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Abstract

Cachexia, in the form of unintentional weight loss >5% in 12 months or less, and secondary sarcopenia in the form of
muscle wasting are serious conditions that affect clinical outcomes. A chronic disease state such as chronic kidney dis-
ease (CKD) often contributes to these wasting disorders. The purpose of this review is to summarize the prevalence of
cachexia and sarcopenia, their relationship with kidney function, and indicators for evaluating kidney function in pa-
tients with CKD. It is estimated that approximately half of all persons with CKD will develop cachexia with an estimated
annual mortality rate of 20%, but few studies have been conducted on cachexia in CKD. Hence, the true prevalence of
cachexia in CKD and its effects on kidney function and patient outcomes remain unclear. Some studies have highlighted
the concept of protein-energy wasting (PEW) which usually include sarcopenia and cachexia. Several studies have ex-
amined kidney function and CKD progression in patients with sarcopenia. Most studies use serum creatinine levels to
estimate kidney function. However, creatinine may be influenced by muscle mass, and creatinine-based glomerular fil-
tration rate may overestimate kidney function in patients with reduced muscle mass or muscle wasting. Cystatin C,
which is least affected by muscle mass, has been used in some studies, and creatinine-to-cystatin-C ratio has emerged
as an important prognostic marker. A previous study incorporating 428 320 participants reported that participants with
CKD and sarcopenia had a 33% higher hazard of mortality compared with those without (7% to 66%, P = 0.011), and
that those with sarcopenia were twice as likely to develop end-stage kidney disease (hazard ratio: 1.98; 1.45 to 2.70,
P < 0.001). Future studies on cachexia and sarcopenia in patients with CKD are needed to report rigorously defined
cachexia concerning kidney function. Moreover, in studies on sarcopenia with CKD, it is desirable to accumulate studies
using cystatin C to accurately estimate kidney function.
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Definition of cachexia and sarcopenia

Cachexia and sarcopenia are serious conditions that affect
the long-term prognosis of patients, with weight loss and loss
of muscle mass/strength as the main symptoms, respectively.
Cachexia was defined at a consensus conference in
Washington, USA, in 2006 as ‘a complex metabolic syndrome
associated with underlying iliness and characterized by loss of
muscle with or without loss of fat mass’.> Currently, the
widely accepted diagnostic criteria are weight loss of at least
5% in 12 months or less, plus three or more of the following
five criteria: decreased muscle strength, fatigue, anorexia,
low fat-free mass index, and abnormal biochemistry.® On
the other hand, sarcopenia is defined as a loss of muscle
mass and strength, which can be divided into ‘primary sarco-
penia’ due to aging and ‘secondary sarcopenia’ due to one or
more obvious causes such as reduced activity, chronic dis-
ease, or poor nutritional status.? The diagnostic criteria for
sarcopenia include screening by questionnaire (SARC-F) and
clinical suspicion, followed by the assessment of muscle
strength (grip strength and chair stand test), muscle quantity
and quality (dual-energy X-ray absorptiometry, bioelectrical
impedance analysis, computed tomography, and/or magnetic
resonance imaging), and physical performance (gait speed,
short physical performance battery, timed-up and go test,
and 400 m walk) to determine whether and how severe
sarcopenia is.>

Kidney function in cachexia and
protein-energy wasting

There is surprisingly little research on the prevalence of ca-
chexia in patients with chronic kidney disease (CKD) and its
impact on kidney function (Table 1). The presence of chronic
diseases is considered a cause of cachexia and sarcopenia,
and these include chronic wasting diseases such as cancer,
heart failure, CKD, chronic obstructive pulmonary disease, au-
toimmune diseases, and chronic infectious diseases/sepsis.l'2
von Haehling et al. estimate that the prevalence of CKD in the
population is 0.1% and report that 50% of them have
cachexia.®> They then estimate the number of patients with
cachexia in CKD to be 190 000 in Europe, 80 000 in the
United States, and 30 000 in Japan, and report a mortality
rate of 20% in 1 year. McKeaveny et al. studied 106 adult
patients on haemodialysis and reported that cachexia,
diagnosed by the definition of Evans et al.,* was present in
17 (16%) of them.”

On the other hand, there are some reports of CKD and
protein-energy wasting (PEW), a condition similar to ca-
chexia. PEW is a concept proposed by the International Soci-
ety of Renal Nutrition and Metabolism and the International

