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ABSTRACT SARCOPENIA AND INFECAMMATORY BOWEL DISEASE:
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Ivano-Frankivsk, Ukraine mortality. While primary sarcopenia is a natural manifestation of ageing,

. second loss of muscle strength and mass can occur in many acute or
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¢hronig, pathological conditions and is associated with a poor prognosis.

Currently, there is growing interest in premature sarcopenia, which occurs
in the setting of acute and chronic inflammatory processes, including
inflammatory bowel disease.

Materials and methods. The literature review was based on scientific
studies published by Science Direct using the information retrieval

Liubov Skrypnyk systems PubMed, Web of Science, Scopus, Google Scholar, The Cochrane
https://orcid.org/0000-0001-5630-2778 Library, Medknow. The research was mainly reviewed for the last 5 years.
Department of Therapy, Family and A total of 65 scientific papers were selected for this article.

Emergency Medicine PE, Ivano- Results. Published studies suggest an association between sarcopenia
Frankivsk National Medical University, and disease activity, the need for surgical treatment and adverse
Ivano-Frankivsk, Ukraine postoperative outcomes. Sarcopenia occurs in 20-70% of patients with

inflammatory bowel disease. In recent years, the diagnosis of nutritional
status disorders in patients with inflammatory bowel disease has changed
due to the prevalence of obesity. Sarcopenia in such patients may occur in
the setting of obesity and remain undiagnosed for a long time.
Conclusions. Sarcopenia is associated with high activity and higher
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Ivano-Frankivsk, Ukraine incidence of postoperative complications in patients with IBD and is an

independent predictor of surgical intervention. Sarcopenic obesity is one
Iryna Cherniavska of the features of the modern phenotype of a patient with inflammation
https://orcid.org/0009-0007-8339-6838 bowel disease. Early diagnosis, prevention and treatment of sarcopenia
Department of Endocrinology, Ivano- and malnutrition in patients with inflammation bowel disease are likely
Frankivsk National Medical University, to become one of the therapeutic goals in the future, in addition to
Ivano-Frankivsk, Ukraine clinical and endoscopic remission of the disease.
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CAPKOIIEHIA TA 3AITAJIBHI 3AXBOPIOBAHHSA
KHINEYHUKY: MEXAHI3M PO3BUTKY TA TIPAKTUYHE
3HAYEHHSA

Beryn. CapkoreHisi — TeHepali3oBaHEe 1 HMPOrpecyroue 3HUKCHHS
MacH CKEJNETHHX M's3iB, IXHbOI CHJIIM Ta Mpane3NaTHOCTi, IO
MPU3BOAMTE JI0 3HMKCHHS SIKOCTI JKUTTS, 3017bIICHHS PU3UKY MaJiHHSI
Ta TIEPeJIOMiB, TOCITITaNi3allii Ta CMEPTHOCTI. Y TOH Hac SK IEepBUHHA
CapKOICHIA € 3aKOHOMIPDHHM TIPOSIBOM CTapiHHS, BTOpPHWHHAa BTpaTa
M'SI30BOi CHUIM 1 MacH MOXKe BHMHHKATH Ha TJIi 0araThOX roctpux abo
XPOHIYHUX TMATOJOTIYHMX CTaHIB Ta ACOIIIOETHCA 3 HECHPHUATINBUM
mporHo30oM. HwuHI 3pocTae iHTEepec A0 CapKoOIeHil, mo NepemxdacHO
PO3BHHYJIACS 1 CIIOCTEPIra€ThCSA HA TJIi TOCTPHX 1 XPOHIUHUX 3aMaJbHUX
MPOIICCIB, Y TOMY YHCHIi Ha TJIi 3aTTalbHUX 3aXBOPIOBAHb KUIIICYHUKA.

