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Abstract

Half of osteoporotic fractures occur in patients with normal/osteopenic bone density or at intermediate or low esti-
mated risk. Muscle measures have been shown to contribute to fracture risk independently of bone mineral density.
The objectives were to review the measurements of muscle health (muscle mass/quantity/quality, strength and func-
tion) and their association with incident fragility fractures and to summarize their use in clinical practice. This scoping
review follows the PRISMA-ScR guidelines for reporting. Our search strategy covered the three overreaching concepts
of ‘fragility fractures’, ‘muscle health assessment’ and ‘risk’. We retrieved 14 745 references from Medline Ovid SP,
EMBASE, Web of Science Core Collection and Google Scholar. We included original and prospective studies on
community-dwelling adults aged over 50 years that analysed an association between at least one muscle parameter
and incident fragility fractures. We systematically extracted 17 items from each study, including methodology, general
characteristics and results. Data were summarized in tables and graphically presented in adjusted forest plots.
Sixty-seven articles fulfilled the inclusion criteria. In total, we studied 60 muscle parameters or indexes and 322 frac-
ture risk ratios over 2.8 million person-years (MPY). The median (interquartile range) sample size was 1642 (921-
5756), age 69.2 (63.5-73.6) years, follow-up 10.0 (4.4-12.0) years and number of incident fragility fractures 166
(88-277). A lower muscle mass was positively/not/negatively associated with incident fragility fracture in 28 (2.0),
64 (2.5) and 10 (0.2 MPY) analyses. A lower muscle strength was positively/not/negatively associated with fractures
in 53 (1.3), 57 (1.7 MPY) and 0 analyses. A lower muscle function was positively/not/negatively associated in 63 (1.9),
45 (1.0 MPY) and 0 analyses. An in-depth analysis shows how each single muscle parameter was associated with each
fragility fractures subtype. This review summarizes markers of muscle health and their association with fragility frac-
tures. Measures of muscle strength and function appeared to perform better for fracture risk prediction. Of these, hand
grip strength and gait speed are likely to be the most practical measures for inclusion in clinical practice, as in the eval-
uation of sarcopenia or in further fracture risk assessment scores. Measures of muscle mass did not appear to predict
fragility fractures and might benefit from further research, on D3-creatine dilution test, lean mass indexes and artificial
intelligence methods.
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Introduction

Osteoporosis is characterized by a generalized loss of bone
mass and altered microarchitecture, leading to an increased
risk of fracture.® Over the age of 50, a fifth of men and half
women will have a fragility (or osteoporotic) fracture, devel-
oped spontaneously or after a minor trauma, such as a fall
from a standing height.! Major osteoporotic fractures (MOFs)
include hip, vertebral, humeral and forearm fractures. Fragil-
ity fractures are a major age-related adverse event due to
their consequences and high incidence.? Osteoporotic frac-
tures account for more days of hospitalization than acute
myocardial infarction, chronic obstructive pulmonary disease
or breast cancer.® In Europe, the direct costs were estimated
at 37.4 billion euros in 2010 and 56.9 billion euros in 20192
and will continue to increase as the population aged over 65
and over 80 is expected to double and triple respectively be-
tween 2020 and 2050.* Bone fragility can be prevented and
treated. However, the gap in its management consists in the
limited capacities to detect and predict fragility fractures.”

The gold standard for assessing bone mineral density
(BMD) is dual-energy X-ray absorptiometry (DXA). The World
Health Organization (WHO) defines osteoporosis as a BMD of
2.5 standard deviations below the mean peak BMD of young
female adults.® However, half of fractures occurs in individ-
uals with a normal BMD.” Risk scores have thus been devel-
oped and have improved fracture prediction, by taking into
consideration other clinical risk factors for fractures®; the
most widely used fracture risk score is FRAX® (Fracture Risk
Assessment Tool).® Although FRAX with BMD performs better
than BMD alone in predicting incident fractures, there is still
room for improvement in risk prediction, potentially through
inclusion of additional measures, such as falls, that are inde-
pendent of BMD.? Muscles lose 40% of their volume between
the ages of 20 and 80.'° Since the first mention of the mus-
cles mass loss as sarcopenia by Rosenberg in 1989,* many
parameters of muscle health have been studied using a vari-
ety of measures such as radiological imaging, strength mea-
surements, functional assessments and blood tests. In paral-
lel, the definition of sarcopenia has evolved to a composite
loss of muscle mass, strength and function, and its associa-
tion with adverse outcomes, including fragility fractures.*?
Sarcopenia and osteoporosis are both associated with ageing
and similar risk factors in a close interaction.*® They increase
the risk of falls, fragility fractures, surgery, chronic pain, phys-
ical disability, social isolation and death.***° All these nega-
tive consequences lead to higher hospital costs and longer
hospital stays.?®22

A scoping review is a structured approach to summarize
and map the evidence and gaps on a topic. This type of
knowledge synthesis is particularly useful for planning future
research on heterogeneous and broad topics. So far, only one
scoping review studied muscle health and its association with
adverse outcomes.”®> The authors focused on three defini-

tions of sarcopenia and their ability to predict various adverse
outcomes. Of the 11 included studies in this previous review,
only one analysed fragility fractures.?* The currently available
studies on muscle health parameters and their association
with incident fragility fractures have not been fully reviewed.

The objectives of this scoping review were (1) to review
muscle health assessment techniques (muscle mass/quan-
tity/quality, strength and function) and their association with
incident fragility fractures and (2) to summarize the clinical
use of the parameters associated with fragility fractures risk.

Methodology

This scoping review followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension for
Scoping Review (PRISMA-ScR) guidelines for reporting and
the JBI methodology for writing.?>*® The PRISMA-ScR check-
list is provided in the supporting information. The study
protocol is available online in the OSF (Open Science Frame-
work) registry at https://archive.org/details/osf-registra-
tions-2fmtg-v1 (registration DOI: 10.17605/0SF.I0/2FMTG).

Inclusion criteria

The studies included in this review fulfilled the following
criteria: (1) original study; (2) participants over 50 years of
age recruited from the general population (community-
dwelling) without gender, racial, geographic or cultural
restriction. Studies where the participants were recruited
on the basis of a medical condition (e.g., frailty, osteoporosis
and cancer) were excluded to minimize selection bias;
(3) assessment of at least one muscle health parameter;
(4) prospective studies; (5) fragility fracture as outcome: a
low-trauma fracture at any specific osteoporotic site or a
combination of sites; and (6) the association of each muscle
health parameter with the fragility fracture incidence was
examined. No language restrictions were performed.
Meta-analyses, systematic reviews and, text/opinion papers
relevant to the current review’s question were considered
for the qualitative and critical evaluation and interpretation.

Source of evidence and search strategy

A systematic search strategy was developed with a research
librarian to cover the three overarching concepts of the re-
search: ‘fragility fractures’, ‘muscle health assessment’ and
‘risk’. The search syntax contains free and index/mesh terms,
a filter to exclude animal studies and a general filter for the
study types. Relevant articles were also compared to better
define the keywords and index terms of the equations. The
search strategy was translated for the following databases:
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Medline Ovid SP, EMBASE and Web of Science Core Collec-
tion. A complementary search equation was developed for
Google Scholar. Systematic search syntaxes are available in
the supporting information. Unpublished studies and grey lit-
erature were not screened. Backward and forward citation
chasing of eligible studies was also done. We also undertook
hand searching of references within records and on specific
authors to identify further eligible studies. The search in-
cluded article published from inception of the databases to
27 April 2023.

Study selection

The identified citations from the systematic search were
de-duplicated (J. E.) in EndNote” (Clarivate Analytics,
Philadelphia, PA, USA) and transferred (C. V.) to Rayyan
(free web application for systematic reviews?’). One author
(C. V.) screened the titles and abstracts for eligibility and
retrieved the full texts of the selected articles. The reasons
for exclusion were recorded at full text reading. The study’s
selection process is fully reported using the PRISMA 2020
flow diagram (cf. Figure 1).

Data extraction and qualitative assessment

The data were extracted from the included articles by one
author (C. V.) using an Excel table. For each study, qualitative
and quantitative data were extracted®®: first author, year of
publication, country, design, duration of follow-up, popula-
tion, sex, mean age at baseline, sample size, muscle health
parameter, fracture type, number of fractures, statistical ap-
proach, model adjustments and fracture risk estimates for
the muscle parameters studied. When one association had
multiple models, we kept the model considering the stron-
gest predictor of fragility fractures including age and/or
BMD. Multiple adapted forest plots were used to visually
demonstrate the overall trends of associations between each
muscle parameter and the fracture risk. The results were
grouped by mass/quantity/quality (Figures 3-5), strength
and function and by fracture type (A—F). The results were or-
dered by parameter, measure subtype, sex and publication
date. The muscle mass mostly refers to lean mass (LM) (or
its estimation) while quantity also includes volumes and
areas. Muscle quality is a broad terminology and includes
muscle density, muscle texture, myosteatosis, muscle fat infil-
tration and some ultrasound measures.?® In order to homog-
enize the reporting and to facilitate the interpretation of the
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Legend: This flowchart is based on the PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources (Page et al. 2021).
The exclusion reasons are: the “outcome” is not a fragility fracture; The ”study design” is not a prospective study; the ”predictor” does not include a muscle assessment; The
”analysis” does not report the association between the outcome and the predictor; The “population” is not representative of the general population over 50 years (eg. hosiptalized).

Figure 1 PRISMA 2020 flow diagram of the study.
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results, we always reported the fracture risk ratios for a
lower/slower/deteriorated muscle parameter (e.g., ‘the risk
ratio for 1 SD decrease in lean mass’). Most of the original ar-
ticles had reported the fracture risk ratio per unit of deterio-
ration in the muscle parameter studied, and these values
were reported identically; if the original article had reported
the fracture risk ratios per increase in the muscle parameter
studied, we calculated and reported the 1/risk ratio. The ra-
tionale is that a worsened/unhealthy muscle parameter is as-
sociated with a higher risk of fracture. Finally, the most
frequently cited muscle health assessment parameters in
the included articles are briefly discussed in terms of their
generalizability and availability in clinical practice.?® Addition-
ally, the best predictors of fragility fractures are reported, in-
cluding the total person-year.

Results
Characteristics of the included studies

Of the 13 745 studies extracted from the databases and the
approximately 1000 studies screened using additional
methods (Figure 1: PRISMA flow chart), 67 studies were in-
cluded in this review, comprising 2.8 million person-years:
median sample size (1st-3rd quartile) of 1642 (921-5756)
participants, follow-up of 10.0 (4.4—-12.0) years, age of 69.2
(63.5—-73.6) years and number of incident fragility fractures
of 166 (88-277).2°°® The general characteristics of the in-
cluded studies are summarized in Table 7 and detailed for
each article in Table 2. The most cited cohorts were MrOS
(USA, China and Sweden; 13 articles), DOES (Australia; 6 arti-
cles), SOF (USA; 5 articles), Health ABC (USA; 4 articles) and

Table 1 Summary of the 67 included studies and main characteristics

EPIDOS (France; 4 articles). Within the studies, 37 analysed
women, 30 men and 13 both together. All results and refer-
ences are presented visually and summarized in multiple
stacked plots (Figures 3-5). The 67 included studies investi-
gated 60 different muscle parameters and were grouped into
6 types of fragility fracture: hip (Figure 2B: 126 analyses), all
type of fragility fractures (Figure 2F: 96 analyses), MOF
(Figure 2A: 40 analyses), forearm (Figure 2D: 25 analyses),
vertebral (Figure 2C: 20 analyses) and humerus (Figure ZE:
15 analyses), for a total of 322 analyses. The studies used
different statistical approaches such as logistic, Cox propor-
tional, Poisson or Fine and Gray models and different adjust-
ments (Table 2 and Figures 3-5: ‘Model; comparison; adjust-
ment’). The following three sections summarize the main
results for each muscle characteristic: mass and quantity
(Figures 3A—E and S3f), strength (Figures 4A—-E and S4f) and
function (Figures 5A—E and S5f).

Muscle mass, quantity and quality

Evaluation of muscle mass and quantity has been performed
by very different methods, from radiological images (i.e., DXA
and computed tomography [CT]), biological measures
(creatine dilution test) or even anthropometric prediction
equations. Globally, a lower muscle mass or quantity was as-
sociated with risk of incident fragility fracture in 28 (2034
thousand person-years [TPY]) analyses, no risk in 66 (2633
TPY) analyses and lower risk in 10 (230 TPY) analyses (Figures
2, 3A—E and S3f). Body composition analysis by DXA was the
most used method. Several DXA-derived muscle mass param-
eters were analysed: appendicular lean mass (ALM), change
in ALM, ALM/height, ALM/height?, change in ALM/height?,
ALM/weight, ALM/body mass index (BMI), total LM, change

Most cited first authors (nb. of articles)
Years of publications

Most cited cohorts (nb. of articles)

Most represented country (nb. of articles)
Study design

Median follow-up (years)

Most studied population

Sex sub-groups in the analysis (M/W)
Median age (years)

Median sample size

Most analysed parameter (nb. of analysis)

Cawthon (5), Nguyen (4), Harvey (3)

From 1989 to 2022, most in 2020

MrOS (13), DOES (6), SOF (5), Health ABC (4), EPIDOS (4)
USA (22), Australia (8), China (6), Sweden (6), France (6)
Prospective only

10.0 (IQR: 4.4-12.0)

Community-dwelling healthy older adults

Women = 37, men = 30, both (and adjusted for sex) = 13
69.2 (IQR: 63.5-73.6)

1642 (IQR: 921-5756)

Hand grip strength (76), gait speed (49), DXA-ALMI (28), quadriceps

strength (28), chair rising tests (27)

Most studied fragility fractures (nb. of analysis)

Hip (126), all fragility fx (96), MOF (40), forearm (25), vertebral (20),

humerus (15), total (322)

Median incident fractures per study
Most used statistical methods

166 (IQR: 88-277)
Hazard ratio and 95% confidence interval, for 1 standard deviation

worsening/degradation of the muscle parameter

Most used adjustment factors

Age, weight, height, BMD and sex

Note: Chair rising tests include the timed up and go test and the five-time sit-to-stand test. Abbreviations: BMD, bone mineral density;
DXA-ALMI, appendicular lean mass index/height® from dual-energy X-ray absorptiometry; IQR, interquartile range; MOF, major osteopo-

rotic fracture.

