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Table 1 Classifications and cut-off points used to define sarcopenia in meta-analysis

Classification

Sarcopenia

Definition

Muscle mass (instrument)

Grip strength

Gait speed

Severe sarcopenia

EWGSOP2

EWGSOP

AWGS

IWGS

FNIH

Muscle mass

Sarcopenia was defined as
low grip strength and a low
muscle mass.

Sarcopenia was defined as the
combination of low muscle
mass plus low grip strength
or slow gait speed.

Sarcopenia was defined
following the same approach
of the EWGSOP.

Sarcopenia was defined as the
combination of low muscle
mass and slow gait speed.

Sarcopenia was defined as
low muscle mass and low
grip strength.

Sarcopenia was defined as
low muscle mass only,

Men = 7.0 kg/m” R
Women < 6.0 kg/m~" (DXA)

Men < 8.87 kg/mz

Women —6.42 kg/mz (BIA)
Men < 7.26 kg/m -
Women 5.5 kg/sn (DXA)
Men =7.26 ka/m

Women <5.45 kgi/m2 (DXA)
Men <7.23 kg/m

Women —5.67 kqm2 (DXA)
Men <=8.31 kg/m”

Women —6.68 kg/gn2 (BIA)
Men <= 10.75 kg/m

Women —6.75 ka/m? (BIA)
Men 7.0 kg/m?

Women —=5.4 kg/m” (DXA)
Men =7.0 kg/m

Women 5.7 kg/rn’ (B1A)
Men <7.23 kg/m*

Women —5.67 kgymz (DXA)
Men < 7.23 ka/m

Women =5.67 kg® (BIA)
Men <= 0.789 or < 19.75 kg
Women <0.512 or <= 15.02 kg (DXA)
Men < 0.789 or <= 19.75 kg
Women =0.512 Qr = 15.02 kg (BIA)
Men < 7.26 kg/m

Women =5.45 k%/m’ (DXA)
Men <=7.25 kg/m

Women < 5.67 kg/m® (DXA)
Men = 10.75 kg/m?
Women <6.75 kgym’ (BIA)
Men < 8.87 kg/m

Women =6.42 kg/m” (BIA)
Men < 0.789

Women <0.512 (DXA)

Men < 0.789

Women <-0.512 (BIA)

Men = 37%

Women <27.6% (BIA)

Men <6.87 ka/m

Women =5.46 kq/mz (DXA)
Men < 7.23 kg/m

Women —5.67 kg/mz (DXA)
Men =7.26 kg/m

Women =5.5 kg/m” (DXA)

—
Men =27 kg
Women <16 kg

Men <30 kg
Women =20 kg

Men <26 kg
Women =18 kg

Men =26 kg
Women < 16 kg

—
Men and women = 0.8 m/s

Men and women < 0.8 m/s

Men and women < 0.8 m/s

Men and women < 1.0 m/s

Men and women < 0.8 m/s

Was defined as the
combination of sarcopenia
plus slow gait speed.

In some studies, when the
three physical capabilities
were together, the reviewers
defined the combination as
severe sarcopenia while in
other, it was defined as per
sarcopenia but with a lower
cut-off point for muscle mass,

Similar than the EWGSOP.

Was defined as the
combination of sarcopenia
plus slow gait speed.

Severe sarcopenia as defined
using the same approach,
but employing a lower
cut-off point for muscle mass.

AWGS, Asian Working Group for Sarcopenia; BIA, bioelectrical impedance; DXA, dual-energy x-ray absorptiometry; EWGSOP, European Working Group on Sarcopenia in Qlder People;
EWGSOP2, European Working Group on Sarcopenia in Older People 2; FNIH, Foundation for the National Institute of Health; IWGS, International Working Group on Sarcopenia.
"At the time of the search, these studies did not have the newly updated cut-off of 5.5 kg/m® for women for the EWGSOP2.
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. Studies (n) Participants (n) % (95% Cl)  Heterogeneity
Sarcopenia-
EWGSOP2- | = : 3 5,720 |1o.o (2.00;17.0)'99.09% (p<0.001)
]
=
S EWGSOP- B 48 200,590 |22.o (20.0; 25.0)| 98.55% (p<0.001)
©
Q
= AWGS- HiH 46 27,940 |15.o (13.0;17.0)'97.95% (p<0.001)
0
g IWGS- —— 12 11,890 |14.o (9.00;18.0)| 98.36% (p<0.001)
FNIH- = 20 27,864 |11.0(9.oo; 14.0)| 98.01% (p<0.001)
Muscle Mass- b 52 38,800 |27.o (23.0; 31.0)| 98.96% (p<0.001)
! N 1 L} I ¥ |

