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Construction of nomogram model for predicting cardiorenal syndrome in

patients with heart failure
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[ Abstract)Objective . To construct and validate the individualized nomogram model for predicting the risk of cardiorenal syndrome in
patients with heart failure,by analyzing the independent risk factors of heart failure patients complicated with cardiorenal syndrome.
Methods ; A total of 621 patients diagnosed with acute heart failure in our hospital from January 2010 to December 2019 were included
in the study,and they were randomized into modeling group(70%) and validation group (30% ). Univariate and multivariate logistic
regression were used to analyze the independent risk factors of cardiorenal syndrome in patients with heart failure. R software was used
to construct a nomogram model of the risk of cardiorenal syndrome in patients with heart failure. Results . Multivariate logistic regres—
sion analysis showed that age,diabetes mellitus, NYHA grade and estimated glomerular filtration rate (eGFR) were independent risk
factors of heart failure complicated with cardiorenal syndrome. Through the internal and external validation,the AUC value was
0.807(95%C1=0.771-0.843) in the modeling group and 0.798 (95%CI1=0.757-0.839) in the validation group. The calibration curves
of both the modeling group and the validation group have indicated that the prediction model has good stability. Conclusion ; This
nomogram can accurately predict the individualized risk of cardiorenal syndrome in patients with heart failure,,and has high potential
clinical application value.

[Key words ]cardiorenal syndrome ; heart failure ; nomogram ; prediction model

L 'E£EG1IE (cardiorenal syndrome, CRS) 42— U I REFR S AL BT B Atk B L, KA T
R H LA AR IR R B, CRS 1 EZRHIE SREFAIEFEAE Y, 25%~44% 11).00 5 Fo 5 e AT e A 1) 23

FENE L X Bl 12576975700 oom, HIB CRS AHGRYIG PRZE B Wl PRI BLAY th B P78
R F @SR T R AR B I D RE A P A Be XRG4 T BT
BIEMEE 2 S, Email:3395534539@qq.com, ST R A 3 R PR R, R, CRS (i 22

ESTE: €& FH TSR RB (%% .2018MSXM100) .,
: AIibG b AR Seahple AR Sl AR A
2 5 HH BR < htps/kns.cnki.net/kems/detail/50.1046.R.20210323.1648.004.himl (S ARCYINIINR RS I G L Rt §

(2021-03-25) Wi CRS 14 R B8 5455 5 1 A, DGk i R 22k



ERERKZEFIR 2021 £5 46 55 4 5 ( Journal of Chongging Medical University 2021.Vol.46 No.4 )

— 489 —

R T30, A P BURE USR8,

VLA, CRS SIS W AT IFFE A D
BB /NER 38 45 2R (estimated  glomerular filtration
rate,eGFR) | F1 25 1 HUR 1145 B 5K R (urinary an—
giotensinogen , uAGT) %5 IIfi PR 48 #5247 1T 4H N7 (%) BfF
FEM, BRI, AT T CRS R AT AE 7R S
W, HHT, RGBS TR ARSI CRS By H 2
P AEAT Bk = R Y T 5 12 B R B CRS, AT
J ) RBCT T, 512 R —Fp T 2 R ]
IH 53 B 25 R A e DB TR T RS, kg £
MNEIRIEAT RS SRS R BA 20 B 4 BT ) —
ST b AR P2z, DA DA VPA i Ay 2 )
BN P &SRR R RN TERR R, SR 5ERY 0
VRS A b SR KT G T 2 Tl 4 b, OF B
DAAT R Y J7 252 B T PRl I R S
T EA S IR RAOH®, AWFTE B 1EARSE CRS X,
B AR OC TR , T EEST —AS T CRS XU (4 51 2 5]
B, R AT B TN s fe iR, R e fa
H SRR PG IRYT .

1 BRETE

1.1 R

AW R BRSS9 A KT 52 R 2010 4E 1 H 2 2019
AF 12 E BT B e A IR R SR BE X)) AT 2 W
AL IR 621 2 BE . SO T IR ISR AR
ESC 2005 4F2 2015 4F &AL 2 WibniER, AR gA
JT A B 2t ) RIS T E T S BE (R A S BE X)) N
BEOOFEBER T 2 d BB, HEBRARIEQ T L B E AT iR
# s ABER eGFR<30 mL/(min-1.73 m?) (3% 5 A i 8 =™
TG R 5 PR BRI al A BH AR 5 W PRAH DGR A PR AN 4
HRAEANBEIRE, HEBR 289 B3 fefa , 344 621 s 2t J)
IR ENAARTF, i SRR AR 7:3 19 LE )
WA BRI BB ARE (70%) 5AE AR (30%) , 1EBE
7 d M B G R ARG B B2 R i HAs W 2 2
et KDIGO H5 11,
1.2 WLEIKAT

