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Abstract

Objective: Patients with chronic kidney disease (CKD) are frequently complicated by malnutrition,
which is closely associated with adverse outcomes. This study aimed to investigate the prognostic
value of the Geriatric Nutritional Risk Index (GNRI) for in-hospital mortality among CKD patients
admitted to the intensive care unit (ICU), providing evidence for clinical risk assessment and inter-
vention. Methods: A total of 3404 patients with a first ICU admission and a diagnosis of CKD were
extracted from the MIMIC-1V database. According to GNRI quartiles, patients were categorized into
a high-risk group (n = 846), moderate-risk group (n = 853), low-risk group (n = 850), and no-risk
group (n = 855). The primary outcome was in-hospital mortality. Univariate and multivariate logistic
regression analyses were performed to evaluate the association between GNRI and in-hospital mor-
tality. Subgroup analyses were conducted using the GNRI median value (103.2) as the cutoff. Results:
The overall in-hospital mortality was 18.4%, with the highest mortality observed in the high-risk
group (27.3%) and the lowest in the no-risk group (17.6%) (P < 0.001). Multivariate analysis re-
vealed that, compared with the high-risk group, the risk of mortality decreased by 42%, 53%, and
47% in the moderate-risk, low-risk, and no-risk groups, respectively (OR = 0.58, 0.47, and 0.53; all
P < 0.001). Subgroup analysis indicated that patients with GNRI <103.2 had significantly higher mor-
tality risk (OR = 0.56, 95% CI 0.47~0.67, P < 0.001), with a significant interaction observed in the
subgroup of patients receiving hemodialysis. Conclusion: GNRI serves as an independent predictor
of in-hospital mortality in CKD patients admitted to the ICU. A low GNRI indicates a higher risk of
death, with particularly strong predictive value among non-dialysis patients. As a simple and objec-
tive nutritional assessment tool, GNRI may facilitate early identification of high-risk patients and
guide individualized nutritional interventions, thereby improving outcomes in CKD patients.
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1. 5|8

154 & I 973 (Chronic Kidney Disease, CKD) & Hi 2 #1495 IR 5| EL F'F IE S M s Bhge = 7752 >3 1V H,
FEBANEE B /N ERUET 28T B AR It 2k R e o HAZ Codis RV ELFE R PR Il B /N ERE 6 A 1t
P (N2 38 15) 2%, P PRI B OO IR E CKD (SRR R . AT 8 wor, RE 18 DUk
N CKD 88955 5 214 10.8%, 3 BB 1.2 12[1], HLEEN 12040 R AR IHE 0% i ke 3r 8t BT
CKD H# 2RI AR 20 8@ A 1.4~3 £, RS BE B Dhfe T BEmZ# & 2] [3]. CKD R4 K ke
RZNEILFEERMSE R, WS/ NRE R 18 ROE . S 4Eb Sl & 2 Bt 2 .

IR ER Y, RREAWREA CKD T RERERZEMEH: BIFEAEZIRAS T R LR A ) ek
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TG ATP AERSAS & PSR AIE R 2R AT, AT I eI /0 A 440 B Ao 475 0 ) B B 98 . S b B AR 3R AL AU
HE IR EIR, 5 CKD S M4 S U (W IAE . & 7R A R AL M XS 1S i) 2 P)AH 5% . CKD
B HE FRIRDLE UG # DI . IE CKD B8 R A KRB HIL 22.5%~58.5%, MRENT S5 E
A BB R D TE R 30.0%~66.7% [4] [5]. XA EETRARKAERE CKD BHE AN - fREIHHEH
YIAESG, RN ZESE . R E 8 A MUOAE & JO0E Rl 7K sy EAMG I8 24 R I CKD M3k A ke
RS 2N T E FRAN R (1) 2.41 £5[4]. 78R I E IR A 2 CKD FilfE HA B RUR

