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Sarcopenia: Primary and secondary causes



Figure 2. Sarcopenia: major health outcomes and risk factors
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Dodds et al, J Clin. Dens, 2015




EWGSOP 2010 Working Definition of Sarcopenia
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EWGSOP Working Definition of Sarcopenia

Case finding
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LOW
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Cruz-Jentoft AJ et al. Sarcopenia: European consensus on definition and diagnosis. Report of the European
Working Group on Sarcopenia in Older People. Age Ageing 2010
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SARC-F
or clinical
suspicion

NEGATIVE

POSITIVE
OR PRESENT
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Muscle quantlty NORMAL
or quality
DXA; BIA CT, MRI

LOW

Physmal
Performance

Gait speed, SPPB,
TUG, 400m walk

EWGSOP2 algorithm (Age Ageing
2019) for case-finding, making a
diagnose and quantifying
severity in practice. The steps of
the pathway are represented as
Find-Assess-Confi rm-Severity or
F-A-C-S. *Consider other reasons
for low muscle strength (e.g.
depression, stroke, balance
disorders, peripheral vascular
disorders)



Why is the definition important when focusing on pain and sarcopenias
The examples of Fibromialgia

Sintomi della
Fibromialgia

f: I?/I:tlr:ihtesta cronico Occhi . -S S;ToTem
- Insonnia — :_/- _P_ro_blem| - Aumento
- Vertigini -~ visivi di peso
- Deterioramento cognitivo \ - Sintomi
- Compromissione Articolazione del raffreddore
della memoria della mandibola - Sensibilita

- Ansia = Disfunzioni chimica multipla
- Depressione
Muscolari —Pelle _
- Dolore - Problemi
muscolare RN \ vari

- Affaticamento v’ ,.-‘ F ™ Petto

- Contrazioni Dolore
Artlcolazuem/ ‘ Stomaco

- Rigidezza - Nausea
mattutina
Urinari

. Sistema riproduttivo

- problemi S

, . - Dismenorrea
urinari

According to the first definition, no patients with
fibromialgia are sarcopenic, according to the second
definition 1 out of 4 patients with fibromialgia are
probably sarcopenic (Kapuczinski, Rheumatol Int, 2021)



(steaparosis and Sarcopenia 5 (2019) 23-28

| 759 free-dwelling 65-79 older prts,
Contents lists available at ScienceDirect . B‘:-r._'. 340 with lower limb pain

Osteoporosis and Sarcopenia

journal homepage: http://www.elsevier.com/locate/afos E & =
Original article
Sarcopenia and lower limb pain are additively related to motor )
function and a history of falls and fracture in community-dwelling F

elderly people

Kohei Maruya *°, Hiroaki Fujita ?, Tomoyuki Arai , Ryoma Asahi °, Yasuhiro Morita *,
Hideaki Ishibashi Table 3 . . .
Comparison of motr functions and body compoasitions by presence of saopenia

* Department af Physical Thempy, Faculty of Health and Mediml Care, Saitame Medical University, Saitama, Japan

® Dep af Physical T . Facudty of Health %3 Jupiis Dkvevsliy off Hilth Sefesicess, Sad | Variahle Lower himb pain pevalus
* Department af Rshahilitation, fapan Commmity Health-care Crganization Thkyo Shinguly Medioml Genier, Tokps, japan With Without
4 . B . . . . .
Depantment of Onthopedic Sargery, Medical Gorponation Aggrapate Ajjukal Ina Hospilal, Saitama, fapan BT, leg 221203 211203 0001
IHFE 1 263 4+ 03 262 1014 ns
SMIL kgim® 6.75 ¢ LOS L i ns
HGE, kg 255+ L5 260+ 05 ns
Table 1 . 13208 361208 m
. ; . . an * * ns
The prevalence of pain in Snoopena or NONSENOopenia ST oups.- Normal WK, mjs 130 ¢ 002 135 3 Q02 00z
Pxin Nom sarcapeni Sarcopeni Madimum WS, mjs 1.77 ¢+ 003 184+ W03 001
— - - 2Step value, mfm 132+ Q02 137+ Q2 001
Taostal 734 (967) 25(33) KES, Nmyjlkg 155 ¢ (W05 161 xS ns
Paxin (<) 325 (443) 15 (&) GLFE=25, paint 105 + L6 47+ 086 <0001
Pain () 4 (1) 10 (0.0 Values are presented a5 adjusted mean + sandard deviation.
Vahues are presented as mumber (T B84, bady TI'I.EE'iTI:'EII:; E'E-F.'hm:.l'_l,' fat 'p:'r-:Eﬂta;F; M, ﬂ-:c'leuEI musde mass index;
P —=0121, chi-squane test HGE, handgrip strength; 515 single l=g standing; FRT. functional readh test; WS,

