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Introduction

Abstract

Sarcopenia is a condition marked by progressive loss of skeletal muscle mass and
function while frailty is a multidimensional concept characterized by diminished phys-
iological reserve and increased vulnerability to stressors. Both of these were previ-
ously considered as related to aging and shown to impact the quality of life and carry
prognostic significance. Emerging data show that both sarcopenia and frailty carry
similar relevance in chronic illness. Inflammatory bowel disease (IBD) is character-
ized by chronic inflammation of the gastrointestinal tract and malnourishment, both of
which contribute to the development of sarcopenia by increasing protein breakdown
and reducing protein synthesis. The coexistence of frailty further compounds the clini-
cal complexity of IBD patients. Published evidence suggests a bidirectional associa-
tion with IBD contributing to muscle wasting, while the resultant sarcopenia and
frailty could further exacerbate the disease course. Sarcopenia and frailty are indepen-
dently associated with adverse outcomes, including hospitalizations, increased surgical
interventions, and surgical complications. As therapeutic strategies for IBD evolve,
understanding the nuanced relationship between inflammatory bowel disease, sar-
copenia, and frailty is crucial for devising holistic management. Comprehensive care
should encompass not only disease-modifying therapies but also interventions
targeting frailty and sarcopenia, as they have been shown to have a significant impact
not only on the disease course but also on the quality of life. Future research could
focus on further elucidating underlying mechanisms, simple screening strategies, and
developing targeted interventions to improve the overall quality of life for individuals
grappling with the complex interplay of IBD, sarcopenia, and frailty.

relationship between these conditions and disease activity, and
their impact on outcomes and response to IBD-related therapies.

Both sarcopenia and frailty emerged as important concepts in the
elderly population because of their significant implications on
health and quality of life. These concepts have led to the devel-
opment of assessments, tools, and interventions aimed at
preventing or managing age-related muscle loss and enhancing
the overall health and resilience of frail elderly people.
Healthcare professionals use this concept to identify individuals
at high risk and to tailor care that addresses the specific needs
and challenges faced by the elderly population.' Increasingly, the
relevance of sarcopenia and frailty is being explored in the realm
of chronic diseases as emerging data showed the impact of sar-
copenia and frailty on the outcomes of the disease course and
quality of life.>™ Lately in the field of gastroenterology, sar-
copenia and frailty have been shown to impact the disease
course, and outcomes of treatment including post-transplant out-
comes in patients with cirrhosis.>® In this article, we review the
conceptual framework of sarcopenia and frailty, their prevalence
in patients with inflammatory bowel disease (IBD), the
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Frailty

The frailty construct has several domains, including physical,
cognitive, psychosocial, and emotional. Fried’s group was the
first to give an operational definition of frailty in 2001 based on
the analysis of data from a large cohort, the Cardiovascular
Health study group.” However, Fried’s phenotype was mostly
confined to the physical domain of frailty. Rockwood later pro-
posed a cumulative deficit model and devised the frailty index
that included an assessment of cognitive impairment and psycho-
social factors. The frailty index classifies frailty into mild, moder-
ate, and severe phenotypes.®

Frailty, like sarcopenia, is a manifestation of cellular
senescence. It is a result of age-related mitochondrial dysfunction
and progressive accumulation of reactive oxygen species leading
to a rise in inflammatory mediators in blood and tissues
(inflammaging) and increased cellular apoptosis. However, unlike
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sarcopenia, frailty is not singularly focused on myopenia and the
resulting muscle dysfunction. Changes at the cellular level mani-
fest across various organ systems (musculoskeletal, nervous, vas-
cular, immune, and endocrine systems) leading to the frail
phenotype.® The result is a state of decreased reserve and func-
tion across these systems, leading to increased vulnerability to
stressors and adverse outcomes after exposure to stressors. '°

Frailty, although associated with aging, is not sine qua
non of aging. Long-standing inflammatory conditions are associ-
ated with or known to cause frailty, irrespective of age.''™* It is
also important to recognize that frailty may be reversible with
the correction of underlying stressors, nutrition support, and
strength training.'”

Defining frailty

There is no accepted standard definition for frailty. Theoretically,
physical frailty is defined as “A clinical syndrome with a distinct
phenotype associated with a decreased reserve and high vulnera-
bility to stressors and with risk of adverse outcomes including
mortality.”® However, the operational definition of frailty as per
Fried’s group is dependent on satisfying at least three of the five
characters mentioned in Table 1.” On the other hand, Rockwood

Table 1 Criteria for Pre-frail and Frail individuals as per Fried group
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et al. described an all-encompassing frailty index that measures
92 symptoms. The frailty index is calculated as the fraction of
deficits present from the overall (if a person has 24 symptoms,
then his FI would be 24/92, i.e., 0.26).% The overview of the con-
cept of frailty and sarcopenia is shown in Figure 1.

Identifying frailty

There are broadly two methods to assess frailty: one is through
questionnaires, and the other is through objective tests. Available
tools to identify frailty use either of these approaches indepen-
dently or a composite of these. Comprehensive geriatric assess-
ment (CGA) is considered the gold standard of all available tools
to detect frailty. It assesses frailty across seven domains, that is,
functional, comorbidities, polypharmacy, nutritional, cognitive,
psychosocial, and geriatric syndromes in the elderly, and is a
sensitive tool to detect various degrees of frailty in the elderly.!”
CGA, however, is very elaborate and difficult to administer in a
routine clinical setting. Hence, several screening tools are avail-
able, like PRISMA-7, the Clinical Frailty Scale, and the FRAIL
scale, which identify patients at risk and select them for detailed
evaluation with CGA. CGA has a role not only in
detailed assessment but also in making a comprehensive

S.NO Parameter Criteria
1 Weight loss Unintentional weight loss of 4.5 kg over the last 12 months
2 Weakness Reduced grip strength (adjusted for gender and BMI)*
Men Cutoff for grip strength (Kg)
BMI <24 <29
BMI 24.1-26 <30
BMI 26.1-28 <30
BMI >28 <32
Women
BMI <23 <17
BMI 23.1-26 <17.3
BMI 26.1-29 <18
BMI >29 <21
3 Slowness Walk time for 4 m or 15 feet at usual pace (adjusted for gender and standing height)*
Men Cutoff for Time to Walk 15 feet
Height < 173 cm >7s
Height > 173 cm >6's
Women
Height < 159 cm
Height > 159 cm >
4 Exhaustion Self-reported
5 Physical activity ~ Assessed by the WHO-Global physical activity questionnaire or a short version of the Minnesota leisure time physical
activity questionnaire (adjusted for sex)
Sex Physical activity per week (Kcal)
Men <383
Women <270

Score 0: Robust
Score 1-2: Pre-Frail
Score > 3: Frall

“Values derived from the lowest 20% of the Cardiovascular Health study cohort."®
*Values derived from the slowest 20% of the Cardiovascular Health study cohort.'®

BMI, body mass index.
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Figure 1 Overview of the concept of frailty and sarcopenia. Frailty is multifaceted and is measured predominantly across four domains,
i.e., cognitive, psychological, social, and physical. The physical frailty domain is calculated across several variables like activity (assessed through
physical activity scale), unintentional weight loss (>4.5 kg loss in 1 year), slowness (>7 s to travel 15 feet), exhaustion (self-reported; at least 3 days
a week), and weakness (reduced grip strength). Sarcopenia on the other hand is a measure of reduced grip strength along with reduced muscle

mass, which is a part of one of the frailty domains.

