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Abstract

Background Muscle wasting and unintentional weight loss (cachexia) have been associated with worse outcomes in heart
failure (HF), but timely identication of these adverse phenomena is difilt. Spot urinary creatinine may be an easily acces-

sible marker to assess muscle loss and cachexia. This study investigated the association of urinary creatinine with body com-
position changes and outcomes in patients with new-onset or worsening HF (WHF).

Methods In BIOSTAT-CHF, baseline spot urinary creatinine measurements were available in 2315 patients with new-onset or
WHEF in an international cohort (index cohort) and a validation cohort of 1431 similar patients from Scotland.

Results Median spot urinary creatinine concentrations were 5.2 £8.6] mmol/L in the index cohort. Median age was

69 £ 12 years and 73% were men. Lower spot urinary creatinine was associated with older age, lower height and weight, worse
renal function, more severe HF, and a higher riske&@% weight loss from baseline to 9 months (odds ratio = 1.23, 95%

Cl = 1.091.39 per log decreaseP = 0.001). Spot urinary creatinine was associated with Evans criteria of cachexia
(OR = 1.26 per log decrease, 95% Cl =-11.19;P = 0.016) and clustered with markers of heart failure severity in hierarchical
cluster analyses. Lower urinary creatinine was associated with poorer exercise capacity and quality of [Re<(iiofiD1) and
predicted a higher rate for all-cause mortality [hazard ratio (HR) = 1.27, 95% Cl--4B& per log decreasd < 0.001] and

the combined endpoints HF hospitalization or all-cause mortality (HR = 1.23, 95% CtE314%er log decreas® < 0.001).

Signi cance was lost after addition of the BIOSTAT risk model. Analyses of the validation cohort yielded sidiilgs.
Conclusions Lower spot urinary creatinine is associated with smaller body dimensions, renal dysfunction, and more severe
HF in patients with new-onset/WHF. Additionally, lower spot urinary creatinine is associated with an increased risk of weight
loss and a poorer exercise capacity/quality of life. Urinary creatinine could therefore be a novel, easily obtainable marker to
assess (risk of) muscle wasting in HF patients.

Keywords Urinary creatinine; Muscle wasting; Weight loss; Acute heart failure
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Introduction enrolled 1738 patients from Scotland, UK. Recruited patients

) _ ) o ) ‘were receiving oral or intravenous furosemid¢0 mg/day or
Unintentional weight loss or cachexia is common in heart faiqyivalents, had left ventricular ejection fraction

ure (HF) and associated with adverse outcorh@ésA state of (LVEF) 40%, or had brain natriuretic peptide (BNP) concen-
cachexia may reect underlying muscle loss (in addition to faty ations > 400 pg/mL and/or N-terminal pro-B-type natri-
or bone tissue loss), which is associated with decreased exgfatic peptide (NT-proBNP) concentration000 pg/mL at
cise capacity, reduced muscle strength, and a worse outcorgigs time of inclusion. Both inpatients and outpatients were
in patients with HF® However, subclinical muscle wastinganrolied, but most patients had worsening signs/symptoms
does not always result in lower body weight and can ofterys chronic HE (WHF), and the rest had new-onsefHRves-

go undetected’ Patients who are obese or of normal bodytigators were encouraged to initiate new evidence-based
weight may still have underlying muscle wastfhgand oe- therapies or uptitrate current therapies in therst 3 months
dema may also mask underlying muscle breakdown. Concej}-the study, followed by a 6-month period of maintenance
trations of serum creatinine, produced after stableyhase. The study was conducted according to the Declaration
conversion of creatine largely found in skeletal muscles, agg Helsinki and was approved by all local and national ethical

generally used to estimate glomerulaitration rate. HOW- - committees. All patients provided written informed consent.
ever, provided that renal function, physical activity, and die-