Journal of Cachexia, Sarcopenia and Muscle 2024
DOI: 10.1002/jcsm.13418

95UB917 SUOWLLOD aA1ER.D) 9|deol(dde sy Ag peusenob afe sopiLe VO ‘8sN J0 Sa|nJ 10} AIqiTaulUQ 8|1 UO (SUONIPUOD-PpUe-SLLLIB)W0Y A3 | 1M Ale.q 1 [put|uo//:SAny) SUONIPUOD pue SW 1 8u) 89S *[720z/T0/TE] Uo Ariqiauluo AoiM 1581 Aq STHET WsD(/Z00T 0T/I0p/Wwod A3 | Aseld i pul|uo//sdny woi) papeojumod ‘0 ‘600906 TZ6ESET



1353921906009, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jcsm.13418 by Test, Wiley Online Library on [31/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Muscle parameters in fragility fracture prediction

aouejuienboe-as ‘IsIA yjeay ‘uonowolid

L8zl vy FOLL 5 ysod ‘siapnudal ybnoayy pardapes siesh g9 JaAQ ozl (7340M) FUNM £107 997,
313 0eL 5 pa1oe1u0d udssowlebeg ul 0g61-0Z61 Ul ulog ool (uspams) ONIYd L10g ulpuni,,
565 0'8 ¥ 099 5 Kuedwod ddueINSUl WO} P313]9S AJLOPUERI SI9DIUN[OA L'EL (®ueld) A1340 £10T npudy-Aeutos

€6 0L L00 F €€9 s $313U3d O Wolj Usiom [esnedousunsod Ayyjesy 6'Gl (VSN) IHM £10T SWieH g

S/8S 0'69-0'99 P Buijpmp-Aunwwod Aloyejnquiy 80l (VSn) SOIN 81L0¢ Em_‘_>>Om

8/61 699 5 VXA Yyrm sieaf og 1anQ €8 (vsn) weybuiwely 8107 UedIPIN,

Lozl S8 ¥ 679 %

LT9L 9'8 ¥ £€9 5 Buljamp-Aunwwod 0l (eau0y) bunsuy 8107 W

re8S 9F VL 2 Buijpmp-Aliunwwod Aloyejnquiy ovl (vSn) SOIN 8107 buuyang,_

x3s pue (sieahk g9 Jano) sbe
86t ¥'9 F 7SL ke Aq painens ‘saijedpiunw || o sauisibas uonejndod 0oL (puUepBYISN) VSV 810z deeyds
0995 6'0lL * G'EL 2 Buljpmp-Aunwwod Aioyenquy ool (euly> pue uspams ‘vsn) SOIIN 810¢ Aoney,
Sa1}d

v10€ TCEFVSL 2 € 40 19151631 By Wl "3jjem 03 3|ge mc___w>>v.>tc:EE%u 9'6 (uspams) SOIIN 610C wjoyuos

uonels}sibal

wel S8 F ¥'€9 5 Juapisas  woiy  payafes  Ajwopues sieak g J9AQ sl (eueder) sOdr 6107 ehiwey,,

S/GL ¥'SF L9 ke S3BAA YINOS MIN JO [[OJ [BI0}D3[D WOl sIedk 0/ JAQ 09 (elensny) dINVHD 6107 BOdS,

€691 0s*v'zL 2 ool

abe Aq painesns

81§l Ve F9U 5 ‘seonou ybnosyy  paunidas  buljpmp-Aunwwod ool (eulyd) SOIN 0zZ0z we, .

168¢ S'9 %629 b oGl

Z00¥% ¥.LF019 & o1eddiped 01 pardande jeyy sieak Qg Jano Jueliqeyul |y 0'slL (AemuoN) Apnis aswou) 0202 pieebgs,,

7796 00L ¥ 029 59 ploda1 vxXa 09 (vsn) eqoyuey 0Z0z d1sa,
ovP 8'€ ¥ 769 P 08l
LL8 v ¥ 989 5 s1eak 09 Jano Buljjpmp-Ajiunwiwiod 08l (e1ea3sny) M ZS30Q 020z lunojfely,

156 P oL

(eljesysny pue
9374 G9< 5 s1eak g9 Jano buljlsmp-Aiunwiwiod 68 eUIYD ‘Uspams vsn) D0dS Lzoz uoymed
Aypqesip jeoisAyd ynoynim sieak g/

08¥¢ 6'CF0VL &9 0} 0/ woiy ejg || pue ‘SHYA 0 UONRD3|SS wopuey ool (vSn) >av yiesH 120z Ainosam

0€/S 6'GF9El IS sieak g9 Jano buljpmp-Aunwwod A1orejnquiy /'8 (VSnN) SOIN 120T YIeIodN,

9€8¢ S9F879 P 9l

910¢€ €9 FG€9 o) a1eddijied o) paydadde jeyy sieak gg Jano Jueliqeyul |y 9Vl (AemuoN) Apnis @swioa] 1202 BeApIoN,,

9Zv 851 €8 %709 %
[8G LEL ¥'8 F £°09 5 3|dwes wopuel ani3ejuasaldal jeuonen o€ (e3103)) STVIH-SIHN LZ0g BuoH,

Lsze €9 F09L b s1edh g9 Jano Buljpmp-Auunwiwod Alojejnquiy VL (euly> pue uspams ‘vsn) SOIIN 120z Aontey

L8111 v'LF EE9 5 aulpseq je sieak 6/ 01 g Woly uswom |esnedoudwisod L'yl (VSN) IHM Lzoz AonseH
8565 L'9F 519 59 sployasnoy ut buinl| sieak 09 Jano ajdwes sanejuasaiday (1087 (euIyd) STUVHD Lzoz buoyz, .
599G 8'G FG€EL 9 s1eak g9 Jano Buljpmp-Allunwiwod Aiojeinquiy Lzl (¥Sn) SO Lzoz wnojfely
€9€l v8 2 s1edh g9 Jano Buljpmp-Auunwiwod Alojejnquy 9 (vsn) SOIN ¢c0g uoymwme)
aJnjesay|
pswud ybBnoayy payndal  uoiewsojul  Hodai-yas
9891 TS FLEL §e pue juasuod  “jjem o0} 3|qe  BuijEmp-Alunwwod v'8 (ueder) NINYOA zzoz enlng,
5665 6S T LEL ke s1eak g9 Jano Buljpmp-AHunwwod Aloreinquy 0zl (VSN) SOIN 7T0T siieH
[lewd
€LL 09 F 8¢/ 52 ybnoayy payinidal ‘siesk g9 Jano Buljemp-AHunwiwiod o€ (ueder) A1d eseqiepy TT0T epeweA
9zIs (s1eak) aby PCIN uoisnpul uoiejndod (s1eak) (Arpunod) 91eq
s|dwes dn-mojjo4 A31> 10 sweu Apnis loyiny,

S31pN3s pPapn|oul JO SdNIsIIReIEYD T 3Rl

Journal of Cachexia, Sarcopenia and Muscle 2024

DOI: 10.1002/jcsm.13418



1353921906009, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jcsm.13418 by Test, Wiley Online Library on [31/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

-~ <
S Sy
= seale youaid N9
= G/S/ 8'€ ¥ 508 & G WoJ) $19151631 Y}|eay 40 I910A WO PRIII|SS SI99IUN|OA 6l (92ueld) soqid3l 9661 euloN-juabieq, S E
& seale doualy £
T 5685 8'€ ¥ 508 & G WoJ) $19151631 Y}|eay 40 910N WIS PRIII|IS SI991UN|OA 8T (®2ueld) soaqld3l 6661 euljoN-jusbieq,, s 8
g seaje Youaiq G S 2
18] 1069 L'€ ¥ 508 & wo.y s191s16aJ yijeay JO SI9)0A WOy PI1I3[IS SISUN|OA 9¢c (92ueld) soqidl 7007 9914 s
Auedwod scueINsul Yy1jesy wol) palda|es $8
z.9 86 F L'6G & Kjwopues ‘abe Aq payness ‘uswom |esnedousw)sod €g (®ueiq) A1340 €007 pueiq|v,, 3
08¢l 78 F9°€9 3 adoun3 sso.oe sia3sibal uonendod 8'c (9doin3) sOd3 S00Z uoxIQ 5
8G9l L F90L 52 oqqgng wouy sieak 09 Jano ||y ozl (enjenysny) s30d 5002 cw>3m2§ m
seale Ydouaid g S
865/ 508 & wo.y s193s16a. yijesay JO SI9J0A WOy PI1I3[IS SI9DUN|OA o€ (®2ueld) soaqld3l S00 Sulqqoy, ,.M
puesyiaN ul 3
S9€l 79 ¥ €aL 59 soiHjeddIUNW || woly siedk 686G Jo ajdwes paynens 0€ (PuepaYIaN) VSV 9007 wlinid, S
[4°74 ; <
412 0'vs m A1d weybuiwel4 woly uond9IRs wopuey 0'sZ (vsn) weybuiwely 900 uosjpwes .
paydadoe jeys
LOE 1'0F08L 52 A1> suo wiouy sieak og pue g/ usamiaq syueddined ||y 0oL (puejuig) 123loud usaibiang 900¢ nsiewsbiys
181 0°sL 5 sieak g/ pabe Ad auo wouy ||y 00l (puejuid) 123f01d usaIBIAT 900¢ edis,,
34 09 ¥ £'69 %
76 €9 F 069 5 s1eak 09 1an0 Buljjpmp-Alunwiwiod oGl (eljensny) s300 £00T UdknbN,,
2065 vEL 9 s1eak g9 Jan0 €5 (vsn) SOIN 8007 uoymed
abe Aq paynens pRuRYS
L9€ 1'6 ¥ 9'79 S ur si| ssuomiesd [essusb Wiy uoNd3PRs  Wwopuey ] (IN) pPIRI3YS 800¢ uebiuid,
86T 6'CF L'6S 5 uswom o) Aiinbus |e3sod wouy sjdwes painels wopuey '8 (Pue|uly) 34d1SO 800¢ uUsuiexyiey .,
L6 67 F €€S 5 uswom 03 Ainbus |e3sod woy ajdwes paijiie)s wopuey oSl (Puejuiy) IHdLISO 800¢ ejolis,,
Avnigesip [eoishyd
v16T 8T FG€L 59 INoy1m s1eak G/ 01 0/ Wouy ydelg ||e pue 1Y\ wopuey 9'9 (vsn) Dav yijesH 010 buer,
20L1 S'6F L'v9 52 slle} Yyjeay pue smoyspeo. dijgnd wouy payniday 6'C (euryd) buoy buoH z10z Bunayd,,
buidwes wopuei
10/ TLFEL9 & abeisijnw wouy sieah Qg J9A0 UsSWOM |esnedousw}sod s (elqeay 1pnes) z1L0z 1Znoy,
6451 % S's
8Lyl 8'CF 99 5 eru S'S (IN) d41yspiojsH Loz splempy
669 €€9 52 eu v (edoin3) IYVHS €107 bRy,
abe Aq paynens
000T 099 2 ‘sadnou ybnoayy  paunudas Buljpmp-Alunwwod €Ll (eulyd) SOIN 7102 NAgy
oL COFLLL 5 s1e9k G/ y1m uoid3jas wopuey ool (USpams) vddO G102 biogiyim,,
v€6S 09 F9€L 2 s1eak g9 Jano Buljemp-AHunwiwod 86 (¥sn) SOIN GL0Z uoyamed
565 0's ¥ £'69 P oLl
9901 0'S ¥ 689 5 s1eaf 09 Jano Buljpmp-Apunwwod 0Ll (erjensny) s30Q 9107 weyd,
65l %
Avnigesip edsishyd
4178 06,00, 5 1oy M s1eak 6/ 01 0/ WOIY e [|e pue SNYA Wopuey sel (vSn) >av yiesH SLOT NOY[BIN,,
0z.9 v'0L ) UL SN woly 06 (vsn) 40S 910z 4noqueg,
€l6 7'l ¥ 099 59 so9.1119y Ve (puepzUIMS) 0D1¥ID 910¢ sieH ,
R SLF0€9 52 [|OJ |B40129]9 UB WO} P3RS X3S ‘sieak 0g JanQ 00l (elensny) DYOSVL £10z unbojeg
[44°] S FEU 5 LIRYD 5,p31I4 €< YUMm s1edk §9 19A0 Sl (vSN) IHM £10T Mysnejsez,
9zIs (s1eak) aby PCIN uoisnpul uoiejndod (s1eak) (Arpunod) 91eq
s|dwes dn-mojjo4 A31> 10 sweu Apnis loyiny,
(panunuod) ¢ a|qel
(o]




1353921906009, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jcsm.13418 by Test, Wiley Online Library on [31/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

R
RI
i L
AINg pue @XVid ‘slle} ‘aby (ID %G6) 9522109p @S | YH [euonodoid xod 08l 40N 191 uonn|ip IDEQ 7207 uoymed 8
IsIA Apnys auleseq 53
1e s|e} Jo Aoisiy pue Awopanseb jo s 9
Aioysiy ‘Adessyy suowuoy yum Jasued 28
a1eysoud jo Aloisiy ‘snyjjow sa1aqgelp diH SOH mA.lu.
Z 2dAy Jo A1o1siy ‘sygey bupjows ‘(3aam YH uonnquisipgns 10N 1S10 g e
/Rep 1<) sugey BumuLp ‘QINg ‘IING 96V (1> %S6) O "sA LO Aein pue suiy SLL Aupbeyy ||y S5 zzoz euing, 2
21025 E
SO pue si01iqiyul 93erdnal uluoloIds £
9A1}29[9s JO asn ‘sauldazelpozuaq 8
JO asn ‘Aunde |ensiA ‘snieis uonesnps s
‘auoje buinl| “Joam J4ad joyodje m
‘snjeys bupjows ‘a102s ISyd ‘sbuljaay 3
anissaidap ‘bunes yyjeay pauodal-jes diy vXda B
‘s||e4 jo A1oisiy ynob/siuype jo Aloisiy 40N N>)
‘sa1aqelp jo A1o3siy ‘2100s-1 AINg (ID %G6) sea1dp as L YH |euoriodoud x0) vivl Anbey v SOH 70T s\deH
foeuwueydAjod sainjoel}
pue uonouny aARIuUbod ‘NG ‘Xes ‘aby (ID %S6) €L 'SA L1 ¥H [euoniodoid xo0D LS peieja.-||ey ||V sn TT0T epeweA
sa|qelienod/syuswisnipe pa1da|es uosiiedwod |ednsiels 1591 |ed11snels sainyoely 2dAy aunyoely s1011pald 91eq
1O "qN Ayjibesq loyiny,,,