Society of Nephrology in 2008 and is defined as the state of
decreased body stores of protein and energy fuels (i.e., body
protein and fat masses).” The diagnostic criteria for PEW are
three or more of the following four criteria: low serum chem-
istry (albumin, transthyretin, or cholesterol), low body mass,
decreased muscle mass, and low protein or energy intakes,
which are similar in many, if not identical to cachexia.® Koppe
et al. have therefore proposed positioning cachexia as a se-
vere form of PEW.® In a previous study of PEW and CKD,
de Mutsert et al. divided patients with end-stage renal dis-
ease into normal nutrition, moderate PEW, and severe PEW
and reported that residual glomerular filtration rate calcu-
lated by the creatinine and urea clearance from a 24-h urine
sample was lower in the severe PEW group.” Dai et al.
reported a lower creatinine-based estimated glomerular
filtration rate (eGFR) in the PEW group than in the
well-nourished group, but there was no difference in
creatinine.® The PEW group includes more haemodialysis pa-
tients, and estimating the glomerular filtration rate of those
patients as zero may have an impact on eGFR. Hyun et al.
studied patients with CKD before the introduction of dialysis,
and divided them into five groups according to
creatinine-based eGFR severity.’ The results showed that
9% of all 1834 subjects had PEW, with 2.2% in Stage 1
CKD, 4.4% in Stage 2, 8.3% in Stage 3a, 6.2% in Stage 3b,
15.6% in Stage 4 and 24.6% in Stage 5, by group, and that
the prevalence of PEW tended to increase as the severity
of CKD progressed. In a study of 186 Spanish patients with
advanced kidney disease, Péres-Torres et al. reported that
PEW was present in 30% of all patients, 23% of men, and
39% of women, with a higher prevalence in women.*® In ad-
dition, one previous study incorporating 1031 CKD patients
had shown that PEW was associated with increased mortality
independently of other factors (risk ratio: 1.17, 95% confi-
dence interval: 1.11 to 1.23, P < 0.0001).2

Patients with CKD often suffer from cachexia and PEW as a
result of disease-related factors. The aetiology of PEW
encompasses anorexia, reduced energy and protein con-
sumption, hypermetabolism, uraemia, metabolic acidosis, de-
creased physical activity, decreased anabolism, comorbidities
(diabetes, chronic heart failure, coronary artery disease, pe-
ripheral artery disease, and depression), and dialysis.***
Therefore, patients with end-stage renal disease may have
low kidney function as well as cachexia, a serious condition
of PEW.

CKD is considered to be an important cause of cachexia,
but few studies have reported on cachexia and CKD, and
most studies have been on PEW and CKD. In patients with
CKD, PEW prevalence increases as the severity of CKD pro-
gresses, and can have a negative impact on kidney function.
More researches are needed in the future on the prevalence
of strictly defined cachexia and its impact on kidney function
in patients with CKD.

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 1589-1595
DOI: 10.1002/jcsm.13260



1591

Kidney function in cachexia and sarcopenia: Facts and numbers

‘ol}el uondNPaJ eain
"YYN ‘Juswissasse [eqo|b aAnd3(gNs ‘YOS ‘UoneISp piepue)s ‘gs ‘eale adepns Apoq o) paidaLIod djel uoijesly Jejniawolb [enpisas ‘Y4od ‘Buisem ABisua-uiaroid ‘ANId ‘Dbues ajipenb
-191u1 YOI ‘u1v304d BA1DEI-D ANAINSUSS YBIY ‘dYD-sY sisAjeipowsey ‘qH ‘91eJ UOIlel}|lj Je[nidwolb pajewiss ‘Y409 ‘auiuneasn ‘1 ‘aseasip Asupiy dluodyd ‘@D xapul ssew Apoq ‘[INg

‘@D padueape ul eixayded jo adAjousayd e ysijqeisa

0} palinbai aJe S3Ipn}s SAISUSIXS dJow ‘JBYHNn4 ‘qH
Buiniedas sjuaned jo sjdwes annejussaidal e 0} eixayded
0 sonsuR1deIRYD paulap ay) Ajdde 01 Apnis 1sa1) 9Y3 SISy
'S9SeISIP dIU0IYd

Jayro ul se sfemyied dljogeisw aswes ay} Bunedidwi
‘eIxayded 0} sped| }ey} ssad0Jd SNONUIIUOD B JO d)els
|enul 8yl spuodsaiiod \\Id eyl pue pareas Ajpsop ase
eixayoed pue p\Id eyl sisabbns uoissaiboid gy buunp
AbojoyredoisAyd eixayoed jo bBuipuelsispun juadal Y|

"BLIDID
M3d 01 siuswsale dnsoubelp mau idepe o031 areudoisdde
11 J9PISUOD SAN 'S|00) 1uaIBYIP Ag painsesw sjualed
@D padueape ysiueds ul palyiUSPI SBM  UOIMIINUIRIA

‘@D sisAjeipaid yum synpe ul gyd-sy paseasdul
pue ‘salaqelp pigiowod ‘Auanoe jedishyd mo| ‘0D
|e10)} MO| ‘uoiduNy |eual Yum pajenosse Ajpuapuadspul
sl M3d obels @D podueape yum saseanul AAId

"Jojeonsouboud se siaxiew jeuontiinu ayisodwod-uou
swiopadino jeyy sjuaned sisAleip pue sisAjeip-uou
@D ul y1oq Ayjeriow asned-|je jo Joydipasd juspuadapul
ue S| ‘snlels |eUOIIINU JO JOSSIsse plen e ‘YOS

‘apIMmplIom syuaied Joy
papaau Ajpushin ale sadueApe ‘BIXSYDED Y} PIIRIDOSSe
Ajjepow ybiy Aisn pue adusjesasd ybly ayy UIAID