FEARIG R FRAEWE A AR L (body mass in—
dex, BMI) | WRARPIRIE | 56 oo B2 | e I i B PR s s B2
KPR e sl . SCER Z R PR G UET .BNP C SR & [
(C-reactive protein, CRP), it &GI8 prI e d T rh B e rp
DL ABEHINS: . eGFR & Cockeroft—Gault 3315801,
1.3 %itsam

i R A (BRAR 3.5.3; https://www.R—project.org) S AH

KARFPATHATEE 3T o LB T AN e A P 2
AR, LATEZS 23 (4 1 22 A8 B 7R 80 + BRifE2E (x £5),
GrZAR R LIS (L)) FoR , e SE8 b i~ (il 1 E Sy
A B 0k ST 20 ¢ K e AN A TE AR 5041 BE B Mann—Whitney
KR IEAT O o 702878 BRI R O K30 ) Fisher ¥5H0AG S 1L
B, TEEBHER TR (2R logistic 11553
BT PEEE Y IC AN FERl, S5 SN B TR, 412k <45
AL 2 FR4) : NPRRUE MRS IE , &5, @i 1 000 Y
KHFERY bootstrap LT INERIGIE, UK B h kAo
TE R ROC M T A AUC AHITARIZAS RN /3 HERE T, 24
AUC{H=0.7 i, A A BIBE RE 11 824s . i Hosmer—
Lemeshow #5555 15 v I 2k RTINS 70 () s oA B0 e
57K E a=0.05,

2.1 EAABEL EABE— AR A

HABE AT 435 ], P50 B ZEAAE (102 1)) 53RO
BFLEAAE (333 0) . BUE AT 186 M), Horh A ff 0 B £ A ik
(43 ) SR B L AAE (143 ), 2 SRR ILFE 1,

F1 EEABRSHEIEABHERER (n, % x2s)
TEBEATE B IEANHE

AR

i (n=435) (n=186) Pl
ARG % 56.9+11.3 578109  0.508
PRI (B ) 211(48.5) 93(50.0)  0.501
BMI/(kg-m?) 0.911

<24 281(64.6) 120(64.5)

=24 154(35.4) 66(35.5)

R 229(52.6) 97(522)  0.684
= UINES 208(47.8) 89(47.8)  0.893
DR 168(38.6) 70(37.6)  0.481
P A 93(21.4) 42(22.7) 0.164
NYHA 434 0.456

I 5(1.1) 2(1.0)

I 12(2.8) 5(2.7)

I 204(46.9) 88(47.3)

I\ 214(49.2) 91(48.9)
WUBF/(mol - L) 102.4 = 28.6 101.9+29.1  0.738
BNP/(ng-L™") 1208.6 £380.1 1189.9+372.8 0.145
CRP/(mg-L™") 10.6 + 4.1 11.1+£35 0238
eGFR/(mL-min"-1.73 m?)  74.6 +18.1 729£204  0.128
DB ERAE 102(24.1) 43(23.1) 0398

22 BPESWER

AR R WA AT 85 5w AR PR NYHA 439% WL
fif \BNP CRP il eGFR % 2= 5 ¥ HAT G it & L (P<0.05)
(FR2), T2 HNREBIASHIERR A NYHA 5



— 490 —

BERERKZFR 2021 £5 46 55 4 # ( Journal of Chongging Medical University 2021.Vol.46 No.4 )

P BEIRIGHT eGFR J2.00 17 500 58 2 L0 B 2 B E Rt ST
fER K & (P<0.05) (% 2),
2.3 W RBEHIFAC B EAIEN 6 5] & E

WA Z KR DA 5, 2D ERE IR OB EE
AEJRUS: A2 (1),
2.4 3\ L& E AR TN A Al AT

AR AR AUC {54 0.807 (95%C1=0.771~

Zx i

0.843) (K] 2A) ; Bl AFEHIZ AT AUC R 0.798(95%Cl=
0.757~0.839) (¥ 2B) ,
2.5 REH

AR HE (B 3A) FNYIE AE (B 3B) A HER /R 1%
TSR M M 2k S hrik i3 Bz, S5 IR EE Ir h
TR TR 05 S PRSI TE TR KR 2 . A (P=
0.656) & iE AR (P=0.119),