(panunuod) z sjqer

,6 1B 19 S1913d wouy pardepe uonoeixe sdlistialdeley) :924n0s “punoseli|n ‘sn 1s9) o6 pue dn 196 pawn 'ONOL ‘ssew
uea| Apoq |e101 ‘NTdL ‘1591 Aialieg aduewIopad [edIsAUd HOYS ‘gddS ‘uoneinsp piepuels ‘gs ‘aileuuonsanb eluadodies ‘4-D¥ys ‘Yibuails sdadupenb ‘s 1D aanelnuenb jessyduad
‘170d xapul apsnw |elgys Jejndipuadde papipaid ‘Syd 1se) bBuipuels bBa-auo ‘1STO ‘s|gedidde jou ‘“eru (snuswny Jo wJealoy ‘suids ‘diy) aunyoeuy onosodosiso Jolew
"JOIN ‘eluadodies uo dnoun Bupjop) |euoneusdlu] ‘DAp| ‘ebues sjienbisul ‘Y| ‘ones piezey ‘YH ‘Yyibuaiis dub puey ‘sHH ‘paads 1eb ‘S [|00] JUSWISSISSY NSIY 24n1deld ‘@XVid
‘ajdoad 49p|0 ul eluadodies uo dnoin Buppopy ueadoing ‘dOSOHANT ‘S3ed uonel}|i} Jejniswolb parewnss ‘Y499 ‘Answondiosqe Aes-x Abisus-jenp ‘yxq ‘Aydeibowoy payndwod ‘1
‘leassul @duspU0D ‘D Xapul ssew Apoq ‘g ‘Aususp [esaulw auoq ‘IAg ‘sisAjeue acuepadwi Apoq ‘yig ‘ssew ues| Jejndipuadde ‘|AY {159) pue)s-03-11S SWIL-9AlL ‘SIS X G :SUOIIRIARIQQY

S6S€ LL-0V 5 SHUM ol (vSN) I SANVHN 6861 Jowied
6Lyl 0'v/-0"59 59 s1eak g9 a0 buljemp-Auunwwod 05l (IN) SSHa 6861 WeYPIM,
v0L6 0'6/-0'S9 5 Jlem 03 3jqe pue sieak Gg JaA0 ‘BUYM A4 (vsn) 40s 7661 Aospy,
60L €9 F 069 %
0801 9'9 ¥ 769 5 oqqnq wou} s1edk 09 13A0 ||y 0€ (e1esny) s3oa €661 U9ANBN,
168 95 F T 5 Aunwiwod ayy Ui buiny ‘sieak g9 Jano pabe “joe|g-uoN [ (vsn) 40s €661 1NN,
9156 0§ F02L ) Jlem 03 s|qe pue s1eak 9 Jano ‘SHYM [ (vsn) 40s §661 sbulwwn) o
0z8 ‘e'u i) sieak g9 Jano buljlemp-Alunwwod 0'S (enensny) s3od 9661 :w>:mzmw
azIs (s1eak) aby X3S uoisnpul uoizejndod (s1eak) (A13unod) 91eQ
s|dwes dn-mojjo4 Ay1> 10 sweu Apnys loyiny

(panunuod) g ajqer

Muscle parameters in fragility fracture prediction




1353921906009, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jcsm.13418 by Test, Wiley Online Library on [31/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

C. Vendrami et al.

76€
yiesp jo
ys1 bunadwod pue sjppow aunydesy diy
1o} Ayisuap |essulw suoq snid ‘salaqelp
pue aseasip Areuownd aA13dNIISO
21U0JYD ‘930.1S ‘aun|ie) 1esy aAsabuod vXda
“JdUBD ‘UOIPUNY dAINUBOD ‘sulleys SOH
40 sn ‘uted ‘yyeay pajel-yas ‘oby (ID %S6) sswodino Ateulg  yH |euopsodoad x0D 991 diy SH 1Z0Z uoymed_,
S9I1}PIIOW0D O JAqUINU pue uonduny
9AIIUBOD ‘dIysIouUMO Swoy ‘Juswulele
Jeuoneonpa ‘Ajianoe jesisAyd NIV V
‘xapul bunes Ayyjesy ‘uondwnsuod NV
|[Oyod[e ‘(J2A3U "SA JDAD) Snyels Buijows YH uonnquisipgns N>)
‘|enpisal 1y619y-104-1yBram 1y 61aH (ID %G6) 9seatdap as | Aeio pue auly Loy 1\ SOH L20Z Mnqasam
A}isuap [eJaulw duoq }dau
|eJowd) pue sbesn auidazelpozuaq
‘sanipigiow ‘uonediied
Ayanoe |eoisAyd ‘Buiuonouny aaniubod
‘xapul ssew Apoq ‘sniels bupjows
91331eb1> ‘ayejul joyod|e ‘ades ‘a}is
iUl ‘abe ‘(1o1o1paid syeudoidde ayy auids |esiul
J10oy) y1buauis dub puey wnuwixew 1o (D %S6) diH AidwwiAs sO
Jamod uoisualxa ba] wnwixew auljeseg  AndwwiAse jJo $O SA LD YH [euoiodoud xo0D) gcY 40N AnswuwAs soH 120T YIeIodN,
sbnip Buuamol-ainssaid poojq Aue
}JO 9sn pue ‘aseas|p Jejndsenolpled pue
sa1aqelp ‘a4nydedy snoiaaid jo Aioisiy
‘Bupjows ‘qNg ‘INg WYbIay ‘aby 8Lz
sbnip Buuamol-ainssaid poojq Aue
pue p10J2}s0d130d JO asn pue uldyold
aA11deal-) AlAnisuss-ybiy ‘salaqgelp sniswny (4499 se)
pue ainydely snoinaid Jo AIoisiy (1D %G6) (44D Jo asealdur) ISUM uneysAd/auluieals
‘Bujows ‘QINg ‘NG ‘WYbisy ‘aby  auluinessd Jo aseadsp S | YH |euoiiodoad xod 19/ diH ‘uneisho ‘sutuneary 1202 mw>_802mm
0S€¢
Xapul ssew Apoq pue xapu|
AyIp1gJowo) uosjieyd ‘|01a3sajoyd
|e101 ‘asodn|b wnuss buisey ‘ainssaad
poojq 21j03sAs ‘uondwnsuod joyodje [ECEEYN
‘Bunjouws ‘Ayiaipoe |ediskyd ‘swodul ‘aby (ID %S6) s9bueyd ydI  YH |euonodoid x0d GL19 v (INSYd) uonenbas a7 120Z BuoH,
dINg 13U [eiowsy pue @XVHd ‘s|led (ID %S6) @sea129p @S | uolssaibal uossiod 45" diy 1nod 120Z Aontey
diy AUBBYINTY
ANg + @XV44 pue swiy dn-moj|o} 96y (ID %S6) sean8p as | uoIssalbas uossiog szl 40N N1V Lzoz AanseH
(wsnewnayl 10
sipuyMe ‘aseasip Asupiy ‘saseasip bun|
d1uoJyd ‘sayaqelp buipnpul) sasessip
J1UOJYD pUE S||e} ‘[9A3] UOIeINPD
‘xapul ssew Apoq ‘1opusb ‘aby (ID %S6) 9seadap as | uolssaibal 21351607 08l diH dadds 1202 mco;Nwm
S1SXS
diH SOH
si9)oweled @XyY4 pue uenlen (D %S6) 9seaddp @S | YH |euoipiodoid xod A 40N N>) Lzoz wnojfely
s9|gerenod/syuswisnipe pajdales uosuedwod |ea13siels 153} [ednsiiels sainoely adAy sunyoeuy s10121pald 91eq
0 ‘aN Ajibesy loyiny,

(penunuod) ¢ alqeL

Journal of Cachexia, Sarcopenia and Muscle 2024

DOI: 10.1002/jcsm.13418



1353921906009, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jcsm.13418 by Test, Wiley Online Library on [31/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Muscle parameters in fragility fracture prediction

(senunuo)d)
(ID %G6) 9seaidap 63-1  YH euonodoid x0d 66 diy B3| vxa 8107 U,
99
uofedIpaw
sIso10d0a)so pue A}IpIgIowod
'as12Jaxa Je[nbas ‘bujows JuaLINd vXda
‘ssew e} 10} ‘s1s010d0d)s0 ‘9BY (1D %G6) 3531 "SA LDMY MO uoissaibas d1si6oT 9S1 v SHH 8107 W .
paads AUbRY/ATY
11eb pue yibuasys dub ‘ssew sppsnw diy SD
"1e} Apoq 'sisolodoaiso ‘sjjey ‘9by (ID %G6) $49410 "SA MOT  YH [euonuodoid xod S€9 40N SOH 8107 buuyang
vXa
(ID %S6) S5
1e} Apoq |e1o) pue xas 96y sI9YI0 'SA (LdOSOM3I) MOT  yH |euoiniodoud xoD 09 v SOH 810z deeyds
ainpely diy SISXS
4H uonnquasipgns 10N SOH
aing + @xvid (ID> %S6) ®sea1d8p as | Aeip puesuly  o%GE—L I\4 AUBBU/INTY 8107 foney
SleueAlun (ID %S6) @seandp as L Y¥H [euoiniodoid xod €89 1\4 SHH 610C wjoyuos
IINg pue ainjoely (o} diy
diy/jesgapian snotnaid ‘NG 96V %G6) SDH Ul aseaiddap BY-G  Y¥H |euoiniodoid xod 4:]" v SOHH 610¢ ehiey
a(Ho)se
pue Auanoe [esisAyd ‘ainioeuy jo Aioisiy
‘asn p10.91s021140d pue didosoydAsd WbRY/NTVY
‘sniejs Buiyows ‘sa13IpIgIOW0od o)
O Jaquinu ‘auoje Bulal| ‘awodul ‘9by (ID %G6) dseadap as L uoissaibal o1s1607 €9 v SOH 6107 BOdS,
6€l
saxapul + NV
S1Sx§
SOH
diy )
ojeleAlun (ID %S6) @sea129p @S | uoissaiBal 13s1607 9€¢C 40N 4-D4UVS 0coc¢ weq,
LET
S9SeasIp 2JoW IO dUO
payiodal-y|as pue yijeay paniadiad-yos
‘loyooje jo uondwnsuod ‘bunjows Ajiep
‘Ayannoe [esisAyd swiy ainsia| ‘uoneonpa diy
40 [919] ‘smels [ejliew ‘JINg 1YbIay ‘aby (ID %G6) 25ea129p @S L YH [euopiodoid x0) 898 v SOH 0202 pieebgs,,
Ayjerow diy
Bunadwod Buipnput ‘NG YHm @Xvi4 (ID %G6) sean9p s L HH [euontodoid xod 769 40N NTEL 0202 djsa,,
VL
ainjle} [euas pue saseasip INTY
Aioyesidsas ‘uoisuspiadAy ‘Isdued sO
's9seasIp Je|ndsenolpled ‘saseasip SOH
|es160j0inau ‘sa1aqelp ‘ANADe o)
[ea1sAyd ‘Joyodje ‘bunjows ‘JINg ‘s||e} SISXS
‘saanioely Joud ‘NG dP3U [eJoway BBy (ID %S6) ¥O—¢D 'SA LD YH |euonuodoud x0) 1444 v 5N51 0z0¢ 'unojleyy,
s9|gelIeAoDd/syuswisnipe paydsles uostiedwod [esnsnelrs 159} [EDNISIE)S sainyoely adAy aunyoeuy s10)21paid aleq
40 "aN Aujibesy oyiny,

(panunuod) z sjqey

Journal of Cachexia, Sarcopenia and Muscle 2024

DOI: 10.1002/jcsm.13418



1353921906009, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jcsm.13418 by Test, Wiley Online Library on [31/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

