NARRATIVE REVIEW

HIGLIGHTS

e Muscle strength decline is a crucial
factor for the course of sarcopenia
in inflammatory bowel disease (IBD)
patients.

There is a need to discuss the
association between IBD and
sarcopenia focusing not only on
changes of muscle mass, but also
on muscle strength.

A narrative review was conducted
in order to present the set of factors
with impact in both muscle strength
and IBD.

Inflammation, reduced nutrient
intake and malabsorption, changes
in body composition and gut
microbiota dyshbiosis are most likely
the main factors with impact on
muscle strength in IBD patients.

Received: 21 March 2023
Accepted: 26 July 2023

Declared conflict of interest of all
authors: none

Disclosure of funding: no funding
received

Corresponding author:

Joana Mendes. E-mail:
joanamendes@ufp.edu.pt

@)evne

ARQUIVOS DE
GASTROENTEROLOGIA A n o s

doi.org/10.1590/S0004-2803.230302023-45

Inflammatory bowel disease and
sarcopenia: a focus on muscle

strength — narrative review

Joana MENDES'2, Catarina D SIMOES'23, Joana O MARTINS? and
Ana S SOUSA'2#

" FP-13ID, FP-BHS, Universidade Fernando Pessoa, 4249-004 Porto, Portugal. 2 Faculdade de
Ciéncias da Saude (FCS), Universidade Fernando Pessoa, 4249-004 Porto, Portugal.

8 CIBIO-InBIO Research Centre in Biodiversity and Genetic Resources, University of Porto,
4485-661 Vairao, Portugal. * Center for Innovative Care and Health Technology (ciTechcare),
Polytechnic of Leiria, 2410-541 Leiria, Portugal.

ABSTRACT - Inflammation, changes in nutrient absorption and gut dysbiosis
are common conditions in patients with inflammatory bowel disease.
These factors may lead to variations in macro- and micronutrients and,
particularly, to an imbalance of protein metabolism, loss of muscle mass
and development of sarcopenia. This narrative review aims to present
the set of factors with impact in muscle strength and physical perfor-
mance that may potentially mediate the relation between inflammatory
bowel disease and sarcopenia. Studies that associated changes in mus-
cle strength, sarcopenia and inflammatory bowel disease were selected
through a literature search in databases Medline, Pubmed and Scielo
using relevant keywords: muscle strength, physical performance, sarco-
penia and inflammatory bowel disease. Chronic inflammation is currently
reported as a determinant factor in the development of muscle atrophy
in inflammatory bowel disease. In addition, strength decline in inflam-
matory bowel disease patients may be also influenced by changes in
body composition and by gut dysbiosis. Measures of muscle strength and
physical performance should be considered in the initial identification of
sarcopenia, particularly in patients with inflammatory bowel disease, for
a timely intervention can be provided. Presence of proinflammatory cy-
tokines, high adiposity, malabsorption and consequent deficits of macro
and micronutrients, loss of muscle mass, and gut dysbiosis may be the
main factors with impact in muscle strength, that probably mediate the
relation between inflammatory bowel disease and sarcopenia.

Keywords — Inflammatory bowel disease; muscle quality; muscle strength;

physical performance; sarcopenia.
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INTRODUCTION

Inflammatory bowel disease (IBD) is an immu-
ne-mediated disorder characterized by chronic in-
flammation of the gastrointestinal tract, classified
into two primary subtypes: Crohn’s disease (CD) and
Ulcerative colitis (UC)". Genetic and environmental
factors cause imbalances in both immune system and
gut microbiota, acting synergistically for the develop-
ment of IBDY. In turn, sarcopenia is a disease cha-
racterized by loss of muscle strength, muscle mass,
and function, and thus low physical performance®.
Sarcopenia has been associated with several negati-
ve outcomes such as longer length of hospital stay”
and higher hospitalization costs?”.

The risk of developing sarcopenia is high in IBD
patients due to inflammation, changes in nutrient in-
take and absorption, and changes in body composi-
tion™. According to a recent systematic review, the
incidence of sarcopenia can reach approximately 60%
in patients with IBD®. Individuals with both IBD and
sarcopenia have a worse quality of life and an incre-
ased risk of surgical complications”!?. The relation
between IBD and sarcopenia was discussed in two
previous reviews, however, these reports mainly fo-
cused on changes in muscle mass®?. Muscle streng-
th, particularly handgrip strength, is often reduced
in both CD and UC patients compared to healthy
individuals“*?, In addition, low muscle strength is
currently the first criterion to identify probable sarco-
penia since the reformulation of its diagnostic criteria
in 2018 by the European Working Group on Sarcope-
nia in Older People (EWGSOP2)®. Therefore, there
is a need to discuss the impact of changes in muscle
strength and physical performance in IBD patients®.

This narrative review aims to present the set of
factors with impact in muscle strength and functio-
nality that may potentially mediate the association
between IBD and sarcopenia.

Sarcopenia assessment

According to the EWGSOP2, muscle strength
can be assessed by handgrip strength, using a dy-
namometer; muscle quantity or mass can be esti-
mated using techniques such as bioelectric impe-
dance analysis or dual-energy x-ray absorptiometry;
muscle function can be assessed through physical
performance using functional tests such as the
Short-Physical Performance Battery or gait speed®.
Sarcopenia is present when the patient presents low
muscle strength, low muscle mass and/or low phy-
sical performance®.

Muscle quality is an ongoing concept that mainly
focuses on muscle strength and functionality than on
muscle mass, in addition to the presence of intra-
muscular fat and other characteristics of muscle tis-
sue®. Loss of muscle strength can be detected earlier
than loss of muscle mass™, and the risk of mortality
presents a stronger association with loss of muscle
strength than with loss of muscle mass™?,

Factors with impact in both inflammatory bowel
disease and muscle strength

Inflammation plays a complex key role in IBD
and in muscle strength decline. Additionally, redu-
ced nutrient intake and malabsorption, malnutrition
(undernutrition and obesity), and gut microbiota
dysbiosis increase the predisposition to sarcopenia
in IBD patients (TABLE 1).

TABLE 1. Summary of factors that affect muscle strength and functionality in patients with inflammatory bowel disease.