®2 BRR.ZERREASHER

BRI logistic [\

EASES logistic [1] S|

A
OR 95%CI P OR 95%CI P
AR 1.048 1.009~1.069 0.003 1.048 1.009~1.069 0.003
el 1.2 0.8~1.9 0.344 - - -
BMI
<4 S
=24 1.3 0.6~1.9 NS - - -
T 1.0 1.0~1.1 0.054 - - -
f=iINES 5.4 0.5~58.8 0.165 - - -
BEbRI 457 4.1~511.1 0.002 7.1 5.5~9.1 <0.001
PP B S 1.1 0.7~1.8 0.678 - . -
NYHA 432
I 0.9 0.5~1.6 0.763 - - -
I 1.3 0.8~2.2 0.318 - - -
| 19.5 17.3~24.8 <0.001 11.6 6.3~18.1 <0.001
v 24.7 20.3~28.1 <0.001 18.3 12.2~22.0 <0.001
JULTEF 13 1.1~1.9 0.034 1.1 0.6~1.3 0.263
BNP 1.6 1.4~1.9 0.022 12 0.7~1.5 0.357
CRP 1.9 1.3~2.8 0.007 14 0.8~1.9 0.233
eGFR 0.7 0.3~0.9 0.005 0.8 0.6~0.9 0.016
0 10 20 30 40 50 60 70 80 90 100
ﬂ?ﬁ'} [ I L A (1 I i I L i J
!Er—ﬂ]%\ Ll LJ L} v L} L} Ll L
20 30 40 50 60 70 80 90
R % #
«CFR ¢ . : ' - \
120 100 80 60 40 20
NYHA%M% i ’ L g
I I Il \Y
E.‘ﬁ}. r T Y T T T L T T Y T 1
0 40 80 120 160 200 240 280 320 360 400 440
r T L) ¥ 1
Linear Predictor -5 0 5 10 15
J “II gL:A/ o ( ? L Ll Ll L) L) Ll T LS 1
B 2R E Y XU o o e
B 1 filbzEEEHFELOSEESERE RS % ERE



ERERKZEFIR 2021 £5 46 55 4 5 ( Journal of Chongging Medical University 2021.Vol.46 No.4 ) — 491 —
AUC=0.807 AUC=0.798
1.0 1.0 -
0.8 0.8 -
0.6 0.6 -
il fesal
# #
E 044 8 04
0.2 0.2 -
0.0 0.0 —
T T T T T I T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1S 1S
AL AR B. IS UEAHE
B 2 FIZLEETNOEEEHZOEEEMHEXER ROC #ik
1.04 1.0
0.8 0.8
§ 0.61 0.6 1
E
K 0.4 04
—
0.2 0.2 s
il |
]
0.01..- ‘ ' 0.0 .o - . ' ‘
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
oA oA
A B B. 35 ATHE
3 FIZERETORE BEH LD BEEMERE R &R
RIRFEFNEFET- B IAHOC, Bt X CRS H/E
303 it S0 RN B T 2 W, SR, AR A

OMERNE BERRS 5 R B A A A B G 2, L)
RES ML . O 2 SR AUE IR R A A
I B IE S ST SR LR R S r A TR A, KA A2
CLANREAE BUR A RORZEAE 2R D aTs Ak, AR H
ZVARYSE L, CRS & — M IR 45 B T AH ELARAST A
TR, B VD BE RG-S BOAB SR B 4k Kk
PEDIRERERT . CRS Je2— 2Bk PEp By 7 R, HAT
19 AR AN R ST R AR AL, 40 TR PR R G ok
TUUE A, CRS KA R A B A FEALH R LA
7%, EEW LA AR RAES R A A
EALZBIRAHEAEH], DLtk DO el T st
L0 A RHIE RS CRS 5 2P O D RE T SR 5 Y e

BEXT 2 O DI RE 0 B AT L CRS 1y HL 2 st
AU qnfe] DA AR e A SE B 2 O D e v SR
I CRS BT, 52—~ B 2E s, H
B, SN B )12 0 T 2 Fhgis 2 Wi s 43
B HNE S B A %) i A 235 SR ROt FH P Ao 1Y)
AL ST, AT B RO A H S G iy ke S -4
o BT TR,

AW SR, AEH eGFR B JR%%E A1 NYHA 45
P& CRS WS B R, SRR —3, &
15 BE IR S FBARAK A FE Rl eGFR $471] R
H|CRS MERAESERE, WA, AR5 &I NYHA
SRR CRS MEZEHIMA T, 5 NYHA 1 1%
AHEE,NYHA I VR ) &4 CRS,



— 492 —

ERXRERKZEFIR 2021 £5 46 5 4 #5 ( Journal of Chongging Medical University 2021.Vol.46 No.4 )