Table 2 Summary of commonly employed tools used for the screening and assessment of frailty

S.No Setting Tools

Comments

1 Whole population screening e-Frailty Index

Time taking.
Requires population data.
Requires expertise in data analysis.

2 Community based screening Timed Up and Go test (TUG test) Can be done by non-clinicians.
Easy to use.
Can be used in both community and acute care
setting
Indicator of relative need (IoRN) Clinician administered.
Easy to use.
Can be used in both community, primary and acute
care setting.
3 Self-assessment tools Frail non-Disabled questionnaire (FIND) Self-administered questionnaire
Prisma 7 Can be done at both community level and primary
care centers
4 Predictors of individual risk of decline Acutely presenting older patient (APOP) Questionnaire
Identification of seniors at risk (ISAR) Used in acute clinical setting.
Easy to use
5 Severity of frailty Clinical frailty scale Acute care setting

Frailty phenotype

Administered by Geriatrician

Both primary care and acute care setting
Administered by clinician.

Easy to use

interventional plan and for follow-up. There are no specific rec-
ommendations for timing and methods of screening frailty in
IBD patients. Present studies have employed different tools to
measure frailty in IBD patients. From the available tools, Timed
Up and Go test (TUG test) and Indicator of Relative Need
(IoRN) can be employed easily in a clinical setting for screening
of frailty. Several different tools used for the measurement and
the setting for the usage of these tools are summarized in
Table 2.
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Frailty in IBD

Prevalence of frailty in IBD. A meta-analysis of
1495 695 patients with IBD showed the pooled prevalence
of frailty at 18% (95% CI: 12%-24%). However, there was con-
siderable heterogeneity in the studies (/*: 99.9%) and the scales
that were used to measure frailty were different in the studies.'®
In a prospective study by Salvatori et al., reporting on a cohort
of 386 IBD patients, the prevalence of pre-frailty and frailty in
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IBD patients was 17% and 28%, respectively, as assessed by
Fried’s phenotype. However, in the age group of 260 years, the
prevalence of frailty rose to 24.2% and there was no significant
difference in the prevalence of frailty between UC and CD. They
also have shown that disease activity, steroid usage, and
extraintestinal manifestations were significantly higher in frail
individuals and multivariate analysis showed that disease activity
was an independent predictor of frailty.'

Impact of frailty on IBD

Disease activity. Among UC and CD, in the retrospective
study by Kochar et al., CD patients had a higher prevalence of
frailty (60%). They noted that there was no difference in the
levels of inflammatory markers among the frail and non-frail
IBD patients.”® In a retrospective analysis of 2978 IBD patients,
where frailty was defined based on frailty index (score > 0.27),
patients with more than five flares were higher in the frail group
(35.6% vs. 27.5%); however, this finding was not found to be
significant on regression analysis.> In a prospective cohort study
by Salvatori et al., in frail IBD individuals, defined as per Fried’s
criteria, active disease was higher in the individuals who
maintained a frail phenotype (73%) as compared with those with
pre-frail (34%) and fit phenotypes (17%, P:0.012). Multivariate
analysis found that frailty was associated with clinically active
disease (OR:0.1, 95% CI: 0.01-0.6), extraintestinal manifesta-
tions (OR:0.1, 95% CI: 0.02-0.8), and is inversely related to bio-
logical use (OR:21.7, 95% CI: 3.4-263). This suggests that
therapy with biologics may have a role in the improvement of
frailty status.> Another prospective cohort study in elderly IBD
patients measured frailty by geriatric deficit assessment and
found a direct relationship between the number of geriatric defi-
cits with clinical (OR:2.192, 95% CI: 1.284-3.743), biochemical
disease activity (OR:3.358, 95% CI: 1.936-5.825), and fecal
calprotectin levels (OR: 2.721, 95% CI: 1.376-5.379). Interest-
ingly, it was noted that the CD patients had higher geriatric defi-
cits (OR: 1.799, 95% CI: 1.179-2.743).

IBD therapy. Regarding the requirement of surgical interven-
tion in frail IBD patients, there is heterogeneity in the literature.
Kochar et al. noted that a history of IBD-related surgery was
higher in frail (32%) than fit (11%) IBD patients (P < 0.01), a
similar finding noted in the study by Singh et al., where frail
patients had higher rates of abdominal surgery than non-frail
patients (14.4% vs. 9.6%).°>>* Contrary to these findings,
another retrospective analysis by Kochar et al., using a different
frailty scale to diagnose frailty, found that there was no signifi-
cant difference in the prior IBD surgery among the frail and non-
frail group (11% vs. 9%, P:0.41).>' However, Qian et al. have
noted that frailty was independently associated with a lower risk
of surgery (HR: 0.8, 95% CI: 0.66-0.91) and frail patients had a
lower incidence of disease flare as compared with fit IBD
patients (14.8% vs. 30.9%, P < 0.01).!

Anti-TNF therapy was shown to improve frailty scores
with a mean overall improvement from 19.83 to 11.8 (P:<0.001),
with 45% of frail patients showing improvement in scores to
>50% and a complete improvement seen in 12% of cases.
Response to therapy was significantly associated with lower
post-treatment  frailty (OR:0.24, 95% CI: 0.16-0.34).
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Surprisingly, Singh et al., from their retrospective analysis of
5987 IBD patients initiated on biologicals, found that the risk of
serious infections was higher in frail patients who were on
vedolizumab (OR:1.69, 95% CI: 1.03-2.79) but not on anti-TNF
o therapy (OR:1.03, 95% CI: 0.83-1.27).** A similar finding was
noted by Asscher et al. in IBD patients on biologicals, where the
risk of infections was independently associated with com-
orbidities, as measured by the Charlson comorbidity index (CCI),
in patients on vedolizumab (OR:1.387, 95% CI: 1.022-1.883)
and ustekinumab (OR:1.621, 95% CI: 1.034—2.541).26 However,
Kochar et al. have noted that pretreatment frail individuals who
were initiated on anti-TNF therapy and immunomodulators are at
increased risk of infections compared with non-frail individuals
even after adjusting for all the confounders like age and steroid
use (OR:2.05, 95% CI: 1.07-3.93; OR:1.81, 95% CI: 1.22-2.70
respectively). Infection-related hospitalization between frail and
non-frail groups was significantly higher in patients initiated on
immunomodulators (OR:2.08, 95% CI: 1.33-3.26) but not
on biologicals (OR:1.51, 95% CI: 0.62-3.66).”” It is unclear
whether the risk of infection is related to the frail status or the
underlying disease activity and the therapies.

