after surgery [60, 61]. Quality of life evalu-
ated by multiple tools was also shown to be reduced at 6 months
post-surgery in individuals with SO [77]. HGS and ALST/ht?
presented moderate negative correlations with leptin both in
MBS candidates and post-MBS [65].

5 | Discussion

In our scoping review of SO in the context of MBS, we found
significant heterogeneity in the assessment of SO, leading to a
broad range of prevalence estimates from 0% to 89.3%. Despite
this variability, when applying specific SO diagnostic criteria, 1
of 4 patients seemed to have SO prior to and after MBS. This is
especially interesting considering the mean age of individuals
undergoing MBS, emphasizing this is not necessarily an age-
related process. SO may develop within the first few months
post-MBS; however, low muscle mass and muscle loss during
this initial phase do not necessarily result in worse functional
outcomes, and improvements in muscle performance can occur.
Nonetheless, SO likely presents a significant concern in late
stages post-MBS, as the only study with follow-up extending be-
yond 1year indicated an increasing prevalence of SO over time,
although muscle function was not evaluated. Limited data in-
dicate similar SO prevalence by surgery type, and that SO may
lead to an increased risk of early anastomotic leak, prolonged
operation time, and hospital stay, and possibly inferior weight
loss and quality of life post-MBS.

SO is likely to be a significant issue in cases of late weight re-
gain after MBS, as most of the weight gained back may be FM,
and there is limited or no recovery of muscle mass that was lost
during the initial rapid weight loss phase [1, 6]. With an increase
in FM, poor dietary intake, and a decline in physical activity/
exercise, the cascade of factors promoting SO returns, including
chronic inflammation and insulin resistance, resulting in a very
high risk of SO [78]. However, a proportion of patients who main-
tain optimal weight loss, adequate protein intake, and physical
activity/exercise could be prevented from developing sarcopenia
[29, 30, 79]. Given the profound negative health and functional
effects of SO and the potential for preventive measures, it is an
important condition that deserves further attention and study in
this high-risk population.

Our review identified significant heterogeneity in how SO was
assessed and defined, which is consistent with historically
changing concepts and definitions of this condition. Most stud-
ies relied on body composition alone for diagnosing SO, which
may impact its prevalence by omitting physical function assess-
ment. As expected, the most used technique for assessing mus-
cle mass surrogates was BIA, given its accessibility in clinical
practice. However, BIA has significant limitations as it does not
directly measure any body compartment, relying on estimates
derived from other body composition methods [80]. In indi-
viduals with obesity, especially with increasingly higher BMI,
BIA is considered to be even less accurate because it assumes a
constant hydration of FFM, when in fact there is increased hy-
dration of FFM within adipose and connective tissue [81]. DXA
is considered preferable to BIA in individuals with obesity, but
it also has limitations, including indirect assessment of muscle

mass and extrapolating ALST to whole body mass. Indeed, DXA
may also overestimate FFM in the setting of obesity [81, 82]. SMI
derived from CT or MRI is likely a preferred method of assessing
body composition in the setting of obesity [80]. Although this
imaging is not routinely performed in the clinical setting and
its use cannot be advocated for general use in all patients, these
scans are routinely performed in cases of surgical complications,
which often result in reduced nutritional intake, inflammation,
and unintentional weight loss. Since these are the patients who
would also be at the highest risk of SO, low SM should be inves-
tigated when cross-sectional imaging is available, with further
evaluation for functional losses.

Our review found a variety of assessment tools used to assess
physical function, but by far, the most popular was HGS, which
was done in all studies that employed physical function testing.
HGS is a popular method because it is readily accessible, repro-
ducible, and applicable in clinical settings [83]. However, HGS
may not reflect overall body strength or physical performance,
and it also varies depending on BMI, and there are no validated
BMI-specific cutoffs. On the other hand, CST assesses lower
body muscle strength and performance, which may be more rel-
evant to overall function and is more sensitive to detect changes
over time. Nevertheless, CST could be limited by non-SO-related
factors involving physiological and psychological aspects such
as lower extremity osteoarthritis and balance [84]. HGS and CST
have been recommended by SO/sarcopenia diagnostic criteria as
interchangeable methods to assess muscle strength; it is import-
ant to consider that these tests evaluate different components of
muscle strength and may therefore identify different individuals
with the condition and also those at risk for poor clinical out-
comes [85].

In studies that evaluated physical function, the most used con-
sensus definition was EWGSOP2 [37]. However, EWGSOP2 was
developed for the identification of sarcopenia, without the co-
existence of obesity, and for older adults. Thus, it appears to be
inappropriate for SO assessment in the context of MBS, as in-
dicated by some studies included in this review that identified
0% SO prevalence. The EWGSOP2 definition recommends ad-
justing muscle mass by height squared, which may not identify
low muscle mass in individuals with obesity, where there can
be seemingly normal or high muscle mass, but low relative to
total weight or BMI [62, 64]. Another concern is the use of ab-
solute HGS cutoffs (e.g., 27 kg males and 16 kg females), which
indicate low muscle strength in older adults [49]. Most partici-
pants in MBS studies are in their forties [12], where normative
values for HGS are substantially higher (e.g., 38 kg males and
23 kg females represent the bottom 10" percentile at the age of
40) [49]. CST and adjusted HGS were able to identify more in-
dividuals with low muscle strength when compared to absolute
HGS [60, 64], demonstrating that the absolute HGS cutoffs from
EWGSOP?2 are insufficiently sensitive for identifying low mus-
cle strength in younger individuals with obesity.