AT B U S T S O ) v R
B CRS AR BF 2R IR 1281 2k RIS R T 4 4
TAT A RO A AR A FE PRAE 2T 1k, T DA 8 | 1
MR S O D BE R B I CRS KU B A
B G 2L EIB R AUC {5°50.807;
FEREEE 2B R IR AUC {Eh 0.798, 1
HEMZE R, TR RN A LR A R SE | % 51 26
IR ARL MR R 5 S PR R R £, ik SEZ IR
LR VAR AT T W o O T RE v R
CRS XU EL£5 2 8 0 H 3 B T R s i MERf M .
IRAT) LR PRI BN AE PN R R I v 2 2 0 R 4
(AR FAAEAE—LE /IR, &5, T 2 55 #
Sk B PR, P Ll S n] REANTE T HAth [ R b
X, W, Bl & AR T RE IR SE 2B 35 CRS W
FITA fa b R 2R DR A AR g T 5 g 2 BB T, He
Jei | AN £ PRI Ay 7 L [ Josi i A 57) Ay il |
THAEATERER A, X 0] e R BOE R IR T

g5 F R A S L T AR I B PRSE (NYHA 3
M1 eGFR 45 4 MR a1 B Stk O D) R 5 vt
BE L CRS HFN R EIRRD iz iR HAT B AF X
Oy RE SRS HERE | BB AL SE BN 2k O T e s R
HHBL CRS RS TN, A Bh T 45 A B |
EOWHLPEAL 2P O D BE s v B R B CRS KU 1Y
PG, DT 46 B L P A IR A

£ £ X M

[1] Kumar U, Wettersten N, Garimella PS. Cardiorenal syndrome:patho—
physiology[J]. Cardiol Clin,2019,37(3):251-265.

[2] Rangaswami J,Bhalla V,Blair J,et al. Cardiorenal syndrome:clas—
sification, pathophysiology, diagnosis,and treatment strategies:a scien—
tific statement from the american heart association[J]. Circulation,2019,
139(16) : e840—-e878.

[3] Di Lullo L, Reeves PB,Bellasi A, et al. Cardiorenal syndrome in
acute kidney injury[J]. Semin Nephrol,2019,39(1).31-40.

[4] Petra E,Zoidakis J, Vlahou A. Protein biomarkers for cardiorenal
syndrome[J]. Expert Rev Proteomics,2019,16(4) :325-336.

[S] Agrawal A,Naranjo M,Kanjanahattakij N,et al. Cardiorenal syn—

drome in heart failure with preserved ejection fraction—an under-recog—
nized clinical entity[J]. Heart Fail Rev,2019,24(4):421-437.
[6] Liang W,Yang P,Huang R,et al. A combined nomogram model to
preoperatively predict histologic grade in pancreatic neuroendocrine tu—
mors[J]. Clin Cancer Res,2019,25(2):584-594.
[71 Han L,Zhu Y,Liu Z,et al. Radiomic nomogram for prediction of
axillary lymph node metastasis in breast cancer|]]. Eur Radiol ,2019,29
(7):3820-3829.
[8] Gandaglia G,Ploussard G, Valerio M,et al. A novel nomogram to
identify candidates for extended pelvic lymph node dissection among
patients with clinically localized prostate cancer diagnosed with mag—
netic resonance imaging—targeted and systematic biopsies[J]. Eur Urol,
2019,75(3):506-514.
[9] Pieske B, Tschope C,de Boer RA et al. How to diagnose heart fail—
ure with preserved ejection fraction:the HFA —-PEFF diagnostic algo—
rithm:a consensus recommendation from the Heart Failure Association
(HFA) of the European Society of Cardiology (ESC)[J]. Eur Heart J,
2019,40(40) :3297-3317.
[10]  Turakhia MP, Blankestijn PJ, Carrero JJ,et al. Chronic kidney
disease and arrhythmias: conclusions from a Kidney Disease: Improving
Global Outcomes (KDIGO)Controversies Conference [J]. Eur Heart J,
2018,39(24).2314-2325.
[11] Levey AS,Stevens LA ,Schmid CH,et al. A new equation to esti—
mate glomerular filtration rate[J]. Ann Intern Med,2009,150(9):604-
612.
[12] Paul P,Pennell ML, Lemeshow S. Standardizing the power of the
Hosmer—Lemeshow goodness of fit test in large data sets[J]. Stat Med,
2013,32(1):67-80.
[13] Clementi A, Virai GM, Battaglia GG, et al. Neurohormonal ,en—
docrine,and immune dysregulation and inflammation in cardiorenal
syndrome[J]. Cardiorenal Med,2019,9(5):265-273.
[14] Ronco C,Bellasi A,Di Lullo L. Implication of acute kidney injury
in heart failure[J]. Heart Fail Clin,2019,15(4).463-476.
[15] He Y,Zhu Z,Chen Y et al. Development and validation of a novel
diagnostic nomogram to differentiate between intestinal tuberculosis and
Crohn’s disease:a 6-year prospective multicenter study[J]. Am J Gas—
troenterol ,2019, 114(3) :490-499.
[16] Wang S,Yang L,Ci B,et al. Development and validation of a
nomogram prognostic model for SCLC patients[J]. J Thorac Oncol 2018,
13(9):1338-1348.

(AR B . AR