Martepianu i meronm. JlitepatypHuii orjsii IPOBEICHO HA OCHOBI
ornyOIIikOBaHUX HayKOBUX n@ciimkens Science Direct 3a momomororo
iHpopMmaniiHo-omykKoBuX cueteM PubMed, Web of Science, Scopus,
Google Scholar, The Cochrane Librar, Medknow. I[IpoBemenmii ormsig
JOCTIKCHb TIEPEBaXKHO 3a OCTaHHI 5 pokiB. [l HammcaHHA CTaTTi
BifiOpaHo 65 HAYKOBUX IpaIlb.

Pesyabrapu. OnyOmikoBaHi  JOCHKCHHS  BKa3ylOThb  Ha
B3a€MO3B'SI30K CApKOICHIi 3 aKTHUBHICTIO 3aXBOPIOBAaHH:I, MOTPEOOIO B
XipyprifHoMy JIIKyBaHHI Ta HECIPHUATIMBUMU IICIILONEpAliHHUME
macimigkamu. CapkomeHis 3yctpidaetsest y 20-70% marieHTiB i3
3aMaJbHUMHU  3aXBOPIOBAHHSAMH KHUIICYHHKA. OCTaHHIMH pOKaMu
JUATHOCTHKA XapaKTepy MOPYIICHb HYTPUTUBHOIO CTATyCy B MAIli€HTIB
13 3aMaJIbHUMK 3aXBOPIOBAHHSMHU KHINCUYHUKA 3a3HAE 3MIH y 3B'SI3KY 3
MOMMPEHHAM OXUpPiHHA. CapKoOIleHiss y TaKUX TMAIli€HTIB MOXe
MPOTIKATH Ha Ti OKUPIiHHSA, TOBTO 3aJHMINAI0YNCH HEJIarHOCTOBAHOO.

BucnoBkn. CapkoneHis acolliifoBaHa 3 BHCOKOK aKTHBHICTIO Ta
OUMBIIOI0 YACTOTOK TMICIIOTIEPAiHHUX YCKIAJHEHh Y XBOpHX i3
3aMaJbHUMH  3aXBOPIOBAHHSAMH KHIIEYHWKA 1 BHCTYIIa€ B PO
HE3aJIe)KHOTO TPEJUKTOopa XipypriyHoro BrpydaHHs. CapkoreHiuHe
OXXHUPIHHS — OJIHA 3 OCOOJIMBOCTEH Cy4acHOro (DEHOTHILy XBOPOTrO Ha
3amajgbHi  3aXBOPIOBaHHS  KkuiieuyHuka. CBO€yacHa JIIarHOCTHKA,
npodinakTuka i JiKyBaHHA CapKOIEHii Ta MalbHYTPHUIi y XBOpHUX Ha
3amaibHI  3aXBOPIOBAHHS KHINEYHWKA, IMOBIPHO, CTaHE OJIHIEID 3
TEpaneBTUYHUX IUJICH Ha Jojaady 10 KIIHIYHOT Ta EHIOCKOMIYHOI
peMicii 3aXBOpIOBaHHS B MaliOyTHHOMY.

KulouoBi  cjoBa: 3amnaibHi

CapKOHCHiH, 3aXBOPIOBAHHSA

KUIICYHHUKY, HyTPUTUBHUM CTATyC, CApKOTICHIYHE OXKHUPiHHS.
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ABBREVIATIONS