Factor Observed effect References
Inflammation Increase of pro-inflammatory cytokines, particularly TNF-a, (IL)-6 and (IL)-12 (15,18-20)
Macronutrients deficiency, particularly protein (2,48)

Reduced nutrient intake
and malabsorption

Vitamins deficiency, particularly vitamin B, folic acid and vitamin D

Changes in body
composition

Gut microbiota dysbiosis

Minerals deficiency, particularly iron and magnesium

Decrease in muscle mass;
Increase in adiposity, particularly intermuscular fat

Increase in the abundance of inflammatory bacterial species, particularly
within the phyla Proteobacteria

(25,28,31,48)

(24,35-43,48-50,85,86)

(56,59-63)

(71-75)

TNF: tumor necrosis factor-alpha; IL: interleukin.
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Inflammation

Pathogenesis of IBD implies higher levels of
pro-inflammatory cytokines that change protein tur-
nover with degradation of myofibrillar proteins™.
The proinflammatory cytokines emit signals that blo-
ck the anabolic mammalian target of rapamycin com-
plex 1 (mTORC1) pathway, reducing protein syn-
thesis"®. In addition, an inflammatory environment
promotes the formation of reactive oxygen species,
leading to contractile muscle dysfunction, muscle
atrophy and loss of muscle strength”.

The tumor necrosis factor-alpha (TNF-a) is an in-
flammatory cytokine inducing necrosis or apoptosis
that has an important role in the pathogenesis of IBD,
also providing a significant endocrine stimulus for
contractile dysfunction in chronic inflammation>'®,

Interleukin (IL)-6 is another proinflammatory
cytokine associated with muscular damage. It is kno-
wn that muscle atrophy may be a consequence of a
low-grade chronic inflammation status and of an im-
balance of energy homeostasis favored by IL-61519,

In turn, and IL-12 has also been is a target for
the medical treatment of CD and has also been asso-
ciated with contractile dysfunction. IL-12 encourages
T cell proliferation and cytotoxic activity leading to
skeletal muscle degeneration’”??. Chen et al. de-
monstrated that muscle strength and gait speed were
negatively associated with L1247,

The decline of muscle strength may be a conse-
quence of chronic lowgrade systemic inflammation,
but a systemic inflammatory condition may also occur
as direct result of low muscle mass and strength®>17,
Proinflammatory cytokines impair muscle strength
and physical performance in IBD patients by increa-
sing protein catabolism, reducing muscle synthesis,
inducing muscle atrophy, and decreasing contractile
response, as well as stimulating an immune-mediated
response that impairs muscle regeneration.

Higher pro-inflammatory cytokine levels in IBD
patients may lead to sarcopenia once an association
between inflammatory parameters and sarcopenia
has already been established in other contexts®.
However, there are few studies that investigated the
relation between inflammation and particular chan-
ges in muscle strength or physical function. Maybe
because most of the studies report a diagnosis of
sarcopenia mainly based on the quantity of mus-
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cle mass instead of muscle strength. Most of the
published evidence on sarcopenia in IBD patients
focuses mainly on muscle mass quantity as diag-
nosis criterion of sarcopenia, therefore more stu-
dies emphasizing muscle function over muscle mass
quantity are needed.

Reduced nutrient intake and malabsorption

The inflammatory condition in IBD patients cau-
ses intestinal malabsorption with consequent macro-
and micronutrient deficiencies that lead to muscle
strength decline®?.

Low plasma levels of iron, magnesium, as well
as B vitamins, folic acid, and vitamin D are the most
common deficiencies in IBD patients®*?%. Tron defi-
ciency is a recognized cause for anemia, which is the
most frequent extraintestinal manifestation of IBD®.
In addition, iron deficiency and anemia cause loss of
the muscle oxidative capacity that has direct implica-
tions in muscle strength decline. An inverse asso-
ciation between anemia and handgrip strength was
reported in a large sample of Korean adults, particu-
larly strong for males and those aged =65 years™”.
Handgrip strength, used for the diagnosis of muscle
weakness, has been proposed as a useful technique
for the screening of patients with anemia®.

The World Health Organization cut-offs for ane-
mia also apply to IBD patients: hemoglobin levels
<13 g/dL (hematocrit <39%) in males, <12 g/dL (he-
matocrit <36%) in nonpregnant females, and <11
g/dL (hematocrit <33%) in pregnant females®. Re-
garding blood iron concentration, for patients with
quiescent IBD without evidence of inflammation,
iron deficiency is defined as serum ferritin <30 g/L
or transferrin saturation <16%. For patients with ac-
tive disease, the cut-off for serum ferritin is defined
as <100 g/Le”.

Low levels of magnesium have been reported
in IBD patients®”. Regarding magnesium impact
in muscle strength and performance, patients with
severe hypomagnesemia frequently notice muscle
cramps®’. Magnesium mediates muscular contrac-
tions by opposing calciumbinding proteins, even
though role in the pathophysiology of muscle cramps
is not well known®?. Some authors suggested that
serum magnesium concentration should be at least
0.75 mmol/L to avoid hypomagnesemia condition®?.
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In addition, lower intakes of magnesium have been
independently associated with lower appendicular
muscle strength®33%,

The deficiency of B vitamins is also prevalent in
IBD patients with effects on the peripheral nervous
system, and with loss of motor function and strength
decline®?. Vitamin B,, deficiency was defined as a
vitamin B,, serum level below 180 ng/L, and the cut-
-off for folate deficiency was defined as a serum level
below 4 ng/mL (9.064 nmol/L)%®. Lower intakes of
vitamin B, and folate were associated with higher
risk for developing sarcopenia® and in subjects with
higher serum vitamin B, and folate concentrations,
higher leg muscle strength was also observed®”.

Regarding vitamin D, approximately 70% of CD
patients and up to 40% of patients with UC are affec-
ted by its deficiency®. Vitamin D deficiency seems
to be associated with activity and pathogenesis of
IBD®*. According to the US Institute of Medicine,
adequate serum levels of vitamin D (25hydroxyvita-
min D) should be to at least 50.0 nmol/L“”. Values
between 30.0 and 49.9 nmol/L indicate risk of ina-
dequacy, and values less than 30.0 nmol/L indica-
te risk of deficiency“”. Vitamin D deficiency alters
the immune response and compromises the integrity
of the mucosal barrier, favoring the progression of
both IBD and sarcopenia®”. Vitamin D is involved
in the growing and differentiation of muscle cells
since it contributes to lower production of myosta-
tin“®, Therefore, the loss of muscle strength is a
consequence of vitamin D deficiency that leads to
atrophy and fibrosis of type IIA muscle cells“?. The
expression of vitamin D receptor (VDR) seems to be
impaired in the skeletal muscle cells of IBD patients
affecting muscle homeostasis“?. Higher expression
of VDR decreases the factor nuclear kappa B (NF-
-kB), tolllike receptor (TLR) 2 and TLR4, and TNF-a
levels, promoting the activation of muscle contrac-
tion and mitochondrial function?.