Post-operative outcomes. In a retrospective analysis of
9023 patients of Crohn’s disease who underwent bowel resec-
tion, frailty (simplified frailty index >2) was a better predictor of
postoperative (post-op) outcomes than age (OR-2.59, 95% CL:
1.84-3.63). They also noted that frailty was associated with the
need for emergency surgery (sFI >2-13%, P:0.01) and malnutri-
tion (sFI22-48.9%, P:0.01).® In a retrospective analysis of
943 UC cases who underwent colectomy, frailty was present in
19.5% of cases and was an independent predictor of overall mor-
bidity (aOR:25.5, P <0.001) and serious morbidity (aOR:66.8,
P < 0.001). Frail patients also had a higher incidence of post-op
complications including septic (aOR:31.26, P:0.006), cardiopul-
monary (aOR:216.3, P < 0.001) and Clavien class IV complica-
tions (aOR:204.9, P < 0.001).”° However, in another study by
Cohan et al., in UC patients undergoing colectomy with IPAA,
there was no difference between frail and non-frail patients in the
mean number of complications (0.31 vs. 0.34, p: 0.36) and
the length of hospital stay (7.4 vs. 7.7 days, P: 0.25).%

Mortality. In a retrospective study from a nationwide database
of 1 405 529 IBD patients (36% UC, 63% CD), the overall prev-
alence of frailty was 10.9%, and it progressively increased from
10.2% to 11.5% over 5 years (2010-2014). In this report, ICD-
9-CM from Johns Hopkins clinical groups frailty was the
e-frailty (electronic) index employed to diagnose frailty. Frailty
was an independent predictor of readmission risk (RR: 1.16 95%
CI: 1.14-1.17) and mortality on readmission (RR: 1.12, 95% CI:
1.02-1.23).*" Similar findings were noted in another retrospec-
tive analysis of 47 402 IBD admissions where frail IBD patients
had higher readmission rates (HR: 1.21, 95% CI: 1.17-1.25), in-
hospital mortality (HR: 1.57, 95% CI: 1.34-1.83), and IBD-
related severe hospitalizations (HR: 1.22, 95% CI: 1.16-1.29).*
In the analysis of 11 001 IBD cases, Kochar et al. noted that after
adjusting for other confounders like age, duration of IBD, history
of surgery, and immunosuppression use, the frail IBD cohort had
significantly higher mortality compared with fit patients (OR:
2.90, 95% CI: 2.29-3.68).”° Gondal et al., have also noted that

JGH Open: An open access journal of gastroenterology and hepatology 8 (2024) e13033

© 2024 The Authors. JGH Open published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.



Sarcopenia and frailty in inflammatory bowel disease

PB Neelam et al.

(senunuoy)
%G'0 :9leullLIBlopU|
%9t :Ad
(S¥'1-660) C'L (HO) selely gl G< %39°€9 0N 12020¢
(9Lz-L01) 2oL (4O) Aujeno (%Z€) €96 (£Z'0 < 9100s) xapul Ayjiel4 adi 8,6z @gl ul Auanoe eseasip pue AllleLOlN  |e 18 [epuoD
(6L2-€0°1) 69°L gewnzijopsA
(LZ'1-€8°0) €0°L 0 4NL BUY s|eaifojoiq +2020¢
(4H) suonosjul SNOLISS JO 3Siy (%€'6€) 05T 9100s su Ayjleu} |endsoH adl £86s uo sjuened ul suonosjul Jo sy “[e 18 S yBulg
(40) %62 0N Aely 52€C0C
(£Z-GL'1) €9°L uoneziendsoy psaiejal-qg| %L/ :Ad Juswileall 1sod Jo sio1oipaid “leie
(e-ge'l)oLe (HO) Ayjiely Juswieanald (%9°Gl) 681 (142) xapul Ayiely paseg-swie|) olcl ‘IN1-1ue 0} Aljies) Jo ssuodsal uQ g 1eyooy
paie@l adl
(€8'c-68°L) 6ZC asnel || 02020¢
(€L'Tl-29Y) L9'L uonezijendsoH Aljiel} jo sio1oipaid uo "le1e
(6L79¢-¥1'8) LELL (122) senipigiowod | < (%9) G/9 $8P02 01-0J| Uo peseg 100 L1 agi psyiwpy g 1eyooy
(4H)
(€8'Ll-ve'L) LG'L Aljeriow wusnedur JaybiH
(4H) 08y L—Awel yoiH
(Gzl-LL D) LTL selel uolssiwpesl Joybiy LOC VL
(4H) suonezijeydsoy —Alel} winipa|A| 2c120¢
(6Z'L-9L L) 2TL 8lones paiejar-dgd| (%L2€) LOS SL 9100s su Ayjleu} |endsoH oLy adi peniwpy  “|ele S uei)
a u
AjljeHIOW (YY) uoIssiuwpesl
(Gg'L-€L ) eetL 40 sl pasealdu|
(4Y) uoissiwpeal Alltes} sdnoib [ediuljo sudoy (%€9) 186 888—AD e
(LL'L=vL 1) 9L'L 4O sl pasealou| (%6°0L) ¥/6 ZSL SUYOr Wol} s8pod IND-6-ADI (%9€) 661 0LS—DN agi peniuwpy S oAeq
GZ0
d 'SAep L[ 'SAY'L Aels |eudsoy jo yibue] 0eG10C
9e0 suoneol|duwod “le1e
d ‘€0 'SA LE0 JO Jagquinu ues|p VN 1UNnoo e Ayjield 672 VVd| pue Awoyo8|00 yim Jn  ueyo)
(LO0'0 >d) 899 snouss
(L0000 >d) §'G¢ [IEREANe)
(4O) Aupiglo
(1000 >d) 6'70C Al Sse|d usine|) (%8¢CL)
(L0000 >d) €9l¢C Aseuowndoipie) LZl '8L°0< 4w 62810C
(900°0d) 9C°LE ondeg (%5'61) (40) Joyoipaud “le1s
(40) suoneaijdwo) 781 '60°0 40 |JW (I4w) Xepur Ayjtei} PaLIPOIA| [975) e se Ayjiel} ‘Awi0108]00 yum OnN Sg 1wl
L00>d Aiabins Aousbisws
100>d uonuinuew
(Lo0'0>d) 69T (4O) Aupicow (%8°L1) az120C
YUM pe1eroosse si (<) [4S 1oybiH 0L9L Ul I |48 (14s) xoput Ayjiely paydwis €206 SUOROSSSI [BMOG YIM dO "[e 18 JIOpA
anjea awo2IN0 Ayjiel} Jo 920U BABId sainseaw Ayjiel4 JaquinN uonendod Apnig Jeah pue
d Pue YH/44/HO loyny

aseasIp [amoq Alojeulweljul Yim siuaiied Ui Ayjiel} uo seipnis € ajqel

5 of 16

JGH Open: An open access journal of gastroenterology and hepatology 8 (2024) e13033

© 2024 The Authors. JGH Open published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.



Sarcopenia and frailty in inflammatory bowel disease PB Neelam et al.

the mortality rate was higher in IBD patients who were frail
(defined as per FI) compared with non-frail (OR:1.52, 95% CIL:
1.07-2.16).>"' Studies relating to IBD and frailty are summarized
in Table 3.

