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ABSTRACT

Obesity affects several areas of the human body, leading to increased morbidity and mortality
and the likelihood of other diseases, such as type 2 diabetes mellitus, cardiovascular diseases and
musculoskeletal disorders. These conditions predispose to bone fractures and sarcopenic obesity,
defined by the presence of an obesity-associated decrease in muscle mass and strength. Both bone
fragility and sarcopenic obesity disease are consequences of several factors, such as a low degree
of chronic inflammation, insulin resistance, hormonal changes, nutritional deficiencies, ectopic fat
deposits and sedentary lifestyle. The diagnosis of obesity-related musculoskeletal disorders is limited
by the lack of sarcopenia criteria and lower accuracy of bone mineral density measurement by dual-
energy X-ray absorptiometry in overweight people. Reducing body weight provides undeniable benefits
to this population, however treating cases of severe obesity with bariatric surgery can cause even
greater damage to bone and muscle health, especially in the long term. The mechanisms involved in
this process are not yet fully understood, but factors related to nutrient malabsorption and mechanical
discharge as well as changes in gut hormones, adipokines and bone marrow adiposity should be taken
into account. Depending on the surgical technique performed, greater musculoskeletal damage may
occur, especially in cases of malabsorptive surgeries such as Roux-en-Y gastric bypass, when compared
to restrictive techniques such as sleeve gastrectomy. This difference is probably due to greater weight
loss, nutrient malabsorption and important hormonal changes that occur as a consequence of the
diversion of intestinal transit and loss of greater absorptive surface. Thus, people undergoing bariatric
procedures, especially malabsorptive ones, should have their musculoskeletal health supervised to
allow early diagnosis and appropriate therapeutic interventions to prevent osteoporotic fractures and
preserve the functionality of the skeletal muscles. Arch Endocrinol Metab. 2022;66(5):621-32
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INTRODUCTION

besityisachronicdisease characterized by excessive

accumulation of fat, generating an inflammatory
state that culminates in increased morbidity (type 2
diabetes mellitus, cardiovascular diseases, kidney disease
and musculoskeletal disorders) and mortality (1,2). Its
prevalence has increased in recent years, with a forecast
of one billion people worldwide living with obesity by
2030 (3).
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Bariatric surgery (BS) is the most effective
treatment for severe obesity and has become commonly
performed around the world with undeniable benefits,
both in reducing body weight and improving metabolic

and cardiovascular conditions (4-6). However, such
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a procedure can cause damage to bone and muscle ¢

health, especially in the long term (5,6).
Vertical gastrectomy or sleeve (VG) and Roux-en-Y
gastric bypass (RYGB) comprise more than 80% of
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Musculoskeletal effects on obesity

bariatric procedures performed worldwide (7). Both
techniques seem to increase the bone and skeletal
muscle mass (SMM) loss over time, but malabsorptive
or mixed surgeries result in greater musculoskeletal
damage, probably due to greater weight loss, nutrient
malabsorption and important hormonal changes when
compared to restrictive surgeries (8,9). However, data
that compare the two techniques and their real impact
on musculoskeletal health directly are still scarce.

Several pathophysiological mechanisms are involved
in the skeletal and muscle changes observed after BS.
In this article, we will present a narrative review on the
main aspects of the pathophysiology of musculoskeletal
changes related to obesity per se and BS, in addition
to bone and muscle health care after these procedures.
A narrative review was carried out using the electronic
literature available in the databases LILACS, CENTRAL,
Web of Science, Embase and PubMed/MEDLINE.
Keywords were descriptors for obesity, bariatric surgery,
bone and sarcopenia, including articles from the 2000s
to the present.

BONE AND MUSCLE CHANGES RELATED TO
OBESITY

The relationship between bone, fat and muscle tissue
begins with the genesis of adipocytes, osteoblasts and
myocytes, which derive from the same mesenchymal
(MPC). Faced with a hostile
environment, such as a low degree inflammation caused

precursor  cell
by obesity, MPC seems to favor the differentiation to
the adipogenic lineage instead of the others. This trans-
differentiation to bone and muscle lineage is influenced
by local, systemic and environmental factors. In
addition to obesity, aging and sarcopenia (SARC) favor
adipogenesis and suppression of osteoblastogenesis and
myogenesis (10).

Furthermore, depending on where the fat tissue
is stored, it can have different effects on bones and
muscles. While subcutaneous fat results in anabolic
stimulus secondary to mechanical overload, production
of leptin, adiponectin and peripheral estrogenic
aromatization, visceral fat has a pro-inflammatory
action that increases bone resorption and myocyte
degeneration. Intramuscular fat, in addition to reducing
the beneficial effect of mechanical overload, promotes
inflammation, muscle dysfunction with the consequent
increased risk of falls (11).
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Obesity is also associated with several nutritional
deficiencies. The high prevalence of vitamin D
insufficiency in this population results from the
sequestration of vitamin D in visceral fat, low
exposure to sunlight, low intake of foods containing
vitamin D and decreased hepatic synthesis of substrates
for the formation of 25-hydroxyvitamin D (250HD).
Furthermore, an independent relationship exists
between obesity and increased parathyroid hormone
(PTH), which is exacerbated by the reduction of
vitamin D, contributing to the presence of secondary
hyperparathyroidism (SHPT) well before BS (11).

RISK OF FRACTURES AND OBESITY

For a long time, obesity was believed to be protective
for bone, mainly due to the fact that people living with
obesity have higher bone mineral density (BMD),
whereas people who are underweight are classically
at greater risk of fractures (12). This observation was
turther supported by the anabolic effect of mechanical
loading of body weight on bone tissue and by the
well-known positive action of estrogen on bone
(13). However, despite the increase in BMD, studies
have shown that body mass index (BMI) is positively
correlated with the risk of fractures in this population,
especially in peripheral sites such as the proximal
humerus, thigh and ankle (14,15).

Besides an increased inflaimmatory state due to
obesity, some genetic factors associated with weight gain
may predispose to osteoporosis; beyond acceleration
of osteoblast agingand alterations in the intestinal
microbiota (11,16) that may contribute to bone fragility.
From a hormonal point of view, obesity is associated with
endocrine disruption, especially involving adipokines,
leptin, adiponectin, sclerostin and irisin, which play an
important role in musculoskeletal metabolism (17). In
addition, serum 250HD levels are reduced in obese
individuals compared to non-obese individuals, which
may contribute to negative osteometabolic outcomes
alone or by stimulating the elevation of PTH levels
(18). Together, these mechanisms promote increased
bone turnover and reduced BMD and SHPT, which
predisposes this population to bone fractures.

Finally, the higher fracture risk in obese individuals
can also be explained by the higher frequency of falls
due to the imbalance that excess weight promotes,
causing them to fall sideways or backwards, while the
increase in fat in the hips and abdomen can protect
them against fractures in the axial skeleton (16).
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BONE ASSESSMENT IN OBESITY

Although dual-energy X-ray absorptiometry (DXA) is
considered the standard test for quantification of bone
mass, we must be careful when interpreting its results
in people with obesity.

Areal BMD measured by DXA is higher in people
with obesity, but studies indicate that the higher BMI
and soft tissue thickness can cause overestimated results
with error rates of up to 20%, due to the overlapping of
abdominal fat (4,19).