UC — ulcerative colitis

IBD — inflammatory bowel disease
BMI - body mass index

INTRODUCTION

The term “sarcopenia” was coined by Professor
Irwin Rosenberg in 1989 (from the Greek sarx — body,
flesh and penia — lack). In 2010, the European Working
Group on Sarcopenia in Older People (EWGSOP)
defined the condition as a progressive and generalised
loss of muscle mass and strength in older people, with an
increased risk of adverse outcomes such as reduced
quality of life, disability and death. In 2016, sarcopenia
was recognised as a disease and included in the
International Classification of Diseases. In 2019, the
updated EWGSOP-2 guidelines [1] expanded and
clarified the diagnostic criteria for sarcopenia and the
methods for assessing muscle mass and strength. Since
the first EWGSOP consensus, scientists and clinicians
have studied many aspects of the disease and concluded
that sarcopenia can occur not only in older people, but
also in younger people as a complication of certain
chronic and acute diseases (secondary sarcopenia).
Studies have shown that muscle strength is an important
marker for predicting adverse outcomes [2]. When
comparing the importance of muscle strength and muscle
mass, early diagnosis of muscle strength deficiency
(dyspnoea) is of paramount importance [3], as it is piore
convenient to measure, whereas measuring muscle ‘mass
is technically difficult. However, the researcher§ point out
that as tools and methods for assessing the quantitative
characteristics of muscle mass improve; the practical
importance of the latter will increases

Search strategy. Data fromW\the Scientometric
databases PubMed, Web of Science,Scopus, Google
Scholar, The Cochrane Library, Medknow were used
for the scientific review using a combination of the
terms 'sarcopenia’, 'inflammatory bowel disease',
'sarcopenic obesity', 'mutritional status', 'malnutrition’,
'muscle mass'. The search was conducted from
September 2024 to January 2025. The literature data on
the relationship between sarcopenia and inflammatory
bowel disease activity, its impact on the development of
postoperative  complications the course of
inflammatory bowel disease in the setting of sarcopenic
obesity were reviewed and summarised.

The 65 papers selected for the article are either the
most recent publications (within the last 5 years) or the
most recent publications on the topic under review
(regardless of age).

RESULTS AND DISCUSSION

Factors such as malnutrition, physical inactivity and
concomitant polymorbidity in the elderly are involved

and

SCFA — short chain fatty acids
CD - Crohn's disease
GI — gastrointestinal

in the development of primary (age-related) sarcopenia.
Drug treatment, malabsorption syndrome, systemic
inflammatory reactions, endocrine disorders, obesity
and malnutrition play a key role in the development of
secondary sarcopenia. The decline in muscle mass
begins in the third or fourth decade of life and
progresses at a rate of 0.5-1% per year, with a sharp
decline after the eighth decade [4]. Muscle strength also
decreases, but not in direct proportion to the loss of
muscle mass. Age-related loss of skeletal muscle mass
is due to atrophy of muscle fibres, deposition of lipids
and their derivatives both directly in and between
myocytes (myosteatosis), which not only causes
mitochondrial dysfunction but also disrupts B-oxidation
of fatty acids, increasing the production of reactive
oxygen species” These processes lead to lipotoxicity,
insulin resistanee and increased secretion of a number of
pro-inflanmatory €ytokines. Thanks to modern research
methdds, we now know that muscles, which account for
almost90% of body weight, produce myokines [5] —
substances that counteract pro-inflammatory signalling
molecules — in addition to their main function, which is
locomotion.

Myokines include myostatin, leukaemia suppressor
factor, interleukin (IL) 6, IL-7, brain-derived
neurotrophic factor, insulin-like growth factor 1
(IGF-1), somatomedin C, fibroblast growth factor and
irisin [6]. The role of tumour necrosis factor alpha
(TNF-alpha) and IGF-1 in the development of
sarcopenia has been well studied. Expression of TNF-a
promotes inflammation through activation of the nuclear
factor NF-kB, leading to muscle loss. Another pathway
that regulates mitochondrial metabolism involves
IGF-1. The age-related decline in IGF-1 levels is
thought to impair mitochondrial activity by reducing
ATP citrate lyase, contributing to the development of
sarcopenia [7]. Sarcopenia is also associated with
changes in motor neuron function, leading to both
muscle wasting and reduced muscle function [8]. A
genetic predisposition to sarcopenia has been discussed.
For example, the genes ACE (angiotensin converting
enzyme), MSTN (myostatin), IGF1 (IGF-1), IL-6 (IL-6)
and VDR (vitamin D receptor) have been shown to be
associated with muscle strength and/or mass. Double-
blind studies have shown that the heritability of some
muscle mass and strength traits is up to 80% [9, 10].