*Aljeow wisl-1oys Jo ysu ybiy
Ajgexiewsal e yum pajedosse sem A\Id eyl Bunesipul
‘pPloy-G ‘19BUOJIS UDAD Sem UuoleDOSSe SIYy) ‘sasAjeue
juspuadap-awi} U] *dn-mojjo} Jo sieak 7 ul ysi Ayjeriow
paseandul pjoy-Z B Yum pajedosse Ajpuspuadsapul sem
DS 1ul0d-/ 8yl YU passasse se ‘auljaseq 1e p\Id 249A9S

juediubIs 10N ‘(£°01-58°9)

9'8 ShsiA  (8'9-G'G) 89 (4DI) uepaw ‘Y4499
1L00°0 > d ‘(££°0-89°0)

€£°0 SNSIBA (18°0-7L0) SL°0 (4OI) uelpaw ‘yin
.\u_”_.umr_umu JON SNSJ9A u_“_.uwr_umu

G—€ sabels @D Ul %S
—11 0} Z—| sabels gD Ul %z> wol} ‘sl 1y} ‘sauljpap

uolduUNy  [eudl USYM saseasdul  dudjerasd  AAId
1000 > d

'(6€) €€ snsivn (€7) €T snsivn (0€) 95 (%) M3Id
juediiubis

10N ‘v F £ SNSISA § F Q| SNSISA ¢ F /| ddueIes]d 1D
Juedijiubis

JON ‘6'0 F 9'ESNSIOA €L F 8'E SNSIOA || F L€ 1D
{USWOAA SNSISA USJA] SNSISA |e10]

L00'0 > d '9'tZ snsian

9°G| SNSISA Z°9 SNSISA €8 SNSISA {7 SNSISA 7' MId
‘(7L1) (G1>) G abe1s snsian (811)

(62-G1) ¥ 2be1S snsian (S01) (P—0€) q€ 2be1s snsian
(£T€) (65-G¥) e€ abels snsian (6€€) (68-09) T dbers
snsidn (L€Z) (06<) L 9b6eis yiHd paseq-suluneas)
6L0=4d

(L16-€0F) £T9 SnsIdA (£10L-S6) 99 (1/jow) 1D
'L00°0 > d ‘('L 1-0)

1’9 Y4D9 paseq-suluneald
(0Z€ "VPSM3d VDS 0}
mC_ULOuumv paysunouje|p snsisia : _‘D paysianou-||spn
%0¢ Ayjenow Jeak-|

‘000 0€

ueder ‘000 08 VSN Y3 ‘000 061 2doing ul syudired
‘9,05 dsi 1e syuaned ul adusjeAdld

'%0G YsH 1e syusned

‘o170 uonendod ur adusjeAdld

‘@D ul eixayoed Jo acudjerald sy} 10) sa1ewnsy

9'G  sSNsISA  (8'89-0)

1000 >d

‘0°S F L'f7 SNSIBA 6°C F TE SNSIBA 2°C F €7 Y401
‘(€51 1) uoninu jewioN

SNSISA (£9€) M3Id 1eISPO|A SNSISA (18) MId 949A8S

0'8Z (¥OI) uelpaw

(€'1€-0'€2)
‘Ing
(€'82) 0€ :uawom
(L7LL) 9L (uSN
‘8L'EL ¥ 79'L9
‘901

e1ep pajielsp ON

L'S F 9T IING
(£°SY) G8 :uswopn
(€'7S) LOL UdN
‘981

(9°6€) 9L USWOM
‘(7"09) 80L 1L :USN
‘T F6°€S

%3]

LEOL

elep psojielsp oN

L'y F L'7T NG
(6'8€) €79 :USWIOAN\
‘(L'19) 846 U3\
‘SL F 65

'L091

sjuaned
sisAjeipowaey
3npy

- wopBury payun

8107 Jaquwiardas
01 8007 Atenigay
woJdy INMAIN

ul uonedignd
93} paydieas

1ulpd jusnedino
@D pasuenpe
9y} buipuane
sjualled - uieds

syuaned @D
sishjeipald - ealoy|

sjuaned
@D - uUspams

ejep uo paseq
sajew}sy - ueder
vsn ‘adoing

sjuaned aseasip
|euas abeys-pug
- spueliayiaN ayL

,LC0C -
Aouaneaypd N

46107
- ‘e 1@ addoy|

VAT AN CEE
$9110]-2949d

6L 10T
- ’|e 1 unkH

oL 10T
-'le 18 1eq

910C -1
wc__smm_._ UoA

,600Z - '[e 13
PISININ 9P

uondudsaqg

uonduny Asupry

(a@s ¥ ueaw) NG
(%) 49puso

(@S F ueaw) aby
‘N

syalqns - Aiunod

Jeah - Joyiny

(Bunsem AS1aua-uiaioad pue eIxayoed) salpnis 8y JO SJlIsLSIORIRYD) T 3|qeL

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 1589-1595

DOI: 10.1002/jcsm.13260



M. Okamura et al.

1592

(sanunuo))

d1uadooies
KppJ1onas  usyo auow aue  pue elusdodles
Jo odusjenssd Jaybly e aaey ‘uonendjed

S}l Joj pasn uonenbs ayy Jo aAndadsaul
‘salioba1ed  Y4oo as0od  ulypum  syuedpiped