C. Vendrami et al.

10

ang diy pue uonouny

9AIIUBOD ‘se13qelp ‘uoisuapadAy
‘aou3s ‘sieak oG abe isype

24n1oeuy jusjensud ‘syuow z| 1sed

9Y3 Ul S||e} ‘sn1eys yieay ‘asn uaboiisao
‘asn winp|ed ‘asn [oyodje ‘bunjows
'9512J9X3 104 yjem ‘NG ‘Aiodaleny
souewopad |edisAyd pue abe usamiaqg
uonpeaiul ‘Aioyoslesy souewsopiad

|ea1sAyd ‘ggabe 44 pue abe S1SXS§
U99M1(| UOIDRISIUI ‘JUBW|O0IUD Je 36y (ID %S6) ¥O—20 'sh LD YH |euoipiodoid x5 99¢ diy S5 910¢ Jnoqueg,
ang
3Pau [elowd) Yyum Ayjiqeqord @xvy4 (D %56) S19Y30
pue dn-moj|o} Jo Y1bus| ‘abe ‘Jspuan  ‘sA DAAl 10 dOSHAMI MOT uolssaibal 21351607 o 1\" wXa 9107 SieH,
yibuaiis qui| Jamon
vXa
aby (D %S6) SI9Y30 ‘SA ,MoT, uoIssaI6aJ UOSSIOod 1\" SOH £107 unbojeg .
ang pue ‘eusild Ayjiel) |esanas
pue s|je} Jua4INd3J ‘sainydel) snoinaad 1€} pue ues|
Jo A1oysiy ‘Bunjows ‘Aydiuyis ‘aby (1D %S6) 8seanul w/By | Y¥H |euoiiodoid xod 61 ainyeuy diy |euoibai pue |e30} ¥Xd £10T Mysnejsez,
Jeak ysed ayy Jono
sso| yblam pue juswliiedwi annubod
‘yibuans dub ‘Ayianoe jesisAyd
‘Bunjows ‘joyodje ‘ainyoeuy diy [erualed
‘ainoely snoinaad ‘sbejusdiad ey Jamod dwinp
Apoq ‘|9A9] A(HO)ST winJss ‘aiNg by (ID %S6) ¥O 'sA LD uoissaibal d13s1607 78t _mﬁﬂ%> vig £10T 997
H 1s70
aby (ID %G6) 25e3109p @S | YH [euofiodoid x0D o 10N SH L10g uipuni,.
y1eap 4O ysu pue
s|ley yuapiut ‘Auande [eaiskyd ‘aing 40N
3P3U [elowdy ‘ainjdely snoinaid ‘aby (D %56) 9sea1P3p @S | YH |euoipodoid xod g€l I\ vXa £10T npuay-Aeutos
ayejul g uiwela Aielaip pue ayelul
wnpjed Aleyalp ‘|G ‘9sn P10.Ja)sod110d
‘snyels bupjows ‘uondwnsuod
Jjoyodje ‘Ayinnoe |edisAyd ‘ssn suowoy
‘1eah 1sed ayy ui s|e4 1odai-y|es
J0 A103siy ‘ainydely Jo AIo3siy ‘uoiduny (D %56) S19Y30
|eaisAyd “‘yuswubisse Apnys ‘odel ‘0by  'SA ssew  uewWMSN MOT  YH |euoiiodoud xo0D) 891 1\" wXa £10TZ skeH
SO
3|em mouieN
Jamod ba
S1SXS§
91s Apnis pue A1piuyia/ades ‘aby (D %S6) €1 'SA L1 YH [euonuodoud xo0D /6 ISUAA SOH 810 Em:>>0m
9sn uonedipaw
s1s010d03}s0 pue asn juawade|dai
uabouysao ‘Aynnoe jesishyd
‘Bupjows ‘ainyoeuy diy jo Aioisiy
‘NG 23U |esowdy ‘1ey Apoq |e10)
1uad Jad ‘poyod Apnis ‘ybiay ‘aby Apoq |e101 wXa
s9|gerenod/syuswisnipe pajdales uosuedwod |ea13siels 153} [ednsiiels sainoely adAy sunyoeuy s10121pald 91eq
0 ‘aN Ajibesy loyiny,

(penunuod) ¢ alqeL

Journal of Cachexia, Sarcopenia and Muscle 2024

DOI: 10.1002/jcsm.13418



1353921906009, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jcsm.13418 by Test, Wiley Online Library on [31/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

11

Muscle parameters in fragility fracture prediction

nenbg
ainpely jo Aioisiy pue (ID %S6) 1S10 1570
Adeiayy [euowoy jo sieak ‘asnedousw 's 0| ‘sdeoupenb weslo4 SO
9DUIs sJedk ‘Bujows Jua.und ‘|Ag ‘9by  aseatdsp B)-0L ‘SOH WN-0L  YH |euoipiodoid xod 192 ‘|leagapaA ‘diH SOH 800¢ usuiexppey
suoedIpaw
/soseasip buildsyje-suoq pue ayeul
wnip|ed jeuoiinu ‘bujows ‘ayejul
|oyooje ‘Adesay) yuswade|dal [euowioy
Jo asn ‘asnedousw 2ouls sieak
‘abe ‘xapul ssew Apoq ‘Aio3siy ainyoely (ID %S6) ¥O "SA LD yH |euoiodoud xod W&4 I SOH 800€ ®loiIs,,
4ddS
ang pue aus [eatulp 4apusb ‘adel ‘1ey sO
Jo abejuadiad [ey01 ‘NG ‘Wybisy ‘aby (D %G6) 9sean9p dS | YH |euonsodoud xo0D €9 diy 1D 0102 mcm._mm
9102s-] QINg 29U |eJoway
pue ainyoel} yudjeaald o aduasaid
‘(PPamyy | < 9suaxa) Ananoe jesisAyd
‘BuBjuLp JULIND ‘BUOWS JUSLIND
‘sa1aqelp ‘[|ey 4o A1oisiy ‘IINg ‘X3S 9By (ID %G6) dseandp s L YH |euontodoid xod 137 (1ea1p) |Iv SOH zLog bunayd,,
ajeueAlun (D %56) 7O "SA LO uolssaIbal 21351607 sl 1\% S1SXS ‘SD ‘ONL ‘SOH 7107 1znoy,
wnpjed Aieyalp pue
24025 AjAnde ‘uondwnsuod joyodje
‘snyels burjows ‘sse |enos ybiay
-10}-paisnipe-1ybiam ‘ybiay ‘aby (ID %56) 9sea.dap by-| uolssaibal d13s1607 ‘eru \% SOH Z1L0T spiempy |
s|je} pue A1unod ‘xapul ssew Apog (D %S6) #O SA 1O uoissalbal dnsibo 917 diy SO ‘SDH €107 m>m$
ang diy pue jybrom
Apoq pue ‘(salobaled g-|SD) uonduny
aAIHUbod ‘axejul Abisus Aieyaip
‘@jejul @ uiwea Aieyaip ‘oyejul uigyoud
Kie1aip ‘(21025 €101 3ISVd) ANAnde
|ea1sAyd ‘Bunjows ‘@3ou1s pue sasessip
Jeay ‘uoisusapadAy ‘snyijjpw salaqelp
‘aseasip Areuow|nd aanoniysqo
21U0JYd 4O ddUSsaId ‘Isppe| sniels
5IWOU0I3-0170S ‘S[aAD] UoEeINPd BBy (1D %G6) 3594 "SA |LDANY MOT  YH |euoiriodoid xod 977 1\" SO 'wxd 7107 NAgy
asn |oyodje pue piod111030on|6 \¥ sO
‘@ ulwelA ‘axeuoydsoydsiq ‘syiqey [ZCEIEYN N>)
Bupjows ‘|INg ‘@inidely Jo AIoisIH (ID %G6) dseandp as L YH |euonodoid xod LTy diH aduejeg S0z Biogiyim,,
(1D %S6) Ajuo [ppow
paisnlpe  yum pasedwod uonenbs uewmap
ang pueaby odnspes-)  ur dbueyd  YH [euontodoid xod L0T diy vxa Gl0z uoyme)
68
Bupjows pue |je} jo AI03SIY ‘24n)dely
Joud pue abe ‘qNg ¥Pdu |esowa (ID %G6) a5e3109p @S L YH [euofiodoid x0D 68¢ v SOH 910T weyd,,
79
uonduny aAIubod pue Ananoe [edisAyd
‘uoi}ednpa ‘snieys buryows ‘asn joyodje
‘yyeay paypiodal-ys ‘qiNg diy ‘asessip vXd
d1U0IYD ‘NG "SI [ed1ul]d ‘adel ‘aby (ID %G6) seam9p s L YH [euontodoud xod Sol diy 1D SLOZ NOY[BIN,,
s9|gelenod/syuswisnipe pajds|as uosuedwod |ea13siels 153} [ednsiiels sainoely adAy sunyoeuy s10121pald 91eq
0 ‘aN Ajibesy loyiny,

(penunuod) ¢ alqeL

Journal of Cachexia, Sarcopenia and Muscle 2024

DOI: 10.1002/jcsm.13418



1353921906009, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jcsm.13418 by Test, Wiley Online Library on [31/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

C. Vendrami et al.

12

8¢
aJnyoeuy
SleueAlun (1D %S6) dsea139p as St'0 uoissaibal d13s1607 0l o) €661 USAnBN,
awg snipels pue abe ‘sio1d1pasd I N>)
Se pasn $91elIeA0d JBY30 3y} Jo4 (D %S6) 9seadap as | uolIssaIbal 21351607 vy diy yrbuaiys sdadu €661 NN,
(o)
Jleyd e wouy asies oy Ayjiqe pue aby  9,G6) paads yeb ul s/w zz'0 uoissalbal dnsibo 61 diy SO G661 mmc_EE:ua
ang (ID %SG6) @seandp dS | YH |euonsodoud xod 99| v Ye) 9661 cw\:..mzmw
Jem wapue]
aing pue 92UBIBJWINDID J[eD
AyInde |ensiA ‘9100s 3jjem wapue) ‘paads N>)
11eb ‘duaIapwNII Jjed ‘a1udd ‘aby (D %SG6) #O 'SA LD ¥H [euonuodoud x0D Sl diy SOH 9661 mc__o_\/_-ycmm‘_mn_om
uolenuajie punosesyn puegpeolq
|eaued|ed pue qIAIg [elows) ‘aby (ID %56) 9seanap S | YH |euoiiodoud xoD 0Ll diH SO 6661 euloN-wusbleq,,
ddueeq d1els
S1SXS
yrbuans sdadu]
91eLenlun (ID %56) YybIy 'sh mo]  YH |euoriodoud xoD GOl  snJdwny [ewixoid SOH 700T 991,
pueys Jieyd
paads bupjjem wapue|
9duejeq wapue]
(ID %S6) SO
yrbuauys dub Joj 1dedxa ‘sleeAlun  SduaJeylp uelpaw  dnoip uoissaibai 21351607 18 1\% SOH Ha1 €002 puelq|v,,
AyiAnpde usInd
pue 2103s A}IAIRDE BWIBY| ‘NG 9PV (D %56) €1 SA L1 uolssalbal d13s1607 ve [EZCEEYN SOH S00T uoxid,,
AINg 23U |eJowsy pue abe ‘Japusn (ID %S6) 9seadap S | YH |euoiiodoud xoD Sl diH SO 5007 cw\:._mzﬁMw
UOI}BUIPJO0D SIS XS
SO
ssep ang SO
Aq payirens osje synsai ing ‘Ajuo sby (ID %G6) a5e3109p @S L YH [euofiodoid x0D €6¢C diH SOH S00¢ sulqqoy
oleleAlun (ID %S6) 3594 "sA | dnUIND  YH [euoipiodoid xo0) L8 (Pa3ej3a [18y) |1V SOH 9007 wlinid,
S¢
uondwnsuod
|oyodje pue Hupjows ‘ainyoely
|edgayian yuajenald ‘yybram ‘ybiay ‘aby (ID %S6) €1 SA L1 uoissaibal 21351607 oLl [ECEIEYN SOH 900 uosppwes .
uoldeas pue paads J0LO|\
dng pue xas ‘aby (ID %S6) €L°SA L1 YH |euontodoid xod 76 (pa1ead |l]Y) IV SO 900¢ nsyewsbiys
yibualiys moq|3
ang pue by (ID %S6) "e'u  YH [euontodoid x0D e'u (parejau (jey) diy yibuaiys sauy 900¢ eyidis,,
SOl |edgaian [esiulD
SleueAlun (ID %S6) dsean9p b3-0L  YH |euontodoid x0d (¥4 4 diy SO £00T u9AnBN,,
SISXS
EN[JI |em mouieN
Jo A1oisiy pue sjpepje peay jo Aioisiy )
xapul ssew Apoq ‘Ayisuap |esauiw Ne)
2U0( 33U |BJOWS) ‘94U [BdIUIP ‘BbY (ID %56) 9seanap S | YH |euoiiodoud xoD Il diH SOH 800¢ Uoyime) ,
oleleAlun (ID %S6) ¥O—20 'sA LD YH [euoiiodoid xo0) 66 [CEEEAEEAN SOH 8007 uebiuly,
s9|gelenod/syuswisnipe pajds|as uosiedwod |edsizels 1591 |ednIsiiels sainyoel) 2dAy aunyoeyy sI0pIpaid a1eq
0 ‘aN Ajibesy loyiny,

(penunuod) ¢ alqeL

Journal of Cachexia, Sarcopenia and Muscle 2024

DOI: 10.1002/jcsm.13418



Muscle parameters in fragility fracture prediction 13

in total LM, total LM/height? regional LM, thigh muscle
cross-sectional area and thigh muscle attenuation. A lower
DXA-derived muscle mass parameter was associated with a
higher, no and a lower fragility fracture risk in 15 (408 TPY),
46 (1609 TPY) and 8 (145 TPY) analyses, respectively. A lower
ALM/height® was associated with a higher, no and a lower
fragility fracture risk in 5 (158 TPY), 22 (997 TPY) and 1 (20
TPY) analyses, respectively. However, when considering
MOF only, lower ALM/height®> was associated with a higher
and no fracture risk in three (147 TPY) and one (158 TPY)
studies. Of the MOF subtypes, only the hip fractures were
studied with DXA-derived parameters; namely, ALM/height?
was negatively associated in one (20 TPY) study, and there
was no association in eight (547 TPY) studies. No study
analysed the association between lower ALM/height? and in-
cident vertebral, forearm and humeral fracture. The bioelec-
trical impedance analysis (BIA) was not associated with verte-
bral fractures in one (15 TPY) analysis using skeletal muscle
mass/height®. The ultrasonography of the quadriceps (US)
was not associated with fragility fractures in one (2 TPY) anal-
ysis using quadriceps quantity/quality. The parameters de-
rived from the CT scan (lower thigh muscle cross-sectional
area representing muscle mass and lower thigh muscle
attenuation representing muscle quality) were positively
and not associated with fractures in three (63 TPY) and five
(105 TPY) analyses, respectively. Muscle mass can also be
estimated using anthropometric prediction equations. The
Lee equation includes height, weight, waist circumference,
serum creatinine level and health behaviour factors.®® The
Heymsfield equation is based on the triceps skinfold
thickness and midarm circumference.’® A lower muscle mass
derived from these two equations was positively and not
associated with fractures in four (1381 TPY) and one (395
TPY) analyses, respectively. Using the creatine and
creatinine-derived parameters (D3-creatine dilution test and
estimated glomerular filtration rate [eGFR]), a lower parame-
ter was associated with a higher, no and a lower fracture risk
in 4 (170 TPY), 12 (507 TPY) and 2 (88 TPY) analyses,
respectively.

Selected adjustments/covariables

BMI and smoking
Age, recreational activity, activity apart

from recreation, menopausal status,

smoking and calcium

decrease
s for tandem
stand (95% Cl)
T3 between hip
fracture and match (95% Cl)

Cox proportional HR Q1 vs. Q3 (95% Cl)

1

0.5 m/s

Statistical comparison
vs.