Sarcopenia and ageing

The progressive loss of muscle mass and strength is
considered a hallmark of ageing. Numerous studies have
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shown that sarcopenia in older people is associated with
a number of adverse outcomes, including an increased
risk of disability and mortality, and the need for more
frequent and longer hospitalisations. The following
factors play a role in the development of sarcopenia in
older and senile people:

e  Chronic systemic inflammation of low severity,
characterised by the expression of pro-
inflammatory cytokines [11];

e Vitamin D deficiency, which leads to a
decrease the expression of 1,25-
dihydroxyvitamin D receptors in skeletal
muscle, with a subsequent decrease in protein
synthesis and functional responses of myocytes
[12,13];

e Low physical activity with a decrease in
myokine production [14];

e  Unbalanced diet and reduced food intake [15].

in

Mechanism of sarcopenia in inflammatory bowel
disease

According to various studies, sarcopenia occurs in
20-70% of patients with inflammatory bowel disease
(IBD) [16,]. Malnutrition is the leading link in the
pathogenesis of its development [17]. Malnutrition
syndrome is observed in 20-85% of patients with IBD
due to chronic non-specific inflammation, dietary
restrictions caused by poor tolerance to certain foods,
malabsorption syndrome epithelial
damage [18, 19].

The development of the malnutrition syadrome “is
accompanied by vitamin D deficiency, thesfole of Which
has been actively studied in recent yearsy i addition to
maintaining bone mineral density, yitamin Dy§ involved
in muscle contraction by regulating intracellular calcium

and intestinal

concentration, myocyte proliferation and differentiation.
In the gastrointestinal (GI) mucosa, it is involved in
modulating the immune response by exerting anti-
inflammatory effects [20] and also ensures the integrity
of the mucosal epithelial barrier by regulating tight
junction proteins [21]. Vitamin D deficiency occurs in
30-47% of patients with IBD [22].

There is an association between vitamin D
deficiency and the risk of developing sarcopenia,
cardiovascular disease, obesity and osteoporosis [23].
Vitamin D deficiency contributes to a decrease in the
expression of receptors for this vitamin [24], inhibition
of oxidative phosphorylation, development of
mitochondrial dysfunction, and increased formation of
reactive oxygen species [25, 26], which directly or
indirectly leads to the breakdown of muscle fibres and,
as a result, muscle wasting.

The resection of part of the small or large bowel also
contributes to the development of malnutrition, which,

in combination with chronic inflammation, leads to a
reduction in the contact time between the food lump and
the absorptive surface. Crohn's disease (CD) is
characterised by the involvement of all parts of the
gastrointestinal tract, including the small intestine,
where nutrient absorption is predominant, which is
naturally associated with a more frequent development
of malnutrition [27]. The mechanism of sarcopenia
development in IBD also includes the uncontrolled
release of pro-inflammatory cytokines such as TNF-a
and IL-6 into the circulation [28], which are synthesised
in particular by adipocytes of mesenteric adipose tissue
[29], drug effects and physical activity restriction [30].

A dynamic balance between the synthesis and
breakdown of skeletal muscle proteins is maintained by
a constant supply of amino acids from the diet. The
intestinal microflora plays a direct role in their
absorption, and changes in the composition and
diversity of this flora can affect the bioavailability of
amino acids [31]. Substances produced by intestinal
bacteria as papt”oftheir vital activity, of which short-
chain fatty acids (SCFA) are the most studied, can also
influence muscle fibre synthesis [32]. Once they enter
the systemig eirculation and are taken up by skeletal
musclesy, SCFA act on the mitochondria to stimulate
muscle protein synthesis [33]. The pathways by which
the gut microbiota affect the muscle system are
collectively referred to as the 'skeletal muscle-gut axis'.
Patients with IBD are characterised by a decrease in the
number and species diversity of gut bacteria, an
imbalance between bacteria that produce pro- and anti-
inflammatory cytokines, which naturally leads to
changes in signalling pathways [34]. Thus, intestinal
dysbiosis in IBD patients is considered to be one of the
mechanisms inducing the development of sarcopenia.