‘ainssaid poojq d1j03sAs pue
YDV ‘44D Buipnppul uonduny [euas ul dulpPap
JO S1012B} MSU paysl|gelss Joj juswisnipe Jaye
uane ‘selaqelp g 2dA1 yum ojdoad sssueder

Ul uoIdUN) [eUSL Ul BUIPIP YUM pajedosse
Apueoiyiubis  si ueds  yxig Apog-sjoym
e ybnosyy pajenjers  Auseqo  dlusdodies

'sonaqelp g adAy
pue uone|ndod >n3agelp-uou ay3 ul Yovn I3ybiy
pue Y459 JSMO| 0} SPesd| Ui} Ul YdIYym ‘uoipuny
[euas Buluipap yum pajeposse si eluadodies

"9seasIp Buiey|Igap d1UoIYd> pue uoiINu

Jo Jojedipul  juepodwi ue se  paziubodal
usaq buo| sey ‘bimispun pue Anseqo
yioq buifyussep Joy uonuysp |euonessdo

ue se pasn sem (PIYM NG H4D9 Ybly yum
pajeosse sem auoje ejuadodies “Y4od ybiy
pue @D Yum pajeosse sem Ausaqo djuadodies

‘SSew 9IsSNW MO| ueyy
Aujeriow pue ‘uonewwejyul ‘Auandeur jesisAyd
‘bunsem Abisus-uieyoid ‘buibe yum pajeosse
ABbuoss asow sem yibusuis IPSNW  MOT

osje pue ‘(zv0'0 = d ' pue gg ‘ec sobeys
ul %6°€l pue z pue | sabeis ul %9'6) SIg O}
Buipiodde @YD Jo sabeis padueApe aJow Ypm
syuedpiped ul yusjessasd siow sem elusdodies
1000 >d '8V F O —SNSISA L'€ F 6'L —
SNSIOA Q07 F $'C — SNSIOA |'E F €' 1—
‘Y4D9 paseq-suluIleald Ul 1k JUIPIP [enuuy
‘€000 =d '9vC ¥ 6'89

SNSIBA  |L'CC F+ 679 SNhSIdA €'6C + G9L
SNSIBA 9°07 F G'L/ Y4D9 paseg-aulunessd
!(58) A11seqo dlusdodies snsian (£87)

DAY ybiy d1uadodies-uop snsian (891) DY MO|
>1uadodies snsIaA (§0Z) D/ Mo| d1uadodies-UoN
1000 > d

"LLT9 F LELLSNSIOA LY SL F £G719 (T/jow) 1D
100°0 > d 'S6°0€ F T¥'LOL SnsIdA

07'6C F SL'TTL (Ww/Jw) Y493 paseq-suluneasd
'(807) eluadoodues
eluadodies-uoN !sa19qelq
1000 > d

‘SL'GL F GETLLSNSIDA98°ZL F 8679 (1/jow) 1D
10000 >d 'L9°LL ¥ G6°001 Snsidn

LY'8L F 61 L L1 (Ulw/Jw) Y499 paseqg-auluneald
(zv€) eluadodues

SNsIdA (0Zt) eluadodies-uoN !se1agelp INOYUAA
1000 > d

'G'9 SNSIBA '€ SNSIBA G°Z SNSIBA €77 (%) aID
'L00°0 >d 'v'6l F L'V6

L'V6 sSnsidA L[l F ['86
0'L6 Y4D® paseq-sulunesid
‘(z511) Ausaqo

c1uadodies snsian (0°'9L) duoje ANsaqQ SnsIan
(SEG1) suoje eluadodles snsIdA (GZE9) [ewoN
170 =d '(6-F) 9 SNSIaA (6—G) L s9dueles|d
aulunealrd pue eain [eudl Aq pajrended yY4o
'L00°0 >d (0°0L-LLD)

9%'9 SNSISA (L1 1—9'G) £'8 Suluijeald wniss
'100°0 > d ‘TS snsidA 91 MAd

!Mo7 snsian areudoiddy ‘yibuanys spsnip

080 = d '(0L—t) 9 SnsiaA (6—1) L sedueIEd]D
auluneasd pue eain |euas Aq parejndjed Y4o
1000 > d ‘(F'oL-T'¥)

69 SNSIBA (L LL—€'S) L'8 aulunean wniss
1000 > d ‘€¥ snsidA 61 MIAd

!Mo7 snsian a1eudoaddy !ssew apshp

SNSI9A (589)

SnsIsA 99| F
SNSI9A GGl F

(0'0e-¥'¥2) 0°'LT INg
"(%9°9G) 708 :UsWOoM
"%V E€Y) 919 :UBIN
(0'€8-0°LL) S'6L
‘0zvlL