walking spesd; KES, knee extension strength; GIFS25, 2S-guestion geri atric lom=
mative fundion scale; ns, no signifiamnee.
Covariance analysis adjusted by age. sex, BML and presence of sanmpemia

* Adjsted by age. sex and pres=noe of sanmpemia



Chronic Pain and Risk of Injurious Falls
Dwelling Older Adults

in Community-

N=765, > 70 years, 4 year follow-up

Journals of Gerontalogy: MEINCAL SCIENCES, 2021, Vol. 76, No. 9 a183

Table 2. Rate Ratio for Injurious Falls During the 4.3 y of Follow-up According to Pain Characteristics (N = TES)

Rate of Model 12 Muode] 20 Mosdel 3
Mo. of M. of Injurious Falls
PPain Characteristics " Injuricus Falls PYs (100 PY) Adj. RR (95% CT)
Iain severity
Mo pain 163 134 4174 G 1.0 1.0 1.0
Very mild pain 210 188 624.0 ElLN 099 (0,73, 1.34) 095 (0,70, 1.28) 0.93 (069, 1.25)
Mild pain 200 198 3519 359 118 (08T, 1.60) 1.14 [0.84, 1.55) 1.05 (078, 1.43)
Moderate-to-severe pain 189 197 566 389+ 1.34 (0,59, 1.82) 147 (1.07, 2.03) 124 (028, 1.74)
PPain interference
1st pertile 288 212 7230 6.7 1.0 1.0 1.0
Ind tertile 219 205 5551 ile 1.21 (0.73, 1.56) 1.13 (028, 1.4a) 1.10 (085, 1.42)
Ird tertile 255 294 G724 440 1.69 (1.32, 2.15) 1.80 (140, 2.31) 1.61 (1.23, 2.13)
Pain site
Mo pain 274 197 Tod.6 15.8 1.0 1.0 1.0
Single site pain 186 167 5190 3212 1.24 (0,94, 1.63) 119 (020, 1.57) 119 (091, 1.57)
Multisite pain 304 354 B42.7 42 (4= 165 (1.30, 2.08) 1.68 (1.32, .14) 157 {122, 2.01)

Maotes: Ady. RR = adjusted rate ratio; Cl = confidence mterval; PY = person-years. The valoes in bold mdicate stansacally sigmificant resulis {f < J05)
Mlodel 1 esimated wnadjosted rate rane from negatve binomaal models. ®ode] 2 was adjusted for age, gender, race, education, body mass index, penpheral

neuropathy, penpheral arterial disease, heart disease, and vison mparment. “Model 3 was addinonally adjosted for mobilicy difficalty, opaoid analgesic use, and

psychiatric medicanons wse.

*Test for trend, p-value <05, **p-valoe « 001,

Cai et al, J Gerontol 2021



Leg muscle quality and pain. TASOAC Study

EMen OWomen

; Prospective study, N=709

&

n

F=

LMQ (kg'kg)

L)

1

L]
Mo Pain Pain al one site Pain at hwo or more sites

Greater declines in Lower extremity muscle quality (strength/mass)
and greater increase on falls over 3 yr were observed in women, but
not in men, who reported pain at baseline in more than one site.