OR/RR/HR and P
value

0.1 (0.02-0.8)

0.1 (0.01-0.6)

21.7 (3.4-263)
1.799 (1.179-2.743)
2.192 (1.284-3.743)
2.721 (1.376-5.379)
1.994 (1.267-3.137)
1.81 (1.22-2.70)

IBD and aging. Back in 2010, epidemiological estimates
showed that people of 265 years with IBD constituted 20% of
the total IBD population.® Given the chronic nature of the con-
dition and lack of curative therapies, it is estimated that the
cohort of IBD with 265 years of age will increase to a third of
the IBD cohort® Aging is associated with multiple com-
orbidities, and people with IBD are no exception, resulting in
polypharmacy adding to the pill burden in the elderly. This
potentially leads to nonadherence to IBD treatment.'**> IBD also
brings up a new spectrum of complications, especially in the
elderly, associated with steroid use like cataracts and osteoporo-
sis. The risk of infections and malignancies due to the use of
immune suppressants, biologics, and small molecules may be
higher in the elderly.***” Elderly with IBD have a significantly
increased risk of postoperative complications (OR in CD: 1.4
and UC: 1.74), mortality (OR in CD:11.6 and UC:4.39), infec-
tions (OR in CD: 1.11 and UC: 1.52), and embolic events
(OR in CD: 1.68 and UC: 1.35).*® Long-term follow-up after
ileal pouch-anal anastomosis in patients with UC showed that
elderly patients have significantly higher incontinence rates
(young: 25.25%, elderly: 44.91, P:<0.001), stool frequency
(mean bowel movements per day in young: 5.55, elderly: 6.79,
P:<0.001), and are at increased risk of dehydration and electro-
lyte loss (young: 23.6%, elderly: 60%, P:<0.001).* Kochar
et al., in their retrospective study, have noted that the prevalence
of frailty increased as age progressed in IBD patients. Overall,
4% of IBD patients were frail who were in their 20s and almost
one fourth of IBD patients were frail in their 90s.%° Reduction in
the ratio of T3/T4 has been identified as an independent marker
of frailty in the elderly.*® An extrapolation of this, Bertani et al.,
in their prospective study, included patients of elderly IBD, who
were initiated on biologicals and the ratio of T3/T4 was used as
a response predictor. They found that the baseline T3/T4 ratio
was proportionate to the mucosal healing rates regardless of dis-
ease type and biological use.*'

Outcome
manifestations (OR)
Clinically active disease (OR)
Immunomodulator (OR)

Biological use (OR)

hospitalization (OR)
Risk of infection on anti-TNF ~ 2.05 (1.07-3.93)

Clinical disease activity (OR)
(OR)
Risk of infection on

Crohn's disease (OR)
Fecal calprotectin (OR)
Previous all-cause

Extraintestinal

follow-up

160 (39.5%)
Severe deficits: 32

212 (7.9%)

(5.2%)
Immunomodulator:

Moderate deficits:
(7.9%)

Prevalence of frailty
Median 8-month
Anti-TNF: 68

Frailty measures
Fried frailty score
Geriatric assessment
Frailty risk score (ICD-10)

Number
1299 on anti-TNF and 2676
on immunomodulator

64 with IBD and frailty

UC: 202
IBD-UC: 12

405 IBD
CD: 191

Sarcopenia

Sarcopenia deals with only the physical component of frailty but
has been very well studied. Sarcopenia results from manifesta-
tions of a progressive (age-related) decline in muscle mass. The
term sarcopenia, first used by Rosenberg in 1989, was not recog-
nized as a separate disease entity until ICD-9.**** It had no spe-
cific definition, evaluation, or diagnostic criteria and management
aspects were uncertain. In the years 2010 and 2011, three con-
sensus papers were released defining sarcopenia and diagnosing
sarcopenia. Later ICD-10 recognized sarcopenia as a separate
pathological entity (M62.84)**7*%*" Sarcopenia can be defined as
a “progressive and generalized skeletal muscle disorder with sig-
nificant reduction in skeletal muscle mass associated with low

muscle strength and low physical performance.”.*®

Study population
IBD factors associated with

geriatric deficits
being initiated on biologicals and

Prospective multicenter study on
Retrospective study on patients
immunomodulators

(Continued)
Prospective cohort

etal.,
2023%?
etal.,
2022%
2020%7

Anti-TNF, anti-tumor necrosis factor; CD, Crohn’s disease; CFl, Claims-based frailty index; HR, hazard ratio; IBD, inflammatory bowel disease; IBD-UC, inflammatory bowel disease-unclassified;

ICD, international classification of diseases; IPAA, ileal pouch-anal anastomosis; mFl, modified frailty index; OR, odds ratio; RR, risk ratio; sFl, simplified frailty index, UC, ulcerative colitis.

Table 3
Author

and year
Salvatori S
Asscher
Kochar et al.,
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Mechanism of sarcopenia

Muscle mass is maintained by a tightly regulated balance
between protein synthesis and breakdown. Stimulation of muscle
protein synthesis is by activation of the mTOR pathway. When
insulin-like growth factor 1 (IGF-1) or insulin binds to IGF-1
receptors (a tyrosine kinase receptor) on the myocytes, it results
in a chain of reactions leading to the phosphorylation of Akt, a
cellular kinase.** Phosphorylated Akt, in turn, phosphorylates
and activates mTOR complex 1 (mTORC1), activated mTORC1
stimulates protein synthesis by activating ribosomal protein
kinase, which is p70-S6 kinase 1, and it also inhibits proteolysis
by inhibiting autophagy-activating kinases ULK1/2.°° The FoxO
(Forkhead box O) family of transcription factors that have a role
in promoting autophagy and maintenance of the ubiquitin-
proteasome system causing cellular apoptosis, Akt phosphory-
lates members of the FoxO family, which leads to their
inhibition.”" Akt also enhances mitochondrial respiration by acti-
vating ATP citrate lyase (ACL) leading to increased ATP

Sarcopenia and frailty in inflammatory bowel disease

production, which is essential for protein synthesis in muscle. In
addition, fibroblast growth factor 19 (FGF-19), secreted by
enterocytes in response to bile acids, directly stimulates cytoplas-
mic protein synthesis via activation of the extracellular signal-
regulated kinases (ERK).>?

Protein breakdown is predominantly mediated by two path-
ways, that is, the ubiquitin-proteasome system and the autophagy-
lysosomal system. Aging is associated with ‘Somatopause’, a phe-
nomenon seen due to reduced GH secretion and thereby reduced
circulating IGF-1 levels. IGF-1 is a major hormone required for
maintaining muscle protein synthesis.”>® Thus, the interplay of
all these factors is associated with a physiological reduction in
muscle mass as age progresses. In patients with IBD, it was shown
that the total levels of Akt were similar in both CD patients and
matched healthy controls in the muscle biopsy specimens; how-
ever, the phosphorylated Akt (activated) levels were significantly
lower in those with CD compared with matched healthy con-
trols.>” The mechanism of muscle protein synthesis and break-
down operating in patients with IBD is shown in Figure 2.

TNF alpha IL-1
IGF-1 ;
IGF-1 receptor Myostatin "
Myostatin TRAF-6
receptor
o SMAD
pathway = .
A NF-xB MAPK
Phosphorylation of AKT > FoxO 4
Activation of mTORC1
pr—
ATP citrate RIbf)SD!T]a| Y

| protein kinase:

VeES p70-56 kinase Cellular autophagy

ATP

MyoD, MRF4
MuRF-1 -
Autophagy-
Atorgin-1  * Lysosome pathway
Ubiquitin-
Increased Protein synthesis > Proteasome
pathway