tary protein intake remain consistent, it can also be used as
a marker to reect (peripheral) muscle catabolistnCur- Study assessments
rently, 24 h creatinine excretion rate is used as a measure
of muscle wasting, and recent studies have shown that lowgaseline spot urinary creatinine measurements were avail-
urinary creatinine is an independent predictor of worse outyple in 2315 (92%) patients in the index cohort and 1431
comes in the general population and in various chronic ill(82%) patients in the validation cohort. The exact timing of
nesses such as HF, coronary artery disease, diabegﬁ,t urinary measurements was not spei in the study
mellitus, and chronic kidney disea%e: protocol. Patients missing baseline urinary creatinine were
Even though 24 h urine collection is a reliable measure Qfycjuded 6 = 201 for the index cohort and = 307 for the
muscle breakdown, it is a time-consuming procedure and ofpyjigation cohort). Baseline characteristics according to in-
ten inconvenient for patients>*°In a recent analysis of the ¢|yded and excluded patients for index and validation cohort
GISSI-HF study, we showed that morning spot urinary creatisye peen shown in Supporting InformaticFables $ and
nine, an inexpensive and easily accessible marker, was ass@.i‘Urinary samples were stored at80°C until measurement
ated with smaller body dimensions and worse outcomes it the clinical laboratory of University Medical Center
chronic HF® However, previous studies have not investiGroningen using the Roche Cobas® analyser. Measurements
gated its role in patients with acute/worsening HF (WHF). It neutrophil gelatinase-associated lipocalin (NGAL) were
addition, the association between spot urinary creatinin%erformed at the laboratory of University Medical Center
and weight loss over time has not yet been studied in pagyrecht, using a Luminex-based in-house developed and vali-
tients with HF. Therefore, the aims of the current study werggteq multiplex immunoassay (xMAP; Luminex, Austin, TX
to investigate the value of spot urinary creatinine (as reviously publishedi® N-terminal pro-brain natriuretic pep-
marker of muscle wasting) in new-onset or WHF patients;qe (NT-proBNP) concentrations were measured using
to predict outcomes and to evaluate its association withyjectrochemiluminescence on a Cobas e411 analyser (Roche
weight loss. We hypothesize that lower urinary Creatini”‘biagnostics GmbH, Mannheim, Germat{yall other bio-
may be an easily obtainable marker to identify HF patientg,grkers were measured as published previodf} Esti-
at risk of muscle wasting, who might ultimately beridrom  mated glomerular Itration rate (eGFR) was calculated using
interventions aimed at increasing muscle mass. the simpli ed Modi cation of Diet in Renal Disease (MDRD)
formula. Weight was measured at baseline and at 9 months.
Weight loss or weight gain was deed as difference in
weight between baseline and 9 months; furthermore, weight

Methods loss or weight gain greater than 5% within 9 months was cal-
culated (Fearo's criteria for cachexid). Lastly, we used the
Study population Evans criteria for cachexia, which includes weight 056

from baseline to 9 months and C-reactive protein
Study design and results of BIOSTAT-CHF (A systems BIQIOBY) > 5 mg/L or interleukin-6 (IL6)> 4 pg/mL,
Study to Tailored Treatment in Chronic Heart Failure) haveemoglobin< 7.45 mmol/L, and albumirc 32 d/L2® The
been previously publisheti™° Brie y, in the multicentre, 6-min walking test was used as a measure of physical activity
prospective, observational study, 2516 patients within the index cohort; however, this was unavailable in the val-
new-onset HF or WHF were enrolled. The validation cohoidation cohort. For the index cohort, a clinical congestion
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score (range from 0 to 5) was deed as the sum of jugular Environment for Statistical Computing, version 3.5.1
venous pressure (JVP) (0 to 1), extent of peripheral oedenfR Foundation for Statistical Computing, Vienna, Austria).
(0, 1/3, 2/3, or 1) and orthopnoea (0 to 1), with a maximum
score of 4 in the validation cohort, as orthopnoea was not
assessed in this cohot®.

Results

Statistical analysis Baseline characteristics index cohort

Baseline characteristics were summarized according to qugfaseline characteristics of the index cohort according to uri-
tiles of urinary creatinine for the index and validation cohortnary creatinine quartiles are shown ireble1. Brie y, mean
Categorical variables were summarized as frequency (p&ge was 69 (£12) years, 73% (1696) of the patients were
centages) and continuous variables as mean + standard dewen. 60% had a NYHA class IIl/IV, and mean LVEF was 31%
ation or as median [inter-quartile range] based on normalf¥9.9%). Median urinary creatinine concentrations were 5.2
skewed distribution. Differences between quartiles of spot2-7—9.6] mmol/L in the index cohort. Lower urinary creati-
urinary creatinine were tested for sigriance using Fishar nine concentrations were associated with older age and
exact test for categorical variables, Kruskhllis test for Smaller body dimensions (lower height, weight and BMI at
continuous skewed variables, and analysis of varian&&seline and at 9 months? < 0.001) TableI). Patients in
(ANOVA) for continuous normally distributed variableghe lowest urinary creatinine quartile were more likely to
Trends over quartiles were tested with Cochrémmitage have severe HF (worse NYHA class and higher NT-proBNP
trend test for categorical variables, JonckheeFerpstra for concentrationsP < 0.001), signs and symptoms of conges-
non-normally distributed variables, and linear regressiolon such as oedema, orthopnoea, rales, elevated JVP, hepa-
model for normally distributed variables. Non-normally distomegaly, elevated clinical congestion score fa# 0.032),
tributed variables were log transformed or standardized fopnd poorer renal function (low eGFR and high BUN concen-
further analyses where necessary. The association of baselff@tions, allP< 0.001) TableI). There was no signcant dif-
clinical variables with baseline urinary creatinine concentrderence in loop diuretic use and LVEF across the quartiles;
tions and percentage change in weight were investigated iowever, patients with lower urinary creatinine did require
univariable and multivariable linear regression models. Trandigher doses of loop diuretics. These patients also had a
formations were veried using multifractional polynomials. higher urinary sodium-to-creatinine rati®& 0.001) Table