The association between lower plasma levels of
vitamin D and lower muscle strength is still not con-
sensual among epidemiological studies. In commu-
nity-dwelling Portuguese older adults, the risk of vi-
tamin D deficiency was directly associated with the
lowest values of handgrip strength and gait speed“®.
An analysis of pooled data from randomized con-
trolled trials showed that vitamin D supplementation
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had a small but significant positive effect on muscle
strength® and on physical performance assessed by
Timed Up-and-Go test“®. These effects are more evi-
dent among participants with low levels of vitamin D
at baseline'>"”. However, the design of upcoming stu-
dies should explore the association between low vita-
min D levels and low muscle strength, in IBD patients.

IBD patients with active disease that reduce oral
ingestion due to anorexia or gastrointestinal symp-
toms also present increased risk of macronutrient
(protein, fat and/or carbohydrates) deficiencies, with
a consequent negative impact in strength and body
composition®. In IBD patients is common a lower
intake and bioavailability of essential amino acids
for muscle proliferation, with a deficient anabolism,
inducing muscle atrophy“?. A chronic poor dietary
intake increases the protein turnover rate and intes-
tinal loss of macronutrients during phases of active
disease or as result of disease treatments'®. Speci-
fically, leucine deficiency causes a reduced synthe-
sis of muscle protein® since this amino acid is an
important factor to activate mTOR pathway®”. The
assessment of nutritional status biomarkers in clinical
practice may be useful for an early identification of
muscle strength decline and poor muscle quality in
IBD patients.

Changes in body composition

Malnutrition and sarcopenia are common in pa-
tients with IBD®*?. Undernourished IBD patients
present less than 60% of muscle strength as com-
pared to healthy individuals®® leading to an increa-
se of clinical complications and infections®?, higher
length of hospital stays, higher number of readmis-
sions, and increased risk of mortality®”. According
to Adams et al. and Zhang et al., IBD patients with
sarcopenia have lower body mass index and skeletal
muscle index than patients with a normal body mass
composition®®?”, However, overweight and obesity
prevalence has increased in IBD patients®®. This in-
formation is confirmed by results from some studies:
a study conducted by Flores et al. in 581 IBD patients
showed that approximately 32.7% of patients were
obese, of which 30.3% were CD patients and 35.2%
were UC patients®”. In addition, up to 20% of sar-
copenic patients are also overweight or obese®®. A
high prevalence of sarcopenic obesity was particular-



ly detected among CD patients“?. Therefore, in IBD
patients, sarcopenia must be assessed independently
of the patient’s body mass index.

Proinflammatory cytokines produced by adi-
pocytes and free fatty acids are related to the pa-
thogenesis of IBD and sarcopenia”>®®. Intramuscular
lipids and their derivatives induce mitochondrial dys-
function characterized by impaired -oxidation capa-
city and increased reactive oxygen species formation
providing lipotoxic environment and insulin resistan-
ce capable of inducing muscle dysfunction by auto
and paracrine manner?, Interestingly, an increase in
intermuscular fat was associated with a higher loss
of muscle strength than muscle mass, regardless of
changes in weight or subcutaneous fat®®. Recently,
fat mass was reported as independently and inverse-
ly related to jump test performance in middle-aged
and older adults®®. Therefore, adiposity has clinical
implications for muscle performance and should be
explored also in the context of IBD patients.

Gut microbiota dysbiosis

The gut microbiota establishes a symbiotic rela-
tion with the host, mutually beneficial in a healthy
environment®”. The homeostatic equilibrium of the
gut microbiota may be affected by both host and
environmental factors leading to dysbiosis, i.e., an
altered microbiota composition. Dysbiosis may con-
tribute to IBD pathogenesis as consequence of a bre-
akdown in the equilibrium between putative protec-
tive and aggressive microbial species®. Protective
species interact with the immune system contributing
to the homeostatic mechanism while aggressive spe-
cies promote non-immunogenic inflammatory reac-
tions, disturbing homeostasis. An abnormal immune
response to the gut microbiota in genetically suscep-
tible individuals is one of the most accepted theories
behind the etiology of IBD®®. Dysbiosis is common-
ly linked to inflammatory cell activation and impai-
red epithelial barrier function which is a hallmark
in IBD. Most of the studies in IBD patients reported
alterations in the abundance of specific bacterial taxa
within the phyla Firmicutes, Bacteroidetes, Actino-
bacteria and Proteobacteria, that includes a variety
of enteric pathogenic species, with a reduction of
protective groups combined with an expansion of
putative inflammatory groups®”. The dysbiotic pro-
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file of gut microbiota under chronic intestinal inflam-
mation has been previously reviewed”.

The increased abundance of inflammatory bac-
terial species in IBD, such as Escherichia coli (En-
terobacteriaceae, Proteobacteria), contribute to
the disruption of the intestinal barrier integrity and
increased intestinal permeability. Several enteric
pathogens can alter the intestinal epithelial tight
junctions”?, essential for the regulation of the para-
cellular movement of substances (e.g., water, ions,
solutes, and small molecules) across the intestinal
epithelium. Increased intestinal permeability faci-
litates the passage into the circulation of microbial
products and endotoxins, such as lipopolysaccharide
(LPS). LPS, a component of the outer membrane of
gram-negative bacteria, promotes inflammatory sig-
naling and skeletal muscle changes, characteristic of
the aging muscle phenotype”. In fact, the higher
abundance of gram-negative Proteobacteria, in the
gut microbiota of middle-aged males demonstrated
a significant negative association with the handgrip
strength, while a positive association was observed
between the gram-positive Actinobacteria and skele-
tal muscle strength”. Furthermore, higher intestinal
permeability and presence of LPS are associated with
a decline in skeletal muscle strength?. LPS binding
protein has been previously associated with impai-
red physical function and inflammation in healthy
older adults”. These studies suggest that intestinal
permeability as a determinant predictor of muscle
recession and sarcopenia.