It is worth remembering that the concept of bone
fragility involves, in addition to quantity, the quality
of the bone, which is more difficult to measure. These
measurement errors can be minimized using the
quantitative computed tomography (QCT), which
has shown greater accuracy in measuring volumetric
bone mass, or the evaluation of bone microarchitecture
through  high-resolution  peripheral — quantitative
computed tomography (HR-pQCT) (20). On the other
hand, the trabecular bone score (TBS) has a decreased
accuracy in patients with obesity. It has been used to
assess bone microarchitecture, but both BMI and the
excess of subcutaneous fat may limit its precision (21).

SARCOPENIC OBESITY

SARC is a condition characterized by a progressive
and generalized musculoskeletal disorder diagnosed by
low muscle strength associated with low muscle mass
or quality (22). Elderly people are more susceptible
to SARC due to the decrease in SMM and muscle
function with advancing age (22,23). However, this
loss of SMM does not depend only on age (24,25).
Several risk factors can accelerate the onset of
SARC in obese individuals, such as oxidative stress,
inflammation and insulin resistance, particularly in
the presence of metabolic complications and other
comorbidities. In addition, other factors, such as acute
and chronic diseases as well as cycles of weight loss and
gain, may contribute to the loss of SMM (26).
Therefore, sarcopenic obesity (SO), a condition
characterized by the association of obesity with SARC,
has received considerable attention in recent years
because it is related to several negative clinical outcomes.
In the elderly, SO increases the risk of disability (27),
falls, osteoporosis, fractures (22,23), metabolic changes
(26), arterial stiffness (28,29), non-alcoholic fatty liver
disease (30), complications from cancer (31), worse
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cognitive performance (32) and increased mortality
(29,33,34). Among obese adults, it can lead to insulin
resistance (35), metabolic syndrome (35), diabetes
mellitus (36,37), systemic arterial hypertension (37),
difficulties in activities of daily living (38) and increase

mortality (33).
Recently, another condition has gained interest
from researchers and clinicians. Osteosarcopenic

obesity is characterized by the association of osteopenia
or osteoporosis with SARC and obesity. In addition to
the complications listed above, this can increase the
risk of frailty and predisposes one to lower physical
performance (39,40).

The heterogeneity and lack of consensus in the
diagnostic criteria for SO impact its prevalence directly
(41,42). SO is more prevalent in the elderly, and its
diagnostic criteria may differ according to gender. The
definition of SO using SMM or appendicular SMM
(ASMM) adjusted for height tends to underestimate its
prevalence, especially in women (43-45). When muscle
mass is adjusted for weight, the prevalence tends to be
higher (46), especially in females, regardless of the
definition of obesity used (body fat percentage, BMI or
waist circumference) and age (adults or elderly people)
(25,26,35,47). When the definition of SO involves muscle
function, the prevalence of SARC tends to be lower (26).

SO screening is recommended in individuals with
obesity according to BMI or increased WC (according
to ethnicity) associated with surrogate parameters for
SARC (clinical symptoms, clinical suspicion, age >
70 years, chronic diseases, acute diseases/nutritional
events or the SARC-F questionnaire for the elderly).
The diagnosis must be confirmed by the presence of
low muscle strength associated with low muscle mass
and high body fat percentage (BFP). When muscle
mass is estimated by DXA, the ASMM adjusted for
weight must be used, and when it is estimated by
bioimpedance (BIA), the SMM adjusted for weight
must be used (48).

Some aspects of the classic characterization of SARC
in the elderly might not be appropriate for individuals
with obesity. First, gait speed would not be so accurate,
since, due to joint involvement, the individual may not
be able to perform that test. Second, young individuals
with obesity may have normal muscle strength, but
a diagnosis of low muscle mass would bring negative

clinical outcomes (48). It has been suggested to assess :

the severity of SO in two stages. In stage 1, there are no

hts reserved

AE&M all rig!

pyright

complications associated with this condition; in stage 2, =

623



Copyright® AE&M all rights reserved

Musculoskeletal effects on obesity

complications such as metabolic diseases, disability,
cardiovascular and respiratory diseases are present (48).

MUSCLE ASSESSMENT IN OBESITY
Muscle mass

Magnetic resonance imaging (MRI) accurately quantifies
the SMM, in addition to assessing the infiltration of fat
into the muscle (distinguishes intra- and extracellular
fat). Despite its high reliability, due to costs, it has been
used more often in clinical research (49).

Computed tomography (CT) is less sensitive than
MRI. It is capable of evaluating intermuscular fat, but
due to radiation issues, it is used in clinical practice
as a second option, such as when investigating other
conditions (49).

In view of the limited availability of MRI and CT,
it has recently been recommended that SMM in obese
individuals be assessed by DXA (or BIA, as a second
option). Both methods have limited applications to
obesity, including the lack of direct measurement of
the SMM. In DXA, the assessment of lean mass, which
includes non-muscle tissue, leads to discrepancies
between body composition and functional parameters.
In BIA, the use of specific equations for calculations
requires validation and cutoft points, which can differ
significantly between studies. In addition, BMI > 34
kg/m? can lead to underestimation of fat mass and
overestimation of fat-free mass (48).

Muscle function

Muscle function is represented by strength and physical
performance. Strength should be assessed by handgrip
strength (HPF) or a chair-rising test. The assessment
of physical performance has its limitations in obese
individuals due to joint impairment (48).

BONE CHANGES AFTER BARIATRIC SURGERY

Bone mass, microarchitecture and bone remodeling
markers

Progressive reduction in BMD and increase in bone
turnover markers (N-terminal procollagen type 1 pro-
peptide [PINP]and type I collagen C-telopeptide [ CTX])
occur after BS. This increase occurs early and dramatically,
may remain for several years after the procedure (8,50)
and coincides with bone loss at the appendicular and axial
skeleton, especially after RYGB (8,51).
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A recent randomized clinical trial found a greater
reduction in BMD in the femoral neck, total hip and
lumbar spine, in addition to a greater increase in bone
remodeling markers in the group that underwent
RYGB compared to VG, despite stabilization of weight
loss (52). Corroborating these findings, our group also
found a greater reduction in femoral neck and total
body BMD in patients undergoing RYGB compared
to VG, which were associated with an increase in serum
CTX and alkaline phosphatase levels (8).

Secondary hyperparathyroidism and vitamin D levels

SHPT is more frequent in the obese population after BS
than in the general population, especially after RYGB
(8,53). After BS, despite adequate calcium, vitamin D
supplementation and weight loss, serum calcium and
250HD levels are often low or at the lower limit of
normal, while PTH levels are independently elevated
(8,53-55). Furthermore, in most studies, serum
calcium levels remain normal throughout the follow-
up period, and this occurs at the expense of high bone
turnover. So, serum calcium measurements may not
be a good marker of postoperative calcium deficiency
(8,54).

Risk of bone fractures after bariatric surgery

Most current evidence suggests that BS increases the
risk of fractures (56-61), particularly after malabsorptive
or mixed procedures, when compared to restrictive
procedures (62-64).

Two recent meta-analyses have evaluated the risk
of fractures according to BS procedure. One of them,
from our group, showed an overall risk of fractures
1.2 times higher in patients undergoing BS compared
to obese patients undergoing conservative treatment,
this risk being higher in patients undergoing RYGB
compared to VG [RR 1 .77 (95% CI 1.48-2.12, p <
0.00001)] (65). Saad and cols. also demonstrated
that the risk of fracture associated with malabsorptive
procedures was higher when compared to patients
undergoing restrictive surgery [RR 1.61 (95% CI 1.42-
1.83,p < 0.00001)] (66). Table 1 provides a summary
of the main observational and randomized studies that
evaluated the risk of fracture associated with BS.