\

Decreased Protein synthesis

Figure 2 Mechanism of muscle protein synthesis and breakdown operating in patients with IBD. Muscle protein synthesis is stimulated by binding
IGF-1 to its receptor leading to phosphorylation of Akt. Activated Akt activates mTORC-1 and inhibits FoxO and ULK1/2, both of which are involved
in protein degradation. Activated mTORC-1 stimulates ribosomal protein kinases resulting in synthesis of proteins, and this is supported by an
increase in ATP production in mitochondria by activated ATP citrate lyase, providing the energy required for protein synthesis. Protein breakdown is
predominantly mediated by two pathways, that is, the ubiquitin-proteasome system and the autophagy-lysosomal system. Absence of IGF-1 stimu-
lation releases FoxO from its cytoplasmic captivity, which translocate into nucleus and stimulate the autophagy-lysosome pathway. Inflammatory
mediators (IL-1 and TNF alpha) activate the ubiquitin-proteasome pathway via the Nf-kB and MAPK pathways, which reduce the expression of myo-
genic genes and stimulate the production of MuRF-1 and Atorgin-1 proteins, both are ubiquitin ligases that are involved in the third step (E3) of
ubiquitination. Myostatin receptor via Smad pathway directly reduce the expression of myogenic genes and indirectly by inhibiting the phosphoryla-
tion of Akt. In the absence of Akt activity, mTORC-1 complex is dormant, thus ULK1/2 remains uninhibited, leading to increased cellular autophagy.
ATP: Adenosine triphosphate, FoxO: Forkhead box O, IGF-1: insulin-like growth factor 1. IGF-1R: insulin-like growth factor 1 receptor, IL-1: Interleukin
1, MAPK: mitogen-activated protein kinase, MRF4: myogenic regulatory factor 4, mTORC-1: mTOR complex 1, MuRF-1: muscle ring finger
protein-1, MyoD: myoblast determination protein 1, NF-kB: nuclear factor-«xB, TNF alpha: Tumor necrosis factor alpha, TRAF-6: TNF receptor-
associated factor 6, ULK1/2: Unc-51-like autophagy-activating kinases 1 and 2.
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Mechanisms of sarcopenia in IBD

Reduced IGF-1 levels. Circulating IGF-1 and IGF-1 binding
protein-3 (IGFBP-3) are significantly lower in patients with
IBD.>®% Therapy with infliximab and corticosteroids normalizes
the circulating total IGF-1 and IGFBP-3 levels.*¢! Thus, the
reduction of IGF-1 levels in patients with active IBD reduces
muscle mass by favoring protein catabolism.

Chronic inflammation. Patients with active IBD have
increased circulating levels of proinflammatory cytokines like
TNF-o. and IL-6.°* These act via mitogen-activated protein
kinase (MAPK) and nuclear factor-kB (NF-kB) pathways
involved in the transcription of muscle ring finger protein-1
(MuRF-1) and Atrogin-1 leading to proteasome-mediated degra-
dation of ubiquitinated proteins.®>"%° IL-6 via the JAK-STAT
pathway stimulates the expression of MuRF-1, Atorgin-1, and
myostatin and increases the expression of proteasomal subunits
cathepsin B and L, leading to protein degradation.’®%” Myostatin
(TGF-p family), produced from the skeletal muscle in response
to IL-6, reduces the expression of myogenic genes via the Smad
pathway and inhibits the phosphorylation and activation of Akt.
Myostatin also activates the MAPK pathway, leading to
increased expression of MuRF-1 and Atorgin-1.°® Through these
mechanisms, inflammation reduces myogenesis and increases
protein breakdown.

Malnutrition. Malnutrition in IBD is multifactorial,
encompassing factors such as inflammation-related anorexia, pain
from strictures, reduced intestinal absorptive surface due to mul-
tiple intestinal resections and inflamed mucosa, dietary restric-
tions, bacterial overgrowth. It has similar incidence in both UC
and CD.**"° Studies from the elderly cohort have shown that
malnutrition is associated with severe sarcopenia and nutrition
intervention and physical activity improve sarcopenia in the
elderly.”"”’* Vitamin D plays an important role in the mainte-
nance of musculoskeletal health, involved in the upregulation of
IGF-2 and follistatin genes and the downregulation of the myo-
statin gene.”> The prevalence of vitamin D deficiency is high in
patients with UC and CD, with the latest study showing a preva-
lence rate of 65% in CD and 55% in UC.”* Improvement in bone
and muscle parameters with vitamin D supplementation was
noted in pediatric IBD patients.”

Defining sarcopenia

The European Working Group on Sarcopenia in Older People
(EWGSOP) has defined sarcopenia as the reduction in muscle
mass along with a reduction in muscle strength or performance.
Pre-sarcopenia refers to a reduction in muscle mass alone while
severe sarcopenia was defined if all three are present.** Later in
2018, the working group noted that muscle strength rather than
mass had a greater correlation with all-cause morbidity and mor-
tality. In the 2018 operational definition by EWGSOP, sar-
copenia was defined as a reduction in muscle strength and mass
or quality. Probable sarcopenia was defined as a reduction in
muscle strength and severe sarcopenia was defined as the pres-
ence of sarcopenia along with reduced physical performance.”®
The Asian working group on sarcopenia (AWGS) definition of
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sarcopenia is more on the lines of the older EWGSOP definition.
They have defined possible sarcopenia as either a reduction in
muscle strength or physical performance; sarcopenia was defined
as the presence of reduced muscle mass along with either
reduced muscle strength or physical performance and severe sar-
copenia as the presence of all three parameters.”’ Different con-
sensus  definitions of sarcopenia are summarized in
Table 4.43:46.78-81

Assessment of sarcopenia

Sarcopenia is assessed at three levels. First, screening was con-
ducted on susceptible individuals to detect the presence of sar-
copenia by assessing muscle strength, and then individuals with
reduced muscle strength are assessed for reduced muscle mass
and physical performance. Reduced muscle mass with optimal
physical performance is categorized as sarcopenia. The presence
of both reduced mass and physical performance is categorized as
severe sarcopenia. Normal cutoff for grip strength and muscle
mass varies between races and sexes and respective societies
have given their cutoffs based on local studies, as mentioned in
Table 5.

1. Assessing muscle strength: It is typically assessed by per-
forming grip strength. It is performed with a handheld dyna-
mometer, and the recommended device is the Jamar
dynamometer. Hand grip correlates moderately with other
body compartments strength and is relatively easy to perform,
such as in those with hand deformities, knee flexor and exten-
sor isometric torque can be measured.” Another easy way to
assess muscle strength is through a chair stand test, where a
patient is asked to stand up from a standard chair without sup-
port and arms flexed; the time taken for the subject to perform
it five times is then recorded.®*

2. Assessing muscle mass: Muscle mass of appendicular skeletal
muscle or a total body skeletal mass can be assessed directly
through DEXA scan, computed tomography (CT), and mag-
netic resonance imaging (MRI), and indirectly through bio-
electrical impedance analysis. Both CT and MRI are
considered as gold standard in noninvasive assessment of
muscle quantity. Taller individuals would have larger mass
when compared with shorter individuals, hence muscle
mass is adjusted according to either height, weight, or BMI.
Cross-sectional area at the L3 level correlates well with total
skeletal mass and provides a window for assessing myopenia
in IBD patients especially undergoing CT or MRI scans for
other reasons.®* Ultrasound is now emerging as a cheaper,
alternative, and an accurate modality for assessing muscle
mass of quadriceps femoris.®*

3. Assessing physical performance: Gait speed is an accurate
and easy measure of physical performance and has been
shown to predict the adverse outcomes related to sarcopenia.®
The time taken to walk for 4 meters is measured and gait
speed is calculated; a speed of <0.8 m/s is considered as a
marker of poor physical performance; this assessment can be
done in a clinical setting and is recommended by EWGSOP2.
A composite score of gait speed, chair stand test, and balance
test forms a short physical performance battery (SPPB); a
score of <8 out of 12 is suggestive of poor performance; how-
ever, it takes more than 10 min to administer SBBP. Other
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Table 4 Various definitions of sarcopenia