('9%) 9t€ :USWOM
'(9°€S) 66€ USN
‘8Ll F 99

‘SpL

§6S1

UL F LTI ING
(€°9G) €709 :USWOAN
(L €¥) 1691 USN
‘L'9L ¥ §'6¥

"PELOL

(5'8€) £T1 USWOM
'(5°19) €0 U3\
‘€L F €9

‘0g€

synpe Jap|o buljemp-Auu
-nwwo) - uteds ‘puejod
‘spuepayiaN  ayy  ‘Ajey

5,020Z - [
‘|oeis|] ‘Auewisn ‘euisny

Z3|eZUO05)-0UalIOo|A

sjuaned

sajaqelp z 9dA) - ueder 5,020 - "|e 13 epnynd

sjuaned

sayaqelp z adAL - eulyd £,910C - |2 12 Buep

uone|ndod |esauan - ea10Y £, 910T-1e1® unAH

sjuaned

sisA|e1p JuspdU| - USPIMS . VL0z-"1esw eweAos|

uondudsaqg

uonouny Asupny

(a@s ¥ ueaw) |Ng
(%) 49puso

(@S ¥ ueaw) aby
‘N

s129lgns - Aipunod Jeak Joyiny

(eluadooues) saipnis ayj Jo soslIdOeIRYD) T d|qeL

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 1589-1595

DOI: 10.1002/jcsm.13260



1593

Kidney function in cachexia and sarcopenia: Facts and numbers

"Ol31eJ BUIUIE3ID (UIWNG e SULIN “YIN ‘UONEIASP piepuels ‘gs ‘bunsem
ABisus-uizyoid ‘A\Id ‘91ed uonesjly Jejniswolb ‘Y4o ‘YesH 4O S91N}Isu| [euoileN aY3 4O uonepunod syl ‘HIN4 ‘9jdoad sapjo ul eluadodies uo dnoub Buniom uesdoiny ayy ‘'dOSOMI
‘a)el uoneJy|ly Jejnidwolb parewnss ‘Y4oo Answondiosqe Ael-x Abisua-lenp ‘wx3q ‘D uneishd ‘3sAy 5 uneyshd ‘'sAd ‘suluneasd ‘au) uluneasd ‘1) ‘uoieioge|jod |edibojoiwapidsd
aseasip Asupn) J1uoayd ‘|d3-adlD ‘eseasip Asupiy 21uoiyd ‘gyD xapul ssew Apoq ‘[IAg ‘Apnis sAneniul uluag ‘S|g ‘olled sululjead-ol-uliwngle Aleunn ‘Ydy ‘uones 1e) pioukb o} ploipue ‘DY

‘sbuipul} INo a1epijeA 01 papasau ale D unelsho
Buisn saipnis aininy ‘a10ja49y) ‘eluadodies yum
syuaned ul sjpAd| auluneasd Buisn uonduny eust
Buissasse jo suoneywi ayr ybiyby sbuipuly
JNQ  "M0JIS  JSYe  SIBWODINO  uonelljigeyal
9sIanpe pue ‘eibeydsAp ‘ejuadodies
Y1IM PaleIdoSSe S| YD1 Paseq-aulullesld paless|3

"9seasIp |euas abeys-pua pue Ayljeriow
JO Jsu 8yl saseanul ejusdodses Jo dduasaid
9yl "@)D INOYUM B3SOyl Ul UudIS eyl 3|gnop
AP1ewixoidde sem adudjerasd siyr Lwog/0L
JUlWAW 09 > Y4Dd Ue Se pauysp uonduny
Asupny pasnpal ypum spuedpipied buowe o/'6
Jo 2ouajenald eruadooles sjgeqoid e punoy S

‘|leyidsoy
2Jed> 9ynde wol pabieydsip syuaned Japjo jo
|eAinans wel-buo| bunoipaad ul 1oessiul Ajgetiea
jusuwuiedwi [edisAyd pue aaniubod ‘elusdodies
‘elwakeue ‘Y499 1eyl ssjesisuowsp Apnis unQ

‘J0U sem
A 9IYM 6107 SOMV U0 paseq eluadodies
0} pojepd  Apesp  sem  slo@yD  ‘(9seasip
yeay pue ‘aseasip Janl ‘elwaepidisAp ‘sayaqelp
‘uoisuapadAy)  suoneoidwod  Joy  paisnipe
sishjeue uolissaibal d13s1I60| djeleAlNW 3y} U|

‘syuedpiped
Jewsou ul uey} eiusadooses yum sjuedpiped
ul juanbaiy asow sem (shogyD) soy4Hs moq

9LL'0=d
‘(0°0) 0 SNSIBA (9'8T) 8 SNSIBA (L'L) vl SnsIoA
(L'Ly) €L1 snsidA (£71G) 09 (%) eiusdodies

{(€) GL> snsian
(87) 67-GL SNsidA (Z0OE) 65—0E sSnsion (£9€)
68-09 SNSIBA (L1 1) 06< Y4Do paseq-auluneald

1000 >d 'v'0 F €1 SNSIdA G'0 F §'L D unelsh
51uadodies-uo snsian dluadodies

1000 > d

(%1'Gl) LS ewuadodies
1000 >d TLL FSTY
7’87 ¥4D9 paseq-suluneald
paiq sNsJaA PIAIAINS

1000 >d P10 ¥ 20'L

(%EVE) LG SNSIdA

SNSIdA €°G|L F

sns;dA - /1°0 F 0Ll 2dY4D9/shoy4Dd
'L00°0 > d
LLL F OL'69 snsioA L'GL F 8'GL shoydoe
'6€€0=d
‘'YL F 9°L9 SNSIA G'EL F §'69 MY4D1