All variables with aP-value< 0.10 in univariable analysesl). Men had higher urinary creatinine concentrations com-
were included in the multivariable models. Multivariable reared with women P < 0.001) Table 1). Patients from the
gression models were constructed via backward eliminatid@West creatinine quartile were sigréantly more likely to

and validated using 1000 replicate bootstrap re-samplinglave >5% weight loss over a period of 9 months
The correlation heatmaps and dendrograms were codP < 0.001) Table 1, FigureI). Interestingly, patients with
structed using the ggplot2, reshape2, fastcluster, Hmisc, aHyver urinary creatinine concentrations had a sigrantly
sparcl packages in R. The association between spot urind@er exercise capacity, as assessed by the 6-min walking test
creatinine and weight loss was investigated using & < 0.001), and experienced a poorer quality of life as
univariable logistic regression model. The association of spatsessed by the EuroQote dimension visual analogue scale
urinary creatinine concentrations with endpoints all-causéEQ-5D VAS) and Kansas City Cardiomyopathy Questionnaire
mortality and the combined endpoint all-cause mortalit(KCCQ)R'< 0.001) Table 1). Not only urinary creatinine
and rst occurrence of HF rehospitalisation was assess®dt also weight loss was an independent predictor of lower
using Cox regression hazards proportional analysis. PropBXercise capacity.

tional hazards assumptions were checked usingltmgplots

and Schoenfeld residuals. Models were adjusted for body

mass index (BMI), age, sex, eGFR, and loop diuretic doseS@seline predictors of urinary creatinine

baseline. Following this, the outcome analyses were adjust@&bncentrations and hierarchical cluster analysis

for the respective previously published models for all-cause

mortality, and the combined endpoint of all-cause mortalityPredictors of urinary creatinine concentrations in the index
and heart failure hospitalizatioff: KaplarMeier curves were cohort are presented iTable2. In a multivariable linear re-
used to investigate prognostic ability of urinary creatiningyression model, lower spot urinary creatinine was associated
concentrations and weight loss for the endpoints. Differencesith higher plasma NT-proBNP, female sex, lower diastolic
between groups were tested using a log-rank test. Alood pressure, lower plasma sodium, and was borderline
two-tailed Pvalue< 0.05 was considered statistically signi non-signi cant for oedema and orthopnoea(= 0.06) Table
cant. All analyses were performed using R: a Language af)d The results of hierarchical clustering of variables and a

Journal of Cachexia, Sarcopenia and Mug621
DOI: 10.1002/jcsm.12690



P. Pandhet al.

(senunuo))

2200 (Te) g's (€9) 06 (68) L9 (69) z'0T aol
2920 (te) 5°g (Lv) 08 (z9) 6'8 () T2 19xewaded
T00°0> (z) szt (96) €97 (eTT) €6T (6TT) 9°02 24dvo
9/6°0 (eTT) T'02 (svT) L'v2 (tz1) 9°02 (s21) 9’12 10d
€170 (902) L°9¢ (622) 6'8¢ (zz2) 6'L8 (Lz2) Z'68 uonoJeyul [e1predoki
000> (L12) 98¢ (292) 971 (£82) 0’67 (612) Z'8Y uone|ug  [emy
06.°0 (9s5¢) €29 (19¢) ¥'19 (¥8€) 5'99 (¥Se) T'T9 uoisusuadAH
T000> (Tv1) T'S¢ (es1) T'TE (s81) 9°'TE (L12) 9'L€ uopeziendsoy 4H snoinaid
(81) Z°€ (81) 1€ (02) e 81 T°E
(ovT) 6172 (v17) 962 (281) 6'1€ (z81) ¥'1€
(292) 997 (G22) 897 (6¥2) G'2v (922) L'L¥
(z9) T0T (t9) '8 (09) zotT (L8 9 I
T00°0 4H Buluasiom/uonesuadwodap o1 Joud ssejd YHAN
((u ) %) ‘Kioisly feopaiy
T00°0> [0o/-sv] 09 [0/-0v] 05 [0/-0v] 55 [soov] 05 SYAd S O3
T000> [T2-1¥] 95 [29-v€] 8y [b9-212] vv [6522] ev [ele}e)
T00°0> [28e-09T] 00€ [09e-04] 672 [ove-0] 05T [sze-0] 08T (w) 1MmIN9
000> [eT-0l 00 [eT-0]l €0 [21-0l0T [0z-¢coleT 2109s uonsabuod [ealud
T00°0> (99) 00T (e ver (86) 89T (ToT) 527 ((u) %) ArebsworedsH
T000> (96) 8'S52 (96) 2S¢ (Lv1) 9°.¢€ (T21) 8tV (M%) dAC parens|3
Z€0°0 (L&) 19T (s¥) 9°'sT (62) €€2 (01) 012 ((W) %) sple  Bun| saddn /T <sajey
1000 > (esm) €22 (987) 9°'1€ (zz2) T'8e (vv2) zey ((u) %) esoudoyno
T000> (e6) 02 (01T) 992 (£91) '€ (981) '€ (U %) apjue anoqe ewapso [elsyduad
9820 6T ¥ 08 6T 6. 0C 708 0C 718 (wrdag) dH
T000> €T 8. €T ¥G. 6ET F VL €T FeL (BHww) dga
100°0> 0Z ¥82T Zz¥9et €T F YT zz¥eet (BHWW) dgs
aullaseq Je 9| oud [eaiulo
2100 vEFTO 2eFTO 62CFT0 8CF€0 (Jw/B¥) 1ng ul abueyd
100°0> 1'S¥88¢ 6'SF28C £679/2 £6F2.L2 syyuow 6 Je (,w/Bx) INg
100°0> 7S5¥982 £€67082 vSF LT SSFELL auleseq 1e (,w/by) INg
100°0> T6FE2CLT 98 FZTLI 6 F LOLT 26 FG69T (o) 1yB1aH
8760 (¥8) z'8T (96) 8°02 (06) L'T2 (t2) 08T ((u) 9%) ureb wbam 9,G <
T00°0> (82) 69T (68) €67 (00T) T'¥2 (¥o1) €92 ((u) %) sso| 1yBram 946 <
5200 ¥'0T €0 26710 S8 F Y0 G8760 (6>) wbram ur abueyd
100°0> ¥'6T F0°98 ¥'6T FT'E8 LT F808 LT FL8L stpuow 6 1e (B3) Wb
000> €8T ¥ 618 18T €728 08T ¥6°08 6'LT¥68L auleseq 1e (63) ybiapm
mo_waOQo.EE(
1900 00T ¥2°0¢ SOTFT'TE 80T F9'T¢E 60T FETE (%) 43A1
or) 12 (19) L6 (01 6'TT (zom) 927 Al
(9v2) 8'ev (¥82) €87 (00g) Z'TS (682) 6'67 1
(Tv2) 6°2F (r12) v'9g (¥81) v'1E (891) 0°'62 Il
(91) 82 (6)ST (1) 92 (zn) 1Z I
T00°0> (W) ssejo YHAN
T00'0> 02T ¥8'59 L'TT ¥5°89 v'IT ¥6°0.L 02T ¥20. (s1eak) aby
T000> (zsv) vo8 (zvv) Z'SL (ozv) L'T2 (z8€) 0°99 ((u) %) usin
solydelbowaq
[sot-0oTTlO°CT [e's-09l02 [sv-zelze [cz-¢Tl8T (Inowiw) suiunes.o Areuun
295 885 98g 6.5 N
anjend O €0 0 10 Sa|gele