The gut microbiota of older and frail individuals
is characterized by lower butyrate production, loss of
membrane integrity, higher interindividual variability
and presence of pathogenic gramnegative bacteria,
providing the individual with higher susceptibility to
the development of sarcopenia. Studies on the gut-
-muscle axis in sarcopenia are limited in humans. Re-
cent data suggest a role of the gut microbiota on the
maintenance of muscle strength” and physical func-
tioning”7®. Older adults with different functional
states demonstrated higher abundance of the genus
Prevotella and Barnesiella in individuals with higher
muscle strength, when compared with older adults
that had reduced muscle strength”. Moreover, the
transfer of fecal samples from these older adults into
germ-free mice resulted in a significantly increased
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grip strength in high-functioning colonized mice,
when compared with mice with lowfunctioning”™.
Prevotella are increased in young professional athle-
tes”, and both Prevotella and Barnesiella are higher
in less frail, when compared with more frail older
adults®sV | supporting the hypothesis that these bac-
teria may be involved in mechanisms related to the
maintenance of physical function.

The administration of the probiotic strain Lacto-
bacillus plantarum TWKI10 improved muscle streng-
th, exercise endurance, and overall body composi-
tion in both animal models and healthy humans®53,
In addition, the administration of L. plantarum atte-
nuated aging-related muscle weakness by improving
muscle quality and increasing muscle glycogen le-
vels in naturally aging mice®?,

Gut microbiota-targeted therapies such as the use
of probiotics and prebiotics are potential novel stra-
tegies to enhance muscle mass, muscle strength and
physical performance, and simultaneously contribu-
te to the treatment of IBD. The recently published
global guidelines from the World Gastroenterology
Organization suggest that the use of probiotics may
be safe and as effective as conventional therapy in
the treatment and maintenance of mild to moderately
active UC in both adult and pediatric patients®5,
On the contrary, there is no current evidence to
suggest that probiotics are beneficial for induction
or maintenance of remission in CD®?, due to a lack
of well-designed randomized controlled trials in this
field of study®”. However, long-term studies invol-
ving administration of synbiotics have demonstrated
promising results in active CD and UC®3&:99,

The imbalance of microbial homeostasis leads to
the colonization and invasion of opportunistic patho-
gens in the gut, which increases the risk of the host
immune response and promotes the development of
IBDY?. In addition, gut dysbiosis is related to de-
trimental of muscle growth, but its contribution to
changes on strength and physical performance was
still little explored. It is critical to identify the specific
pathogens related to the pathogenesis of IBD and
understand whether these pathogens have impact on
the development of sarcopenia.

Nutritional-related interventions
Routine micronutrient supplementation is not
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crosswise for IBD patients. Nutritional intervention
in IBD should be individualized and focus mainly on
replacing micronutrients when a deficiency is diag-
nosed even in the absence of sarcopenia. For exam-
ple, iron supplementation is recommended in IBD
patients when iron-deficiency anemia is present®®,
Even in anemia condition, the estimation of iron
need varies because it is usually based on baseline
hemoglobin and body weight of IBD patients“.

Concerning other micronutrients, it is already
possible to mention more concrete replacement va-
lues, but that depends more on the stage of the
disease and the treatment options, surgical and/or
pharmacological, than on the presence of sarcope-
nia. For example, IBD patients with clinical defi-
ciency of Vitamin B,,, particularly when submitted
to resection of parts of ileum, should receive 1000
mg of this vitamin by intramuscular injection every
other day for a week and then every month for
life“?Y In addition, the European guidelines also
advise oral administration of folate in IBD patients
on methotrexate, 5 mg once weekly 24-72 h after
the methotrexate treatment, or 1 mg daily for 5 days
per week“92),

Regarding macronutrient deficiencies, protein
requirements are increased in both active IBD pa-
tients and sarcopenic patients, and intake should
be increased to 1.2-1.5 g/kg/d compared to recom-
mendations for general adult population“®®. After
an inflammatory episode, dietary protein needs in
IBD patients may be increased for gastrointestinal
mucosal healing, being used as building blocks for
macromolecule synthesis in the wounded mucosal
area, and for total muscle protein synthesis thus pre-
venting strength decline and sarcopenia®”. Parado-
xically, an excessive amount of dietary protein may
result in an increased intestinal production of poten-
tially deleterious bacterial metabolites that negatively
affect IBD?. In older patients with sarcopenia, the
administration of a leucine-enriched amino acid su-
pplement, during eight weeks, significantly impro-
ved the performance of activities of daily living and
increased muscle strength®. In the future, clinical
trials should be conducted to evaluate the effect of
leucine supplements in the prevention and treatment
of sarcopenia in IBD patients.

In IBD patients, fat malabsorption is also obser-



ved because of decreased reabsorption of bile aci-
ds that are deconjugated by bacteria in the colon“®.
However, according to the recent European guide-
lines, dietary supplementation, e.g., n-3 fatty acids,
shall not be advised to support the maintenance
of remission in patients with IBD“®, but may be of
interest in the case of sarcopenic patients without
IBD®?. Regarding carbohydrates, some authors con-
sider that supplementation with selected fermenting
carbohydrates, promoting specific bacteria and/or
metabolites, may be beneficial for IBD patients“®.
Carbohydrates from the oligosaccharides and inulin
classes have been the most studied“®.

CONCLUSION

Relevant mechanisms associated with the patho-
physiology and presentation of IBD are simultaneou-
sly related to the loss of muscle strength and func-
tion leading to a poor muscle quality and consequent
sarcopenia. However, there is a lack of studies that
investigate simultaneously both conditions, IBD and
low muscle strength, and this was the main limitation
of this review. In future it will be necessary to use
the same study design to clarify which factors impact
muscle quality in IBD patients, particularly muscle
strength and physical performance.
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An increase of clinical complications due to the
simultaneous presence of sarcopenia was observed
in IBD patients, particularly in elderly patients. There
is a need to incorporate muscle strength and physi-
cal function measures into the early identification of
sarcopenia in IBD patients. The strength decline is a
crucial factor for the course of sarcopenia, which in
turn, is a frequent comorbidity in IBD patients.