Scott, 2012



Link between ROA and Lower extremity Muscle
function in older women. TASOAC Study

Knee Pain Changes in LMQ did not differ for ROA at baseline,
Score hﬁ“‘“aﬁﬁ_ but by inducing pain and stiffness that lead to
L . ft;, dysfunction and sarcopenia
s g
& iy ~—
4 -""-.__
Knee ROA 027 m':“ﬂm 0.26 | Changein
| Score Score LMQ
—
/
%, IIII."IlE:? //
e
NI AP
Knee |
Stiffness
Score

Scott, 2012



Gait
Speed

(Mediator)

N=1452 community-dwelling men
aged > 70 followed for 5 yrs

Path a=-0.0264 Path b=-4.7969

P-value: 0.0197 \F’#alue: <0.001

Chronic ADL
Pain Disability

(X) (Y)

Prevalence rate of pain=11%

Indirect effect (a*b) = 0.1267*

Mediation analysis of the effect of

Direct effect (¢') = 0.3881

rotal etfoct (6) = 0,518 Self-reported chronic pain on ADL
Pu = 24.61% and IADL disability and the mediating
effect of gait speed (not ALM nor

Gait
Speed

(Mediator)

grip strength).

Path a=-0.0264 Path b=-1.94923

P-value: U.OV “'alue: <0.001

Chronic IADL
Pain Disability

(X) (Y)

Chronic pain might lead to disability
even before muscle mass loss: room
for early interventions by treating
pain

Indirect effect (a*b) = 0.0515*

Direct effect (c') = 0.0391
(P=0.7879)

Total effect (c) = 0.0906
P, = 56.84% Scott, 2021



Sarcopenia as main cause of pain in OA.
The Health ABC Study

Table 2. Odds ratios and 95% confidence intervals for the effect of baseline ALM or grip strength on the likelihood of

incident clinically diagnosed, symptomatic knee OA or knee pain over the first 5 years of follow-up in the Health ABC Study,
stratified by sex

Men Women
Knee OA Cohort Knee Pain Cohort Knee OA Cohort Knee Pain Cohort
(n=1385) (n=1115) (n= 1394) (n=1067)
ALM kg 0.68 (0.47-0.97)° 0.83(0.74-118) 112 (0.76-1.65) 076 (0.56-1.05)
Gnp strength,” kg 1.00(0.76-1.32) 1.20 (1.01-1.42)" 1.14 (0.83-1.55) 1.07 (0.84-1.37)
Low ALM (ye s/no)’ 0.21 {l].[lﬁvl].ﬂ?}b 0.82 (0.52-1.28) 0.94 (0.59-1.50) 0.88 (0.63-1.22
Low grip strength {j,resfnc:}‘ 1.08 (0.45-2.60) 117 (0.68-2.02) 1.32(0.73-2.38) 1.49(0.92-2.41)

Abbreviation: ALM, appendicular lean mass; OA, osteoarthritis.

All models are adjusted for race, baseline age, baseline body mass index, walking per week, nonsteroidal anti-inflammatory

drug use, oral glucocortcoid use, and prevalent comorbidities (malignancy, pulmonary disease, cardiac disease, cerebro-
vascular disease, and diabetes mellitus).

* Odds ratios are expressed per 5D decrement in the predictor variable.
" Bold font indicates P < 0.05.

* Low ALM: men, <19.75 kg; women, <13.02 kg. Low grip strength: men, <26 kg; women, <16 kg (4).

Andrews, ACR, 2021



What makes a healthy joint?

~
AN

Skeletal
muscles
™,

Articular — Tendons

cartilage
Ligaments

NQUE TSN
.II - { I e I,.
Synovial '- AN
fluid (e . Fibro-
Ly cartilage

Drug Discovery Today

FIGURE 1

What makes a healthy joint? At the adult age, in healthy conditions, the skeleton (bones and cartilage) and skeletal muscles represent approximately 15-20% and
35-45% of the total body mass, respectively. The local joint environment includes tissues among which periarticular muscles, bones, cartilage, and their associated
ligaments build an intricate and interrelated anatomical network.