110402 Xapul 8y} Jo} suluiessd Areun jo sajiienb o) Buipiodoe sonsusioeeyd aulesed T a|qel

Journal of Cachexia, Sarcopenia and Mug621

DOI: 10.1002/jcsm.12690



Urinary creatinine in new-onset and worsening HF

‘arel uonen)

"ainssald poojq 21j01sAs ‘dgS ‘uonuaigul Areuolod snosueinaiad ‘| Dd ‘UoNBI0SSY UeaH 3HI0A MaN ‘VHAN ‘opndad onainureu ureig-oid feuiwal-N
‘dNgoud-1N ‘uiedsod) parerdosse-aseu f1e[ab lydosinau “TyoON ‘sisiuofejue 101dadal plodniodofelsulW ‘YN (UoioRI) UORIA[D Jejnaimuan Yol ‘43AT ‘adreuuonsand AyredoAwoipied
A sesuey ‘DD ‘ainssaid snoudn feinbinf ‘dAC ‘1o1e|juqg ap Jauanolpred ajqeluelduwi ‘gD] ‘ael Leay ‘YH ‘ainjre) Ueay ‘4H ‘apeas anbojeue [ensia uoisuawip aA [0doIng ‘SYA ds-O3

re|niawolb parewnsg49a ‘ainssaid poojq d1joiselp ‘dgqa ‘Adeiay) uoneziuoiydsuAsal deipied ‘14D ‘aseasip Areuow|nd aAIONIISCO J1U0IYD ‘40D A1abins yelb ssedAq

Aiaure Areuolod ‘9gyD ‘uaboaiiu eain poojq ‘NNg :Xapul ssew Apog ‘|IAg ‘Si19320]q Joxdadal uisualolbue ‘gyy ‘siolqgiyul swAzua Bunlaauod uisualolibue ‘1I30V 1581 Bupjem uiw 9 ‘1 MIN9
‘ajendoidde se [abuel 8 [nrenbisjul] ueipaw 1o UONBIASP pJepuelS F UeaW Se pajuasald aiem SajgeleA Snonunuod pue ((slaquinu) o) se pajuasaid aiam sajqelen [eauobare),