Sarcopenia and frailty in inflammatory bowel disease

S.
no Consensus Group Year Sarcopenia definition
1 Special interest group®® 2010  Low muscle mass and low gait speed
2 European working group on sarcopenia in older 2010  Pre-sarcopenia Reduced muscle mass
people (EWGSOP)** Sarcopenia Reduced muscle mass along with either reduction in
muscle strength or performance
Severe Reduction in muscle mass, muscle strength and
sarcopenia performance
3 International working group on sarcopenia®® 2011 Low muscle mass and muscle function
4 Society on sarcopenia, cachexia and wasting 2011 Low muscle mass with limited mobility (walking speed <1 m/s or <400 m
disorders”® distance covered during a 6-min walk)
5 Asian working group on sarcopenia (AWGS)”® 2014 Low Muscle mass along with either low handgrip strength or low gait
speed
6 Foundation for the national institutes of health 2014 Low muscle mass and low grip strength
sarcopenia project®
7 European working group on sarcopenia in older 2019  Probable Low muscle strength
people (EWGSOP)’® sarcopenia
Sarcopenia Low muscle strength with reduced muscle quality or
quantity
Severe Sarcopenia with reduced physical performance
sarcopenia
8 Sarcopenia definitions and outcomes consortium?®’ 2020 Presence of both Weakness (reduced grip strength) and slowness
(reduced physical performance)
9 Asian working group on sarcopenia (AWGS)”’ 2020  Possible Reduced muscle strength or physical performance
sarcopenia
Sarcopenia Low muscle mass along with either reduced muscle
strength or physical performance
Severe Low muscle mass along with either reduced muscle
sarcopenia strength and reduced physical performance
Table 5 Cutoffs for the diagnosis of sarcopenia
S.NO Working Group Parameter Cutoff in Male Cutoff in Female
1 European working group on sarcopenia in older people Grip strength <27 kg <16 kg
(EWGSOP) Muscle mass <7 kg/m? <5.5 kg/m?
2 Asian working group on sarcopenia (AWGS) Grip strength <28 kg <18 kg
Muscle mass
DEXA <7 kg/m? <5.4 kg/m?
Bioelectrical impedance analysis <7 kg/m? <5.7 kg/m?
3 South Asian Working Action Group on Sarcopenia Grip strength <27.5 kg 18 kg
(SAWG-SARCO) Muscle mass <7 kg/m? <5.7 kg/m?

tests like Timed Up and Go (TUG) and 400-meter walk tests
can also be performed to assess physical performance.’®

Prevalence of sarcopenia in IBD

Bryant et al. studied the prevalence of sarcopenia in IBD, diag-
nosed based on a reduction in muscle mass and grip strength.
They noted that myopia was present in 21% and sarcopenia in
12% of cases, with no significant difference among patients with
CD and UC (12% and 14%, respectively).*® Another study by
the same group in 2018 showed that the prevalence of sarcopenia
in patients with IBD progressed over time from 9% to 15% over
2 years.?” Another group from Italy studied the prevalence of

JGH Open: An open access journal of gastroenterology and hepatology 8 (2024) e13033

sarcopenia in which muscle strength was assessed as a degree of
asthenia measured through a visual analogue scale and found a
higher rate of sarcopenia prevalence at 28%.%® In 2021, iinal
et al. studied the prevalence of sarcopenia, diagnosed based on
the 2019 operational definition of EWGSOP, and found that
31.3% had myopenia while only 7.6% had sarcopenia, and
severe sarcopenia was found in 2.6% of patients.** In another
study in China where sarcopenia was diagnosed based on the
AWGS definition, 56.3% had pre-sarcopenia, 30% had sar-
copenia, and 8.1% had severe sarcopenia.”® In a study from India
on 114 patients with UC, the prevalence of sarcopenia and severe
sarcopenia was 21.9% and 12.2%.°" Data from the systematic
review of sarcopenia in IBD showed that the overall prevalence
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of pre-sarcopenia was 34%, myopenia was 42%, and sarcopenia
was 17%, with no significant difference between UC and CD
and similar occurrences in both the genders.”” Studies on the
prevalence of sarcopenia in IBD are summarized in Table 6
while those reporting myopenia are depicted in Table 7.

Nutrition status and sarcopenia in IBD

Sarcopenia is often thought to be associated with malnouri-
shment, which is true in the elderly cohort, but studies in IBD
show varying results.”’ A study on nutritional status and body
composition of a cohort of 88 CD patients revealed that
malnourishment is prevalent (21.6%), but a greater number of
patients were overweight and obese (32.8%). Among these, most
of the patients with myopenia either had a normal BMI (49%) or
were overweight and obese (15.7%).'® A similar finding was
noted in a cohort of IBD patients who were initiated on anti-TNF
therapy: 41.5% of patients with myopenia had normal BMI and
19.5% were considered to be overweight or obese.'® A study of
body composition in patients with CD suggests that BMI has
only an intermediate correlation with skeletal muscle index
(SMI) (r was between 0.5 and 0.7).'% In a cross-sectional study
where sarcopenia was measured as reduced muscle mass and
muscle strength, the prevalence of normal BMI among patients
with sarcopenia was as high as 76%.%¢

Relation to disease activity. A longitudinal analysis of
44 patients with UC showed that myopenia had a positive corre-
lation with the Mayo score and myopenia was an independent
risk factor for a higher Mayo score in patients with UC (OR-
8.49, 95% CI: 1.80-40.1, P = 0.007). Patients with UC and
myopenia also had higher colectomy rates (P = 0.003) and the
myopenia improved significantly after colectomy (P = 0.033).""’
A retrospective study measured adverse outcomes, a composite
of death or need for surgery, in patients with CD who underwent
CT and found out that although nonsignificant the adverse event

PB Neelam et al.

rate was higher numerically in patients with myopenia than those
without (52% vs. 37.4%).'%° Further analysis showed that malnu-
trition had no significant effect on adverse outcomes (composite
of surgery, hospitalization, abscess formation) but patients with
myopenia had a significantly higher rate of adverse outcomes
compared with those without myopenia (surgery: 63.3%
vs. 27.8%, P =0.001; hospitalizations: 61.2% vs. 36.1%,
P = 0.022; abscesses: 51.0% vs. 16.7%, P = 0.001); myopenia
and visceral obesity but not BMI were independent predictors for
the need of surgery.'® In contrast to the above findings, a study
of myopenia (measured on CT at L3 level) in relation to disease
activity (CDALI score) in patients with CD showed no significant
difference in the prevalence of sarcopenia across varied disease
activity (47.4%—moderately active, 42.1%—mildly active, and
10.5%—remission, P = 0.228). However, they have noted that
the disease course was more aggressive in those with myopenia
(31.6% vs. 16%, P = 0.06) and a higher requirement of surgery
in patients with myopenia (31.6% vs. 4%, P = 0.01). A combi-
nation of myopenia and visceral fat to subcutaneous fat ratio of
<0.88 was a better predictor of the need for surgery than sar-
copenia alone.”® In a cross-sectional study of CD patients, body
composition was measured on CT, and although subcutaneous
and visceral adiposity along with skeletal muscle index (SMI)
were associated with moderate to severely active endoscopic dis-
ease, SMI performs the best in diagnosing disease activity with
an AUC value of 0.865.'"' Similar findings were noted in a
follow-up study of CD patients where authors noted that SMI
had a negative correlation with disease activity and lower
SMI was associated with severe disease (P = 0.001) and the
SMI at the last follow-up was the only significant predictor of
remission in patients with CD (OR-1.21, 95% CIL: 1.03-1.42,
P = 0.021)."°® Sarcopenia as a risk factor for poor outcomes was
first shown in a prospective study of 110 IBD patients; after a
90-day follow-up period, sarcopenia was found to be associated
with higher rates of surgery (OR = 6.651, 95% CI: 2.333—
18.959, P <0.001), re-hospitalization (OR-6.344, 95% CI:

Table 6 Studies reporting on prevalence of sarcopenia in inflammatory bowel disease as per revised definition (myopenia and grip strength)

S.no Author Year Country Number Parameters measured Prevalence
1 Bryant et al.5? 2015 Australia 137 Muscle strength: Grip strength 12%
Muscle mass: DEXA (ASMI)

2 Bryant et al.&® 2018 Australia 110 Muscle strength: Grip strength 15%
CD-79 Muscle mass: DEXA (ASMI)
uc-28

3 Pizzoferrato et al.?* 2019 Italy 127 Muscle strength: Degree of asthenia based on VAS of 1-100 28%
CD-69 Muscle mass: DEXA and Bioelectrical impedance analysis
Uc-58

4 Unal et al.®® 2021 Turkey 344 Muscle strength: Grip strength 7.6%
CD-122 Muscle mass: Bioelectrical impedance analysis
Uc-222

5 Liu et al.®® 2022 China 110 Muscle strength: Grip strength 30%
CD-25 Muscle mass: Bioelectrical impedance analysis
uc-85

6 Bharath et al.®’ 2023 India 114 (UC) Muscle strength: Grip strength 21.9%

Muscle mass: DEXA (ASMI)

ASMI, appendicular skeletal muscle index; CD, Crohn's disease; DEXA, dual energy X-ray absorptiometry; UC, ulcerative colitis: VAS, visual analogue

scale.
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Table 7 Studies reporting on myopenia in IBD from Asia

Sarcopenia and frailty in inflammatory bowel disease

S. Parameter used to measure
No Author Year Country Number muscle mass Prevalence Outcome
1 Zhang T 2017  China 204 L3 skeletal muscle index on 25.5% Myopenia is associated with higher
etal®® CD-105 CT scan’ disease activity and poor clinical
uc-99 outcomes
2 Bamba S 2017  Japan 72 L3 skeletal muscle index on 42% Myopenia predicts intestinal resection
etal.® CD-43 CT scan’
Uc-29
3 Zhang T 2017  China 114 (CD) L3 skeletal muscle index on 61.4% Patients undergoing bowel resection with
etal.%® CT scan’ myopenia had higher post-operative
complications
4 Bamba S 2020 Japan 187 L3 skeletal muscle index on 34.7% Myopenia is associated with prolonged
p Yop p g
et al.® CD-99 CT scan’ hospital stay
uc-88
5 Kang MK 2020  South 443 (UC Psoas muscle index on CT* 34.9% Sarcopenia was an independent risk factor
etal®’ Korea and CD) for NAFLD in patients with IBD
6 Kurban M 2020 China 47 (CD) Bioelectrical impedance 66 % Body composition analysis is more
etal.%® analysis accurate for muscle mass assessment
than nutrition assessment scales
7 Lee CH 2020  South 79 (CD) L3 skeletal muscle index on 51% Myopenia correlated with CRP levels
et al® Korea CT scan’
8 Ge Xi 2021 China 233 (ASUC) L3 skeletal muscle index on 50.2% Myopenia associated with failure of
et al.’® CT scan’ response to IV steroid, higher
colectomy rates and postoperative
complications
9 Boparai 2021 India 44 (CD) L3 skeletal muscle index on 43% Combination of myopenia and high
etal.’® CT scan’ visceral fat was associated with poor
outcomes in CD
10 Ge Xi 2022  China 254 (ASUC) L3 skeletal muscle index on 50% Sarcopenia is an independent predictor for
etal.'? CT scan’ rescue therapy and colectomy
11 Nam K 2023  South 1027 L3 skeletal muscle index on 56.8% Myopenia is associated with perianal CD
etal.’0 Korea  CD-854 CT scan’
UC-173

L3 skeletal muscle index: Total cross-sectional area of the skeletal muscles at L3 level divided by height (in meters) squared.
*Psoas muscle index: Total psoas cross-sectional area at L3 level divided by height (in meters) squared.
ASUC, acute severe ulcerative colitis; CD, Crohn’s disease; NAFLD, non-alcoholic fatty liver disease; UC, ulcerative colitis.

2.874-14.003, P <0.001) and death (P = 0.003); similar trend
was seen in those with pre-sarcopenia when compared with con-
trols.”® Among patients with ulcerative colitis, disease severity
was measured with the Mayo score. The prevalence of sar-
copenia (13%) and severe sarcopenia (47.2%) was significantly
higher in those with mild to moderately active and severe disease
than in those who were in remission (6.3%) (P < 0.001).”!

Impact on management

Acute severe colitis. In a retrospective analysis of the out-
comes in patients with acute severe colitis (ASUC) sarcopenia
(defined as a reduction in muscle mass at the level of L3 verte-
brae) (OR: 3.130, 95% CI: 1.609-6.087, P = 0.001) along with
disease extent, Mayo score and hemoglobin were risk factors for
IV steroid failure. Sarcopenia remained to be an independent pre-
dictor of second-line therapy failure (OR: 3.401, 95% CI: 1.104—
10.479, P = 0.033). In patients who underwent colectomy, the
rate of post-op complications was significantly higher in those
with sarcopenia compared with those without sarcopenia (58.6%

JGH Open: An open access journal of gastroenterology and hepatology 8 (2024) e13033

vs. 33.3% respectively, P = 0.037); sarcopenia alone was an
independent risk factor for post-op complications (OR: 4.157,
95% CI. 1.364-12.667, P =0.012) in ASUC patients who
underwent colectomy.'® Another larger retrospective study of
254 patients with ASUC similarly assessed muscle mass on
CT. It showed that patients with myopenia had a significantly
higher need for rescue therapy (40.9% vs. 23.6%, P = 0.003)
and a need for surgery (22.0% vs. 7.1%, P = 0.001). Still, the
same did not stand true for those who were malnourished and
well nourished; myopenia rather than BMI was an important
determinant of the above outcomes and myopenia remained an
independent risk factor for rescue therapy (OR: 4.079, 95% CIL:
2.245-7.412, P<0.001) and colectomy (OR: 1.985, 95%
CI: 1.028-3.834, P = 0.041).'”