Surgical treatment for obesity also seems to change
the fracture pattern, moving from peripheral sites
(lower and upper limbs) to classic osteoporotic sites,
such as the spine and femur (61,65).

Arch Endocrinol Metab. 2022;66/5



Table 1. Fracture risk after bariatric surgery

Musculoskeletal effects on obesity

Author, Origin,
Year

Type of study

Inclusion criteria

Types of bariatric surgeries
performed in the
intervention groups

Risk ratio (95% Cl) — Fracture

Lalmohamed, UK,
2012 (98)

Nakamura, USA,
2014 (59)

Douglas, UK, 2015
(99)

Lu, Taiwan, 2015
(60)

Rousseau, Canada,
2016 (61)

Axelsson, Sweden,
2018 (58)

Fashandi, USA,
2018 (56)

Javanainen,
Finland, 2018 (57)

Ahlin, Sweden,
2020 (64)

Khalid, EUA, 2020
(63)

Paccou, France,
2020 (62)

Zhang 2020 (100)

Retrospective cohort

Retrospective cohort

Retrospective cohort

Retrospective cohort

Retrospective cohort

Retrospective cohort

Retrospective cohort

Retrospective cohort

Non randomized
interventional study

Retrospective cohort

Retrospective cohort

Meta-analysis

Arch Endocrinol Metab. 2022;66/5

BMI > 30 kg/m? with bariatric
surgery record

Patients undergoing bariatric
surgery. Pathological fractures
were excluded

Patients registered in the
database with bariatric surgery
and obese patients matched
without surgery

Prevalent morbid obesity,
excluding patients with a previous
diagnosis of fracture or
osteoporosis

Severe obesity undergoing
bariatric surgery

BMI > 30 kg/m?undergoing
bariatric surgery divided into
groups with and without diabetes
and compared to obese controls

Patients undergoing bariatric
surgery and corresponding cohort
of non-surgical obesity

BMI > 35 kg/m?, ages 18 to 65
years, and previous failed weight
loss attempts through non-
surgical obesity programs
(bariatric surgery patients)

Age 37-60 years and BMI
> 34 kg/m? for men and
> 38 kg/m? for women

Patients classified as eligible for
bariatric surgery who did not
undergo bariatric surgery or
underwent RYGB or VG

Patients undergoing bariatric
surgery, aged between 40 and 65
years, BMI > 40 kg/m?, were
matched with controls

Studies with obese patients (BMI
> 30 kg/m?) undergoing bariatric
surgery compared to a control
group, with assessment of bone
fracture outcome

Adjustable gastric banding
Gastric bypass
Others

Gastric bypass
Others

Gastric band
Gastric bypass
VG

Others

Malabsorptive procedures
Restrictive procedures

Adjustable gastric banding
VG

Gastric bypass
Biliopancreatic diversion

Gastric bypass with and without
diabetes

RYGB

Gastric banding
VG

Others

RYGB
VG

Adjustable or nonadjustable
gastric banding

Vertical banded gastroplasty
Gastric bypass

RYGB
VG

VG

Gastric bypass

Vertical banded gastroplasty
Gastric banding

Malabsorptive procedures
Restrictive procedures

0.89 (0.60-1.33)

2.3 (1.8-2.8) — Any site

1.26 (0.79-2.01)

1.21 (1.01-1.44) —Any fracture

1.47 (1.01-2.15) —~Malabsorptive
procedures x control

1.17 (0.97-1.41) —Restrictive procedures x
control

1.44 (1.29-1.59) — Bariatric group x Non
obese control

1.38 (1.23-1.55) — Bariatric group vs.
obese control

1.26 (1.05-1.53) — with diabetes
1.32 (1.18-1.47) — without diabetes

2.36 (1.72-2.23) — Bariatric surgery x
control

2.17 (1.04-4.52) - RYGB x VG

5.49 (1.76-17.15) — Bariatric surgery x
control

2.58 (2.02-3.31) — Gastric bypass x control

2.15 (1.66-2.79) - Gastric bypass x Vertical
banded

1.20 (1.00-1.43) — Vertical banded
gastroplasty x control

1.79 (1.55-2.06) — RYGB x VG
0.95 (0.84-1.07) — RYGB x control
0.53 (0.46-0.62) — VG x control

1.22 (1.08-1.39) — Bariatric surgery x
control

1.70 (1.46-1.98) — Gastric bypass x control
0.95 (0.79-1.14) — VG x control

1.41 (1.22-1.69)
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Author, Origin,

- Inclusion criteria

Type of study

Types of bariatric surgeries
performed in the
intervention groups

Risk ratio (95% Cl) — Fracture

Chaves 2021 (65)  Meta-analysis
BMI > 30 kg/m? and minimum
follow-up of one year, compared
to a non-surgical control group,

matched by at least sex and age

Chin, Taiwan, 2021
97

Retrospective cohort
and 55 years, divided into two
groups

Saad 2022 (66) Meta-analysis
obesity (BMI>30 kg/m?),
undergoing different types of

bariatric surgery

Studies with patients > 18 years,

Obese patients, aged between 18

Studies in adults (> 18 years) with

Malabsorptive procedures 1.20 (1.15-1.26)

Restrictive procedures

1.693 (1.077-2.661) — Bariatric surgery x
general population
0.774 (0.539-1.110) — Bariatric surgery x
non-surgical group

1.61 (1.42-1.83)

Malabsorptive procedures
Restrictive procedures

Malabsorptive procedures
Restrictive procedures

Cl: confidence interval; BMI: body mass index; RYGB: Roux-en-Y gastric bypass; VG: vertical gastrectomy or sleeve; DM: diabetes mellitus.

Pathophysiology of musculoskeletal changes after
bariatric surgery

The progressive reduction in BMD observed after BS
may be influenced by the reduction in the mechanical
load imposed on the bone, especially in the first
postoperative year, a period of more intense weight loss
(8,67). De Holanda and cols. (2021) demonstrated a
significant association between weight loss and bone
mass decline at all sites (8). Despite this, as the loss of
BMD persists after the stabilization of weight loss, the
idea that other changes in addition to the reduction
of mechanical overload contribute negatively to bone
metabolism is reinforced (68).

Several micronutrients and macronutrients are
important for the maintenance of bone health and,
for the most part, are absorbed in the jejunum and
ileum. With the exclusion of this part of the intestine
in some surgical techniques, associated with reduced
food intake, nutritional deficiencies become quite
common, especially after malabsorptive procedures
(54,69) in which the increase in CTX is associated
with lower absorption of calcium. These observations
reinforce the importance of nutritional factors in the
pathophysiology of post-bariatric bone disease (54).
of other micronutrients,
magnesium, also play an important role in bone

Deficiencies such as

- metabolism. Reduced magnesium levelsare associated with

reduced BMD through interference with PTH secretion
and the action of this hormone on bone. A previous
study described a 32% prevalence of hypomagnesemia in
patients who underwent RYGB (70).

626

Finally, protein intake is often inadequate due to
the reduced caloric requirement in their diets and the
fact that obese patients are often intolerant of this
nutrient (11).

Changes in the anatomy of the gastrointestinal
tract and weight loss caused by BS lead to complex
hormonal changes that alter the balance between bone
formation and resorption. Ghrelin, GLP-1, GID, leptin,
insulin, estrogen and testosterone are associated with
positive effects on bone formation, while peptide YY
and adiponectin are negatively correlated with bone
health (71).