The ESPEN/EASO 2022 consensus definition was the first con-
sensus definition developed specifically for SO [1, 2]. These diag-
nostic criteria provide specific assessments and multiple cutoff
points (age and race-specific) to identify excess adiposity, also
indicating that muscle mass should be adjusted for weight (or
BMI). This definition should likely be used for future studies
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related to SO. Although muscle strength adjustment (e.g., HGS/
BMI) is discussed by the SOGLI group, it is currently not uni-
formly recommended due to the lack of validated cutoffs, as dis-
cussed elsewhere by Prado et al. [6] This is pointed out as a key
area for research in SO to properly identify low muscle strength
in individuals with obesity. SOGLI also recommends consider-
ing muscle quality (functional [muscle-specific strength] and
morphological), since it can be profoundly affected in obesity
(e.g., myosteatosis). Poor muscle quality in obesity and assess-
ments are discussed elsewhere [86].

Our scoping review employed systematic methodology: (1)
search strategy developed and revised by experts in the field and
a trained librarian, following the PRESS guidelines, (2) compre-
hensive database and gray literature searches, (3) two indepen-
dent reviewers for screening and selection of studies, and data
extraction, and (4) reporting of the data following the PRISMA
guidelines. However, there are still significant limitations. There
is high variability in how SO/sarcopenia is defined in the litera-
ture, which could have led to the exclusion of important studies
that evaluated body composition and/or physical function in the
context of MBS. Most studies included in this review presented
a relatively small sample size, and almost half were from a sin-
gle country, which limits generalizability to other populations.

Many of the studies were also at risk of selection bias, as they
comprised convenience samples and/or had high dropout rates.
Many of the patients studied were young and would not be at the
highest risk of SO. Study heterogeneity prevented meta-analysis
or pooling of data.

6 | Conclusion and Future Directions

SO prevalence in the context of MBS is highly heterogeneous,
with several variations in applied diagnostic criteria and
both body composition and physical function assessments.
Following the SOGLI recommendations (ESPEN/EASO
2022), it appears that one out of four individuals, both be-
fore and post-MBS, have SO, a hidden condition that requires
targeted interventions. SO may be associated with poor sur-
gical outcomes, such as decreased weight loss and quality
of life, and increased risk for gastric leak, prolonged opera-
tion time, and hospital stay. Increased awareness for SO over
time postsurgery is recommended, especially during aging.
Standardization of SO diagnosis is urgently needed to improve
the identification process and enable comparisons among
studies, associations with clinical outcomes, and ultimately
improve patient outcomes.
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KEY FINDINGS (Figure )

Metabolic and bariatric surgery and sarcopenic obesity

« SO involves vicious cycling of muscle mass and strength losses with a concurrent gain of excess fat mass
+ There is an increased risk for SO in the context of MBS, both before and after surgery
o 0-24 months: reduction in appetite and overall energy consumption, including protein, leads to rapid and substantial weight

loss

o After ~24 months: possibility of weight regain, mostly derived from fat, increasing the risk for excess fat mass
« Risk for SO at any perioperative time: intolerance to protein food sources, low adherence to protein supplementation,
restrictive dieting, problematic eating behavior, physical inactivity (especially regarding resistance training), associated

comorbidities (inflammation), and aging

Body composition assessment

« BIA overestimates muscle mass and underestimates FM in individuals with obesity. Caution when BIA is used to investigate
SO in cross-sectional studies; it is likely better suited for longitudinal assessments during MBS follow-up care.

« DXA should be the first choice for body composition assessment in individuals with obesity, when available.

« CT and MRI are gold-standard techniques for body composition assessment when performed for different purposes (e.g.,
medical diagnosis); however, they are not suitable for routine use in clinical practice.

« Ultrasound is an emerging technique for body composition and SO assessment but requires further investigation.

« Adjustment of muscle mass surrogates should be performed by weight (or BMI): ALST/weight (DXA) or SM/weight (BIA).

« Adjustment by height squared is not suitable for individuals with obesity.

Physical function assessment

« HGS cutoff points based on older adults may not identify low muscle strength in younger individuals with obesity.
« HGS adjustment for body size (weight and/or BMI) is likely needed to identify low muscle strength in individuals with obesity
but is not part of the SOGLI recommendation due to lack of evidence and cutoff points; research in this area is urgently

needed.

« CST may represent a fair alternative to assess low muscle strength in individuals with obesity. Special considerations are
needed for impairments due to obesity or obesity-related conditions (e.g., osteoarthritis).

Sarcopenic obesity diagnosis and prevalence

» Highly heterogeneous in terms of diagnostic criteria, assessment of body composition, and physical function.

o Pre-MBS: from 0% to 89.3%
o Post-MBS: from 0% to 57%

 Neither body composition nor physical function alone should be used to diagnose SO.
« SOGLI recommendation (ESPEN/EASO 2022) appears to be the most appropriate diagnostic criteria; however, there is a lack

of studies associating it with clinical outcomes.

« Following SOGLI recommendation (ESPEN/EASO 2022), one out of four individuals may have SO both pre- and post-MBS.
SO risk and prevalence may increase over time post-MBS, especially with aging.

Metabolic and bariatric surgery type
« RYGB and SG may present similar SO risk and prevalence.

Clinical outcomes

« SO may be associated with decreased total weight loss and quality of life, and increased risk for gastric leak, prolonged

operation time, and hospital stay post-surgery.
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