People with IBD are at high risk of developing
nutritional deficiencies. For this reason, appropriate
screening tests are recommended at the time of IBD
diagnosis and at least once a year thereafter. This
attention is justified by the fact that the development of
malnutrition in patients with IBD worsens prognosis
and quality of life, and increases the incidence of
complications and mortality [35]. There are currently no
validated screening tools to assess the nutritional status
of patients with IBD [36]. However, tools that have
been used include the Nutritional Risk Screening (NRS-
2002), the Multiple Undernutrition Screening Tool
(MUST), the Malnutrition Screening Tool (MST), the
Malnutrition in Inflammation Risk Taking Tool
(MIRT), and the SaskIBD Nutritional Risk Screening
for IBD (SaskIBD-NR) [37].

To assess skeletal muscle mass, clinical studies use
dual-energy absorptiometry, bioimpedance
analysis and measurement of the cross-sectional area of

X-ray
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the lumbar muscle at the level of the third lumbar
vertebra on images obtained during computed
tomography or magnetic resonance imaging. The
advantage of radiological methods is the possibility of
simultaneous diagnosis of the abdominal cavity and
assessment of the muscular system. In general, there is a
need to develop diagnostic criteria for sarcopenia in
patients with IBD, as the currently available criteria were
developed to diagnose primary age-related sarcopenia
[38].

Practical importance of early diagnosis of sarcopenia
in IBD

Scales developed to date for perioperative risk
stratification do not always adequately reflect the body's
physiological reserves. The main task in the preoperative
phase is to assess the body's ability to withstand surgical
stress. Patients with IBD are characterised by a
predominantly young age, active inflammation and the
need for immunosuppressive therapy and surgical
treatment. In order to improve the outcome of surgery, it
is recommended that an appropriate pre-operative risk
assessment be carried out, taking into account the
nutritional status of the patient.

In the preoperative period, a decrease in body mass
index (BMI) and albumin levels, as well as high levels of
C-reactive protein, have been observed in patients with
IBD and sarcopenia [39]. According to other
publications, 40% of these patients had a normal body
mass index (BMI) and 20% were overweight — so-called
sarcopenic obesity [40]. The authors emphasise the'neéd
to assess these parameters when it is not possible to use
more accurate methods to diagnose sarcopeniia [41].

Studies including only patients Wwith™ uleerative
colitis (UC) have shown that sarcopénia is aymarker for
the need to extend medical therapysand Colectomy in
patients with severe exacerbations® [42]. A high
incidence of colectomy in patients with sarcopenia was
found in the study by T. Zhang et al [43]. In addition,
sarcopenia is considered an independent factor in
determining the need for surgery [44].

Retrospective cohort studies have
sarcopenia is an independent predictor of adverse
postoperative outcomes in IBD patients under 40 years of
age [45, 26]. Postoperative complications of Clavien-
Dindo class III and higher were more common in patients
with sarcopenia [47]. Malnutrition and hypoalbuminemia
were also found to play a leading role in the development
of postoperative complications [48].

In a study conducted in China, patients with UC were
divided into 2 groups according to the degree of disease
activity: the first group consisted of patients with a Mayo

shown that

index <6 and the second group >6. Sarcopenia was
significantly more common in patients with a high
disease activity index and was an independent predictor

of a high Mayo index. After colectomy, albumin,
haemoglobin concentrations and muscle mass increased
significantly and the severity of sarcopenia decreased,
confirming the role of active inflammation [49]. These
data are consistent with those obtained in another study
that observed the reversal of sarcopenia during infliximab
treatment in patients with CD [50].