ZAEE IR AR 45 2 (Geriatric Nutritional Risk Index, GNRI)H Bouillanne %51 2005 E#2Hi[6], & —Fh
BT MiE A E AR RE, BAARE N EEE 7 TR, Kyl T 2008 E N E RN
By, HETCT iz N T8 VEsom . KRR FIESE, GNRI AMYAE M CKD. 0EE. 185 &
BFHEFRGRIPRE, LS5 ARGREFEVIMK. EARENZF CKD B, GNRI BLEAE D6
Bad RE SR, BET RS RIS . — T5UEE S 0 BT 2835 1) meta 23T KL, K GNRI 542 RIZE T XU it
ZEAAXR, SOMEHTREEEZRGMHK[7]. IMEER P M BE T AR, B R RAEVE
(Malnutrition—Inflammation Score, MIS) Kl 57 - MAAME 5 F A FH - BMI 820 WARFR, Ay RERL 4 1HI Sk
EIR-RIELREAE, H 2 T TR S5 (8 Bt AU T AR B A G [8] [9]. AT, MIS vPAlis% H 5B,
SIMRE LAWY, FEIS ELUPAR 2 (8] — SOt AT IR, e DUFE SR MR 40 b S R s . Pl | S A PR Al I
I R 3 55 HE) [ 10]0 AHEE 2T, GNRI AN H M7 F 2 ORI A /R AR AR B ok, 11 B TRT 0 L 2000 — B v,
CEE T S AEZE T CKD AHE R IE S S AT R AR O, JRAEER /-0 78 5 MIS [ TR AL BE AR 24 [ 11] [12]
R, RGEVEE GNRI 7E ICU B CKD 35 Bt ]9 A6 T = F4 i, BERE 7R #h MIS 78 BRE R AL,
B E BRI IR S, AR FUE = 5065 AT ICU 1Bt CKD B3 R i . oA Fi 2 T
MIMIC-IV %4 (2008~2019 £E)[1) 9 Ji ] ICU e 38 £, %7 GNRI 5 CKD B & (LR IET- R 1
KR

2. ERES
2.1. #R

A A B s Y SR YR T 58 [E EE S 3 5 245 B (Medical Information Martfor Intensive Care IV, MIMIC-
IV) [13], ZEE PRV T 2008~2019 4F jR4E B2 T DUHT DA 4] g = 2 el i 9 J5 4911 ICU shizid sk,
B A8 A9 B TR B A% e AN DL 22 DL A A Lo g R T RO LR B A 2R O 2 I A AE QA IE 575
59948527). HHTHHEC 2Rk, BRI 7 ZEHUAS B A1 [F .

PINFRAE: 1S VEE TR B, 2 R 02 W T [ B0 20 254 A% ICD-9 AT ICD-10;5 IR AAE
ICU; F#t >18 . HEFptniE: ICU BHKAE 24 h; SRR HEH. B & RARE,
2.2. BFTENIRE

ABEFCRHH T —FEAGE GNRI HHE %, 5 UAEHRGEMF . GNRI FJTHE AN GNRI = [14.89 x
IfE A A (g/dL)] +(41.7 x 526r BMIEEAE BMI), H 348 BMI € XN 22 kg/m?. R4E GNRI Y4347 %L

3 N KR 2L (GNRI < 92.4), H XU 41(92.4 < GNRI < 103.2). RJXUS:41(103.2 < GNRI < 114.5)F175 XK
41(GNRI > 114.5).,

2.3. BriElsE

{8 H NavicatPremium #f(17.0.11 fAR) AT Bd S B FEEUH S B a4 B3 10N 2R IECRe | 1%
Bl BMI). AfE ICU24h P [FRF350 % R kR . AN ICU24h [PPSR (M4BT
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B, MyEAUEF . MobE) . JEREZOR (GRS 32 0s . BEIRTG . SBME R ) MBENT IR T F e IR 7 L 2%
B 25 PRl (sequentialor ganfailureassessment, SOFA)PESy. T4k R bn AT R 18 R A FE T

2.4. Gt FAE

ffiHH R 1EF 4.4.0 (https://www.r-project.org/) 0 HAR AT AL A G 11704, L GNRI DU R 55 253k
1757, WHESVEAR ST IESMHERLE, 56 B2 MRIELE AL E L) Mean + SD #7R, Z AN LR
KT 20T e A KEE SR R M (Q, Qo) R, R Z AREARRIBRAG K 70 A8 R n
(%)&, KHRITRE . 73RS UB(%)EKw, HEHERH PR . R RRE R &K ZH R Logistic [H]
JH43 4T GNRI 5ABEAET- 2 MK FR . L GNRI FALECA BUE 7 ARV SR R0 BRI« s
PRI S MLRENTIRTT I N R AL T 2 1) o0 AT A B R . L P < 0.05 NZE A St L.