Response to therapy. In a retrospective analysis of IBD
patients, patients on Anti TNF therapy were analyzed after a
median period of 24 months; those with skeletal muscle area less
than the median value of the study group had greater rates of
therapy failure than those with muscle area greater than the
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median value (61.7% vs. 27.6%, P = 0.014)."°> Another 5-year
follow-up study of IBD patients initiated on Anti TNF noted that
skeletal muscle index (measured on CT) noted that SMI was an
independent risk factor for secondary failure (HR: 2.15, 95% CI:
1.04-4.44, P =0.039) and bowel resection (HR: 4.19, 95%
CI: 1.01-17.3, P = 0.048).'1°

Surgery. In a retrospective study in patients with CD,
myopenia (assessed on CT at L3) was found to be a risk factor
for bowel resection on multivariate analysis in patients with CD,
and in the post-op follow-up period, myopenia improved.''!
Another multicenter retrospective study of 187 IBD patients
(CD-99, UC-89) showed that low psoas index (cross-sectional
area of psoas at L3/height in m?) on CT was a significant risk
factor for both intestinal resection (OR: 0.754, 95% CI: 0.578-
0.972, P = 0.033) and prolonged hospital stay (OR: 0.662, 95%
CI: 0.480-0.883, P = 0.004) in both UC and CD cases.”* Data
from a single-center retrospective study in patients undergoing
either elective or emergent surgery revealed that myosteatosis
(muscle quality) rather than myopenia was associated with longer
hospital stays (median duration: 13 vs. 10.5 days). On multivari-
ate analysis, myosteatosis was an independent risk factor for
readmission (OR: 4.803, 95% CI: 1.053-21.889, P = 0.043).%°
Another 5-year follow-up study on muscle quality, assessed on
MRI, in patients with CD, showed that patients with lower mus-
cle quality (lower intensity on MRI) had a significantly shorter
resection-free period than those with higher muscle intensity on
MRI (P = 0.037)."'? This suggests that muscle quality is an
important parameter that needs to be taken into consideration and
not muscle mass alone. This was addressed in the latest
EWGSOP statement where they suggested a reduction in either
muscle mass or quality for the diagnosis of sarcopenia.’®

Role of IBD therapy on sarcopenia. In a retrospective
study of patients admitted with ASUC, biological use was higher
in patients without myopenia than in those with myopenia (7.9%
vs. 0.8%, P =0.006)."" In another retrospective study of
patients with CD, the median SMI values were significantly
higher in those who were on Anti TNF therapy than those who
were not (P = 0.01).''? In a longitudinal cohort study on patients
initiated on anti-TNF therapy, after a median follow-up of
5 years, there was a significant improvement in all the muscle
parameters  (skeletal muscle index; P <0.001, skeletal
muscle area; P < 0.001, psoas muscle area, P = 0.03) measured
on CT."™ In another retrospective study where the prevalence of
myopenia was studied in patients who underwent surgery for
IBD (surgical cohort) and who were initiated on biologics (medi-
cal cohort), after a follow-up period of 1 year, the prevalence of
myopenia was higher in the surgical cohort when compared with
the medical cohort (32% vs. 16%, P < 0.02)."''> The impact of
biological use in IBD was also prospectively studied in patients
with CD, where the assessment of muscle strength and mass was
done at baseline and 25 weeks later and found that there was a
significant improvement in both muscle strength (P = 0.002) and
muscle mass (P = 0.01), and this gain was independent of ste-
roid usage.''®

Pediatric IBD. A study on the impact of Anti TNF therapy in
pediatric IBD found that the skeletal muscle mass (as measured

12 of 16

PB Neelam et al.

on Bioimpedance) at the end of induction and at the end of
6 months of therapy, the difference in skeletal muscle mass
scores between the groups with and without sarcopenia had sig-
nificantly reduced. However, there was no significant gain in
muscle mass in the group who had no sarcopenia at the base-
line.""” Even in the pediatric group, there was a poor correlation
between BMI and muscle mass, as shown in a cross-sectional
study of 101 pediatric IBD cases; the psoas area index (average
psoas area divided by body surface area) was significantly lower
in children with IBD than those of controls (P < 0.001) and had
a poor correlation with the BMI (r = 0.019). In the same study,
they found out that PAI is associated with radiologically severe
disease (P = 0.03) and is an important risk factor for the initia-
tion of biological therapy (HR: 12.1, 95% CI: 1.4-104,
P = 0.023) and disease exacerbation (HR: 8.9, 95% CI:1.5-53.1,
P =0.016).""

Interventions in IBD for sarcopenia

Nutrient supplementation. The recommended daily pro-
tein intake in IBD patients is 1 mg/kg/day for those who are in
remission and 1.2-1.5 gm/kg/day for those with active dis-
ease.''” These recommendations are not specific for those with
sarcopenia but for IBD in general. There is still a lack of data on
the effect of protein supplementation on muscle health in IBD
patients. However, evidence from the meta-analysis of studies in
the elderly had shown that protein supplementation along with
physical activity had been shown to improve sarcopenia and
frailty in the elderly.”> Hence adequate protein consumption is of
paramount importance for IBD patients, especially with sar-
copenia. Additionally, data from pediatric IBD patients showed
that daily supplementation of 2000 IU of cholecalciferol for a
median period of 13.8 months showed improvement of both
BMD and muscle power as compared with baseline.””

Exercise. In a pilot study in patients with Crohn’s disease with
quiescent or mild disease activity endurance and muscle training
for 3 months had been shown to improve muscle strength and
quality of life without improvement in disease activity.'>® In
patients with childhood-onset IBD, physical exercise for
12 months showed that there was improvement in bone mineral
density (BMD) and body composition as compared with the sed-
entary controls.'*' Similar outcomes were seen in pediatric IBD
patients in remission, where moderate to vigorous physical activ-
ity had a significant positive correlation with BMD and lean
body mass.'*? In an RCT of Crohn’s disease patients who were
randomized to either a resistance and impact training program or
a sedentary life for 6 months, at the end of the study period
patients who were in the exercise program had significantly
higher BMD and muscle function than control.'*

In addition to these measures, as discussed above, control-
ling the underlying disease activity would lead to an improve-
ment in muscle mass.

Summary and recommendations

Frailty and sarcopenia are important measures for adverse out-
comes in the elderly. Growing evidence in the field of IBD has
shown that irrespective of age, frailty and sarcopenia have poor
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outcomes on several aspects of the disease including activity,
response to therapy, post-op outcomes, and overall mortality.
Also, measuring overall well-being is an important outcome in
several interventions related to IBD, of which sarcopenia and
frailty are important contributors. However, the relationship
between frailty, sarcopenia, and IBD remains poorly studied. The
available data suggest that both frailty and sarcopenia are preva-
lent in those with active disease. From the existing evidence, we
can logically conclude that the existence of frailty and sarcopenia
in individuals with IBD is associated with poorer outcomes.
Hence this should trigger us to identify at-risk individuals with
IBD and screen them with appropriate tools. However, there are
no specific recommendations on how to screen, when to screen,
how frequently to screen, and how to intervene. Emerging data
suggest that in individuals with IBD who were found to have sar-
copenia or frailty, an inverted pyramid approach may be consid-
ered. The use of the most effective therapies (biologicals) being
oftered upfront could positively impact sarcopenia. There are still
several lacunae in the available evidence as to the role of steroids
in frail or sarcopenia with IBD, as steroids are known to posi-
tively modify the disease activity and yet negatively affect the
musculoskeletal system as a result worsening both frailty and sar-
copenia. There is no good grade of evidence to back up interven-
tions targeting sarcopenia and frailty resulting in improvement of
the disease outcomes, hence it cannot be recommended. But in
total, the approach is to be wholesome, clinicians should be
aware of the negative influences of sarcopenia and frailty on dis-
ease activity and outcomes and have an active lookout for it. It
can be done opportunistically in patients who have undergone
abdominal CT scans for the assessment of IBD or identifying the
at-risk individuals with simple parameters or tests like handgrip
strength or timed up-and-go tests. The role of aggressive man-
agement of active disease and interventions aimed at improving
the muscle strength in such individuals should be actively studied
as prospective data backing such approach are lacking.
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