T00°0> [2-€ls [FT-9] 6 [gz-zT]l 8T [89- 82] ev oljes sulureaIo/WNIPoS Areuln
000> [o's—-1'egl €05 [s'v6-8's€] 6'65 [eTTT-2¢v) €69 [s's0T-5'6€] 099 (wyBu) TvON
T000> [oege-8vil €TLT [s¥8¥— s0zT] 9.%2 [2599- 621T] ¥E0E [cz18T/¥T] 9528 (71/6u) dNngoJd-IN
T000> l[6e-62] v¢ [ge-12] €€ [2e-92] 2¢ [6e-9z] z¢ (1/6) uiwingly
100°0> [L€8- ¢S] 1'89 [1'6/-5'Sv] 609 [g'G.-2Lel L'vS [T'G.-€cv] 8'vS (W eL T/MWW) Y499
000> [ceT-g9l68 [ooT-v 2] T1T [Boz-T8l0ZT [20z-08] 52T (oww) NNg
T00'0> [FTT-08] 96 [ozT-€8] TOT [ovT-88] 0TT [eeT-v8] 0T (now ) suiunesrd
5000 [ov-6€l et [Lv-6€let [sr-6€lzt [sv6¢€lzty (Inoww) wnisselod
T000> [eyT-8¢<T] OVT [eyT— 2Tl OVT [Ty1-9cTl 6€T [erT-9¢eT] BET (Inoww) wnipos
100°0> [BvT-g2Tl g€t [ovT-02T] et [bT-9 1Tl 82T ryT-2TT] TET (Ip/B) uigojhowseH
aullase( Je sia)lewolq ewse|d
G8€°0 (201) 06T (901) 08T (0TT) 8'8T (121) 6°02 uixobig
700 (5T€) 0°95 (sz¢) €'95 (80¢€) 925 (€62) 9°05 VN
1200 (z2) 67¢ (te) €g (eg) 95 () T2 asop 19b.e] U0 9%
2000 (0o6%) 2'/8 (06v) €'€8 (8.%) 918 (99v) 508 S12X00]|q-e1eg
€200 (06) 09T (18) 8°¢€T Tty T1er (89) L'TT asop 186.e) uo %,
T00°0> (eev) 022 (zvv) TS (€6€) T°29 (oov) T'69 gydv/30v
000> [s.-ov] o [os-ov] oF [reT-0v] s¥ [sz1- ov] 09 (swsreainbs spiwssoiny Jo Bw ) sesop onainip dooT
2800 (£59) T'66 (589) 566 (989) 0'00T (£29) 2°66 sonainip doon
auleseq 1e ((u ) %) ‘Aioisiy uoneolpsiy
8700 (v) '8 (s9) T°TT (s2) 8zt (e ver aseas|p Aiaue [esayduad
TT0°0 (L2) LT (s6) 29T (9z1) 512 (v0T1) 0'8T adoo
¥0T°0 (091) 582 (681) T'2€ (6€2) 807 (921) v'08 snyjjaw salaqelq
€700 (re) 09 (Te) €9 (ry) a2 (6) G'8 aol pue (149) 480ed renoluanlg
anfend <o) €0 0 0 Sa|qeen

(panunuod) T 3|qe L

Journal of Cachexia, Sarcopenia and Mug621

DOI: 10.1002/jcsm.12690



6 P. Pandhét al.

78
7]
2
E 89.
=
o
2
= oNo weight loss>5%
S 100 oWeight loss>5%
G
el
(]
£
5

104
0% 20% 40% 60% 80% 100%

Percentage of patients with/without >5% weight loss

Figure 1 Percentage of patients with or without more than 5% weight loss (in 9 months) per quartile of urinary creatinine (index cohort).

Table 2 Multivariable linear regression model for predictors of baselingz| = 1.031.27 per log decrease? = 0.015], and especially
log urinary creatinine for the index cohdrt . . C
a risk of more than 5% weight loss in 9 months

_ Beta (OR = 1.23, 95% CIl = 14939 per log decrease;
Variaple coef cient Tvalue Pvalue p_ 0 001)Table3). Lower urinary creatinine was also a sig-
EIBP i 8-8?§ g-gg;‘ <8-8gé ni cant predictor of a more stringent daition of cachexia

asma sodaium . . . . . . . . .
Plasma BUN 0.050 1786 oo7a (Evanscriteria), which incorporates abnormal biochemistry
Peripheral oedema above ankle 0.109 1788 0074 (OR = 1.26 per log decrease, 95% Cl = -1108;
Orthopnoea 0.110 1885  0.060 P = 0.016) Table3). As shown in Supporting Information,
Plasma NT-proBNP 0.068 2.356 0.019

Table 8, in a multivariable model of weight loss including

BMI, NT-proBNP, and urinary creatinine, urinary creatinine
BUN, blood urea nitrogen; DBP, diastolic blood pressure; NT- yqq non-signicant (P = 0.064).

proBNP, N-terminal pro-brain natriuretic peptide.

> = 0.06, continuous variables are presented per standard

deviation.

Female sex 0.207 3.366 0.001

Urinary creatinine and outcomes

correlation heatmap for the index cohort are presented irDuring a median follow-up of 21 months @7 months), out
Figures? and 3, respectively. In a hierarchical cluster analysigs 2315 patients, 61 (26.4%) died and 950 (41.0%) experi-
(Figure2), urinary creatinine clustered with NT-proBNP angced the combined endpoint mortality and/or HF hospitali-
troponin T. Interestingly, urinary creatinine did not clustetation. In a univariable Cox regression model, lower urinary
with BMI or albumin. The heatmay-igureJ) illustrates that  creatinine was signcantly associated with higher all-cause
urinary creatinine concentrations are most strongly COMe€mortality [hazard ratio (HR = 1.27, 95% CI = 41138 per
lated with FGF23 (Spearmanrho:  0.25, P < 0.001), |og decreaseP < 0.001] and the combined endpoint of
GDF-15 (Spearman rho:  0.24, P < 0.001), and gji.cause mortality and HF hospitalization (HR = 1.23, 95%
NT-proBNP (Spearmarrho: 0.24,P< 0.001). Cl = 1.151.31 per log decreasd® < 0.001) Table4, Figure