The presence of proinflammatory cytokines, the
reduced nutrient intake and malabsorption, under-
nutrition, obesity, and gut microbiota dysbiosis may
represent the main factors with impact in muscle
strength, that probably mediate the relation between
IBD and sarcopenia.
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RESUMO - Inflamacio, alteracoes na absorcio de nutrientes e a disbiose intestinal sio condicoes comuns em individuos com doenca

inflamatoria intestinal. Estes fatores podem levar a variacdes corporais do teor de macro e micronutrientes e, em particular, a um
desequilibrio no metabolismo de proteinas com perda de massa muscular e desenvolvimento de sarcopenia. Esta revisio narrativa
visa apresentar o conjunto de fatores com impacto na forca e funcio muscular que podem potencialmente mediar a relacio entre
doenca inflamatoria intestinal e sarcopenia. Estudos que associaram as alteracoes de forca muscular, sarcopenia e doenca inflama-
toria intestinal foram selecionados, através de uma pesquisa bibliografica nas bases de dados Medline, Pubmed e Scielo, usando
palavras-chave relevantes: forca muscular, desempenho fisico, sarcopenia e doenca inflamatoria intestinal. A inflamacdo cronica é
atualmente citada como um fator determinante no desenvolvimento de atrofia muscular nos casos de doenca inflamatoria intestinal.
Além disso, o declinio de forca em individuos com doenca inflamatoéria intestinal, também pode ser influenciado pelas alteracoes
na composicao corporal e pela disbiose instestinal. Indicadores de forca muscular e de desempenho fisico devem ser considerados
na identificacdo inicial de sarcopenia, principalmente em individuos com doenca inflamatéria intestinal, para que uma intervencao
precoce possa ocorrer. A presenca de citocinas pro-inflamatorias, elevada adiposidade corporal, mad absor¢io intestinal com con-
sequente déficit de macro e micronutrientes, perda de massa muscular e disbiose intestinal poderdo ser os principais fatores com
impacto na forca muscular, que provavelmente medeiam a relacio entre doenca inflamatoéria intestinal e sarcopenia.
Palavras-chave — Doenca inflamatoria intestinal; qualidade muscular; forca muscular; performance fisica; sarcopenia.

Arqg Gastroenterol ® 2023. v. 60 n° 3  jul/set



Mendes J, Simdes CD, Martins JO, Sousa AS
Inflammatory bowel disease and sarcopenia: a focus on muscle strength — narrative review

o))

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

REFERENCES

Nishikawa H, Nakamura S, Miyazaki T, Kakimoto K, Fukunish S, Asai
A, et al. Inflammatory Bowel Disease and Sarcopenia: Its Mechanism
and Clinical Importance. J Clin Med. 2021;10:4214.

Bertani L, Ribaldone DG, Bellini M, Mumolo MG, Costa F. Inflammatory
bowel diseases: Is there a role for nutritional suggestions? Nutrients.
2021;13:1-19.

Seyedian S, Nokhostin F, Malamir MD. A review of the diagnosis, pre-
vention, and treatment methods of inflammatory bowel disease. ] Med
Life. 2019;12:113-22.

Dhaliwal A, Quinlan JI, Overthrow K, Greig C, Lord JM, Armstrong M],
et al. Sarcopenia in Inflammatory Bowel Disease: A Narrative Overview.
Nutrients. 2021;13:656.

Grova M, Crispino F, Maida M, Vitelo A, Renna S, Casa A, et al. Sar-
copenia is a negative predictive factor for endoscopic remission in
patients with Crohn’s disease treated with biologics. Dig Liver Dis.
2023;51590-8658:00482-6.

Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm T, et
al. Sarcopenia: Revised European consensus on definition and diagnosis.
Age Ageing. 2019;48:16-31.

Sousa AS, Guerra RS, Fonseca I, Pichel F, Amaral TF. Sarcopenia and
length of hospital stay. Eur J Clin Nutr. 2016;70:595-601.

Ryan E, McNicholas D, Creavin B, Kelly ME, Walsh T, Beddy D. Sarco-
penia and Inflammatory Bowel Disease: A Systematic Review. Inflamm
Bowel Dis. 2019;25:67-73.

Gold SL, Raman M, Sands BE, Ungaro R, Sabino J. Review article: Putting
some muscle into sarcopenia-the pathogenesis, assessment and clinical
impact of muscle loss in patients with inflammatory bowel disease.
Aliment Pharmacol Ther. 2023;57:1216-30.

Er6s A, So6s A, Hegyi P, Szakacs Z, Benke M, Szucs A, et al. Sarcopenia
as an independent predictor of the surgical outcomes of patients with
inflammatory bowel disease: a meta-analysis. Surg Today. 2020;50:
1138-50.

Wiroth JB, Filippi J, Schneider SM, Al-Jaouni R, Horvais N, Gavarry O,
et al. Muscle performance in patients with Crohn’s disease in clinical
remission. Inflamm Bowel Dis. 2005;11:296-303.

Valentini L, Schaper L, Buning C, Hengstermann S, Koernicke T, Till-
inger W, et al. Malnutrition and impaired muscle strength in patients
with Crohn’s disease and ulcerative colitis in remission. Nutrition.
2008;24):694-702.

Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, Nevitt M, Schwartz
AV, et al. The loss of skeletal muscle strength, mass, and quality in older
adults: the health, aging and body composition study. ] Gerontol A Biol
Sci Med Sci. 2006;61:1059-64.

Li R, Xia J, Zhang XI, Gathirua-Mwangi WG, Guo J, Li Y, et al. Associ-
ations of Muscle Mass and Strength with All-Cause Mortality among US
Older Adults. Med Sci Sports Exerc. 2018;50:458-67.

Visser M, Pahor M, Taaffe DR, Goodpaster BH, Simonsick EM, Newman
AB, et al. Relationship of interleukin-6 and tumor necrosis factoralpha
with muscle mass and muscle strength in elderly men and women: the
Health ABC Study. ] Gerontol A Biol Sci Med Sci. 2002;57:M326-32.
Bano G, Trevisan C, Carraro S, Solmi M, Luchini C, Stubbs B, et al.
Inflammation and sarcopenia: A systematic review and meta-analysis.
Maturitas. 2017;96:10-5.

Powers SK, Smuder AJ, Criswell DS. Mechanistic links between oxida-
tive stress and disuse muscle atrophy. Antioxid Redox Signal. 2011;15:
2519-28.

Mufioz-Canoves P, Scheele C, Pedersen BK, Serrano AL. Interleukin-6
myokine signaling in skeletal muscle: a double-edged sword? FEBS J.
2013;280:4131-48.

Almradi A, Hanzel J, Sedano R, Parker CE, Feagan BG, Ma C, et al.
Clinical Trials of IL12/IL-23 Inhibitors in Inflammatory Bowel Disease.
BioDrugs. 2020;34:713-21.