Patients with IBD often exclude certain foods (e.g.
fruit and vegetables) from their diet, which is associated
with changes in body composition. The BMI index is
used in clinical practice for routine assessment of
nutritional status. Anthropometric data do not allow
determination of the state of the muscular system, the
volume of visceral, subcutaneous and intermuscular
adipose tissue, and therefore the calculation of BMI as the
main method in IBD is not informative [51]. This is
because patients with IBD have a decrease in muscle
mass, while body fat and visceral fat indices increase
[52]. At the same time, an increase in visceral fat does not
necessarily correlate with BMI [53].

The proliferationyof mesenteric adipose tissue that is
most charaeteristic of CD is associated with a 4-fold
increasedn the'number of adipocytes per unit area [54]. A
number oftinyéstigators have associated an increase in
visceraliyfat mass with a more aggressive course of the
disease, poor response therapy and,
consequently, the need for surgical treatment [S5].
Logether with visceral obesity is an
independent risk factor for the development of
postoperative complications [57]. An increase in visceral
fat is also associated with postoperative recurrence of CD

to medical

sarcopenia,

[58]. However, no such associations have been found in
patients with CD, probably due to the localisation of the
pathological process exclusively in the mucosa and the
absence of transmural lesions [33].

Sarcopenic obesity in IBD patients

Obesity is associated with hyperplasia and
hypertrophy of adipocytes, infiltration of adipose tissue
with immunocompetent cells and, most importantly, the
production of adipokines. The ability of adipose tissue to
produce signalling molecules and to influence the
metabolism of internal organs, i.e. to act as an organ of
the endocrine system, has only recently been discovered
[59]. One of the effector organs is muscle tissue, whose
paracrine regulation is mediated by inter- and
intramuscular adipocytes. Dysregulation of adipose tissue
endocrine function is accompanied by the development of
local inflammation due to the production of free fatty
acids, TNF-a and IL-6 [60, 61]. Adipose tissue
proinflammatory  cytokines induce mitochondrial
dysfunction associated with impaired lipid B-oxidation
and reactive oxygen species generation, thereby
initiating and maintaining skeletal muscle dysfunction.
These effects of adipokines on muscle tissue raise the
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question of whether the term 'sarcopenic obesity is
appropriate. The ability of adipose tissue cells to induce
skeletal muscle dysfunction and myocyte apoptosis
shifts the balance towards the primary development of
obesity and then, as a consequence, sarcopenia. To
highlight the mechanism and sequence of pathogenesis,
the term 'sarcopenia in obesity has been proposed [62].
The risk of developing sarcopenia in patients with
IBD is increased due to the prolonged course of the
inflammatory process, concomitant malnutrition and
medication. Its presence is not always obvious due to
the prevalence of obesity both in the general population
and in patients with IBD [63]. As the diagnostic criteria
for sarcopenia were originally developed to assess age-
related sarcopenia, researchers emphasise the need to
develop specific criteria for patients with secondary
sarcopenia, including those with IBD. In the available
publications, the diagnosis of sarcopenia was usually
based on the assessment of muscle mass without

PROSPECTS FOR FUTURE RESEARCH

considering strength and performance. Due to the lack
of diagnostic criteria, the lower limit of normal varies in
most studies, making it impossible to meta-analyse the
available data. There is no doubt about the negative
effects associated with sarcopenia, but no multicentre
prospective studies have been conducted on the impact
of sarcopenia on the course, activity and outcomes of
surgical treatment in patients with IBD [64, 65].

CONCLUSIONS

Sarcopenia is associated with high IBD activity, a
higher incidence of postoperative complications in IBD
patients and is an independent predictor of surgical
intervention. Sarcopenic obesity is one of the features of
the modern IBD patient phenotype. Early diagnosis,
prevention and treatment of sarcopenia and malnutrition
in patients with IBD, in addition to clinical and
endoscopic remission of the disease, will be one of the
therapeutic goals in the future.

AN\

Prospects for further research include the investigation and develepment of diagnostic criteria for assessing
sarcopenia in IBD patients, the inclusion of sarcopenia in existing models for predicting surgical risk, and multicentre
prospective studies to confirm the impact of sarcopenia on the coursé.and activity of IBD.
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