The reduction in adipose tissue after the surgical
treatment of obesity causes a reduction in leptin levels
and an increase in adiponectin levels, and these changes
may lead to an increase in bone resorption (72,73). In
addition, increased levels of peptide YY are associated
with increased markers of bone turnover and a reduction
in BMD, and reductions in ghrelin and insulin can
negatively affect bone remodeling (74). Regarding
GLP-1, GIP, estrogen and testosterone, data are still
lacking on their effects on bone health after BS.

Sarcopenia is one of the complications of bariatric
procedures that can negatively influence bone health,
since the maintenance of bone mass and architecture
undergoes changes in the face of reduced appendicular
skeletal mass (75,76). This fact may be related to the
increase in sclerostin levels, which has been associated with
weight loss after BS due to the influence of mechanical
loading on the levels of this protein, which inhibits bone
formation via the Wnt/p-catenin pathway (77).

Arch Endocrinol Metab. 2022;66/5



Muscle changes after bariatric surgery

As with bone mass, BS can lead to a significant
reduction in skeletal muscle mass, especially in the
first two years after the procedure (78). Furthermore,
the cycle of weight loss and weight regain, common
in these individuals, is associated with the return of fat
mass, often without recovery of lean mass (79). Thus,
most of these patients still maintain high PGC, despite
significant weight loss after this surgery (80).

Body composition changes are characterized by a
marked decrease in body fat, especially in the first year
of follow-up, but also by a significant reduction in SMM,
usually up to the second year postoperatively (80).
These factors are aggravated by the lack of physical-
resistance exercise and inadequate caloric/protein intake
(11). Although weight loss can last for more than five
years after BS, muscle loss occurs mainly during the
first year postoperatively (81-83). For this reason, a
multidisciplinary support is essential in the perioperative
period, since muscle mass affects the basal metabolic rate,
with a decrease of 1.95 keal per kilo of lean mass lost (83).

Despite the evidence regarding lean mass loss
after BS (81-84), there is a lack of data about which
subgroups of individuals are at greater risk. The
magnitude of insulin resistance and baseline fat-free
mass (FFM) may be predictors for this outcome (85).

Regarding the differences in body composition
according to the type of BS, a recent prospective
study with 2 years of follow-up, involving 85 patients
undergoing RYGB and VG, concluded that the loss
of FFM was 21 + 14% of total weight loss (TWL) and
occurred regardless of gender, age or surgical technique,
despite the higher percentage TWL in the RYGB group
versus VG. There were no differences between groups
regarding body composition or biochemical profile (85).

Bariatric surgery and sarcopenia

Studies evaluating the impact of BS on muscle function
are conflicting, some showing no change in muscle
strength after BS (86). A review of observational
studies suggests that physical performance improves
after BS (87).

It is unclear whether individuals with OS before BS
would be at risk for muscle dysfunction, compared to
obese individuals without SARC. The non-identification
of these participants regarding the presence of SARC
before BS in the main studies limits their conclusions
regarding the risks of muscle dysfunction after BS.

Arch Endocrinol Metab. 2022;66/5
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Studies evaluating SARC after BS have involved only
low muscle-mass criteria (84,88,89). Measurement
of the cross-sectional area of skeletal muscle in the
third lumbar vertebra (SMA, cm?) by CT, and the
skeletal mass index (SMI; SMA/m?) was done in one
study (89). SARC was defined as SMI < 38.5 cm?/
m? for women and < 52.4 cm?/m? for men, and 8%
(n = 15) of the individuals already had SARC before
BS. After one year of follow-up, 32% (n = 59), with
a multivariate adjustment for male gender, SMA and
SMI before surgery, were significantly correlated with
the occurrence of SARC one year after surgery (89).

Notably, obesity-associated SARC increases the
risk of clinical complications. A retrospective study
comparing patients undergoing RYGB and VG
demonstrated that sarcopenic obese subjects achieved
the same weight loss and resolution of comorbidities
as non-sarcopenic obese patients at 3, 6 and 12
months after BS. As limitations of this study, men and
women were placed in the same group, and SARC was
defined by SMM /m? in the lowest tertile, which could
underestimate SARC in obese patients (90).

Table 2 provides a summary of the main studies
involving sarcopenic obesity in obese adults by body
mass index.

MANAGEMENT OF OSTEOMUSCULAR HEALTH
AFTER BARIATRIC SURGERY

Patients undergoing BS should have their bone
density measured at spine and hip, preferably before
and 2 vyears after the procedure. In addition, annual
laboratory tests should include:
(screening for protein malnutrition) and total calcium
and 25-hydroxyvitamin D (for all surgical techniques).
Serum PTH, phosphorus and 24-hour urine calcium
(for mixed or malabsorptive surgeries) (91,92). The use
of FRAX®, vertebral fracture assessment (VFA) by DXA
and TBS still have limited utility in this population (91).
Bone resorption markers can also be used to monitor
bone remodeling after BS, especially in peri- and post-
menopausal women (91,93). Additional risk factors
such as smoking, alcohol and long-term use of proton
pump inhibitors should also be considered (91).

serum albumin

Oral calcium citrate supplementation is indicated,
according to the type of technique used (1,200-1,500

mg/day of elemental calcium for VG, RYGB and :

laparoscopic adjustable gastric banding; 1,800-2,400

hts reserved

AE&M all rig!

pyright

mg/day for biliopancreatic diversion with duodenal &

627



Musculoskeletal effects on obesity

Table 2. Studies involving sarcopenic obesity in obese adults by body mass index

Prevalence of

Studies Population Obesity Sarcopenia Outcome Methods sarcopenic obesity
Crispim Carvalho Brazil (W) BMI 42.6 kg/m? ASMM/Weight Body fat percentage, ~ BIA ASMM/Weight
2019 (46) Age:(24-57 years)  *BS indication ASMM/BMI handgrip strength, 30.5%
Lowest quintile six-minute walk test, ASMM/BMI
(Muscle function was m.etabO“C peff"' bone 20.33%
assessed but not mineral density
entered into the
diagnosis)
Johnson Stoklossa, Canadians (W/M) ~ BMI: 43.5 kg/m? ASMM/Weight ADL difficulties DXA W:22.3%
Ghosh, 2017 (38) Age: (46.9 years)  *BS indication *Lowest quintile M: 41.2%
+ < 25D of the group
mean
Johnson Stoklossa, Canadians (W/M)  BMI:43.5 kg/m? — ASMM/Weight DXA — MMEA/Weight
Sharma, 2017 (96) Age: (18-69 years)  *BS indication — ASMM/BMI — Newman (residual)
Mean: 46.9 years —ASMM/fat mass M: 17.6%/ W:19.4%
(residual) — IMM by Prado: 13.3%
— ASMM/height # — MMEA adjusted for
—ASMM # weight, BMI and fat mass:
—ASMM # B W:12.6-84.5%
Lowest quintile + < M: 17.6-100%
28D of the group #did not identify
mean sarcopenia
Kreidieh, 2018 (37) Lebanon (W) BMI 31.42 kg/m?  ASMM/BMI Association with DM BIA W:20.1%
Age: (33.26 years)  *Overweightand  Cutoff and SAH
obesity (FINH-0.512 m?)
Mastino, 2016 (90) Italians BMI ASMM/height 2 Weight loss after BS ~ BIA Not reported
(M/H) Sarcopenic: “Lower tercile and resolution of
Age: 41.1 kg/m? (Muscle function wag ~ comorbidities
—Sarcopenic: 44 Non-sarcopenic: ~ assessed but not (no difference)
years 42.9 kg/m? eﬂteredlinto the
— Non-sarcopenic: diagnosis)
47 years
Poggiogalle, 2016 (35)  Italians BMI: ASMM/Weight x 100 Metabolic syndrome ~ DXA ASMM/Weight x 100
18-65 years 37.74 kg/m? ASMM/height? M: 34.8%/W: 50.1%
Mean: 45.72 -2 SD below young ASMM/height?:
years adult (20-39) M: 1%/W: 0.6%
Prado, 2014 (45) Americans Fat mass/height? ASMM/height2 DXA M: 2.3%
(NHANES) (*Decile 50-100) *Decile 0-49.9 W: 0.3%
Age: *Obese subgroup _
> 18 years by BMI
Mean:
M: 44,57 years
W: 46.8 years
Srikanthan, 2010 (36)  Americans BMI > 30 kg/m? SMM/Weight x 100 IR (HOMA-IR) BIA 3.39%
(NHANES) HbA1c
Age:< 60 years Pre-DM
(Mean 37 years) DM