5-kg decrease for HGS and  Univariate

triceps,
for GS,

T1

Statistical test
Cox proportional HR
Logistic regression

97

Nb. of
fractures
25
44
84

Fragility
fracture type
Distal forearm

Humerus
Hip
Hip

Muscle strength

Predictors

Muscle strength was mostly assessed using the maximum
isometric contraction of a specific muscle group. No analy-
sis showed a negative association between muscle strength
and fractures. A lower muscle strength was positively
associated with incident fragility fractures in 53 (1.3 TPY)
analyses and not associated in 57 (1.7 TPY) analyses. Hand
grip strength (HGS) was associated with a higher and no
fracture risk in 37 (1181 TPY) and 39 (1312 TPY) analyses,
respectively. A lower triceps strength was associated with
a higher and no fracture risk in two (29 TPY) and three
(46 TPY) analyses, respectively. A lower quadriceps

Balance

Triceps strength
HGS

Arm muscle area

GS

HGS
osteoporotic fracture (hip, spine, forearm or humerus); n.a., not applicable; OLST, one-leg standing test; pASMI, predicted appendicular skeletal muscle index; pQCT, peripheral quan-

titative CT; QS, quadriceps strength; SARC-F, sarcopenia questionnaire; SD, standard deviation; SPPB, Short Physical Performance Battery test; TBLM, total body lean mass; TGUG, timed

FRAX®, Fracture Risk Assessment Tool; GS, gait speed; HGS, hand grip strength; HR, hazard ratio; IQR, interquartile range; IWG, International Working Group on Sarcopenia; MOF, major

Abbreviations: 5xSTS, five-time sit-to-stand test; ALM, appendicular lean mass; BIA, body impedance analysis; BMD, bone mineral density; BMI, body mass index; Cl, confidence interval;
CT, computed tomography; DXA, dual-energy X-ray absorptiometry; eGFR, estimated glomerular filtration rate; EWGSOP, European Working Group on Sarcopenia in Older People;

get up and go test; US, ultrasound. Source: Characteristics extraction adapted from Peters et al.

Table 2 (continued)
RefAuthor

Date

9Kelsey 1992
9Wickham 1989
%Farmer 1989

Journal of Cachexia, Sarcopenia and Muscle 2024
DOI: 10.1002/jcsm.13418

95UB917 SUOWLLOD aA1ER.D) 9|deol(dde sy Ag peusenob afe sopiLe VO ‘8sN J0 Sa|nJ 10} AIqiTaulUQ 8|1 UO (SUONIPUOD-PpUe-SLLLIB)W0Y A3 | 1M Ale.q 1 [put|uo//:SAny) SUONIPUOD pue SW 1 8u) 89S *[720z/T0/TE] Uo Ariqiauluo AoiM 1581 Aq STHET WsD(/Z00T 0T/I0p/Wwod A3 | Aseld i pul|uo//sdny woi) papeojumod ‘0 ‘600906 TZ6ESET



14 C. Vendrami et al.
Muscle Muscle Muscle
mass/quantity/quality strength function
Nb. of analysis Nb. of analysis Nb. of analysis
0 20 40 60 0 20 40 60 0 20 40 60
10 230+ 0 0
Sum 2633 4 66 1747 + 57 972 4+ 45
B 2 0+ 1343 4 53 1901 + 63
1 154 0 0
(A) MOF 6 294+ 4 218+ 4 614
fracture . 7 2364 . 6 231+ - 12 483 4+
9 2154 0 0
(B) Hip 29 1105+ 20 832 4 11 331+
fracture - 10 277 + - 19 640 + - 28 882 +
0 0 0
(C) Vertebral | 2 410+ 7 177+ 70 4+
fracture |1 475+ B> «+ | 1 15 +
0 0 0
(D) Forearm 6 255+ 9 2524 10 305 +
fracture | O 0 0
0 0 0
(E) Humerus | 4 167+ 2 46+ 1 25+
fracture |2 88+ I3 50+ E 67 +
0 0 0
(F) Al fragility 19 402+ 15 222 + 15 180 +
fracture ' g 958+ B 0:s+ | FEIEYRS
Legend: Lower, @ no difference, B higher risk for a lower/slower/deteriorated muscle assessment, ¢ Thousand person /

year. All detailed results are also availible in Figure 3,4,5 - a,b,c,d,e and supplémentary f. MOF = Major osteoporotic fracture.

Figure 2 (A-F) Summary of the 322 analyses for each muscle assessment and each fracture types.

strength (QS) was associated with a higher and no fracture

Muscle function

risk in 13 (131 TPY) and 15 (389 TPY) analyses, respectively.

One study also analysed a lower arm and leg strength to-
gether and found a positive association (2 TPY) with

fractures.

Muscle function refers to tests that assess specific tasks,
mobility and balance. As for muscle strength, none showed
a negative association between muscle function’s assessment
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95UB917 SUOWLLOD aA1ER.D) 9|deol(dde sy Ag peusenob afe sopiLe VO ‘8sN J0 Sa|nJ 10} AIqiTaulUQ 8|1 UO (SUONIPUOD-PpUe-SLLLIB)W0Y A3 | 1M Ale.q 1 [put|uo//:SAny) SUONIPUOD pue SW 1 8u) 89S *[720z/T0/TE] Uo Ariqiauluo AoiM 1581 Aq STHET WsD(/Z00T 0T/I0p/Wwod A3 | Aseld i pul|uo//sdny woi) papeojumod ‘0 ‘600906 TZ6ESET



1353921906009, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jcsm.13418 by Test, Wiley Online Library on [31/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

[T} < ©
— 'saunioed) Ayljided) quspioul Jo sl pue sis1aweded Ayljenb/Alinuenb/ssew sppsniA (3-y) € @4nSi4 S
N ™M
3t
(s
ot T s0 To 24
N
€ 1449 J0 35831 OS T X0D +x( €6'0-69°0) 8'0 | —— & 910€ 8eApIoN - 1202 e1sAd/auluNRAI Y392 Qg pue a8e apnpul g <3
g B1ay 17y < O
R B *1-20° - - [1BAIR3UI DUBPHUOD D Qg apnjpul iz UOREIASP piepuels :as paienbs 3ysiay
€ ‘4492 Jo 3seaIdUI OS T XD {LT-T0T) TTT — O 9€8T 8epIoN - 1202 e1sho/auuneaId Y302 556U, M| 10} 31 SME MO = 8o apnpul UBWOM pUB UBWI 110G 5 o 31eY Uonel _M_s_“m_wo_u vﬂms_wm. 492 M M
€ 4499 J0 35e3I0U S T X0D «+(98'0-€9°0) v£'Q —M— & 9T0€E SeApIoN - 1202 uneisho Y499 (50°0>d) uonerosse anneSau Qg 10 3%k NoyUIM 30 uawom Ajuo : & mumhwmﬁon mw__mmo_\u,_% 8l
B . S . _ LWSSBW,, MO| 10} S din3del) Jaysiy = ‘uawisnipy usw Ajuo: o ieue souepadu A o. . v =
€ 449930 3583.0U1 GS T XD S LETTOT)STT © 9e8e BeApION - 1207 uneisho y399 (50°0>d) uonerosse anysod : 28ue ajienb-123ul :yO| ©3.E |BUODIS-SSOID 1Y/SD efieue sauep mw_\M._: ”mmn_ nﬂm_ m m
€ ‘4492 J0 3583IDUI G5 T XD (€21-16'0)90°T —M & 910€ 8eApJoN - TZ0T aunean y399 anjen s,onel = uopisod sjnuadasad : d Xapul ajpsnw ssew uea) Jejnojpuadde Ty 5
B . N 5 . dn-moj|oj x suosiad = azis aaY: | |e3a[ays Jejnatpuadde :jnSyd SYSIA Z UDIMIDG IUIIP 'Y (%1
€ ‘4492 Jo 3seaIOUI OS T XD (£0°T-£9°0) 80 +—— O 9€8T 3eApIoN - TZ0T aunean Y302 W osenbs ajenb: o Xopui ssew Apog ‘|G Answondiosqy-Aey-x-1end :vXa s
€ ‘95e9109p S T X0) (ST SLT ——— O €9€T uoymed - Zz0Z 1593 UonN|Ip duneD ot S T S0 70 :puagal wlm
‘€0 SA TO XO: TTT) LT ——— Jaweq - ayswAaH) eaJe aasnw il S
T /€0 SATD %09 s(veener  sest 476861 (Pr ol ! v € 4499 Jo 3seaIU 4S T X0) (LSTLOT)ET —— & 910¢ BeApION - TZ0z  uneisho/auiuneasn y3oa 3
€ '3582199p QS T 0D «(66'T-20T) YT ——a— & O Y16T Sue7-0rOz uonenuane apsnw YSIYL - 1 o
€ ‘4492 JO 352I0UI S T X0 (SY'T-1£0) 10T ——M—— 0 9887 8eApION - TZ0Z  unelshd/aulunessd y499 5
€ '3582.109p QS T X0) (8€71-58'0)80°T —m— & ssT AOY[EIN - STOZ  uoRenuaye apsnw yBiyL - 19 =
€ ‘4492 JO 352IDUI QS T X0 +(€9T-80T) EET —M— & 9T0€ BenpuoN - TZ0T uneisko Y499 35
€ 19583193p QS T X0) «(S8T-SOT) VT —a— O 65T AOY[BAl - STOZ  uonenuaue apsnu ysiyL - 1D <
; ; € ‘4492 JO 35e2IDUI QS T X0 (6£'T-1£0)660 ——M— 0 9€87 8enpuoN - TZ0T unesho Y392 3
€ 9583.199p QS T ‘u0ssiod HT9T-ZTT) SET —m— o 152 AenteH - Tzoz  uonenuane apsnW Y3yl - 1D S
; \ € ‘4499 Jo 3seaIU 4S T X0) (SYT-T)TT —i— & 9T0€ SepJoN - 1202 aupeas ¥399
€ 195e2.109p @S T X0 (19'1-99°0) €0T ———=——— b O v16T 8ue-0T0Z VS dPsNW Yyl - 1D
4 9 JO asealul X0 " T-2L' )" SenpioN - auneas El
€ '3582.109p QS T X0) (z€T-89°0) ¥6'0 ——m—i & TSST AOY[BW - STOZ  VSD @Psnui yBiyL - 1) 4994 1dST 2 {srzioleor —@—— o8t PION” Teoz So U0
uawisn(pe ‘uosieduwiod ‘[apo oney st uonejndo, Joyiny ‘a1e, J919Wele
€ '25e2.109p QS T X0) (T'1-25°0) SLO ——m—— £ 65YT OB - STOZ  YSD @Ppsnui yBiyL - 19 suBsnip ; PO (12 %56) onex Ishy Aeindod ANV -23eq ¥ d
€ ‘9582.09p QS T ‘U0SSIOd (STT-¥8'0) €0T —m— O 15T AanseH - 120z VD dpPsnuw yBiyL - 1D or A T 50 ﬁ.ww‘_ nidel} sniswny AWV
€ a5e2109p QS T X0 ++(£60-29°0) 80 |—m— & SST AON[BIN - STOZ VSO snuw YBIyL - vXa
€ 1a5e2199p QS T X0D (TT'1-99°0) 98'0 = O 65HT NONBIA - STOZ VSO 2)osnW YByL - vXa ‘4499 40 353.10UI @S T X0 (T'T-£8°0)860 +il~ & 9T0E SeAPION - TZ0Z  UReIsAd/aulunealn Y499
€ ‘ase2.109p QS T X0D (97T-v80) €0T o & zssT AOWBIAI - STOZ  Uonenuae appsnu ySiyL - vXa € ‘4492 JO 35e3IDUI OS T X0 (8€'T-6L'0)SOT +—M— © 9€8T 8eApION - 1207 uneisho/auiuiieald y3o3
€ ‘95e2.109p QS T X0D (€T-v£0) 860 ——@—— O 65YT AON[BIN - STOZ UonenuaNe apsnw Yy - yYXa € 4499 JO 353U QS T X0 (€T°T-680)T M- & 910 SeApIoN - T20Z unexsho Y199
€ ‘aseasdap as T ‘X0 (¥T'7-95'0) 80 ——=—— & TSST AOW[BIA- STOZ  SSew uea| 837 - yxa € '4499 40 3sea.dul @S T X0 (87'1-58°0) ZT'T —M— O 9€8¢ BeApJON - TZ0T uneisid Y4193
€ 'a582.109p B T 'X0) (¥0°'1-69°0) 580 H—=— & 8L6T UeaTdN - 8TOZ  Ssew ued| 337 - vxa € 4499 JO 3583DUI QS T X0 (S0'T-€80) €60+l & 9T0€ BenpJoN - T20T aunean y399
€ ‘a5e2.109p QS T ‘X0) +x( €6°0°6%°0) L90 | ——m——1 O 6SYT AON[B - STOZ  Ssew uea)| 827 - vXa € ‘4492 JO 3se3DUI G5 T X0 (61°1-€9°0) £8'0 ——— O 9€8T 8enpIoN - TZ0T aueasd Y393
€ ‘asealoUl ZW/BHYT X0D (Z€T-v9°0) 260 —fo—t & U8 ASAB|SEZ - LTOZ  T3Y/SSEW UB3| yuniL - yXa uauisnipe ‘uosiiedwod |apo (19 %56) oney xsiy uone|ndod Joyny ‘a1eq J91oweled
€ ‘asealdul Zw/SYT x0) (ST'1-58°0) €0'T +—af— & T8 Aysae|sez - £TOZ  7ay/ssew ueat - yxa Sal DHU NL% w mw.hOu_ AOV
ot s T S0 To
€ '3502.109p QS T X0) H6ST-ETT) vET —M— & O T29% [s31-0207  SSew uea] v -vxa
€ asea109p B T X0 ++(96°0-78°0) 68°0 |+~ & 8L6T ueal I - 8T0Z ssew uea1 - yxa T ‘se8ueyd YOI X0) (€2'7-880) SO'T TLI & L8STET 3U0H - 120z (IWSYd) uonenba 237
0 ‘asea133p @S T Isi801 ++(86'0-19°0) 80 |—=— & 81ST we1 - 020z INg/WV - vXa 1 ‘s98ueYd YOI X0) «€eT6ET) 8T —I— © 9Tv8sT 8uoH - TZ0Z (IWSvd) uonenba 937
0 ‘ase319p @S T ‘onsio] (21'1-89°0)88°0 +——w—— O €691 we1 - 070T ING/WTV - ¥Xa ) ) o "
£ ‘7D SA TO 151307 (S0°'T-26'0) 990 H——e——i & 181 231 - /107 /WIS - VI8
€19sea03p QS T XD (€9'7-99°0) $0'T l & st NOAIB - STOT QY - vxa Juauisnipe ‘uosiiedwod ‘[apo (12 %S6) o1rey sty uonejndogd Joyany ‘a1eq J919Weleq
E - - ‘1) 9T ——a—| - -
€ 4521 SA (€'£>) MO] X0 (9z1)9T & SvLT uoymed - 0202 TW/WTV - XA $3J4NJO.JJ |BJQDIIDA AOV
m € 19534 S (€°£>) MO| X0) (eu-eu) 50T O 1E6S uoyme) - ST0Z TU/WY - VXA or s T S0 ro
...m € 1521 SA (92°£>) MO] X0 (eu-eu) 660 O vE6S uoyImed - STOZ /WY - YXa ; . e
2 € '2522.199p OS T ‘X0 HPLT-80T) LET —e—rt O €9€T UOYIMED - ZZ0Z 1593 UORNIP BuNeRID)
° € '95€2.19p QS T X0) +x(T6'0-9€°0) 85°0| ————=——— O 6SVT OB - STOZ /WY - vXa
Qv , , € '2582409p OS T X0) «(S8'T-€0T) LET +——e—i| & S65 npuay-AeuIoS - LT0Z  Z3y/ssew ueal - yxa
S T 4591 SA MO| X0 (291560 vzT —M— O vE8S 8uuyang - 8T0Z /WY - VXa
953109 X0 “1-10" - alsa7 - Ssew ueay -
v € 9582109p 05 T ‘U0ssiod (81°T-€6'0) SO'T £ 0995 AKansey - 8102 TW/WTV - vXa £ Past e A(ZZTToT IrE Y 807196 1- 0zt 1v-vxa
2 € 9591 5 (92'£>) MO] %0 (T'1-2°0) 60 o 2156 uoyIMed - 0202 QW/WTV - vXa 019582109p @S T 20351301 (TT-€80)S60 e 6 815t {e1 - 0coe INg/W1V - vXa
o
© € ‘asealdap Qs T ‘Uossiod (8TT-T) bT'T - & L8TTT AanteH - 1202 TU/WTV - ¥Xa 0 ‘aseaudap gs T ©Ns1807 (£Z'1-88'0)SO'T +—=— O €69T we1 - 0z0¢ N8/ - ¥Xa
=y
| 019583.193p QS T *Ins1807 #(78T-80T) 6ET +—=— & 8IST we1 - 0707 WBI_Y/NY - VXA € 19589109p QS T X0 +( T8 T-€0T) LET —errt & 565 npusy-Aeulos - £10¢ TU/WV - ¥Xa
F=
= 0 ‘ase2109p @S T 2nsi807 H{Z6TSTT) 6T —a— O €69T we1 - 020z BIRY/ NV - YXa T 3591 SA MO] X0 H(SYT-TOT) TZT —i— O vE8S Sunyang - 8T0Z /WY - VXA
© 0 ‘asea103p @S T Ins1807 ++(86°0-190) 80 |—=— & 81ST we1-0z0z  IYSIM/NTY - VXA ¢ ‘asealnap gs T U0ssIod (STT-TOT) 60T 00995 onieH - 8102 UNTY - ¥Xa
Y ‘. . . . .
0 ‘aseainap gs T ansiSo1 TT1-89°0)88°0 ——w— €691 we1-0z0z  YBM/NTY - VXA
c P ( ) 7 ° o/ € s T ‘uossiod (601,60 v0'T I & L8TTT AanseH - 120z /WY - vXa
= € 'a5e2.109p QS T X0) (80'T-€5°0) 9£'0 +H—m—— b TSST o[BI - STOT W1V - vXa
4 0 ‘@se2.199p @S T ‘151807 (60°'T-€8'0) 560 +—a—i & 81ST we1-0z0z  WBRY/NTY - VXA
O € 1358310l ZW/BYT X0D (2L1-580) 2CT ——a——1 &8 Aysnejsez - £10Z W1V - vXa
= B B . 0 ‘aseasdap @s T ©ns1807 +(6Y'T-S0'T) STT +—e—i O €691 we1- 070z WB13Y/ NV - XA
m € 'S(SL'6T>) MO| X0 (PT-L0)T —a— & SvLT uoyImed - 0Z0Z W1V - vXa
S € ‘asea10p as T %03 +( 26°0-97°0) 90 0 65vT AON[EW - STOZ WV -vXa 0 ‘2583.109p @S T ‘1s1807 +x(L6°0-7L0) S80 |r—e—t & 81IST we1-020z  IUSPM/NTY - VXA
o
m € 4591 5 (T0°ST>) MO] X0 (19080 —— 07156 uoymed - 020z WV - vXa 0 ‘a5e3.13p @S T 151807 (8T'1-€8'0)86'0 +—p— O €697 we1-0202 YBIPM/INTY - ¥XQ
[0} T ‘asea109p 05 T X0 (21-690) 160 +—l— O 5665 SLJeH - 7207 WV - vXa 7 '3522.199p QS T ‘X0 (7'1-56°0) 9T'T —M— O 5665 SUIEH - 7207 W1V - vXa
ﬂ juawisnlpe ‘uosiiedwod {|apoAl (1D %S6) oney sty uone|ndod Joyiny ‘e1eq l918Weled Juawisn(pe ‘uosiiedwod {[3poN (12 %56) oney sty uone|ndod Joyiny ‘a1eq J913Weled
=]
s saunyoeuy diH (g) (40IN) sean3oeuy 211040d03150 Jole|A (V)