Chen YY, Kao TW, Chiu YL, Peng TC, Yang HF, Chen WL. Association
Between Interleukin12 and Sarcopenia. J Inflamm Res. 2021;14:2019-29.
Cui CY, Driscoll RK, Piao Y, Chia CW, Gorospe M, Ferrucci L. Skewed
macrophage polarization in aging skeletal muscle. Aging Cell.
2019;18:€13032.

Dort J, Fabre P, Molina T, Dumont NA. Macrophages are key regulators
of stem cells during skeletal muscle regeneration and diseases. Stem
Cells Int. 2019;4761427.

IEEIM Arg Gastroenterol  2023. v. 60 n° 3 » jul/set

23.

24.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

30.

37.

38.

40.

41.

42.

Weisshof R, Chermesh I. Micronutrient deficiencies in inflammatory
bowel disease. Curr Opin Clin Nutr Metab Care. 2015;18:576-81.
Gedmantaite A, Celis-Morales CA, Frederick Ho, Pell JP, Ratkevicius
A, Gray SR. Associations between diet and handgrip strength: a
cross-sectional study from UK Biobank. Mech Ageing Dev. 2020;189:
111269.

Gasche C. Anemia in IBD: the overlooked villain. Inflamm Bowel Dis.
2000;6:142-50.

Dziegala M, Josiak K, Kasztura M, Kobak K, Haehling Sv, Banasiak W,
et al. Iron deficiency as energetic insult to skeletal muscle in chronic
diseases. J Cachexia Sarcopenia Muscle. 2018;9:802-15.

GiY, Jung B, Kim KW, Cho JH, Ha IH. Low handgrip strength is closely
associated with anemia among adults: A cross-sectional study using
Korea National Health and Nutrition Examination Survey (KNHANES).
Plos One. 2020;15:¢0218058.

Santos PHS, Carmo EA, Carneiro JAO, Nery AA, Casotti CA. Handgrip
strength: An effective screening instrument for anemia in the elderly
women. Public Health Nurs. 2019;36:178-83.

WHO/UNICEF/UNU. Iron Deficiency Anemia: Assessment, Prevention
and Control. Available from: https://www.who.int/publications/m/
item/iron-children-6to23--archived-iron-deficiency-anaemia-assessment-
prevention-and-control

Kaitha S, Bashir M, Ali T. Iron deficiency anemia in inflammatory bowel
disease. World J Gastrointest Pathophysiol. 2015;15;6:62-72.

van Dronkelaar C, van Velzen A, Abdelrazek M, van der Steen A, Weijs
PJM, Tieland M. Minerals and Sarcopenia; The Role of Calcium, Iron,
Magnesium, Phosphorus, Potassium, Selenium, Sodium, and Zinc on
Muscle Mass, Muscle Strength, and Physical Performance in Older Adults:
A Systematic Review. ] Am Med Dir Assoc. 2018;19:6-11.e3.
Malinowska J, Matecka M, Ciepiela O. Variations in Magnesium Concen-
tration Are Associated with Increased Mortality: Study in an Unselected
Population of Hospitalized Patients. Nutrients. 2020;12:1836.

Scott D, Blizzard L, Fell J, Giles G, Jones G. Associations between dietary
nutrient intake and muscle mass and strength in community-dwelling
older adults: the Tasmanian older adult cohort study. ] Am Geriatr Soc.
2010;58:2129-34.

Dominguez 1J, Barbagallo M, Lauretani F, Bandinelli S, Bos A, Corsi
AM, et al. Magnesium and muscle performance in older persons: the
InCHIANTI study. Am J Clin Nutr. 2006;84:41926.

Aytekin N, Mileva KN & Cunliffe AD. Selected B vitamins and their
possible link to the aetiology of age-related sarcopenia: relevance of UK
dietary recommendations. Nutr Res Rev. 2018;31,204-24.

Madanchi M, Fagagnini S, Fournier N, Biedermann L, Zeitz J, Battegay
E, et al. The Relevance of Vitamin and Iron Deficiency in Patients with
Inflammatory Bowel Diseases in Patients of the Swiss IBD Cohort.
Inflamm Bowel Dis. 2018;24:1768-79.

Han Wee AK. Serum folate predicts muscle strength: a pilot cross-sec-
tional study of the association between serum vitamin levels and muscle
strength and gait measures in patients >65 years old with diabetes mellitus
in a primary care setting. Nutr J. 2016;15:89.

Balestrieri P, Ribolsi M, Guarino MPL, Emerenziani S, Altomare A, Ci-
cala M. Nutritional Aspects in Inflammatory Bowel Diseases. Nutrients.
2020;12:372.

Yin K, Agrawal DK. Vitamin D and inflammatory diseases. J Inflamm
Res. 2014;7:69-87.

Ross AC, Taylor CL, Yaktine AL, Del Valle HB, editors. Dietary Reference
Intakes for calcium and vitamin D. Washington (DC): Institute of Med-
icine (US) Committee to Review Dietary Reference Intakes for Vitamin
D and Calcium, 2011.

De Sire R, Rizzatti G, Ingravalle F, Pizzoferrato M, Petito V, Lopetuso L,
et al. Skeletal muscle-gut axis: Emerging mechanisms of sarcopenia for
intestinal and extra intestinal diseases. Minerva Gastroenterol Dietol.
2018;64:351-62.

Palmese F, Del Toro R, Di Marzio G, Cataleta P, Sama MG, Domenicali
M. Sarcopenia and vitamin d deficiency in patients with crohn’s dis-
ease: Pathological conditions that should be linked together. Nutrients.
2021;13:1378.



43.

44.

40.

47.

48.

49.

52.

59.

60.

61.

62.

63.

Skrzypczak D, Ratajczak AE, Szymczak-Tomczak A, Dobrowolska A, Eder
P, Krela-Kazmierczak I. A vicious cycle of osteosarcopenia in inflamma-
tory bowel diseases—actiology, clinical implications and therapeutic
perspectives. Nutrients. 2021;13:1-19.

Mendes J, Santos A, Borges N, Afonso C, Moreira P, Padrao P, et al.
Vitamin D status and functional parameters: A cross-sectional study in
an older population. PLoS One. 2018;13:¢0201840.

Beaudart C, Buckinx F, Rabenda V, Gillain S, Cavalier E, Slomian J, et al.
The effects of vitamin D on skeletal muscle strength, muscle mass, and
muscle power: a systematic review and meta-analysis of randomized
controlled trials. J Clin Endocrinol Metab. 2014;99:4336-45.
Rosendahl-Riise H, Spielau U, Ranhoff AH, Gudbrandsen OA, Dierkes
J. Vitamin D supplementation and its influence on muscle strength and
mobility in community-dwelling older persons: a systematic review and
meta-analysis. ] Hum Nutr Diet. 2017;30:3-15.