*risk for all outcomes

NHANES: National Health and Nutrition Examination Survey; BMI: body mass index; SMM: skeletal muscle mass; IR: insulin resistance; HOMA-IR: homeostasis model assessment-insulin resistance;
HbA1c: glycated hemoglobin; DM: diabetes mellitus; BIA: bioimpedance; W: women; M: man, ASMM: appendicular skeletal muscle mass; DXA: dual-energy X-ray absorptiometry; BS: bariatric
surgery; ADL: activities of daily living; FNIH: Foundation for the National Institute of Health; SAH: systemic arterial hypertension. * With the exception of the highest cut-off point for the height.
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switch). Vitamin D should be supplemented (preferably
with cholecalciferol) at a dose of 3,000 to 6,000 1U/
day, aiming to maintain serum 250HD levels between
30 and 60 ng/mL (92,94). In addition, protein intake
should be adjusted, adding whey protein if necessary,
reaching at least 60 g/day and up to 1.5 g/kg of ideal
body weight per day, with higher targets according to
individual need (92).

Regular physical exercise should also be encouraged,
and moderate acrobic physical activity should be
indicated (at least 150 minutes/week) associated with
strength training (muscle strength and/or resistance
training 2-3 times/week) (95).

If osteoporosis is diagnosed, antiresorptive agents
are the first-line therapy, but before starting, appropriate
therapy for calcium and vitamin D insufficiency should
be given. Parenteral presentations are the first choice for
treatment. The oral route may rarely be considered if there
are no concerns about oral absorption of the medication
or the presence of anastomotic ulcers. Denosumab may
be considered if there is no response to bisphosphonate
therapy or if it is poorly tolerated, but attention should
be paid to the possible risk of hypocalcemia in this
population (92). The use of anabolic agents such as
teriparatide is limited, as they should be used only in
patients who do not have SHPT (75).

Disclosure: no potential conflict of interest relevant to this article
was reported.

REFERENCES

1. Apovian CM. Obesity: definition, comorbidities, causes, and
burden. Am J Manag Care. 2016;22(7 Suppl):s176-85.

2. GBD 2015 Obesity Collaborators; Afshin A, Forouzanfar MH,
Reitsma MB, Sur P, Estep K, et al. Health Effects of Overweight
and Obesity in 195 Countries over 25 Years. N Engl J Med.
2017;377(1):13-27.

3. World Obesity Atlas 2022 [Internet]. World Obesity Federation.
[cited 2022 Jun 5]. Available from: https://www.worldobesity.org/
resources/resource-library/world-obesity-atlas-2022

4. Sjostrom L. Review of the key results from the Swedish Obese
Subjects (SOS) trial — a prospective controlled intervention study
of bariatric surgery. J Intern Med. 2013;273(3):219-34.

5. Schauer PR, Bhatt DL, Kirwan JP, Wolski K, Aminian A, Brethauer
SA, et al. Bariatric Surgery versus Intensive Medical Therapy for
Diabetes — 5-Year Outcomes. N Engl J Med. 2017;376(7):641-51.

6. Angrisani L, Santonicola A, lovino P, Formisano G, Buchwald
H, Scopinaro N. Bariatric Surgery Worldwide 2013. Obes Surg.
2015;25(10):1822-32.

7. Kim J, Nimeri A, Khorgami Z, El Chaar M, Lima AG, Vosburg RW;
American Society for Metabolic and Bariatric Surgery (ASMBS)
Clinical Issues Committee. Metabolic bone changes after bariatric
surgery: 2020 update, American Society for Metabolic and

Arch Endocrinol Metab. 2022;66/5

10.

.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Musculoskeletal effects on obesity

Bariatric Surgery Clinical Issues Committee position statement.
Surg Obes Relat Dis. 2021;17(1):1-8.

de Holanda NCP, Baad VMA, Bezerra LR, de Lima SKM, Filho JM,
de Holanda Limeira CC, et al. Secondary Hyperparathyroidism,
Bone Density, and Bone Turnover After Bariatric Surgery:
Differences Between Roux-en-Y Gastric Bypass and Sleeve
Gastrectomy. Obes Surg. 2021;31(12):5367-75.

Zhou N, Scoubeau C, Forton K, Loi P, Closset J, Deboeck G, et
al. Lean Mass Loss and Altered Muscular Aerobic Capacity after
Bariatric Surgery. Obes Facts. 2022;15(2):248-56.

Cao JJ. Effects of obesity on bone metabolism. J Orthop Surg
Res. 2011;6:30.

Walsh JS, Vilaca T. Obesity, Type 2 Diabetes and Bone in Adults.
CalcifTissue Int. 2017;100(5):528-35.

llich JZ, Kelly OJ, Inglis JE, Panton LB, Duque G, Ormsbee MJ.
Interrelationship among muscle, fat, and bone: connecting the
dots on cellular, hormonal, and whole body levels. Ageing Res
Rev. 2014;15:51-60.

Leeners B, Geary N, Tobler PN, Asarian L. Ovarian hormones and
obesity. Hum Reprod Update. 2017;23(3):300-21.

Premaor MO, Pilbrow L, Tonkin C, Parker RA, Compston J.
Obesity and fractures in postmenopausal women. J Bone Miner
Res. 2010;25(2):292-7.

Compston JE, Flahive J, Hosmer DW, Watts NB, Siris ES,
Silverman S, et al. Relationship of weight, height, and body
mass index with fracture risk at different sites in postmenopausal
women: the Global Longitudinal study of Osteoporosis in\Women
(GLOW). J Bone Miner Res. 2014;29(2):487-93.

Rinonapoli G, Pace V, Ruggiero C, Ceccarini P, Bisaccia M,
Meccariello L, et al. Obesity and Bone: A Complex Relationship.
Int J Mol Sci. 2021;22(24):13662.

Polyzos SA, Duntas L, Bollerslev J. The intriguing connections of
leptin to hyperparathyroidism. Endocrine. 2017;57(3):376-87.
Proietto J. Obesity and Bone. F1000Res. 2020;9:F1000 Faculty
Rev-1111.