1353921906009, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jcsm.13418 by Test, Wiley Online Library on [31/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-con

C. Vendrami et al.

16

‘saanyoedy AjjiSel) uapioul Jo ysu pue sialaweded yiduauis asnIAl (3-Y) ¥ 24nSi4

UBWOM puE UBW [oq : & O Qg pue a8e apnoul :g. ienb-193ul :¥O| (50°0>d) uonerosse aaesau ot s T 50 0
uswom Auo : & Qg apnpul iz ajnuaniad :d SSBW,, MO] 10} YsL 2un1ely JaYSIY =
uaw Ajuo : o 28 apnjou ;T 3L (50°0>d) uonerosse anisod : 7!0se2109p QST X0) 4 EEEYTT) 96T — o 0028 uaAnsN - 966T sdaoupenp
|EAID3UI BOUBPYUOD 1| QINg 40 a8 Inoyum ;o enb :p anjen s,ones = uomisod
Quawisnipy dn-mojjoy x suossad = a2is 01e5e2109p B3 § X0D (v0'7-88°0) SET ———=——— & Y0L6 Aas(ay - 2661 y8uass sdaouL.
ot T 50 10 W osenbs  puesa 011534 SA (NSZTZ>) MO| X0 HYTTT 9T ——e—— & 1069 297-200T yi8uans sdaonL.
€ Y0 SA TD X0) (8,1-880)STT +——M—— O 0ELS YeI9dN - TZ07  Anawihsse sdaoupend  ( faseaidap 8 § x0D S ETTECT) I9T —m—i & YOL6 Aas|p) - Z66T duspuey
T 12503109p QS T X0 (68 T-SET) 65T —M— & 865L sUI9qY - S00T 48l sdeoupenD 0 531 SA (BdHIS'65>) MO| X0) (£2T7)9T —a—r & 1069 291~ 2002 duspuey
T ‘9589.09p QS T X0D (L¥'T-18°0)60T +——mH— & 86SL suIqqoy - 5007 Yo sdaoppend Juawisnipe ‘uosiedwod {[apoi (1D %S6) oney sty uone|ndod Joyiny ‘azeq Jajaweleq
¢ ‘asea100p 05 T 50D ASTTTYT —m— 5.0 8591 ushnN - $002 sdaoupenn " . . ‘o SJnjoely snuswnH (3)
0 ‘25e2.193p HOT X0D ALTTDLT —— & ¥T6 uakn3N - £00Z Sd2LIPEND 1 raseainap HoT x0) (w0101 W & 8267 uaUIBYIEY - 800T sdaoupend
1 fa5e2109p BHOT X0) (€2'1-56'0) 80T & 8267 uauIEyLEY - 8007 sdaoupend 7 ‘aseainap gs T x0D (ST'T280) 10T & PYOT 81041M - STOT sdaoppenp
12503109p QS T X0 (vT1-580) €0T +—a— & vvoT 109|4iM - STOZ sdaoupend T IELSATLX0) (€£T-15°0) ¥6°0 0585 LM - 8107 sdaoupend
715e2103p AST 0D 4(4TT) LTT — 0028 uaknsN - 966T sdooupenp € ‘eseaiap gs T ansiSol (€T80)T +—3— & 168 JNBN - €66T yi8uans sdaouy
1 12583109p QS T 40D ATTZT0D 9T —— 0 7065 uoyIme) - 800z sdooupenp 0 seainap By § x0D (201450 9L0 —M— & v0L6 Aasjoy - Z66T y18uans sdaoul
€ ‘9583.09p S T oNsiSo] HSTTNLT ——— & 168 3N - £66T yi8uauls sdaol 0 ‘a582109p B § XD (6€T-56'0) ST'T +— M & v0L6 Aas|a) - 266T duspuey
€ 3591 SA (BY97'€>) MO| 1X0) (€280 €T ———1— & svLt uoyme - 0z0z Ssew uea| uue/duBpueyy T UNOTX0D (10716600 T W & 86T uauiByLE) - 800T duspuey
€ 11591 5 (8480'9>) MO] X0 dzenor - o T1s6 uoyImes- 0707 Ssew Ues| wie/duBpuey € ‘SOH Ul 35€2109p BiS ko) (T£7-560) 2T +—m— & Tver ehiwey - 6102 duspuen
€ 2591 5A (B15905) MO] %03 (ST-L0)T — & svit uouymes - 0zoz sau/duspuey T ELSATLX0) (28'1-€90) LO'T .|Jl O 585 WBuM - 8T0T duspuey
£ 9591 5A (3499°T>) MO] X0) (st —lH o T1%6 uoymed - 070z 4g1/duspuen juawisnfpe ‘uosiiedwod {|apo (1D %S6) oney st uone|ndod Joyiny ‘e1eq Ja1aweled
€ 13531 SA (BY6L'0>) MO| X0 (ET-L0)T —— & SPLT uoyme) - 0702 INg/duBpueH ot s T s0 ﬁmw‘_:uumt wiesJo4 Ah_v
€ 1591 SA (S0'T>) MO| X0 (org0zT —lH— 0 T1s6 uoyIme) - 0202 IWg/duspueH € ‘YO SATD X0 (esT 8901 10T — M 0 0€LS YIeI0o - 1207 Anpwihsse sdaoupend
€ 14591 S (BYLEE'0>) MO| X0 (YT-LOT ——— & SvLT uoyIme) - 0z0z yBiom/duBpuey T ‘95ea109p 0T X0D (S0T-960) T M & 8767 uauIBYYEY - 00T sdaoppend
€ 451 SA (8Y5°0>) MO| X0) Jerrner —fi- o T156 uoyme) - 070z yBlom/duBpuey 7 ‘25eaiap as T x0) (87160807 i~ & vrOT B10qIYIM - STOZ sdaoppend
€ ‘b0 SATD 'X0) «(96T-20T) Tv'T —M— O 0ELS YIeIDdW - TZ07  Answhsse duSpuey T {@5ealdap @S T X0) #(E9T-EET) 68T +—e—rrt 008 UaAN3N - 966T sdadiipend
1 ‘esea109p QS T X0) LLET-80T) 2T & 865L suIqqoy - 00T 1y8uduspuey 0 ‘a5e3199p BYOT X0) H(LTTDITT —m o€ uaAn3N - £00T sdadupend
T {2522109p G5 T X0 ALPT-STDET e & 865L SUIGqY - S00T yoiduSpuey  TYELSATL®NSIS0] (LTTro) et ——a——— & TSy uosjowes - 9007 Andwisse duspuey
0ELSATLORSIBON (€2-£°0) 6'€ &0 6IYT wewpIm - 686T duSpueq € ‘YD SATD X0 (15720 €0T ———— 0 0€LS YleIodW - Tz0z  Answisse duspuey
040 SA TO ‘onsiSo] H(¥STSOT) 9T ———— & O 669L 3Ay - €10C duSpueq T ELSATLNsIS07 (SLT-4T°0) 67°0 uosjowes - 900z Anjpwdsse duBpuey
1 {25e2109p 05 T ‘251801 (EV'T-€6°0) ST'T +— M & O 8565 8uoyz - 1207 L B 7 e — & O8ET uoxiq - 002 duspuey
€ 450 SA TO x0) WYEET) 9T — - & SLSL euljON-JuBBieq - 966T duSpuey T ‘WNOT x0D (v0T-T)20T W & 8T6T uauIBLEN - 00T duspue
T /@582109p @S T X0 +6ET-80T)2TT M & 865L SUIqqoY - S00T duSpuey 0S4 SATD X0) R L A— & L9E uesiul4 - 800 duspuey
T {WNOT %00 +(60T-T0T)SOT ™ & 8267 uauiEY - 800Z duSpuey € ‘SOH Ul 5e3109p g x0) HL8TTOT) LET ———| & TET ehiwey - 610 duspuey
€ ‘SOH U1 a582.109p B X0) (18'1-€80) 22T +—M—— & TreL ehiwey - 6102 duspuey Juawsnipe ‘uosedwod ‘[apoiN (1D %S6) oney sty uone|ndod Joyiny ‘@3eq JOICEIER]
025€3193p 0S T “onsiBo1 (6T 6V s & 81ST we1-0z02 dugpuey o s . 50 SaJnjoeld) |elgalia N AOV
€ 11531 SA (B40Z>) MO (LT60 €T —m— & SvLT uoyme) - 0202 dugpuey € ‘Y0 SATD X0 (9€'7-98'0) 60'T —MH— O 0ELS Y1eI99W - 1207 Anawisse sdaolipenty
T {2503109p OS5 T X0 (veT1)orT i & 2007 piee8os - 0Z0Z duspuey £ 4 SA T x0D (85 T-40'T) 87T — I — 0 0€LS Yleioo - Toz  Annawihsse duspuey
T 12502109p QS T X0 (€0'1-28°0) 80T +—MH— © 2065 uoyime) - 800z duspuey £ {SOH U1 2582109p B X0) HPLTLTT) €T & THET eAiwey - 6102 duspuey
T 13534 SA MO X0 (8s1-z90) 660 —l—— O vEsS uuyeng - 8T0Z duspuey 0 ‘asea109p g5 T 2ns1807 A TVT-90T) 2T —mt & 81ST we1- 0707 duspuey
€ 12523109p 05 T {U0SSIod HrT-ornzeT il £ 0995 AanseH - 8107 duspuey T 4591 SA MO| X0 (291-680) 7T — O vE8S Supyang - 8T0Z dugpuen
0 ‘ase2129p QS T 2151807 sLeree) T —a— O €691 we-0z0T duspuey € ‘aseaIdap Qs T {U0ssIod LEET-STT) €TT W © 0995 AanseH - 8107 duspuey
€ 4591 SA (8YS'SE>) MO| 1X0) (ergo 1 —Ji— o T1s6 uoyme) - 070z duBpuey 0 eseaap gs T OnsIS07 W6LT-STT) YT —m—t © €691 we1- 070z duspuey
1 12503109p 05 T X0 (v'1-260) 41T —M © 1682 piee80s - 0207 duspuey 1 ase3109p QS T X0 HOTTHoT) vTT il 0 5995 1unojfery - 120z duspuey
1 135€3109p QS T X0 681501127 il £ 5995 nojlely - 120z duspuey EHONTDHeIDPURI oo I £ 989T eyfng - 720z dugpuey
¢ 12503109p 05 T X0 (e1-150) 180 ——Jl—— © 5665 SUIBH - 2207 duspuey 7 !aseanap as T x0) (S€T-2°0) £6°0 - 0 S665 SuieH - 2207 duSpuey
juawisnipe ‘uosiedwod {[apoN (1D %S6) oney sty uone|ndod Joyiny ‘azeq Jajpweled juawasnipe ‘uosiiedwod {|apoN (1D %S6) oney sy uone|ndod Joyiny ‘e1eq Ja1aweled