0 10 20 30 40
Prevalence (%)
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Sarcopenia- Studies (n) Participants (n) % (95% CI) Heterogeneity
EWGSOP2
< 60 years- - - - -
>60 years— | - | 3 5,720 10.0 (2.00; 17.0) 99.09% (p<0.001)
EWGSOP
< 60 years- ; - | 3 351 18.0 (9.00; 27.0) =
>60 years-| - 45 200,239 23.0 (20.0; 25.0) 98.63% (p<0.001)
g AWGS -
-~ < 60 years- —a— 2 344 36.0 (31.0; 41.0) -
5.% =60 yearsH HE— 44 27,596 14.0 (12.0; 17.0) 97.90% (p<0.001)
§ IWGS-
o < 60 years- - - = =
>60 years- —-— 12 11,890 14.0 (9.00; 18.0) 98.36% (p<0.001)
FNIH
< 60 years- HElH 1 609 8.00 (6.00; 10.0) -
=60 years- - 19 27,255 12.0 (9.00; 14.0) 98.11% (p<0.001)
Muscle Mass
< 60 years k = i 8 5554 28.0 (18.0; 39.0) 98.70% (p<0.001)
> 60 years- — 44 33,246 27.0 (22.0; 31.0) 99.02% (p<0.001)
T T T T 1

O 10 20 30 40 50
Prevalence (%) 5



Primary sarcopenia

Age-related sarcopenia

No other cause evident except aging

Secondary sarcopenia

Activity-related sarcopenia

Can result from bed rest, sedentary lifestyle,
deconditioning, or zero-gravity conditions

Disease-related sarcopenia

Associated with advanced organ failure (heart, lung,
liver, kidney, brain), inflammatory disease,
malignancy, or endocrine disease

Nutrition-related
sarcopenia

Results from inadequate dietary intake of energy
and/or protein, as with malabsorption, gastrointestinal
disorders, or use of medications that cause anorexia i
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» Senescence of muscle satellite cells
Decrease in the number of muscle satellite cells
Infiltration of inflammatory cells
Oxidative stress

Mitochondrial dysfunction and insulin resistance

Skeletal muscle protein degradation
exceeds synthesis

Sarcopenia
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Inflammatory cytokines (TNF-a, IL-6, IL-1J, etc)

Ubiquitin
proteasome Apoptosis
pathway

Mitochondrial
dysfunction

Muscle protein breakdown

——

Sarcopenia
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SARCOPENIA A MULTIFACTORIAL DISEASE

BIOCHEMICAL FACTORS
MEDICAL HISTORY

AGE

Sarcopema
PSYCHOLOGICAL FACTORS \ SOCIAL FACTORS
BEHAVIORIAL RISK FACTORS \ OTHER COMMORBIDITIES

GUT MICROBIOME  GENETIC FACTORS
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i e 5 Rational

S ; Nutrition
® Acrobic exercise ® Proteimn and vitann D
® Rcesistance exercise ® Mediterrancan diet

Smopcnia

® [estosterone supplcmcm

® ACEI and ARB drugs
® Ghrelin supplement

® [.oop diurctics 11
® GH supplement
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Resistance exercise » 1 Balance exercise

2-3 times/week 2-3 times/week
I | |
| | } }

Vitamin D deficient Protein intake Calcium Creatine
1000 IU/day 21.2 g/kg/day 500-600 mg/day 3-5 g/day

T Bone mass & strength
| Risk of fractures
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Sclerostin

Vitamin D Osteocalcin

|

FGF23

Cell wall

Transcription
Initiated

Protein Synthesis

Amino Acids D @ ®e = )
a®®®® o000 ®
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Insulin resistance

Endothelial TR v
. : Anabolic signaling
function (nutrient (e.g.. mTORC1)
availability) B

Age-related muscle
wasting

Omega-3

supplementation

Catabolic signaling
(e.g., Ubiquitin-
proteasome)

Low-grade

inflammation
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Aging / Obesity

Visceral fat accumulation
Ectopic fat accumulation
Insulin resistance

Metabolic rate 4
Physical activity §
Sex hormones |

Skeletal muscle Adipose tissue

AR <
O Pro-inflammatory cytokinesf
0 Leptin t

& Adiponectin 4

Mitochondrial dysfunction
Oxidative stress 1 Adipocyte hypertrophy/hyperplasia
Anabolic action of IGF-1+4 Accumulation of immune cells

| J

[

Sarcopenic obesity
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Aging Obesity

s CH T FFA p .
i Physical activity [ | Adiponecin  Weight gain
T Leptin
/ T Inflammation __— 1 4 TNF-alpha
i Fatty mflltratlon L '; II{-/;?:P—l

Sarcopenia \ Insulin resistance /\ :
_ Inflammation

Muscle loss and weakness
[ +«— Leptin resistance
Jr Lipid oxidation (4

J Muscle cell 3
differentiation - J :
\and grow \ 4 MyoSEtn ? / T Total/visceral fat

/

Macrophage
recruitment

J« irisin

l Energy expenditure
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@NUTRmON

Definition: Decreased intake or
assimilation of nutrients. When
cancer-related, often exacerbated by
systemic inflammation which
increases anorexia and tissue break
down resulting in weight loss, altered
body composition and reduced
physical functioning.