Knapp KM, Welsman JR, Hopkins SJ, Fogelman |, Blake
GM. Obesity increases precision errors in dual-energy X-ray
absorptiometry measurements. J Clin Densitom. 2012;15(3):315-9.
Shanbhogue VV, Stgving RK, Frederiksen KH, Hanson S, Brixen
K, Gram J, et al. Bone structural changes after gastric bypass
surgery evaluated by HR-pQCT: a two-year longitudinal study.
Eur J Endocrinol. 2017;176(6):685-93.

Romagnoli E, Lubrano C, Carnevale V, Costantini D, Nieddu L,
Morano S, et al. Assessment of trabecular bone score (TBS) in
overweight/obese men: effect of metabolic and anthropometric
factors. Endocrine. 2016;54(2):342-7

Baumgartner RN, Wayne SJ, Waters DL, Janssen |, Gallagher D,
Morley JE. Sarcopenic obesity predicts instrumental activities of
daily living disability in the elderly. Obes Res. 2004;12(12):1995-
2004.

Scott D, Chandrasekara SD, Laslett LL, Cicuttini F, Ebeling PR,
Jones G. Associations of Sarcopenic Obesity and Dynapenic
Obesity with Bone Mineral Density and Incident Fractures Over
5-10Years in Community-Dwelling Older Adults. Calcif Tissue Int.
2016;99(1):30-42.

Scott D, Seibel M, Cumming R, NaganathanV, Blyth F, Le Couteur
DG, et al. Sarcopenic Obesity and Its Temporal Associations With
Changes in Bone Mineral Density, Incident Falls, and Fractures
in Older Men: The Concord Health and Ageing in Men Project. J
Bone Miner Res. 2017;32(3):575-83.

Kim TN, Yang SJ, Yoo HJ, Lim Kl, Kang HJ, Song W, et al.

Prevalence of sarcopenia and sarcopenic obesity in Korean -

adults: the Korean sarcopenic obesity study. Int J Obes (Lond).
2009;33(8):885-92.

629

his reserve

ght® AE&M all rig

Copyrig




Copyright® AE&M all rights reserved

Musculoskeletal effects on obesity

26. Lee J, Hong YP, Shin HJ, Lee W. Associations of Sarcopenia and
Sarcopenic Obesity With Metabolic Syndrome Considering Both
Muscle Mass and Muscle Strength. J Prev Med Public Health.
2016;49(1):35-44.

27. Johnson Stoklossa CA, Ghosh SS, Forhan M, Sharma AM,
Terada T, Siervo M, et al. Poor Physical Function as a Marker
of Sarcopenia in Adults with Class Il/lll Obesity. Curr Dev Nutr.
2017;2(3):nzx008.

28. Kohara K, Ochi M, Tabara Y, Nagai T, Igase M, Miki T. Arterial
stiffness in sarcopenic visceral obesity in the elderly: J-SHIPP
study. Int J Cardiol. 2012;158(1):146-8.

29. Shida T, Akiyama K, Oh S, Sawai A, Isobe T, Okamoto Y, et al.
Skeletal muscle mass to visceral fat area ratio is an important
determinant affecting hepatic conditions of non-alcoholic fatty
liver disease. J Gastroenterol. 2018;53(4):535-47.

30. BaracosVE, Arribas L. Sarcopenic obesity: hidden muscle wasting
and its impact for survival and complications of cancer therapy.
Ann Oncol. 2018;29(Suppl 2):ii1-i9.

31. Tolea MI, Chrisphonte S, Galvin JE. Sarcopenic obesity and
cognitive performance. Clininterv Aging. 2018;13:1111-9.

32. Batsis JA, Mackenzie TA, Barre LK, Lopez-Jimenez F, Bartels SJ.
Sarcopenia, sarcopenic obesity and mortality in older adults:
results from the National Health and Nutrition Examination
Survey lIl. Eur J Clin Nutr. 2014;68(9):1001-7

33. Atkins JL, Whincup PH, Morris RW, Lennon LT, Papacosta O,
Wannamethee SG. Sarcopenic obesity and risk of cardiovascular
disease and mortality: a population-based cohort study of older
men. J Am Geriatr Soc. 2014;62(2):253-60.

34. Van Aller C, Lara J, Stephan BCM, Donini LM, Heymsfield S,
Katzmarzyk PT, et al. Sarcopenic obesity and overall mortality:
Results from the application of novel models of body composition
phenotypes to the National Health and Nutrition Examination
Survey 1999-2004. Clin Nutr. 2019;38(1):264-70.

35. Poggiogalle E, Lubrano C, Sergi G, Coin A, Gnessi L, Mariani
S, et al. Sarcopenic Obesity and Metabolic Syndrome in Adult
Caucasian Subjects. J Nutr Health Aging. 2016;20(9):958-63.

36. Srikanthan P, Hevener AL, Karlamangla AS. Sarcopenia
exacerbates  obesity-associated insulin  resistance and
dysglycemia: findings from the National Health and Nutrition
Examination Survey lIl. PLoS One. 2010;5(5):e10805.

37. Kreidieh D, Itani L, El Masri D, Tannir H, Citarella R, EI Ghoch M.
Association between Sarcopenic Obesity, Type 2 Diabetes, and
Hypertension in Overweight and Obese Treatment-Seeking Adult
Women. J Cardiovasc Dev Dis. 2018;5(4):E51.

38. Johnson Stoklossa CA, Ghosh SS, Forhan M, Sharma AM,
Terada T, Siervo M, et al. Poor Physical Function as a Marker
of Sarcopenia in Adults with Class IlI/lll Obesity. Curr Dev Nutr.
2017;2(3):nzx008.

39. JafariNasabian P, Inglis JE, Kelly OJ, llich JZ. Osteosarcopenic
obesity in women: impact, prevalence, and management
challenges. Int J Womens Health. 2017;9:33-42.

40. Szlejf C, Parra-Rodriguez L, Rosas-Carrasco O. Osteosarcopenic
Obesity: Prevalence and Relation With Frailty and Physical
Performance in Middle-Aged and Older Women. J Am Med Dir
Assoc. 2017;18(8):733.e1-5.

41. Batsis JA, Villareal DT. Sarcopenic obesity in older adults:
aetiology, epidemiology and treatment strategies. Nat Rev
Endocrinol. 2018;14(9):513-37.

42. Waters DL, Baumgartner RN. Sarcopenia and obesity. Clin Geriatr
Med. 2011;27(3):401-21.

43. Newman AB, Kupelian V, Visser M, Simonsick E, Goodpaster
B, Nevitt M, et al. Sarcopenia: alternative definitions and
associations with lower extremity function. J Am Geriatr Soc.
2003;51(11):1602-9.

630

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

KwonYN, Yoon SS, Lee KH. Sarcopenic Obesity in Elderly Korean
Women: A Nationwide Cross-sectional Study. J Bone Metab.
2018;25(1):53-8.

Prado CM, Siervo M, Mire E, Heymsfield SB, Stephan BC, Broyles
S, et al. A population-based approach to define body-composition
phenotypes. Am J Clin Nutr. 2014:1369-77.

Crispim Carvalho NN, Baccin Martins VJ, Modesto Filho J,
Bandeira F, Fernandes Pimenta FC, de Brito Alves JL. Relationship
Between Skeletal Muscle Mass Indexes and Muscular Function,
Metabolic Profile and Bone Mineral Density in Women with
Recommendation for Bariatric Surgery. Diabetes Metab Syndr
Obes. 2019;12:2645-54.