4). The associations remained sigrant even after adjusting

for BMI, age, sex, eGFR, and baseline loop diuretic dose. The
Urinary creatinine and weight loss association was, however, attenuated after additional adjust-

ment for the BIOSTAT risk mod@laple4). Lastly, a decrease
Lower urinary creatinine was a sigoant predictor of in weight from baseline to 9 months and 5% weight loss
weight loss at 9 months [odds ratio (OR) = 1.14, 95%redicted a higher risk of combined endpoint (Supporting
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Figure 2 Biomarker position of spot urinary creatinine depicted in hierarchical cluster analysis (index cohort). Abbreviations: Bio-ADM, biolegically ac
tive adrenomedullin; BMI, body mass index; CRP, C-reactive protein; F®F#3ast growth factor 23; GDF15, growth differentiation factor 15; GFR,
glomerular Itration rate; HDL, high density lipoprotein; IL6, interleukin-6; LDL, low density lipoprotein; NT-proBNP, N-terminal pro-brain natriuretic
peptide.

Information, Figures $ and S2). This, however, did not re- per log decrease;P = 0.004, Supporting Information,
main signicant after adjustment for urinary creatinine Figure 3), even after adjusting for BMI, age, sex, eGFR, and
(P = 0.105) or after adjustment for the BIOSTAT risk mod&@op diuretic dose but was attenuated after adjusting for
(P=0.522). BIOSTAT risk score (Supporting Informafi@hle ).

Validation cohort Discussion

Median urinary creatinine was 3.9 (21L2) mmol/L. Mean In this study, we showed that in patients with new-onset/
age was 75 + 11 years, 68.4% (979) of the patients weworsening HF, lower spot urinary creatinine concentrations
men, and mean LVEF was 41 + 13. Patients with lower urinamgre associated with smaller body dimensions, renal dys-
creatinine had lower height, weight, and BMI (Blk 0.008) function, and more advanced HF. Furthermore, lower urinary
and were more often womenR < 0.001). Patients in this creatinine was associated with an increased risk of weight
group had more severe HF [worse NYHA class, higHess and adverse outcomes in patients with new-onset/
NT-proBNP concentrations, more rales R 0.021)], and worsening HF. Thesendings were validated in an external
higher urinary sodium/creatinine rati®& 0.001) (Supporting cohort yielding similar ndings.

Information, Table ). In a multivariable model, per log

decrease in urinary creatinine was associated with lower

height, weight, and plasma sodium (Supporting Informatior5POt urinary creatinine, weight loss, and muscle
Table $). In hierarchical cluster analysis (Supportingvasting in new-onset/worsening heart failure
Information, Figure 8), urinary creatinine clustered with

potassium and was part of a greater cluster that includedleasurement of creatinine concentrations in a 24 h urine
albumin and BMI. The heatmap (Supporting Informatiorsample may be a useful marker to estimate muscle loss, as it
Figure 8) showed that urinary creatinine was correlated withis produced after stable conversion of creatine, which is mostly
NT-proBNP (Spearmiarrho: 0.13,P < 0.001) and sodium found in skeletal muscleé&The reliability of 24 h urinary creat-
(Spearmats rho: 0.12,P < 0.001). Lower urinary creatinine inine excretion as a measure of muscle wasting has been
was associated with a greater risk of all-cause mortalitywvestigated in several chronic illness populatfoh$ and
(HR = 1.13, 95% CI = 10127 per log decreasd> = 0.039) correlated with muscle mass measured using different
and the combined endpoint (HR = 1.16, 95% CI =418 techniques, including bioimpedance analysis, computerized
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Figure 3 Biomarker position of spot urinary creatinine depicted in a correlation heatmap (index cohort). Abbreviations: Bio-ADM, biologically active
adrenomedullin; BMI, body mass index; CRP, C-reactive protein; F®F&3ast growth factor 23; GDF15, growth differentiation factor 15; GFR, glo-
merular ltration rate; HDL, high density lipoprotein; IL6, interleukin-6; LDL, low density lipoprotein; NT-proBNP, N-terminal pro-brain natriuretic
peptide.

tomography (CT), magnetic resonance imaging (MRI), and d&alrthermore, we recently demonstrated that lower urinary
X-ray absorptiometry (DEXA) sc&ré:?>2®However, despite creatinine measured in spot urine samples was associated
its value, 24 h urine collection is often considered unreliablayith smaller body dimensions and poor outcomes in chronic
cumbersome, and are rarely obtained in HF patient$®lna HF® Therefore, in the current study, we propose spot urinary
population-based study, lower spot urinary creatinine wasreatinine as an inexpensive and easily quaattie approach
found to be associated with an increased risk of cardiovascular identify new onset/worsening HF patients at risk of (sub)
events, compared with subjects in the highest tertile, who hadlinical muscle wasting, as well as cachexia, who might bene
lower risk of developing coronary artery disease, hyperterfrom additional interventions (if possible) to improve
sion, dyslipidaemia, and had a better renal functfdn. outcomes.
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Table 3 Univariable logistic regression model for predictors of baselingtrength in addition to muscle mass and. thus. could serve
log urinary creatinine for the index cohort . ' '
as a marker of sarcopenia.