Diagnostic Criteria:
GLIM Criteria (Cederholm et ol. Clinical Nutrition, 2019)

*Must have at least 1 Phenotypic Criteria and
1 Etiologic Criteria

Phenotypic Criteria: Unintentional weight
loss, low BMI and/or reduced muscle mass

Etiologic Criteria: Reduced food intake or
assimilation (may be from disease burden or
inflammatory condition)

d
£
A

o >l - -

‘1' i P ’ - (! \
e X AN % sl o
- *IMPORTANT TO REC

CANCER
CACHEXIA

Definition: A multifactorial
syndrome characterized by an
ongoing loss of skeletal muscle mass
(with or without loss of fat mass)
that cannot be fully reversed by
conventional nutritional support and
leads to progressive functional

impairment.
Diagnostic Criteria:

International Consensus (Fearon et al. Lancet
Oncol, 2011)
* Weight loss > 5% over past 6 months

OR
* BMI < 20 and weight loss > 2%

OR

* Sarcopenia and weight loss > 2%
* Often reduced food intake and/or
systemic inflammation

SARCOPENIA

Definition: Low lean body (muscle)
mass which can result in fatigue,
decreased strength and limited
physical functioning.

Diagnostic Criteria:

*Multiple possible measures including functional
(e.qg. handgrip strength) and radiographic (e.g.
DXA or CT)

Imaging Criteria (reoron et al. Loncet Oncol, 2011)

PING FEATURES OF THES

= DXA: Appendicular skeletal muscle index
consistent with sarcopenia (males <7.26
kg/m?; females <5.45 kg/m?) and any
degree of weight loss >2%

* CT: Lumbar skeletal muscle index
determined by CT imaging (men <55
cm?/m?; women <39 cm?/m?)

g



Table 2 The CACHEXIA score (CASCO): a new tool for staging cachectic patients

Symptom Percent Mecasurcment Total points Paramcter Values
BWC 40 Body weight loss 32 =5%
=5%, mild
=10%, moderate
=15%, severe
=20%, termimal
Lean body mass R No change in LBM
Loss of LBM =10%
MD 20 Inflammation B Plasma CRP 5 mg/l =CRP =10 mg/]
10 mg/l =CRP =20 mg/]l
CRP =20 mg/l
Plasma IL.6 4 pg/ml <IL6 <10 pg/ml
10 pg/ml <1L6 =30 pg/ml
1L6 =30 pg/ml
Metabolic disturbances 8 Plasma albumin =<3.2 g/dL.
Plasma pre-albumin =16 mg/dL.
Plasma laciate >=2.2 mM
Plasma triglycerides =200 mg/dL.
Anemin Hb <12 g/dL.
Plasma urca =50 mg/dL
Oxidative stress: ROS plasma levels =300 FORT U
Glucose tolerance test or HOMA index Altered
Immunosupression -4 1L2 levels =500 pg/ml
Peripheral lymphocytes: proliferation Positive
assay or skin hypcerscensitivity test
PHP 15 15 Total activity Physical performance,
Handgrip strength questionnaire, or monitoring
Stairs chimb
6-min walk distance
ANO 15 15 Simplificd Nutrition Asscessment Yes
Questionnaire
Qol. 10 10 Quality of life Questionnaire Mild
Moderate
Severe
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BWC body weight loss and composition, /MO inflammation/metabolic disturbances/immunosupression, /77 physical performance, ANO

anorexin, Qol. quality of life



Table 1. Definitions and assessment criteria of cachexia.