Kim YS, Lee Y, Chung YS, Lee DJ, Joo NS, Hong D, et al.
Prevalence of sarcopenia and sarcopenic obesity in the Korean
population based on the Fourth Korean National Health and
Nutritional Examination Surveys. J Gerontol A Biol Sci Med Sci.
2012;67(10):1107-13.

Donini LM, Busetto L, Bischoff SC, Cederholm T, Ballesteros-
Pomar MD, Batsis JA, et al. Definition and Diagnostic Criteria for
Sarcopenic Obesity: ESPEN and EASO Consensus Statement.
Obes Facts. 2022;15(3):321-35.

Lynch DH, Spangler HB, Franz JR, Krupenevich RL, Kim H, Nissman
D, et al. Multimodal Diagnostic Approaches to Advance Precision
Medicine in Sarcopenia and Frailty. Nutrients. 2022;14(7):1384.
Arterburn DE, Telem DA, Kushner RF, Courcoulas AP. Benefits
and Risks of Bariatric Surgery in Adults: A Review. JAMA.
2020;324(9):879-87.

Bredella MA, Greenblatt LB, Eajazi A, Torriani M, Yu EW. Effects
of Roux-en-Y gastric bypass and sleeve gastrectomy on bone
mineral density and marrow adipose tissue. Bone. 2017;95:85-90.
Hofsg D, Hillestad TOW, Halvorsen E, Fatima F Johnson LK,
Lindberg M, et al. Bone Mineral Density andTurnover After Sleeve
Gastrectomy and Gastric Bypass: A Randomized Controlled Trial
(Oseberg). J Clin Endocrinol Metab. 2021;106(2):501-11.

Wei JH, Lee WJ, Chong K, LeeYC, Chen SC, Huang PH, et al. High
Incidence of Secondary Hyperparathyroidism in Bariatric Patients:
Comparing Different Procedures. Obes Surg. 2018;28(3):798-804.
Schafer AL, Weaver CM, Black DM, Wheeler AL, Chang H, Szefc
GV, et al. Intestinal Calcium Absorption Decreases Dramatically
After Gastric Bypass Surgery Despite Optimization of Vitamin D
Status. J Bone Miner Res. 2015;30(8):1377-85.

Hewitt S, Aasheim ET, SgvikTT, Jahnsen J, Kristinsson J, Eriksen
EF, et al. Relationships of serum 25-hydroxyvitamin D, ionized
calcium and parathyroid hormone after obesity surgery. Clin
Endocrinol (Oxf). 2018;88(3):372-9.

Fashandi AZ, Mehaffey JH, Hawkins RB, Schirmer B, Hallowell
PT. Bariatric surgery increases risk of bone fracture. Surg Endosc.
2018;32(6):2650-5.

Javanainen M, Penttild A, Mustonen H, JuutiA, ScheininT, Leivonen
M. A Retrospective 2-Year Follow-up of Late ComplicationsTreated
Surgically and Endoscopically After Laparoscopic Roux-en-Y
Gastric Bypass (LRYGB) and Laparoscopic Sleeve Gastrectomy
(LSG) for Morbid Obesity. Obes Surg. 2018;28(4):1055-62.
Axelsson KF, Werling M, Eliasson B, Szabo E, Naslund |, Wedel H,
et al. Fracture Risk After Gastric Bypass Surgery: A Retrospective
Cohort Study. J Bone Miner Res. 2018;33(12):2122-31.

Nakamura KM, Haglind EGC, Clowes JA, Achenbach SJ, Atkinson
EJ, Melton LJ, et al. Fracture risk following bariatric surgery: a
population-based study. Osteoporos Int. 2014;25(1):151-8.

Lu CW, Chang YK, Chang HH, Kuo CS, Huang CT, Hsu CC, et
al. Fracture Risk After Bariatric Surgery: A 12-Year Nationwide
Cohort Study. Medicine (Baltimore). 2015;94(48):€2087.

Rousseau C, Jean S, Gamache P, Lebel S, Mac-Way F, Biertho L,
et al. Change in fracture risk and fracture pattern after bariatric
surgery: nested case-control study. BMJ. 2016;354:i379.

Arch Endocrinol Metab. 2022;66/5



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Paccou J, Martignéne N, Lespessailles E, Babykina E, Pattou
F Cortet B, et al. Gastric Bypass But Not Sleeve Gastrectomy
Increases Risk of Major Osteoporotic Fracture: French Population-
Based Cohort Study. J Bone Miner Res. 2020;35(8):1415-23.
Khalid SI, Omotosho PA, Spagnoli A, Torquati A. Association of
Bariatric Surgery With Risk of Fracture in Patients With Severe
Obesity. JAMA Netw Open. 2020;3(6):e207419.

Ahlin S, Peltonen M, Sjoholm K, Anveden A, Jacobson P,
Andersson-Assarsson JC, et al. Fracture risk after three bariatric
surgery procedures in Swedish obese subjects: up to 26 years
follow-up of a controlled intervention study. J Intern Med.
2020;287(5):546-57.

Chaves Pereira de Holanda N, de Lima Carlos |, Chaves de
Holanda Limeira C, Cesarino de Sousa D, Serra de Lima Junior
FA, Telis de Vilela Araljo A, et al. Fracture Risk After Bariatric
Surgery: A Systematic Literature Review and Meta-Analysis.
Endocr Pract. 2022;28(1):58-69.

Saad RK, Ghezzawi M, Habli D, Alami RS, Chakhtoura M. Fracture
risk following bariatric surgery: a systematic review and meta-
analysis. Osteoporos Int. 2022;33(3):511-26.

Krez AN, Stein EM. The Skeletal Consequences of Bariatric
Surgery. Curr Osteoporos Rep. 2020;18(3):262-72.

Yu EW, Bouxsein ML, Putman MS, Monis EL, Roy AE, Pratt JSA,
et al. Two-year changes in bone density after Roux-en-Y gastric
bypass surgery. J Clin Endocrinol Metab. 2015;100(4):1452-9
Gagnon C, Schafer AL. Bone Health After Bariatric Surgery. JBMR
Plus. 2018;2(3):121-33.

Dalcanale L, Oliveira CPMS, Faintuch J, Nogueira MA, Rondé
P, Lima VMR, et al. Long-term nutritional outcome after gastric
bypass. Obes Surg. 2010;20(2):181-7.

Saad R, Habli D, ElI Sabbagh R, Chakhtoura M. Bone Health
Following Bariatric Surgery: An Update. J Clin Densitom.
2020;23(2):165-81.

Richards JB, Valdes AM, Burling K, Perks UC, Spector TD.
Serum adiponectin and bone mineral density in women. J Clin
Endocrinol Metab. 2007;92(4):1517-23.

Carrasco F, Ruz M, Rojas P, Csendes A, Rebolledo A, Codoceo J,
et al. Changes in bone mineral density, body composition and
adiponectin levels in morbidly obese patients after bariatric
surgery. Obes Surg. 2009;19(1):41-6.

Paccou J, Caiazzo R, Lespessailles E, Cortet B. Bariatric Surgery
and Osteoporosis. Calcif Tissue Int. 2022;110(5):576-91.

Vaurs C, Diméglio C, Charras L, Anduze Y, Chalret du Rieu M,
Ritz P. Determinants of changes in muscle mass after bariatric
surgery. Diabetes Metab. 2015;41(5):416-21.