Stockton KA, Mengersen K, Paratz JD, D Kandiah, K L Bennell. Effect
of vitamin D supplementation on muscle strength: a systematic review
and meta-analysis. Osteoporosis Int. 2011;22:859-71.

Bischoff SC, Bager P, Escher J, Forbes A, Hébuterne X, Hvas CL, et al.
ESPEN guideline on Clinical Nutrition in inflammatory bowel disease.
Clin Nutr. 2023;42:352-79.

Martinez-Arnau FM, Vivas RF, Buigues C, Castillo Y, Molina P, Hoogland
AJ, etal. Effects of Leucine Administration in Sarcopenia: A Randomized
and Placebo-controlled Clinical Trial. Nutrients. 2020;12:932.

Ge Y, Wu AL, Warnes C, Liu J, Zhang C, Kawasome H, et al. mTOR
regulates skeletal muscle regeneration in vivo through kinase-depen-
dent and kinase-independent mechanisms. Am J Physiol Cell Physiol.
2009;297:C1434-44.

Singh A, Midha V, Mahajan R, Verma S, Kakkar C, Grover J, et al.
Evaluation of Nutritional Characteristics Reveals Similar Prevalence of
Malnutrition in Patients with Ulcerative Colitis and Crohn’s Disease. Dig
Dis Sci. 2023;68:580-95.

Nam K, Lee JY, Ko Y, Kim KW, Lee HS, Hong SW, et al. Impact of Sar-
copenia on Clinical Course of Inflammatory Bowel Disease in Korea.
Dig Dis Sci. 2023;68:2165-79.

Chiu E, Oleynick C, Raman M, Bielawska B. Optimizing inpatient nutri-
tion care of adult patients with inflammatory bowel disease in the 21st
century. Nutrients. 2021;13:1581.

Unal NG, Orug N, Tomey O, Omer Oziitemiz A. Malnutrition and
sarcopenia are prevalent among inflammatory bowel disease patients
with clinical remission. Eur J Gastroenterol Hepatol. 2021;33:1367-75.
Ge X, Jiang L, Yu W, Wu Y, Liu W, Qi W, et al. The importance of sar-
copenia as a prognostic predictor of the clinical course in acute severe
ulcerative colitis patients. Dig Liver Dis. 2021;53:96571.

Adams DW, Gurwara S, Silver HJ, Horst SN, Beaulieu DB, Schwartz DA,
et al. Sarcopenia Is Common in Overweight Patients with Inflammatory
Bowel Disease and May Predict Need for Surgery. Inflamm Bowel Dis.
2017;23:1182-6.

Zhang T, Cao L, Cao T, Yang J, Gong J, Zhu W, et al. Prevalence of
Sarcopenia and Its Impact on Postoperative Outcome in Patients With
Crohn’s Disease Undergoing Bowel Resection. JPEN J Parenter Enteral
Nutr. 2017;41:592-600.

Steed H, Walsh S, Reynolds N. A brief report of the epidemiology of
obesity in the inflammatory bowel disease population of tayside, Scot-
land. Obes Facts. 2009;2:370-2.

Flores A, Burstein E, Cipher DJ, Feagins LA. Obesity in Inflamma-
tory Bowel Disease: A Marker of Less Severe Disease. Dig Dis Sci.
2015;60:2436-45.

Takahashi Y, Sato S, Kurashima Y, Lai CY, Otsu M, Hayashi M, et al.
Reciprocal Inflammatory Signaling between Intestinal Epithelial Cells
and Adipocytes in the Absence of Immune Cells. EBioMedicine. 2017;
23:34-45.

Kalinkovich A, Livshits G. Sarcopenic obesity or obese sarcopenia: A
cross talk between age-associated adipose tissue and skeletal muscle
inflammation as a main mechanism of the pathogenesis. Ageing Res
Rev. 2017;35:200-21.

Delmonico MJ, Harris TB, Visser M, Park SW, Conroy MB, Velas-
quez-Mieyer P, et al. Longitudinal study of muscle strength, quality, and
adipose tissue infiltration. Am J Clin Nutr. 2009;90:1579-85.

Moore BA, Bemben DA, Lein DH, Bemben MG, Singh H. Fat Mass Is
Negatively Associated with Muscle Strength and Jump Test Performance.
J Frailty Aging. 2020;9:214-18.

Mendes J, Simdes CD, Martins JO, Sousa AS

Inflammatory bowel disease and sarcopenia: a focus on muscle strength — narrative review

64.

60.

67.

68.

69.

70.

71.

72.

73.

74.

76.

77.

78.

79.

80.

81.

82.

83.

84.

86.

87.

Ley RE, Turnbaugh PJ, Klein S, Gordon JI. Microbial ecology: human gut
microbes associated with obesity. Nature. 20006;444:1022-3.

Sartor RB, Wu GD. Roles for Intestinal Bacteria, Viruses, and Fungi in
Pathogenesis of Inflammatory Bowel Diseases and Therapeutic Ap-
proaches. Gastroenterology. 2017;152:32739.

Strober W, Fuss I, Mannon P. The fundamental basis of inflammatory
bowel disease. J Clin Invest. 2007;117:514-21.

Alam MT, Amos GCA, Murphy ARJ, Murch S, Wellington EMH, Arasarad-
nam RP. Microbial imbalance in inflammatory bowel disease patients at
different taxonomic levels. Gut Pathog. 2020;12:1.

Pittayanon R, Lau JT, Leontiadis G, Tse F, Yuan Y, Surette M, et al. Dif-
ferences in Gut Microbiota in Patients With vs Without Inflammatory
Bowel Diseases: A Systematic Review. Gastroenterology. 2020;158:
930-946.e1.

Simoes CD, Maganinho M, Sousa AS. FODMAPs, inflammatory bowel
disease and gut microbiota: updated overview on the current evidence.
Eur J Nutr. 2022;61:1187-98.

Sarmento A, Simoes CD. Gut Microbiota Dysbiosis and Chronic Intes-
tinal Inflammation. In Comprehensive Gut Microbiota. Elsevier. 2022;
423-41.

Berkes J, Viswanathan VK, Savkovic SD, Hecht G. Intestinal epithelial
responses to enteric pathogens: effects on the tight junction barrier, ion
transport, and inflammation. Gut. 2003;52:439-51.