'0£9°0 =d 'V1'0 ¥ 99°0 SNSISA €1°0 F §9°0 @D
‘eluadodJes SNSI9A [eWION USWOAN
2000 =d 10 ¥ 96°0

SNSIBA  /1'0  F [0l 3I0Y4D9/shoy4De
‘€000 =d
‘69l F £79 SnsA §'GL F 7L shoyins
‘0€C0=d
‘TEL F 099 SNSIOA 9°EL F $'89 dDY4Dd

"VLEO=d'6L0F 060SNSISA L0 F £8°0 9D
‘e1uad0dJes SNSISA [eWLION US|

(200 = d

‘%C¥L 'SNSIBA %8'6) 143-QMD 01} Buipiodxde

(8Y) 06€ :UsWOM
'(s) €Ty "usIN

‘8Ll FSEL
‘€lL8
'S F €6CING

(0'7S) vELY “USWONN
'(0°9%) €£€0v :USIN
'8'9 ¥ 879

1918

¥1'S ¥ 6'SC IINg
(%2'8%) 08 :usWop
(%8°15) 98 UsN
‘€79 ¥ 8'C8

‘991 ‘paid

706 ¥ 0'LTINg
(%1 '7S) €81 {USWOAA
(%6°GY) GGl USIN
'65°9 ¥ 96/

.wmm ..Uw>_>‘_3m

708

6CF L'TTING
(7°89) L9 :usSWOAN
‘(8"L€) ZOE UBN
'6'S F CTEL

‘676

sjuaned ayo.s - ueder

aseasIp
Asuppy 21uolyd yum sjen
-pInpul - Wwopbury payun

s|eyidsoy 0} paniw
-pe syuaned Apap|3 - Aley

sjenplaiput
Apopd Buremp-£Au
-nwwod AyyesHy - ueder

21202
- ’|e 13  INWIYSOA

1202
- "[e 32 UOSUN|IA

;1120 - '[e 19 beios

024202
- *|e 32 jounsny

uondudsaqg

uonouny Asupny

(a@s ¥ ueaw) |Ng
(%) 49puso

(@S ¥ ueaw) aby
‘N

s129lgns - Aipunod

Jeak Joyiny

(panunuo) z sjqeL

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 1589-1595

DOI: 10.1002/jcsm.13260



1594

M. Okamura et al.

Kidney function in sarcopenia

More studies on sarcopenia and kidney function in patients
with CKD have been reported than on cachexia and PEW
(Table 2). Isoyama et al. divided 330 haemodialysis patients
into two groups according to muscle mass or strength, re-
spectively, and reported that creatinine was lower in the
group with reduced muscle mass and strength, although
there were no significant differences in residual glomerular
filtration rate calculated by the renal urea and creatinine
clearances from a 24-h urine collection.*? Yang et al. showed
that serum creatinine and creatinine-based eGFR were lower
in the presence of sarcopenia in both diabetic and
non-diabetic patients.®® Hyun et al. conducted a large survey
of 10 734 people in South Korea and divided them into nor-
mal, sarcopenia alone, obesity alone, and sarcopenic obesity
groups.™® The results showed that creatinine-based eGFR was
lower in the order of these four groups and that the
prevalence of CKD was also higher. Fukuda et al. studied
sarcopenia and the ratio of the android fat mass divided by
the gynoid fat mass (A/G), dividing them into four
groups; non-sarcopenic low A/G, sarcopenic low A/G, non-
sarcopenic high A/G, and sarcopenic obesity.’> There were
discrepancies in creatinine-based eGFR among the four
groups, and the co-occurrence of sarcopenia and a high A/
G, referred to as sarcopenic obesity, resulted in the largest
decline in  creatinine-based eGFR over 1 vyear
Moreno-Gonzalez et al. reported that the prevalence of
sarcopenia increases with more severe CKD when severity
is classified using the formula, which estimates
creatinine-based eGFR, of the Berlin initiative study or the
chronic kidney disease epidemiological collaboration.*® Soraci
et al. reported that in elderly inpatients, those who died had
a lower creatinine-based eGFR and a higher prevalence of
sarcopenia compared with those who survived.?” Although
these studies use eGFR based on serum creatinine, Groothof
et al. have suggested that creatinine-based eGFR may be
overestimated due to the muscle mass of the subjects.’® In
settings of reduced muscle mass or muscle wasting, eGFR cal-
culated by cystatin C may more accurately capture kidney
function.’® Rizk et al. have reported that creatinine-to-
cystatin-C ratio is independently associated with mortality
regardless of race or kidney function among 22 316 US
veterans.'® Kusunoki et al. compared eGFR in community-
dwelling older people with and without sarcopenia.?® They
reported that there were significant differences in cystatin
C-based eGFR with and without sarcopenia, but not in
creatinine-based eGFR. Similarly, Wilkinson et al. reported
higher levels of cystatin C in sarcopenic patients with CKD
than in non-sarcopenic patients.”* Yoshimura et al. also re-
ported that the use of creatinine-based eGFR in stroke pa-
tients showed an opposite reduction in the prevalence of sar-
copenia as kidney function declined.?? In addition, three
previous studies showed that sarcopenia, particularly loss of

muscle strength, was associated with increased mortality in
patients with CKD.***”?! One previous study incorporating
428 320 participants reported that participants with CKD
and sarcopenia had a 33% higher hazard of mortality com-
pared with those without (7% to 66%, P = 0.011), and that
those with sarcopenia were twice as likely to develop
end-stage kidney disease (hazard ratio: 1.98; 1.45 to 2.70,
P < 0.001).