De Ceunick et al. DDT. 2014



Healthy condition Osteoarthritis

* Cartilage degradation

* Anabolism / catabolism imbalance
* Chondrocyte apoptosis

* Inflammation

» Subchondral bone remodeling

* Bone marrow lesions

* Osteophytes (bones spurs)

Idiopathic, ageing
post-traumatic

* Muscle weakness

* Altered muscle mass

* Altered muscle quality

* Altered protein synthesis
* Myonuclear apoptosis

* Possible fat infiltration

* Possible inflammation

Idiopathic, ageing
post-traumatic
latrogenic

Drug Discovery Today

FIGURE 2

Main features of osteoarthritis and sarcopenia. Although still being a matter of debate, both conditions may be caught in a vicious circle where muscle weakness
favours cartilage degradation, and vice versa.

De Ceunick et al. DDT. 2014



..... vicious cycle even worst with sarcopenic obesity

-~
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-
J- physical activity, J- energy expenditure, ‘T adiposity
™ mechanical wear . . .
. fl t :
Aging L cartilage regeneration Osteoarthritis 1;;;:":;;;:1? DbESIt'lp'
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Fig. 1 Relationship between aging, obesity and osteoarthritis and the development of sarcopenic obesity
/

Godziuk, 2018



Sarcopenia and immunosenescence

C. Nelke, R. Dziewas and J, Minnerup er ol.f EBioMedicine 40 (2010) 381-388 83

- Potential central role

X ) | immune factors
. et P oA  of the skeletal muscle
?2 % \ IGF-1 producing (IL-6, IL-7, IL-15) confe \&)
* ; macro ha s . : | ' h '
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Fig. 1. Aging of skeletal muscle is central in the pathogenesis of immune senescence and sarcopenia. Multiple pathways are affecred, including insufficient myokine
signalling (IL-6, IL-7, IL-15), shifring of membrane bound immune regulatory factors rowards a pro-inflammarory profile, impaired immune cell funcrion and aleered body N e | ke 2 O 'I 9

COMPOSILon.



arcopenia and Inflammation

C. Nelke. R. Dziewas and ], Mimerup er ol./ EBioMedicine 40 (2010) 381288 385

Skeletal muscle

Sarcopenia —y * B
® g
Y °.-I

myokine signaling

Chronic low-grade inflammation

Anti-inflammatory effects
and muscle anabolism

.
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Inflammatory secretome

r

Pro-inflammatory effects
and muscle catabolism
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= I - . ;
Canonical IL-6 trans m sIL-6R 1 rgpun
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E IL-6R

Fig. 2. Aging tips the scales of [L-6 signalling. Chronic exposure to [L-6 and the concomirant release of pro-inflammartory cytokines promote pro-inflammartory effects and
muscle carabolism due o IL-6 signalling. The pulsatile release of IL-G in response o exercise is impaired in sarcopenia resulting in reduced anri-inflammarory effects and
impaired muscle anabolism mediared by IL-6. The biological effect of [L-6 is mediared both by canonical and by trans-signalling.

Nelke, 2019



Low-grade inflammation and sarcopenia:
the role of exercise and nutrition

{ e J
Exercise .
supplementation

[ Wasodilation / MPS
AA zvailability \\
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FIGURE 1 | Schematic llustration of the mechanizms through which LG may indirectly affect age-related muscle wasting. LG, low-grade inflammation; A4, amino
acid; AT, adiposa tissus; MPS, musde protain synthests, MPE, muscle protein breakdown. Red lines contribute to the induction of muscle wasting; greon lines to the
attenuation of musde wasting. Dashed lines: inhibitory signaling; full ines: stimulatory signaling. Additional o the association betwesn LGl and agse-ralated muscle
wasting, the benaficial effiacts of classic sirategies such as exercise and protein supplementation are ilustrated.