3. 5%
3.1. —fRIERFERIEL 3

TEAN ] 3404 BINAE ICU §) CKD B3, MR¥E GNRI VU5 A 805 s B 41(GNRI < 92.4, n =
846). H1A[K:41(92.4 <GNRI<103.2,n=2853). fLA2H(103.2 < GNRI < 114.5, n = 850)F17¢ A 2H(GNRI
> 114.5, n = 855), FELLFFELIR(ILEE 1), BEFH GNRI KFRITHE, BEFERIZEHFEKEP < 0.001), BMI
AIE A & A K2 m (P <0.001), 10 78 1010 773 35 5 8 PRI Y ELBI7EAS [F] GNRI 43 )2 8] 47 7E 2 3
ZEF (3 P<0.05). EMREBEAET-Z N 18.4%, Horh s KU ZHAE T F i 151(27.3%) » H AR XU ZH 7301 0 14.0%
A113.9%, ERKEHN 17.6%, Z5F BB E (P <0.001).

Table 1. Comparison of baseline clinical characteristics among patients with different GNRI risk

F 1. IN[E) GNRI KR F R B E B —ARIIG IR ST 1L AL

103.2 <GNRI <

e %G%I\glﬁfég . 924 S/C\}ERI <103.2 1145 . 21145 (n= A855) Fip P
_ 846) HE IR 2 (n = 853) TEEE?;%RU&ZH TLE TR AL
(n = 850)

(%) 7331 +13.72 74.06 + 12.52 72.56 + 11.93 68.62£12.09 31.64 <0.001
PERN[H(%)] 6.60 0.086

S 534 (63.12) 551 (64.44) 584 (68.71) 565 (66.24)

L 312 (36.88) 304 (35.56) 266 (31.29) 288 (33.76)
BMI (kg/m?) 23.13+3.71 26.89 +3.73 29.89 +4.23 37.82+£820 1171.97<0.001
LEARIT) 84.96 £ 16.26 82.88 + 15.53 82.34 + 14.88 81.61 £14.25 7.55 <0.001
T K E@mmHg)  75.62 + 10.80 75.97 +10.42 76.15 +10.13 76.04+10.08 041 0.743
HEH((g/dl) 2.63+0.52 3.16 £ 0.47 3.49+0.52 3.69+£0.59  654.18 <0.001
M4LEE A (g/dL) 9.62 +1.80 9.78 +1.82 10.05 +1.89 1023+£1.94  17.74 <0.001
I /MR(10%L) 206.52 +117.37 188.61 +£92.67 17448 +7934  183.95+78.44 16.62 <0.001
1375 WLEF (mg/dL) 3.03 £2.37 2.92+£2.63 2.78 £2.52 2.63£2.25 420 0.006
1% (mmol/L) 8.86 +5.99 8.38 £3.52 8.34+3.33 8.47 £3.75 2.68 0.046

70 MO ) 3 B [ 451

)] 9.62 0.022

¥ 390 (46.10) 408 (47.72) 346 (40.71) 373 (43.73)

H 456 (53.90) 447 (52.28) 504 (59.29) 480 (56.27)
BRI 51 (%0)] 75.76 <0.001

& 486 (57.45) 323 (37.78) 388 (45.65) 451 (52.87)

H 360 (42.55) 532 (62.22) 462 (54.35) 402 (47.13)
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S IR IR [ (%) 36.42 <0.001
¥ 711 (84.04) 790 (92.40) 773 (90.94) 742 (86.99)
f 135 (15.96) 65 (7.60) 77 (9.06) 111 (13.01)
MENTIR YT [51(%)] 470 0.195
HRAEH 604 (71.39) 641 (74.97) 632 (74.35) 609 (71.40)
{5 242 (28.61) 214 (25.03) 218 (25.65) 244 (28.60)
SOFA 7.00 (5.00, 10.00) 6.00 (4.00, 9.00) 7.00 (4.00, 9.00)  6.00 (4.00, 9.00) 16.61 <0.001
GNRI 82.96 +7.70 98.05+3.11 108.68 £3.23  126.65 = 12.34 4950.07<0.001
{EBEFET R [H(%)] 67.98 <0.001
earn 615 (72.70) 735 (85.96) 732 (86.12) 703 (82.42)
BT 231 (27.30) 120 (14.04) 118 (13.88) 150 (17.58)