Robling AG, Bellido T, Turner CH. Mechanical stimulation in vivo
reduces osteocyte expression of sclerostin. J Musculoskelet
Neuronal Interact. 2006;6(4):354.

de Oliveira PAP, Montenegro ACP, Bezerra LRA, da Conceicao
Chaves de Lemos M, Bandeira FE Body Composition, Serum
Sclerostin and Physical Function After Bariatric Surgery:
Performance of Dual-Energy X-ray Absorptiometry and
Multifrequency Bioelectrical Impedance Analysis. Obes Surg.
2020;30(8):2957-62.

Heymsfield SB, Gonzalez MC, Shen W, Redman L, Thomas
D. Weight loss composition is one-fourth fat-free mass: a
critical review and critique of this widely cited rule. Obes Rev.
2014;15(4):310-21.

Prado CM, Wells JC, Smith SR, Stephan BC, Siervo M. Sarcopenic
obesity: A Critical appraisal of the current evidence. Clin Nutr.
2012;31(5):583-601.

Gomez-Ambrosi J, Andrada P, ValentiV, Rotellar F, Silva C, Catalan
V, Rodriguez A, et al. Dissociation of body mass index, excess
weight loss and body fat percentage trajectories after 3 years of

Arch Endocrinol Metab. 2022;66/5

81.

82.

83.

84.

8b.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Musculoskeletal effects on obesity

gastric bypass: relationship with metabolic outcomes. Int J Obes
(Lond). 2017;41(9):1379-87.

Maimoun L, Lefebvre P, Jaussent A, Fouillade C, Mariano-Goulart
D, Nocca D. Body composition changes in the first month after
sleeve gastrectomy based on gender and anatomic site. Surg
Obes Relat Dis. 2017;13(5):780-7.

Davidson LE, Yu W, Goodpaster BH, DeLany JP, Widen E, Lemos
T, et al. Fat-Free Mass and Skeletal Muscle Mass Five Years After
Bariatric Surgery. Obesity (Silver Spring). 2018;26(7):1130-6.
Nuijten MAH, Eijsvogels TMH, Monpellier VM, Janssen IMC,
Hazebroek EJ, Hopman MTE. The magnitude and progress of
lean body mass, fat-free mass, and skeletal muscle mass loss
following bariatric surgery: A systematic review and meta-
analysis. Obes Rev. 2022;23(1):e13370.

Vassilev G, Galata C, Finze A, Weiss C, Otto M, Reissfelder C, et al.
Sarcopenia after Roux-en-Y Gastric Bypass: Detection by Skeletal
Muscle Mass Index vs. Bioelectrical Impedance Analysis. J Clin
Med. 2022;11(6):1468.

Martinez MC, Meli EF, Candia FP, Filippi F, Vilallonga R, Cordero E, et
al.The Impact of Bariatric Surgery on the Muscle Mass in Patients
with Obesity: 2-Year Follow-up. Obes Surg. 2022;32(3):625-63.
Neunhaeuserer D, Gasperetti A, Savalla F Gobbo S, Bullo V,
Bergamin M, et al. Functional Evaluation in Obese Patients Before
and After Sleeve Gastrectomy. Obes Surg. 2017;27(12):3230-9.
Steele T, Cuthbertson DJ, Wilding JP. Impact of bariatric surgery
on physical functioning in obese adults. Obes Rev. 2015;16(3):248-
58.

Pekaf M, Pekafova A, Buzga M, Holéczy P, Soltes M. The risk of
sarcopenia 24 months after bariatric surgery — assessment by
dual energy X-ray absorptiometry (DEXA): a prospective study.
Wideochirlnne Tech Maloinwazyjne. 2020;15(4):583-7.

Voican CS, Lebrun A, Maitre S, Lainas P, Lamouri K, Njike-Nakseu
M, et al. Predictive score of sarcopenia occurrence one year
after bariatric surgery in severely obese patients. PLoS One.
2018;13(5):e0197248.

Mastino D, Robert M, Betry C, Laville M, Gouillat C, Disse E.
Bariatric Surgery Outcomes in Sarcopenic Obesity. Obes Surg.
2016;26(10):2355-62.

Kim J, Nimeri A, Khorgami Z, El Chaar M, Lima AG, Vosburg
RW, et al. Metabolic bone changes after bariatric surgery: 2020
update, American Society for Metabolic and Bariatric Surgery
Clinical Issues Committee position statement. Surg Obes Relat
Dis. 2021;17(1):1-8.

Mechanick JI, Apovian C, Brethauer S, Garvey WT, Joffe AM,
Kim J, et al. Clinical Practice Guidelines for the Perioperative
Nutrition, Metabolic, and Nonsurgical Support of Patients
Undergoing Bariatric Procedures — 2019 Update: Cosponsored
by American Association of Clinical Endocrinologists/American
College of Endocrinology, the Obesity Society, American Society
for Metabolic & Bariatric Surgery, Obesity Medicine Association,
and American Society of Anesthesiologists — Executive Summary.
Endocr Pract. 2019;25(12):1346-59.

Busetto L, Dicker D, Azran C, Batterham RL, Farpour-Lambert
N, Fried M, et al. Practical Recommendations of the Obesity
ManagementTask Force of the European Association for the Study
of Obesity for the Post-Bariatric Surgery Medical Management.
Obes Facts. 2017;10(6):597-632.

Maeda SS, Borba VZC, Camargo MBR, Silva DMW, Borges JLC,
Bandeira F, et al. Recommendations of the Brazilian Society of
Endocrinology and Metabology (SBEM) for the diagnosis and
treatment of hypovitaminosis D. Arq Bras Endocrinol Metab.
2014;58:411-33.

LeBoff MS, Greenspan SL, Insogna KL, Lewiecki EM, Saag KG,

Singer AJ, et al. The clinician’s guide to prevention and treatment -

631

his resel

ght® AE&M all rig

Copyrig



Copyright® AE&M all rights reserved

Musculoskeletal effects on obesity

96.

97.

632

of osteoporosis. Osteoporos Int [Internet]. 2022 Apr 28 [cited
2022 May 25].

Johnson Stoklossa CA, Sharma AM, Forhan M, Siervo M, Padwal
RS, Prado CM. Prevalence of Sarcopenic Obesity in Adults with
Class II/lll Obesity Using Different Diagnostic Criteria. J Nutr
Metab. 2017;2017:7307618.

Chin WL, Chi PJ, Hung WC, Lin CW, Chen CY, Chen JH. Bariatric
Surgery Decreases the Risk of Non-traffic Accident-Related
Fractures in Patients with Obesity: Real-world Data from Taiwan.
Obes Surg. 2021;31(5):2231-40.

98.

99.

100.

Lalmohamed A, de Vries F, Bazelier MT, Cooper A, van Staa TP,
Cooper C, et al. Risk of fracture after bariatric surgery in the
United Kingdom: population based, retrospective cohort study.
BMJ. 2012;345:€5085

Douglas IJ, Bhaskaran K, Batterham RL, Smeeth L. Bariatric
Surgery in the United Kingdom: A Cohort Study of Weight Loss
and Clinical Outcomes in Routine Clinical Care. PLoS Med.
2015;12(12):e1001925.

Zhang Q, Dong J, Zhou D, Liu FE Comparative risk of fracture for
bariatric procedures in patients with obesity: A systematic review
and Bayesian network meta-analysis. Int J Surg. 2020;75:13-23.

Arch Endocrinol Metab. 2022;66/5