Dalle et al, 2017



Life-course approach to sarcopenia

Muscle quantity, quality, and function

Years of life

Healthy ageing

Sarcopenia accelerated by acute stressor events

— Chronic age-related sarcopenia

Welch C, Sarcopenia book, Springer 2021




Sarcopenia and Covid-19

...but we also know that sarcopenia:

1. Predicts the risk for infections after
surgery

2. Sarcopenic patients have a three-fold
increase risk for nosocomial infections

3. In community-dwelling sarcopenia
predicts the risk for community acquired
pneumonia

therefore
A vicious cycle is established between
sarcopenia and infectious diseases

Casey et al, World J Surg Oncol, 2021



Vitamin D and Covid-19

Advanced age Inactivity Chronic disease Cancers Nutritional deficiency

-

Sarcopenia: depletion of muscle mass and strength

Nutrition problem/}
+

: - Immune Metabolic Respiratory Swallowing Sarcopenia
Physical activit . : ) ; :
Y I V\I/ potential \l/‘ stress \l/ function function \l/ interventions
Social isolation
[ COVID-19: increased infection and dismal prognosis ]

Teshome et al. The Impact of Vitamin D Level on COVID-19 Infection: Systematic Review and Meta-Analysis. Front Public Health. 2021



SYSTEMIC [E_)
*Fatigue
*Post-exertional malaise

PULMONARY
*Dyspnea (breathlessness)

*Ground glass opacities
(signs of fibrosis and inflammation) (e

*Hypoxemia (low blood oxygen)

*Reduced diffusion capacity
(inefficient transfer of gas
from lungs to blood)

ENDOCRINE

sDiabetic ketoacidosis
(high levels of ketones
make blood too acidic)

* Mild thyroiditis
(inflammation
of thyroid gland)

GASTROINTESTINAL
*Diarrhea
*Loss of appetite

HEMATOLOGIC
*Thrombosis (blood clots)

=ew  POst-acute covid-19 syndrome

*Brain fog (impaired attention,
concentration, memory)

EARS-NOSE-THROAT No oner eally knows hOW or Why
sSore throat

Dycouh  canoiovascuar lONg-covid happens, who is more
epectccrestean  Jikkely to get it, or how to treat it, but

* Myocarditis

of heart muscle) for sure muscle pain and joint pain
*Palpitations ° °
«High heart rate are frequent and pathophysiologic
RENAL mechanisms need to be explored

*Acute kidney injury
(sudden inability
tofilter)

DERMATOLOGIC
*Alopecia (hair loss)
*Rashes

MUSCULOSKELETAL
*Muscle ache
*Joint Pain

Nalbandian, A., Sehgal, K., Gupta, A. et al. Post-acute COVID-19
syndrome. Nat Med 27, 601-615 (2021).
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Evidence-Based Role of Nutrients and Antioxidants
for Chronic Pain Management in Musculoskeletal
Frailty and Sarcopenia in Aging

Simone Perna 1-# , Tariq A. Alalwan 1 Salwa Al-Thawadi !, Massimo Negrn: ,

Mauro Parimbelli 2, Giuseppe Cerullo 3 Clara Gasparri 4 Fabio Guerriero ™%,

Vittoria Infantino *'', Mariaconcetta Diana ®, Giuseppe D’Antona *7
and Mariangela Rondanelli 7.8



Conclusion:

La definizione di sarcopenia ¢ in continua evoluzione e questo influenza
'associazione o meno con altre patologie MS, quali la fibromialgia e il back pain

Il dolore cronico e la sarcopenia sono interconnessi e portano a perdita della
funzionalita e dell'autonomia, perdita che € comune a tutte le patologie
muscoloscheletriche associate alla sarcopenia (quindi con effetto sinergico sulla
perdita di funzionalita e su altri outcome negativi, quali cadute, fratture, peggior
qualita di vita)

Il trattamento del dolore nella sarcopenia deve tener conto dell’'eterogeneita delle
cause e delle co-morbidita

Un trattamento multidimensionale, con interventi nutrizionali e fisioterapici in
supporto alla terapia farmacologica, rappresenta I'approccio piu adeguato per il
management di questi pazienti, che hanno quadri clinici e prognostici molto
eterogenel
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