3.2. CKD BEERRIE TN EE

LR # Logistic BIVAHT /R 2), SE RS, A (RS2 LK TE RS 4 1R B At T 2
)38 F FEAR(OR 7354 0.57. 0.43 F10.43, 4 P<0.001). MAh, Pk, FEBEK. MEVE. mEKTF
Frimis A I R S U BTV TT 3 R 0T IS B A7 S B IR 2R (P < 0.05) . 22 PR 28 [l gk — 2P B ik (W
2 3), GNRI 8RS FIMFEFR, Forbef o A6 XU 2 A0 T XS 4 AR BT T XS 65 v AU 2840 A1 B AT 42%

53%7%11 47% (OR = 0.58. 0.47. 0.53, ¥JP<0.001).

Table 2. Univariate logistic regression analysis of in-hospital mortality in CKD patients

% 2. CKD BEERE TR BREZR Logistic BIYFSH

A ES B SE z P OR (95%CI)
GNRIFE3
<92.4 Bk
92.4 < GNRI < 103.2 -0.57  0.12 —4.77 <0.001 0.57 (0.45~0.72)
1032 <GNRI< 114.5 -0.85  0.13 —6.73 <0.001 0.43 (0.34~0.55)
>114.5 -0.83  0.13 —6.66 <0.001 0.43 (0.34~0.56)
P51
Bk Bk
Pt 0.21 0.09 227 0.023 1.23 (1.03~1.47)
R 0.02 0.00 4.34 <0.001 1.02 (1.01~1.02)
ML LR 0.05 0.02 2.94 0.003 1.05 (1.02~1.08)
MmerEA -0.03  0.02 -1.37 0.171 0.97 (0.92~1.01)
b 0.04 0.01 3.83 <0.001 1.04 (1.02~1.06)
B SR I -0.11 0.09 -1.18 0.236 0.90 (0.76~1.07)
A IR 0.48 0.13 3.81 <0.001 1.62 (1.26~2.07)
MABEENTIRIT 0.96 0.09 10.39 <0.001 2.62 (2.18~3.14)
SOFA 0.17 0.01 13.80 <0.001 1.19 (1.16~1.22)

Table 3. Multivariate logistic regression analysis of in-hospital mortality in CKD patients

%< 3. CKD BEFRETEMZER Logistic Y353

AR N S SE V4 P OR (95%CT)
GNRIFE3
<92.4 2%

92.4<GNRI<103.2 —-0.54 0.13 —4.32 <0.001

0.58 (0.45~0.74)
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103.2 <GNRI< 114.5 -0.76  0.13 -5.71 <0.001 0.47 (0.36~0.61)
>114.5 -0.64  0.14 -4.72  <0.001 0.53 (0.40~0.69)
GRS 0.03 0.00 6.52 <0.001 1.03 (1.02~1.04)
4531
St St
M 0.21 0.10 2.07 0.038 1.23 (1.01~1.49)
M4 8 A (g/dL) 0.04 0.03 1.34 0.180 1.04 (0.98~1.09)
1M 3% WLEF (mg/dL) -0.05 0.03 -1.96 0.050 0.95 (0.90~0.99)
I (mmol/L) 0.04 0.01 3.03 0.002 1.04 (1.01~1.06)
B PR
G 2%
H -0.08  0.10 -0.83 0.408 0.92 (0.75~1.12)
A IR
¥ %
H 0.46 0.14 3.39 <0.001 1.59 (1.22~2.08)
MAENTIEST
RAGH 2%
A 0.95 0.12 7.83 <0.001 2.58 (2.03~3.26)
SOFA 0.15 0.01 11.08 <0.001 1.17 (1.14~1.20)

3.3. GNRI ¥} CKD 2& T4 A F ey o4

PL GNRI * 073 103.2 N BIE A A o — r KA S AT WA S AT A (L 4). AR 34
B, GNRI < 103.2 475K ZE0WH AL T A5 52 5 T GNRI > 103.2 41(OR = 0.56, 95%CI
0.47~0.67,P <0.001), BRiEHTias7 WA AR WA AR L BARH . EAE RN, EIBeET 4
], GNRI 5F¢ BT RIFE R ZE ST H(OR=0.95, 95%CI0.72~1.26, & HAFFH P<0.001). MRiEMNTGITIE
H PN ARMELR] GNRI SAE T3 R EAH K (p=0.721), #&7~ GNRI LEA[FVEST T 50 NN RGE °] REAAAEZE 7 o