Future studies on sarcopenia in patients with CKD will
need to use cystatin C to accurately estimate kidney func-
tion. Although there have been several studies on sarcope-
nia and kidney function, most studies used creatinine to
estimate eGFR. Creatinine is known to be influenced by
muscle mass and the use of creatinine-based eGFR in sar-
copenia patients with reduced muscle mass may overesti-
mate kidney function. There are, in fact, some studies that
show the opposite trend to what might be expected, such
as a decline in kidney function accompanied by a decline
in the prevalence of sarcopenia. In contrast, cystatin C is
known to be less affected by muscle mass and more accu-
rate in estimating GFR than creatinine.?® Therefore, more
studies of sarcopenia in patients with CKD using cystatin
C may be warranted to more accurately estimated kidney
function.

Conclusions

The presence of cachexia and sarcopenia can adversely affect
patients’ prognosis, so they should be evaluated for CKD and
other chronic diseases. However, although there are some
studies about PEW and CKD, surprisingly little research has
been conducted on cachexia and kidney function in CKD,
and new studies are warranted. The use of creatinine in
sarcopenia patients with reduced muscle mass or muscle
wasting may overestimate kidney function and further
studies using cystatin C will be required to accurately assess
kidney function in patients with CKD.

Acknowledgements

The authors of this manuscript certify that they comply with
the ethical guidelines for authorship and publishing in the
Journal of Cachexia, Sarcopenia and Muscle.** Open Access
funding enabled and organized by Projekt DEAL.

Conflict of interest statement

Masatsugu Okamura and Masaaki Konishi have no conflict of
interest to disclose. Javed Butler reports consulting fees from
Abbott, Adrenomed, Amgen, Array, Astra-Zeneca, Bayer,

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 1589-1595
DOI: 10.1002/jcsm.13260



Kidney function in cachexia and sarcopenia: Facts and numbers

1595

Boehringer Ingelheim, Bristol Myers Squibb, CVRx, G3 Phar-
maceutical, Impulse Dynamics, Innolife, Janssen, LivaNova,
Luitpold, Medtronic, Merck, Novartis, Novo-Nordisk, Roche,
and Vifor. Kamyar Kalantar-Zadeh has received honoraria
and/or support from Abbott, Ardelyx, Astra-Zeneca, Cara,
Daiichi, DaVita, Fresenius, GSK, Haymarket Media, Kabi,
Novartis, Novo-Nordisk, Pfizer, Sanofi, Shire, Travere, and
Vifor. Stephan von Haehling has been a paid consultant for
and/or received honoraria payments from Astra-Zeneca,

Bayer, Boehringer Ingelheim, BRAHMS, Chugai, Griinenthal, work.

References

. Evans WJ, Morley JE, Argiles J, Bales C,
Baracos V, Guttridge D, et al. Cachexia: a
new definition. Clin Nutr 2008;27:793-799.
. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y,
Bruyére O, Cederholm T, et al. Sarcopenia:
revised European consensus on definition
and diagnosis. Age Ageing 2019;48:16-31.
. von Haehling S, Anker MS, Anker SD. Prev-
alence and clinical impact of cachexia in
chronic illness in Europe, USA, and Japan:
facts and numbers update 2016. J Cachexia
Sarcopenia Muscle 2016;7:507-509.

. McKeaveney C, Slee A, Adamson G,
Davenport A, Farrington K, Fouque D,
et al. Using a generic definition of cachexia
in patients with kidney disease receiving
haemodialysis: a longitudinal (pilot) study.
Nephrol Dial Transplant 2021;36:
1919-1926.

. Fouque D, Kalantar-Zadeh K, Kopple J, Cano
N, Chauveau P, Cuppari L, et al. A proposed
nomenclature and diagnostic criteria for
protein—energy wasting in acute and
chronic kidney disease. Kidney Int 2008;
73:391-398.

. Koppe L, Fouque D, Kalantar-Zadeh K. Kid-
ney cachexia or protein-energy wasting in
chronic kidney disease: facts and numbers.
J Cachexia Sarcopenia Muscle 2019;10:
479-484.

. de Mutsert R, Grootendorst DC,
Boeschoten EW, Brandts H, Van Manen
JG, Krediet RT, et al. Subjective global as-
sessment of nutritional status is strongly
associated with mortality in chronic dialysis
patients. Am J Clin Nutr 2009;89:787-793.
. Dai L, Mukai H, Lindholm B, Heimbdrger O,
Barany P, Stenvinkel P, et al. Clinical global
assessment of nutritional status as predic-
tor of mortality in chronic kidney disease
patients. PLoS ONE 2017;12:e0186659.

. Hyun YY, Lee KB, Han SH, Kim YH, Kim YS,
Lee SW, et al. Nutritional status in adults
with predialysis chronic kidney disease:

10.

11.

12.

13.

14.

15.

16.

17.

KNOW-CKD study. J Korean Med Sci 2017;
32:257-263.