Per log urinary creatinine

decrease
OR [CI] P-value
Weight loss (yes/no) 1.14[1.03-1.27]  0.015 Spot urinary creatinine and outcomes
Weight loss > 5% 1.23[1.09-1.39] 0.001
Weight loss > 10% 1.20[1.00-1.43]  0.051 ] )
Evans criteria for cachexia (yes/no) 1.26 [1.04-1.49]  0.016 In our study, we also demonstrated that patients with lower

— — — spot urinary creatinine had a higher risk of mortality or (re-)
De nition Evans’ criteria for cachexia: weight loss> 5% from base- o . .
line to 9 months and CRP > 5 mg/L or IL6 > 4 pg/mL, hospitalization, most likely driven by more advanced HF
Hb < 7.45 mmol/L, and albumin <32 d/L. (higher NT-proBNP, worse renal function, and more conges-
OR, odds ratio; Cl, con dence interval. tion), as the association was lost after adjustment for the
BIOSTAT risk model. We hypothesize that the association be-
We showed that lower urinary creatinine concentrationgween urinary creatinine and heart failure severity is driven
were associated with smaller body dimensions (lower BMby an underlying state of wasting that affects all types of tis-
height, and weight) and an increased risk of5%) weight suyes, including fat, bones, and muscles. Although the HF pa-
loss at 9 months. Various studies have shown that HF pgents in our study may have co-existent co-morbidities, the
tients with lower BMI have an increased risk of mortality irfact that NT-proBNP was associated with urinary creatinine
contrast to those with a higher BMI, a phenomenon knowrynd weight loss suggests that the state of wasting may be in-
as the obesity paradok?®?°Although the precise underlying duced due to severe HF. This is also supported by theing
reasons are unclear, one explanation is the fact that lowehat urinary creatinine clustered with NT-proBNP, rather than
BMI may be identifying HF patients with lowered musclenarkers of cachexia (such as IL6, CRP, and haemoglobin) in hi-
mass. Cachexia and muscle wasting both have a high prewgarchical cluster analyses. There are several underlying mech-
lence of 16-20% in chronic HF and are associated with worsgnisms of wasting in HF, but the general consensus is that it is
outcomes'~*°However, the role of muscle wasting in acute/caused by an anabolic-catabolic imbalance. A combination of
Worsening HF still remains undescribed, and studies Sl’]("wv)rmc)na]disturbancesl release of mnmatory Cytokine& re-
that more than a third of these patients may exhibit musclejuced protein synthesis, and active protein degradation all
loss®** Consequently, timely diagnosis of these conditiongontribute to body wasting. This, along with a decreased ap-
may help improve outcomes. However, muscle wasting capetite, reduced physical activity, and fatigue further worsens
not be detected using weighing scales alone, as skeletal myfe wasting state’® As a result, using spot urinary creatinine,
cle mass can be replaced by age-related increase in adipage may be able to identify sicker HF patients with more ad-
tissue, and weight can be imenced by presence of oedemayanced disease and a higher risk of wasting.
and diuretic treatmenf-1°As a result, spot urinary creatinine Overall, ndings in the index and the validation cohort
may be an easily accessible approach to distinguish patief{gre comparable, and the small differences may be due to
with cachexia and (underlying) muscle wasting. We alggss severe HF in the validation cohort (lesser congestion
found that patients with lower urinary creatinine had worseand lower NT-proBNP concentrations). Lastly, the value of
exercise capacity, as shown by a shorter distance walked dgpot urinary creatinine assessment in HF has now been vali-
ing the 6-min walking test. As severe HF typically manifesggted across three cohorts, showing a consistent association
with reduced exercise performanéespot urinary creatinine of Jower urinary creatinine with more severe HF and poor
may also help differentiate patients with reduced musclgyytcomes!®

Table 4 Cox regression analysis of urinary creatinine for all-cause mortality and combined endpoint for the index cohort

All-cause mortality Combined endpoint
Index cohort HR [CI] P-value HR [CI] P-value
Urinary creatinine per log decrease 1.27 [1.17-1.38] <0.001 1.23[1.15-1.31] <0.001
Adjusted for BMI, age, sex, eGFR, and loop diuretic dose at baseline 1.20 [1.09-1.32] <0.001 1.16 [1.08-1.25] <0.001
Adjusted for the above with the addition of the BIOSTAT risk model ® 1.03[0.93-1.15] 0.550 1.01[0.93 -1.10] 0.759

Combined endpoint: age, HF hospitalization in previous year, presence of oedema, log NT-proBNP, systolic blood pressure, haemoglobin,

high-density lipoprotein, sodium, and beta-blocker use at baseline.

BIOSTAT, A systems BIOlogy Study to Tailored Treatment in Chronic Heart Failure; BMI, body mass index; Cl, codence interval; eGFR,
estimated glomerular ltration rate; HR, hazard ratio.