saunyoely diH (g)

(40W) sa4n1oeuy o13040d03150 Jofe|n (V)

Journal of Cachexia, Sarcopenia and Muscle 2024

itions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

jcsm.13418

10.1002/]

DOl



1353921906009, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jcsm.13418 by Test, Wiley Online Library on [31/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

~ <
— . N
saunjoedy AlljiSedy Juapioul Jo ysu pue sialaweded uonouny aPsNIA (3-y) § a4n3i4 SIS
o
S E
ot s T 50 To 39
28ueu a|iuenb-Ja3ul :yOI ,U01dUNY, MO| 104 )S1I 3INJORLY JAMO| = M U
Qg pue age apnpu :g nuadasad :x d 10055 BARESAU 1y, 0! 35891091p 935 T ’X0) #(PTT-20T) 80T 1 & vOL6 Aasay - 766T puels wapuey ,m m
aNg apnputl iz uoljeIARp pJepuels :dS ,uondUNY, MO| 4O} XS Binjoely Jaysiy = ) . o [SER]
28e apnpuy T UBWOM pue UaW 430q : & © 0/'€-7 SA T-0 40 21095 1x0) 97T 8T —a— & 1069 931-Z007 24095 duejeq deis s g
Qg Jo a8 Inoyum :p 1521 09 pue dn 199 pawiL :ONOL uawom Ajuo: & 030U A pa33|dWwO 353} 40D (1170090 ] & 1069 o91-200z sisxs S -
uawsnipy 1593 PuelS 03 S SAWN § SLSXS uaw Ao : o §9
0/9583199p /W0 X0)  4(98'Z-60'T) 6LT ———m—— & YOL6 hosiay - Z66T paads e S e
ot T S0 70 ) 3
juawisnpe ‘uostiedwod ‘{[poN (1D %S6) oney ysiy Joyiny ‘areq J919Weled s
095e2109p S T “onsi07 (4ST-T)bTT —m—] & 8TST we - 0zoz +0UYS saJnjoedy snuswny (3) 3
)
0 ‘esea.03p @S T nsi801 (Lr1-860) T +—m—) 0 €691 we1-0z0z 4-24VS o s v 50 To S
S
T ‘a5e2109p 0S T X0D «(STT-80T)OTT & 865L SUIGQOY - S00T UOIEUIPI00D 100} 1Sty 0 ¢ aseanaip 995 T 0D ($07-960)T & v0L6 Kosioy - 2661 puess wapuey :r“
. B rop . O
112503109p 05 T XD S PTT-90T)STT - & 86SL SuIqqoY - 007 UONEUIPIOD 100} YT | fe) sAT) x0) (vr'7-50) 580 ——— 0 5185 WSUM-8TOC  Swn yjem moieN 3
€YD SATO X0D4(§'L9E) T5——m—— 6 SLSL BUIION-IUBBIEQ - 966T 1035 [EM WAPUEL T faseaiap 0as0T 0D (48'CT-TL0) THT M & 816C XPHEN - 800 3L puess 8971 8u0 m
P P Ty e ]
1 ‘25e2199p QS T X0) HSTTSOT) PTT b © 2065 uoymed - 800T ABMMOLEN 7 faseainap gs T X0 (s8'1-4'0) 160 +— 8 & vvoT 8I0QIyIM - STOZ 3531 puess 827 auQ =
T T5569159p 93501 %07 W L(Z066T) 116 6 8T6T UBUIBYYIE) - 8007 1SALPUBISBITAUO 1 laseainap HOT x0D (¥8'T-LL0) 6TT +—W——— & 816C uauIBLIEN - 800T jenbs
71o5e209p QST XD 4(ZE'E-BT'T)B6T +——#—— & vHOT 810y -STOZ ~ ISALPUBISFBTBUO [ gy ATy X0 (52'2-960) 29T ———— 0 5185 148UM - 8TOT SISXS
T {25e2199p QS T XD W 978TT) 8T e & Ts€ ulpunt- £107  1SALPUBISBATBUD ¢ faseaiap gs T PNsISOT (ZT-80)T +—4— 5 168 TMASN - £66T paads 11e9
€ 25e3129p QS T XD (¥7T-580) 0T —m— & O Y167 3ue1- 010z 8ddS  ( ‘asealnap s/ws’p X0 (6€°T-L°0) 660 ——m—— & Y0L6 AKas|ay - 266T paads Jieo
T ‘ase3133p QS T 2Ns1807 «(6V'T-60'T) LTT —m— & O 8565 8uoyz - 1207 9ddS 7 ‘25e3103p (S T X0) (8T'T-SL°0) 60 +—tm—i & vOT 810qIyIm - STOZ paads jen
T ‘25e2109p BIOT X0 ( LE'v-¥T'0) 780 ] & 8767 —— uauIBYIE) - 8002 enbs gl SATL XD (19'T-v5°0) €60 .|1|A 0 585 14SUM - 8T0T paads Jieg
E “ans18¢ “T-€0" - 8 -
Tieseaiaepas T Dnsisol HETEOTOTT iy &0 8365 uouz-1z0t sLsxs Juauwisnipe ‘uosiiedwod {|apoiy (1D %S6) oney ysiy uone|ndod Joyiny ‘e1eq Jajoweled
T {25e2199p QS T XD ATTLOT)ETT & 865L SuIGqoY - S00Z SLSXS saJnjoel) wJaealod ADV
T 1521 SA TD “X0) (er'1-€60)STT —J- & 0249 anogJeg - 9T0Z SISXS ot S T S0 0
0 ‘253109p @S T 2151807 (v'1-86°0) 6T'T —m— & 8IST we1- 020z SISXS T12500009p 920U HOD (o) = & 8262 uauIByIEY - 8007 353 puels 837 auQ
T {25e2109p QS T XD HISTETT) IET © 2065 uoyIme) - 8007 SLSXS 2 ‘aseanap gs T x0) (72200 921 . & phot BI0QIUM - STOZ 1551 pues 87 5UO
€ '3589199p OS T ‘u0ssiod Mrataailasy 3 £ 0995 AanseH - gT0T SLSXS EVOSNTD OBSIIN o e & 1821 291- /107 1amog duing
*
09583.199p QS T Is1807 «(€ST-20T)STT +—m—| O €69T we?-0z0T SLSXS T ‘@sealoap 0T X0) (6v'c-€v0) 0T — — M—— 1 & 8T6T uaueypey - 800 Jenbg
T 19589109p S T ‘X0) «srr-ort) et ik © 5995 1unojfely - TZ0T S1SXS T ‘@sealdap @S T x0) (6£T-66'0) LT'T +—=—f & vvoT 31091y - STOT paads jen
‘¥ SA TO 2151807 4( €9'7-20'T) 8T ———————————| & 0 669L Ay - €107 paads 31e9
1 tasealnap gs T onsifo] & O 8565 8uoyz - Tz0T paads J1e9 SaJnjoely |eiqalaN AOV
€ ‘a5e2109p @S T ‘211807 (Y160 TT +—etrt & 168 MASN - £66T paads J1eo o s t S0 ro
T
m paads 8 u1 23/ 770 40D (18060 i+ & 9156 sSuwn) - 5661 paads 11e9 0 ‘asea10ap gs T ‘nsi8o1 (€2T-€60) L0T +—m & 81ST we1-0z0z ERN
...m €YD SA TD %0) (veeder & SLSL euljo-juaBleq - 966T paads Jen 0 ‘asealdap @s T 2nsiSo1 (YE'T-660) ST T —m 0 €691 we1- 070z 40YYS
2 *
.w € 25ea109p QS T XD WLT-ET)ST e & 5685 euljoN-1uaBlIeq - 66T paads Jie9 T ‘35€3109p @S T X0 +(SLT-80T) LET +—e— & 1S€ ulpunt - £107 1531 puess 37 3u0
et
o 1125€3109p QS T %D HIETITT) ETT & 86SL SuIGqoY - S00Z paads 11e9 €140 SATD ‘ARJD puB BUI (TE'EL8'0) LT +———M—— © 9891 eyfng-zzoz 353l puels 3979u0
g ‘ase2199p QS T X0) H{PITVTT) LET —m— & vv0T BioqIyim - STOT paads 3ie9 0 ‘asea103p @S T *2nsi801 (9T1-660) 21T +m & 8IST we1-0z0z SISXS
>
° T 1521 SA TD X0) «(991-50T) 26T —I— & 0249 Janoqueg - 9702 paads Jeg € f9583109p QS T ‘U0SsIod (retstnver il £ 0995 Aaniey - 8107 SISXS
©
= T:e5e03PASTX0D 4 SOEYST)ITT +——e—t & 1S€ upun - £102 paads 11e9 0 ‘25e3103p @S T 201801 TS0 TTT 0 €691 we1-0z0z SISXS
Py 0 ‘osealnap gs T onsifo] (P0TSTT) 65T —m—i & 8IST we- 0207 paads Jien T ‘a5e3109p @S T X0 61917 T © 5995 1unojfely - 120z SISXS
‘& € 13531 SA (5/Wg'0>) MOs X0 (8T-60)7T ——=— & SHLT uoyme) - 00z paads Jieg 1 ‘25e3109p @S T X0 HTLTEOT) EET —a—rif & 1S€ ulpunt - £102 paads 1eo
©
= 1 ‘asealnap gs T x0) HPTLTT)8TT R O 7065 uoyme) - 80T paads e 0 ‘aseanap @s T 2ns180] HSYTTT) LTT & 8IST we1-0z0z paads jeo
£ T 3531 SA MO| X0 deczernizor —l— O vEss 3uuyang - 8107 paads yieo T 3521 SA MO| X0 (8ot svt —Jl— O vESS Bunyang - 8107 paads Jieo
[ ‘. “ o . .-
H € 19582109p QS T ‘UOSsIod #6515 T il £ 0995 Aansey - g10T paads yeo € 19582109p QS T ‘U0ssI0d FEasnskady | © 0995 Aansey - 8T0T paads yeg
+= P . o oTT) Ge
7] 0:05e2109p @S T 9151801 4(9S'T-6V'T) 6T —M—i © €691 we1- 0202 poads yie0 0 ‘2se3103p @S T 201801 L9T9TT) 6ET —m— 0 €691 we1-0z0z paads Jieo
m £ 11591 SA (5/Wg'0>) MOJs X0D (zn)vt —— 0 7156 uoyme) - 020z poads yieo T ‘5e2109p @S T X0 «(6z1-90T) 1T 0 5995 1unojfely - 20z paads Jieo
o
S 1 12509109p QS T ¥0D deststr)zet il 0 5995 wnojfely - 720z paads yten €POSATD Reip puedul o e © 9891 euing - 720t paads ieg
o 70sea13p ASTX0)  4(€9°€4ST) .67 ——— 0 5665 SUIeH - 2207 poads ye0 T !a5e2109p QS T 10D rozven)esT —— O 5665 SUIeH - 7207 paads J1eo
=]
% Juawisn(pe ‘uosuedwod {[apoy (1D %S6) oney sy uone|ndod Joyiny ‘aieq Jajsweled Juawisnipe ‘uosiedwod {Bpojn (12 %S6) oney ysiy uonendod Joyiny ‘azeq J919Weled
= saunyoedy diH (g) (40IN)) S@4n30844 213040d03350 Jofe | (V)



18

C. Vendrami et al.

and fractures. A lower muscle function was positively associ-
ated with incident fragility fracture in 63 (1901 TPY) analyses,
not associated in 45 (972 TPY) analyses and negatively associ-
ated in 0 analyses. Gait speed (GS) refers to the usual walking
speed over a distance of 4—6 m. A slower GS or loss of GS over
time was associated with a higher and no fracture risk in 32
(1121 TPY) and 17 (391 TPY) analyses, respectively; it was pos-
itively associated with MOF in all the eight concerned studies
(333 TPY) 3132414454558 The (ifferent walking and chair ris-
ing tests were associated with a higher and no fracture risk in
19 (572 TPY) and 12 (299 TPY) analyses, respectively. They
included five assessments: timed get up and go test (TGUG),
change in TGUG, five-time sit-to-stand test (5xSTS), A 5xSTS
and squat/jump. Balance tests were associated with a
higher and no fracture risk in 11 (184 TPY) and 10 (196 TPY)
analyses, respectively. These included three different
assessments: one-leg standing test (OLST), narrow/tandem
walk and single-foot coordination. Multi-item tests were asso-
ciated with a higher and no fracture risk in one (24 TPY) and
six (86 TPY) analyses, including three assessments: Short
Physical Performance Battery (SPPB) test, sarcopenia screen-
ing questionnaire (SARC-F) and a speed/reaction test.