Pérez-Torres A, Gonzalez Garcia ME, San
José-Valiente B, Bajo Rubio MA, Celadilla
Diez O, Lépez-Sobaler AM, et al. Protein-
energy wasting syndrome in advanced
chronic kidney disease: prevalence and
specific clinical characteristics. Nefrologia
(Engl Ed) 2018;38:141-151.

Obi Y, Qader H, Kovesdy CP, Kalantar-
Zadeh K. Latest consensus and update on
protein-energy wasting in chronic kidney
disease. Curr Opin Clin Nutr Metab Care
2015;18:254-262.

Isoyama N, Qureshi AR, Avesani CM,
Lindholm B, Barany P, Heimbirger O,
et al. Comparative associations of muscle
mass and muscle strength with mortality
in dialysis patients. Clin J/ Am Soc Nephrol
2014;9:1720-1728.

Yang R, Zhang Y, Shen X, Yan S. Sarcopenia
associated with renal function in the pa-
tients with type 2 diabetes. Diabetes Res
Clin Pract 2016;118:121-129.

Hyun YY, Lee KB, Rhee EJ, Park CY, Chang Y,
Ryu S. Chronic kidney disease and high
eGFR according to body composition phe-
notype in adults with normal BMI. Nutr
Metab Cardiovasc Dis 2016;26:1088-1095.
Fukuda T, Bouchi R, Asakawa M, Takeuchi
T, Shiba K, Tsujimoto K, et al. Sarcopenic
obesity is associated with a faster decline
in renal function in people with type 2 dia-
betes. Diabet Med 2020;37:105-113.
Moreno-Gonzalez R, Corbella X, Mattace-
Raso F, Tap L, Sieber C, Freiberger E, et al.
Prevalence of sarcopenia in
community-dwelling older adults using
the updated EWGSOP2 definition accord-
ing to kidney function and albuminuria.
BMC Geriatr 2020;20:327.

Soraci L, Corica F, Corsonello A, Remelli F,
Abete P, Bellelli G, et al. Prognostic inter-
play of kidney function with sarcopenia,

18.

19.

20.

21.

22.

23.

24,

Helsinn, Hexal, Novartis, Pharmacosmos, Respicardia, Roche,
Servier, Sorin, and Vifor. Stephan von Haehling reports re-
search support from Amgen, Boehringer Ingelheim, IMI, and
the German Center for Cardiovascular Research (DZHK).
Stefan D. Anker has received grants from Abbott Vascular
and Vifor International; and has received personal fees from
Abbott Vascular, Actimed, Vifor, Bayer, Boehringer Ingelheim,
Brahms, Novartis, Servier, Impulse Dynamics, Cardiac Dimen-
sions, and Thermo Fisher Scientific; all outside the submitted

anemia, disability and cognitive impair-
ment. The GLISTEN study. Eur J Intern
Med 2021;93:57-63.

Groothof D, Post A, Polinder-Bos HA, Erler
NS, Flores-Guerrero JL, Kootstra-Ros JE,
et al. Muscle mass and estimates of renal
function: a longitudinal cohort study. J Ca-
chexia  Sarcopenia  Muscle 2022;13:
2031-2043.

Rizk JG, Streja E, Wenziger C, Shlipak MG,
Norris KC, Crowley ST, et al. Serum Creati-
nine-to-cystatin-C ratio as a potential mus-
cle mass surrogate and racial differences in
mortality. J Ren Nutr 2021;S1051-2276:
294-296.

Kusunoki H, Tsuji S, Kusukawa T, Wada Y,
Tamaki K, Nagai K, et al. Relationships be-
tween cystatin C- and creatinine-based
eGFR in Japanese rural community-dwell-
ing older adults with sarcopenia. Clin Exp
Nephrol 2021;25:231-239.

Wilkinson TJ, Miksza J, Yates T, Lightfoot CJ,
Baker LA, Watson EL, et al. Association of
sarcopenia with mortality and end-stage
renal disease in those with chronic
kidney disease: a UK Biobank study. J
Cachexia Sarcopenia Muscle 2021;12:
586-598.

Yoshimura Y, Wakabayashi H, Nagano F,
Bise T, Shimazu S, Shiraishi A. Elevated
creatinine-based estimated glomerular fil-
tration rate is associated with increased
risk of sarcopenia, dysphagia, and reduced
functional recovery after stroke. J Stroke
Cerebrovasc Dis 2021;30:105491.

Ferguson TW, Komenda P, Tangri N.
Cystatin C as a biomarker for estimating
glomerular filtration rate. Curr Opin
Nephrol Hypertens 2015;24:295-300.

von Haehling S, Coats AJS, Anker SD.
Ethical guidelines for publishing in the
Journal of Cachexia, Sarcopenia and Mus-
cle: update 2021. J Cachexia Sarcopenia
Muscle 2021;12:2259-2261.

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 1589-1595

DOI: 10.1002/jcsm.13260



	Kidney function in cachexia and sarcopenia: Facts and numbers
	Definition of cachexia and sarcopenia
	Kidney function in cachexia and �protein�&hyphen;�energy wasting
	Kidney function in sarcopenia
	Conclusions
	Conflict of interest statement
	References