Nomenclature

Chronic disease-related
malnutrition

Acute disease or injury-
related malnutrition
Cachexia

Protein-energy wasting

Precachexia

Definition

Malnutrition with chronic mild-to-moderate
inflammation

Malnutrition with acute and severe
inflammation

Complex metabolic syndrome associated
with underlying illness and characterized
by loss of muscle with or without loss of fat
mass

The prominent clinical feature of cachexia is
weight loss

Loss of body protein and fuel reserves

Early stage of cachexia

Assessment criteria
Weight loss
Inflammatory markers
Weight loss
Inflammatory markers

Weight loss of at least 5% in 12 months or less in the
presence of underlying illness (or BMI <20), plus three of
the following criteria:

Decreased muscle strength (lowest tertile);

Fatigue;

Anorexia;

Low fat-free mass index;

Abnormal biochemistry:

Increased inflammatory markers CRP (=5.0 mg/l), IL-6
(4.0 pg/ml);

Anemia (<12 g/dl);

Low serum albumin (<3.2 g/dl)

Low serum levels of albumin, transthyretin or cholesterol;
reduced body mass (low or reduced body or fat mass or
weight loss with reduced intake of protein and energy);
reduced muscle mass (muscle wasting or sarcopenia,
reduced mid-arm muscle circumference)

Underlying chronic disease; unintentional weight

loss =5% (if any) of usual body weight during the last

6 months; chronic or recurrent systemic inflammatory
response; anorexia or anorexia-related symptoms
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Normal

Precachexia

Weight loss
<5%
Anorexia and
metabolic
change

. Cachexia

Weight loss >5%
or BMI <20 and
weight loss >2%
or sarcopenia and
weight loss >2%
Often reduced food
intake/systemic
inflammation

Refractory cachexia

Death

Variable degree of cachexia
Cancer disease both
procatabolic and not
responsive to anticancer
treatment

Low performance score

<3 months’ expected
survival
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CORI CYCLE

DECREASED
NUTRITIONAL
INTAKE

HIGHER RATE
OF ENERGY
EXPENDITURE

INSULIN
RESISTANCE

INFLAMMATORY
MEDIATORS

SEVERE
HYPOXIA/
ANOXIA
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Proinflammatory cytokines Anabolic hormones

(IL-1, IL-6, TNF-w) (insulin, IGF-1)
TGF-f (myostatin)

Tumor factors (PIF?)

Anorexia

REE :
i Adipogenesis?
Eir:;e'g%scs Protein synthesis?
M »
~ Oxidative stress yogenesis

: : oo l

Weight loss = | Muscle atrophy '],QOL l Anemia | | Chemotherapy tolerance 43
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Cancer-related
metabolic changes

Treatment-related
factors

Psychosocial
factors

Decreased appetite and food mtake

Constipation Insulin resistance

Inflammation Depression

Male hypogonadism & A Low self-esteem

Risk Factors for Cachexia
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High-protein and -energy diet
 Try serving 6 smaller mealslsnad(spa\ﬁ |
* Include 34 extra servings of energy- and protein-rich foods or
- Extra servings of eggs, meat, b 2ans, cheese
- Milk or soy-based drinks e.g. mi

- Extra desserts e.q. ice cream, cu «s
-Dﬂedfmit.nuts.chocotate.f :
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Nutrients 2022, 14, 345 100f 16
Table 2. List of proposed nutrients.
EPA HMB Creatine Carnitine Combined Nutrition
(leucine) beef, loin ham, liver,
) . horse mackerel, salmon, fish such as herring, salmon, :
Foods with high content blu::uf;sh su(cih - si(ardllnes, bonito flakes, cheese, and tuna, and in meat such as red meat, ﬁs(l; mﬁit’ poultry,
LIRS skimmed milk powder, dried pork and beef s
tofu
Total recommended daily
N 2g/day 3 g/day 3 g/day 3g/day
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Multitarget Multinutrient
cancer cachexia approach cancer cachexia approach

Energy intake 2 Proteins/Amino acids
Building blocks zzpp Fats/Lipids
Inflammation < / "‘,/."; Carbohydrates
Anticatabolic signaling ' ,j’;/* Fibers/prebiotics Targeted T~ Multimodal
Anabolic signaling 4R Minerals Cancer
Energy metabolism );-:,, =>° \Vitamins Cachexia care
Mitochondrial function &xHyZ—e Carotenoids
Oxidative stress S e : Creatine
Gastrointestinal barrier K ' Carnitine
Microbiome regulation ‘ ' CoQio
Anorexia/appetite control Flavonoids

nutrition

Multitarget intervention Multinutrient intervention Multimodal intervention
intervention that targets different use of multiple individual nutrient that intervention approach that combines
mechanisms or metabolic pathways are applied together to contribute to two or more methods of treatment
that are effected or deregulated and the efficacy of an intervention towards aimed towards one specific outcome.
together contribute to one specific one specific outcome. These nutrients Also called combination therapy or
outcome. This may also include one can both modulate a single metabolic multimodality therapy.

single nutrient that modulates pathway or modulate multiple targets

different targets. that contribute to the effect.
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