Discussion

In this scoping review, we investigated the association be-
tween 60 different muscle parameters with incident fractures
risk in 322 separate analyses within 67 studies. Overall, low
muscle mass was poorly/not associated with fracture risk,
while low muscle strength and low muscle function were
associated with higher risk of fracture. The results showed
heterogeneity between the studies, in terms of studies’
populations, measurement methods and statistical analysis.
Our conclusion is a summary of the observed trends in this
review and is not comparable to a meta-analysis.

Muscle mass, quantity and quality

Muscle mass, quantity and quality are objective and repro-
ducible assessments of muscle health.”® The accuracy and
the reliability of these assessments mostly depend on the
technique used, for which the time available, the radiation
dose, the costs and the patient involvement must also be
considered. The gold standards are magnetic resonance im-
aging (MRI) and CT scan, but DXA and BIA remain the most
widely used tools due to their easier accessibility.”>~* In this
review, we did not find any studies using MRI. DXA and BIA
were more studied as part of the diagnostic criteria of most
sarcopenia definitions. The muscle quantity can be estimated
from its volume using the muscle length and cross-sectional
area. As these two properties are also important components
of muscle strength,°%1% the hypothesis is that a low muscle

quantity leads to weaker muscle (dynapaenia), which then
lead to disbalance and falls.’®* At the same time, we know
that a tailored exercise programme reduces the risk of
fall-related fragility fractures.’®> However, the relationship
between low muscle mass and fractures has been repeatedly
questioned.*?*** The results of our scoping review also
suggest that a higher muscle mass, as assessed by different
parameters, has little protective effect on the occurrence of
fragility fractures. Indeed, seven analyses (within three stud-
ies) showed even opposite results with an increased risk of
fragility fractures with higher muscle mass**>2®®: six (110
TPY) analyses for hip fractures and one (15 TPY) analysis for
MOF. Interestingly, the analyses suggest that LM and ALM
corrected for weight or BMI are mostly negatively or not asso-
ciated with fragility fracture, whereas the same parameters
corrected for height or height? are mostly positively or not as-
sociated with fractures (Figure 3).40444%54757.66.67 Tha yse of
LM indexes in fracture prediction models is complex
because anthropometric measures are correlated with LM
and are associated with fractures. The literature describes
weight as a protective factor, height as a risk factor and BMI
as having a U-shaped association with fragility fractures.*®®
The stratification of LM analyses for body size or shape would
enable a better estimation of its association with fragility frac-
ture. Note that these considerations differ between the fragil-
ity fracture types and the sex (Figure 3A—E). We also know
that measures of LM include water, joints and ligaments'®’
and may not be specific enough of muscle mass.

Muscle density is a more recent concept. It was first used
in CT scans by measuring the X-ray absorption in the different
muscle voxels (3D pixels) but is now also available in DXA.%® It
is used as a proxy for intramuscular fat infiltration (as fat
absorbs less X-rays than bone or muscle) and has been asso-
ciated with fragility fractures in this review.>”"°®72 The bottle-
neck to more widespread use of CT scanning, including in
larger studies, is the increased radiation dose and costs.

Muscle mass/quantity has also been investigated using bi-
ological tests, with promising results in fracture prediction.
Blood creatine, a breakdown product of muscle, is associated
with functional and clinical outcomes.*®® Cystatin or its ratio
showed a positive association in women with low eGFR and
humerus fractures, but it showed conflicting results in
men.3® Using the D3-creatine dilution test, Cawthon et al.
found a positive association between low eGFR and hip
fractures and MOF.3® A review summarizes the necessary
assumptions of the creatine dilution test, including
individual variation (diet, age, activity level and disease state)
that lead to underestimation or overestimation of the
measurement.’®® As a result, the clinical implementation of
blood tests should be further investigated.

Newer methods are being developed such as ultrasound
(e.g., with muscle thickness, cross-sectional area, pennation
angle and echogenicity)'® or image analysis (classification,
segmentation, texture/pattern analysis and radiomics) using
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artificial intelligence (Al).*%'' Al models could help us to
extract the full information from the DXA scans (or other
imaging modalities) and potentially measure new markers
of muscle health. Pickhardt et al. analysed low-dose CT scans
using deep learning to predict lumbar muscle myosteatosis
and cross-sectional area.**? The prediction of hip fracture at
5 years was similar between their model (area under the
curve [AUC] 0.709, 95% confidence interval [CI] 0.639-
0.778) and the FRAX® (AUC 0.708, 95% Cl 0.629-0.787).}**
Al seems to be a suitable tool to analyse DXA body composi-
tion images and to search for unanticipated complex interac-
tions between the available parameters.

The role of muscle mass in fragility fracture remains un-
clear. The assessment of muscle mass/quantity through the
D3-creatine dilution tests and muscle density assessment by
DXA and CT imaging seem promising and could be object of
further research. Furthermore, Al will undoubtedly influence
musculoskeletal imaging and provide novel muscle mass
assessments.

Muscle strength

Muscle strength is highly correlated with muscle quantity
(length and cross-sectional area), but with greater
variability,°® and is influenced by the conservation of periph-
eral and central neurological structures.'®® Fifty per cent of
the total body muscle mass lies in the lower body, while
the upper body represents only 25%.** Even if the quadri-
ceps and psoas muscles make standing and walking possible,
HGS has been shown to correlate with leg strength and is
similarly predictive of low GS.*** From a clinical perspective,
HGS is the most widely used test to assess muscle strength
due to its low cost, accessibility, widespread use and reliabil-
ity, whereas quadriceps testing is more complex and requires
more equipment.** This is probably the reason why fewer
studies analysed QS. In this review, both lower HGS and lower
QS were significantly associated with higher fracture risk in
37 and 13 (131 TPY) studies, respectively; 41 analyses showed
no association between HGS and fracture risk and 15 (389
TPY) analyses between lower QS and fracture risk.

Muscle strength may be useful in predicting fracture risk
using grip strength as a practical and reliable proxy of muscle
strength.

Muscle function

Muscle function is the most multifactorial determinant of
muscle health. It correlates with both muscle mass and
strength and is defined as the ability of the muscle to perform
a certain task or movement. The assessment of muscle func-
tion, as for muscle strength, also depends on peripheral and
central neurological structures. In addition, muscle function

is closely linked to the brain (mostly through the cerebellum,
motor, pre-motor and supplementary motor cortex) when
testing balance, coordination or complex tasks. The reasons
for variation in measures of muscle function are similar to
those for strength testing and are mainly analytical and/or
methodological variations. Based on the observations of this
review, GS shows a robust association with fracture risk, as
all studies showed a significant association between slow GS
and higher risk of MOF. The 5xSTS was the second most com-
monly used muscle function test, with comparable results to
QS. The 5xSTS is a proxy of the thigh strength in addition to
coordination ability. These observations emphasize the impor-
tance of assessing muscle function during a clinical consulta-
tion. Indeed, physicians are trained to assess the risk of falling
(and therefore, to some extent, muscle function) by observing
the patient walking around the examination room, sitting in
the chair, changing clothes and so forth. For example, the chair
stand tests (including 5xSTS), the timed up and go test (TUGT),
the SPPB and the tandem walk test have been validated to as-
sess the mobility status and fall risk in older adults.**®

Various muscle functional tests are available and provide
an objective assessment of the patient muscle status, and
they give an additional information on the patient’s risk of
fragility fracture. They include more variability than muscle
strength or mass assessment but stay reliable overall. These
tests were not designed to predict the fracture risk, but as
they are associated with multiple medical conditions includ-
ing neurological and musculoskeletal diseases, their associa-
tion with fracture is also multifactorial.

Clinical implications

In the field of sarcopenia, the association between muscle
parameters and fragility fractures remains subject to debate.
In the SDOC sarcopenia definition (2020), the authors argue
against the use of muscle mass in further definitions because
of insufficient evidence of its association with sarcopenia
outcomes (including fractures) and the cost of DXA.*> Our
scoping review similarly suggests that low muscle mass, as
currently defined, is not robustly associated with fragility
fractures and that an adjustment or stratification for body
size is necessary. As we analysed each muscle health compo-
nent separately and did not assess the other sarcopenia end-
points, our study does not allow us to directly challenge the
composite definitions of sarcopenia. On the other hand, the
observed association of GS and HGS with fragility fractures
supports their use in the diagnostic workflow of current
sarcopenia definitions. These muscle parameters provide
objective measures of the muscle health and insights on its
association with fragility fractures. Ideally, a test or score
would be developed to specifically identify the fracture risk
associated with sarcopenia, at best independently from the
risk of fall.
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In the field of osteoporosis, the relationship between
bone and muscle has been studied from various angles. Falls
are important risk factors for fracture occurrence. They
often, but not always, precede the fracture.’ In the causal
hypothesis linking muscle mass to fragility fractures, falls
are more likely to be a mediator in the equation, involving
both dependent and independent pathways, rather than just
an intermediate factor. In this scoping review, only few stud-
ies demonstrated that the relation between muscle
mass,>>37>>7 strength® and function3%3234356489 ith inci-
dent fracture was positive and independent from falls. At the
cellular level, a cross-talk between muscle and bone has been
discussed in studies about osteo-sarcopenia.’® At the organ
level, the bone mechanostat hypothesis explains that the
properties of load-bearing bones are primarily influenced by
their functions, rather than the influence of load and gravita-
tional forces.*® Our study could support this hypothesis con-
sidering that muscle function and strength have an additive
discriminative value in fragility fractures prediction models,
assuming that bone properties are related in the same way.
However, muscle mass and quantity, as it currently stands,
do not appear to have an independent effect on fracture sus-
ceptibility. Heymsfield et al. insisted on the importance of
muscle ‘form’ (size and shape) and not only muscle function
in the pathophysiology of adverse events (cf. OFF hypothesis:
Outcome follow function, follow form), based on the axiom
that without the physical form of the muscle, there would
be no function.**” The overall lack of association between
muscle mass/quantity and fractures that we highlight in this
review does not discredit its importance in the pathophysiol-
ogy of osteoporosis and sarcopenia. Further research is
needed on muscle mass, quantity and quality in the predic-
tion of fracture risk, including a judicious use of anthropo-
metric measures. The D3-creatine dilution test and the
CT-scan measures showed promising results, while LM, its in-
dexes and the new statistical approaches using Al need to be
further investigated.

Muscle health parameters are important in the prevention
and diagnostic of sarcopenia and in the assessment of osteo-
porotic patients. This scoping review highlights the benefits
and the gaps of muscle health tests in clinical setting and in
community-dwelling older adults.

Strengths and limitations

This study has some limitations. First, a common limitation to
scoping reviews is the publication bias. Positive studies are
more likely to be published, whereas negative studies may
be discontinued. However, most of the results analysed are
inconclusive (no association) and some are even negative
and contra-intuitive (e.g., the positive association between
muscle mass and fragility fracture risk), suggesting that
the data observed and discussed here are undistorted.

Second, the overall quality and risk of bias of the included
studies were not systematically assessed. However, this is
not a requirement for conducting a scoping review. As
shown in Tables 1 and 2, the majority of the included studies
have large sample sizes and long follow-up periods and
come from recognized and well-conducted national or
international cohorts. Finally, although not related to the
scoping review itself, the included studies have some
limitations that weaken their interpretation, such as the
consideration of non-MOF fractures as fragility fractures
(Figures S3f-S5f); the lack of a clear fragility fracture
definition303441.69.71.7883,8890. 3,4 the lack of systematic
radiographic assessment for fracture detection, as some inci-
dent fractures were only collected based on questionnaires
and general practitioners.

To the best of our knowledge, this is the first review, based
on a systematic search, that thoroughly reviews studies that
investigated the association of incident fracture risk with mus-
cle mass/quantity/quality, strength and/or functional parame-
ters. The rigorous systematic search, under the supervision of
medical library experts, adds value to the current study. The
inclusion of only prospective studies is a major strength, as
prospective studies have a temporal framework to assess cau-
sality (outcome occurring after exposure), which positions
them as strong scientific evidence. In addition, most of the
analyses were performed with the muscle parameter as a
continuous variable, assuming that the risk is proportional to
the parameter in question. Some studies had previously cate-
gorized the variables using percentiles or a specific value (cf.
Figures 3-5), which lost statistical information but made it
easier to use in clinical practice. Furthermore, following the
PRISMA checklist for reporting (cf. supporting information)
and the JBI methodology for writing improves the transpar-
ency, reproducibility and, ultimately, the overall quality of this
review. Moreover, we visualize the trend of associations be-
tween muscle parameters and fracture risk using adapted for-
est plots. Finally, our review highlights muscle parameters
that could be further analysed in a meta-analysis.

Conclusions

This scoping review gives a broad overview of the gaps and
evidences in the relationship between muscle parameters
and fragility fractures. Poorer muscle function followed by
lower muscle strength were the parameters mostly related
to a higher risk of incident fragility fractures. For daily clinical
practice, this review suggests that measures of HGS and GS
are the most useful methods to assess muscle-dependent
fracture risk. This supports their use in the evaluation of
sarcopenia. This review also confirms that muscle mass, as
currently defined, is a poor independent predictor of fragility
fracture. For future research and development of fragility
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fracture prediction models, it will be necessary to determine
whether muscle-associated fracture risk is fully independent
from other risk factors. In addition, further investigation of
DXA images, including body composition, using Al methods
may reveal new complex interactions between muscle tissue
and fragility fractures.
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