*Variables in the BIOSTAT risk score: All-cause mortality: age, log blood urea nitrogen (BUN), log NT-proBNP, haemoglobin, and
beta-blocker use at baseline.
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Figure 4 Kaplan Meier survival curve (index cohort) for combined endpoint (all-cause mortality or HF hospitalization) according to urinary creatinine
value (above/equal to or below the median). Abbreviations: uCR, urinary creatinine.

Future perspectives intervention studies. Lastly, spot urinary creatinine may be in-
corporated in future cachexia and/or sarcopenia d#ions
Spot urinary creatinine may be used to identify patients whdor detecting these conditions in HF patients.
could benet from exercise interventions to improve progno-
sis. Currently, data on the effects of exercise training in acute
HF patients are still scarce, as this patient group is often ekimitations
cluded from trials due to severity of HF. In the EJECTION-HF
trial, acute HF patients randomized to 24 weeks of supervis€dur study is limited by its retrospective design and all results
centre-based exercise training showed sigaint reduction are observational. As 24 h urinary creatinine was not mea-
in all-cause death (based on small number of events), bsured in BIOSTAT-CHF, correlation between spot urinary cre-
no improvement in combined endpoint of all-cause mortalityatinine and 24 h urinary creatinine measurements in this
or readmissiond? In the REHAB-HF pilot study, a 12-week rezohort is unknown. Weight at 9 months was not available
habilitation programme focused on improving strengthjn the validation cohort, and we did not use the same
balance, mobility, and endurance showed a trend towardweighing scale for all patients. We could not distinguish in
improved physical function and decreased hospitalizatiorsur study whether weight loss was (un)intentional, caused
in acute HF patients®> Recent evidence suggests thatby uid loss or by muscle wasting. Fluid loss caused by di-
exercise training, combined with nutritional support (e.g. prouretics may partly have contributed to the association of uri-
teinfamino acid supplementation, preventing vitamin/nary creatinine with weight loss, as patients with lower
mineral de ciencies), has shown considerable benen urinary creatinine concentrations had a higher urinary so-
chronic HF patient§3* Assessment of urinary creatinine atdium/creatinine ratio. However, associations with outcomes
baseline and during such studies would be of great interesemained signicant even after adjusting for baseline loop di-
to illustrate an improvement of muscle mass during exerciseretic doses, suggesting a larger effect of muscle loss. An
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important factor to consider when using spot urinary sampleEigure SXaplan Meier survival curve (index cohort) for com-

to predict outcomes is that the average creatinine measuretined endpoint (all-cause mortality or HF hospitalization) ac-

in a spot sample may be higher compared with 24 h measureerding to percentage weight loss (above or below 5%)*

ment at a similar urine spect gravity. Urine osmolarity can Figure S3Biomarker position of spot urinary creatinine

also in uence the actual measured concentrations, and wedepicted in hierarchical cluster analysis (validation cohort)

could not adjust for this->®In dilute urine (urine spect Figure S4Biomarker position of spot urinary creatinine

gravity 1.005), spot measurement and 24 h measuremerdepicted in a correlation heatmap (validation cohort)

had a high intraclass correlation of 98.7%. However, in cofrigure SEaplan Meier survival curve (validation cohort) for

centrated urine (gravity 1.020), the correlation decreasedcombined endpoint (all-cause mortality or HF hospitalization)

to 26.8%, and values of spot samples were widelgccording to urinary creatinine value (above/equal to or be-

distributed® As spot samples may overestimate urinary creow the median)

atinine concentrations, this is likely to result in an underestiTable S1Baseline characteristics of included and excluded

mation of the mortality risk in the context of ourndings. We patients for the index cohort

were not able to assess the correlation of urinary creatinindable S2Baseline characteristics of included and excluded

with advanced body composition imaging techniques sugbatients for the validation cohort

as CT, MRI, or DEXA, as these were not available in our stubigble SMultivariable linear regression model for predictors

Future prospective cohort studies and functional analyses acé percentage weight change from baseline (per unit in-

required to corroborate our results and establish the value ofrease) for the index cohort*

spot urinary creatinine in new-onset/WHF and to investigat&able SBaseline characteristics according to quartiles of uri-

the effects of interventions to improve muscle mass on spatary creatinine for the validation cohort

urinary creatinine concentrations. Table SSMultivariable linear regression model for predictors
of baseline urinary creatinine for the validation cohort*
Table S6Cox regression analysis of urinary creatinine for

Conclusions all-cause mortality and combined endpoint for the validation
cohort

Lower spot urinary creatinine is associated with smaller body

dimensions, renal dysfunction, and more severe HF in pa-

tients with new-onset/WHF. Additionally, lower spot urinary

creatinine is associated with an increased risk of weight loss,

poorer exercise capacity, and a decreased quality of life. Ug ;

nary creatinine could therefore be a novel, easily obtainabletorl ict of Interest

marker to assess (risk of) muscle wasting in HF patients. P.P., KW.S., K.D., and J.M.t.M. have nothing to declare. A.A.V.
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