Lee B, Moon KM, Kim CY. Tight Junction in the Intestinal Epithelium: Its
Association with Diseases and Regulation by Phytochemicals. ] Immunol
Res. 2018;2018:2645465.

Grosicki GJ, Fielding RA, Lustgarten MS. Gut Microbiota Contribute to
Age-Related Changes in Skeletal Muscle Size, Composition, and Function:
Biological Basis for a Gut-Muscle Axis. Calcif Tissue Int. 2018;102:433-42.
Li C, Li Y, Wang N, Ge Z, Shi Z, Wang J, et al. Intestinal Permeability
Associated with the Loss of Skeletal Muscle Strength in Middle-Aged
and Older Adults in Rural Area of Beijing, China. Healthcare (BaseD.
2022;10:1100.

Stehle JR, Leng X, Kitzman DW, Nicklas BJ, Kritchevsky SB, High KP.
Lipopolysaccharidebinding protein, a surrogate marker of microbial
translocation, is associated with physical function in healthy older adults.
J Gerontol A Biol Sci Med Sci. 2012;67:12128.

Fielding RA, Reeves AR, Jasuja R, Liu C, Barrett BB, Lustgarten MS.
Muscle strength is increased in mice that are colonized with microbiota
from high-functioning older adults. Exp. Gerontol. 2019;127:110722.
Lustgarten MS. The Role of the Gut Microbiome on Skeletal Muscle
Mass and Physical Function: 2019 Update. Front Physiol. 2019;10:1435.
Lahiri S, Kim H, Garcia-Perez I, Reza MM, Martin KA, Kundu P, et al. The
gut microbiota influences skeletal muscle mass and function in mice.
Sci Transl Med. 2019;11(502):eaan5662.

Clarke SF, Murphy EF, O’Sullivan O, Lucey AJ, Humphreys M, Hogan A,
et al. Exercise and associated dietary extremes impact on gut microbial
diversity. Gut. 2014;63:1913-20.

Claesson MJ, Jeffery 1B, Conde S, Power SE, O’Connor EM, Cusack S,
et al. Gut microbiota composition correlates with diet and health in the
elderly. Nature. 2012;488:178-84.

Verdi S, Jackson MA, Beaumont M, Bowyer RCE, Bell JT, Spector TD,
et al. An Investigation Into Physical Frailty as a Link Between the Gut
Microbiome and Cognitive Health. Front Aging Neurosci. 2018;10:398.
Huang WC, Lee MC, Lee CC, Ng KS, Hsu Y], Tsai TY, et al. Effect of
Lactobacillus plantarum TWK10 on Exercise Physiological Adaptation,
Performance, and Body Composition in Healthy Humans. Nutrients.
2019;11:2836.

Chen YM, Wei L, Chiu YS, Hsu YJ, Tsai TY, Wang MF, et al. Lactobacillus
plantarum TWK10 Supplementation Improves Exercise Performance and
Increases Muscle Mass in Mice. Nutrients. 2016;8:205.

Lee MC, Hsu YJ, Ho HH, Kuo YW, Lin WY, Tsai SY, et al. Effectiveness
of human-origin Lactobacillus plantarum PL-02 in improving muscle
mass, exercise performance and anti-fatigue. Sci Rep. 2021;30;11:19469.
World Gastroenterology Organisation Global Guidelines. Probiotics and
prebiotics. 2023 Available from: https://www.worldgastroenterology.org/
guidelines/probiotics-and-prebiotics/probiotics-and-prebiotics-english
Kaur L, Gordon M, Baines PA, Iheozor-Ejiofor Z, Sinopoulou V, Akobeng
AK. Probiotics for induction of remission in ulcerative colitis. Cochrane
Database Syst Rev. 2020;3:CD005573. doi: 10.1002/14651858.
Limketkai BN, Akobeng AK, Gordon M, Adepoju AA. Probiotics for
induction of remission in Crohn’s disease. Cochrane Database Syst Rev.
2020;17;7:CD006634.

Arqg Gastroenterol  2023. v. 60 n° 3  jul/set IEEIH



Mendes J, Simdes CD, Martins JO, Sousa AS
Inflammatory bowel disease and sarcopenia: a focus on muscle strength — narrative review

88.

89.

90.

91.

Steed H, Macfarlane GT, Blackett KL, Bahrami B, Reynolds N, Walsh
SV, et al. Clinical trial: the microbiological and immunological effects
of synbiotic consumption — a randomized double-blind placebo-con-
trolled study in active Crohn’s disease. Aliment Pharmacol Ther. 2020;
32:872-83.

Fujimori S, Tatsuguchi A, Gudis K, Kishida T, Mitsui K, Ehara A, et al.
High dose probiotic and prebiotic cotherapy for remission induction
of active Crohn’s disease. ] Gastroenterol Hepatol. 2007;22:1199-1204.
Furrie E, Macfarlane S, Kennedy A, Cummings JH, Walsh SV, O’'neil DA,
et al. Synbiotic therapy (Bifidobacterium longum/Synergy 1) initiates
resolution of inflammation in patients with active ulcerative colitis: a
randomized controlled pilot trial. Gut. 2005;54:242-9.

Stabler SP. Clinical practice. Vitamin B12 deficiency. N Engl J Med.
2013;368:149-60.

IEEA Arq Gastroenterol  2023. v. 60 n° 3 » jul/set

92.

93.

94.

95.

van Rheenen PF, Aloi M, Assa A, Bronsky J, Escher JC, Fagerberg UL, et
al. The medical management of paediatric Crohn’s disease: an ECCO-ES-
PGHAN guideline update. J Crohns Colitis. 2020;15:171e94.

Trigui A, Rose CF, Bémeur C. Nutritional Strategies to Manage Malnutri-
tion and Sarcopenia following Liver Transplantation: A Narrative Review.
Nutrients. 2023;15:903.

Vidal-Lletjos S, Beaumont M, Tomé D, Benamouzig R, Blachier F, Lan
A. Dietary Protein and Amino Acid Supplementation in Inflammatory
Bowel Disease Course: What Impact on the Colonic Mucosa? Nutrients.
2017;9:310.

Yoshimura Y, Bise T, Shimazu S, Tanoue M, Tomioka Y, Araki M, et al.
Effects of a leucineenriched amino acid supplement on muscle mass,
muscle strength, and physical function in post-stroke patients with sar-
copenia: A randomized controlled trial. Nutrition. 2019;58:1-6.