Table 4. Subgroup analysis of in-hospital mortality in CKD patients

F 4. CKD BEERFETRILAE S

S (%) GNRI<103.2 GNRI>103.2 OR (95%CI) P RHAEM P A
IRERLDN 3404 (100.00) 381/1699 238/1705 0.56 (0.47~0.67)  <0.001
51 0.177
Eilis 2234 (65.63) 240/1099 142/1135 0.51 (0.41~0.64)  <0.001
i 1170 (34.37) 141/600 96/570 0.66 (0.49~0.88)  0.005
RS 0.068
<70 % 1309 (38.45) 125/87 79//722 0.45 (0.33~0.62)  <0.001
>70 % 2095 (61.55) 256/1112 159/983 0.65 (0.52~0.80)  <0.001
B R 0.432
¥ 1648 (48.41) 208/937 105/711 0.61 (0.47~0.79)  <0.001
H 1756 (51.59) 173/762 133/994 0.53 (0.41~0.67)  <0.001
A IR 0.399
I 3016 (88.60) 313/1453 208/1563 0.56 (0.46~0.68)  <0.001
H 388 (11.40) 68/246 30/142 0.70 (0.43~1.14)  0.156
MAENTIEST <0.001
A 2486 (73.03) 234/1213 112/1273 0.40 (0.32~0.51)  <0.001
R 918 (26.97) 147/486 126/432 0.95 (0.72~1.26)  0.721
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4. ¥Wig

A 72T MIMIC ¥ 2 %F 3400 RBIANAE ICU ) CKD BFH AT 0T, BiEE =N ER T =,
B R O H— RPNIG R b U ULEF . & = /MR 30 SOFA Vo35 R AR B3
AR[14]. REGERPUR, EHRRNEE R BEEEREE N EH, BEThREZMER L., X5 M0E TR
—H. 4% GNRI WU higsr 415 KB GNRI B E A0 T R K . ZRERIERG, 5EE )4,
ToE FE N 2 (GNRI > 114.5)5E PIBET RS R %4 47% (OR = 0.53, 95%CI 0.40~0.69); 4 JZ 43 MR i% 2%
RAE Z B0V AR, AAE MLUE AT A T BB RIS BAERA Gt % ), MfEM ] CKD (4~5 )%
IREE 50 . ABEF 3P0 GNRI R E 72 XU, AT~ ICU Hh CKD 24 P KU 2 E IR 46K R, 5 2020
£ KDOQI B e Mo T ME IR 202 5L E #9697 B —E[15],

HEA—Ae BV AELE CKD A0S V2 A77E, Bl AR R i N, I 5 &0 580 T2 R A 55 [16]. ISRNM
NG Z iR R fia th i DI R 2 e IR AN (1 & il AR R, A TR Si@ET A E TR A S 2 H
R[17]. BFRAREHFTE G RKAERG., OIE R4S 2R T IR, FREZK. BARRE ST
RIE, MRATE “ERAR - RE - SRR SR R ELERK[18]. AR AN S EIIE
F, ZIESHFRRSHEMEE, K NFST AR IE DM BEHRE R EG CRP 55
REEAKSMEEHE— PR R FiUG[19]. GNRI P & A 5K E X EARAE) VR, B0, 515,
AEE, [FE ICU 5FM A5 st 6]. RALHR S ST E R, GNRI/E CKD (FAE#ENT . I
WOBENT PERE AT AN T A K 5 0 A FET . FERE 5697 T, BLYE MpsE i ABERISET- T
DA BB 1R 11 B BMI 48 45[20]; 5 B ZL 2, GNRI [ K5 CRP R g R4 i 22— BB,
PR R T “EFE - RIE” F[19]. 55—, GNRIIESERER KETIMIE, ABTEHEK GNRI (1)
Z B A [21]. X CKD 1~4 ARFH 5 2K, AT % GNRI 4, K GNRI 4 E#
FETT AR 3T mi[22]. E0F 2 EAEENT CKD B uiiEEB\ ST 5T Sn, GNRI FRKFRIRE S &t %
A T e S 35 A K

AWFFEH, MABGENT AL GNRI-JET - REGK TS, BMI 25 & 765 TAREMTHRZR N, 530
EIORES, MEARNR S AAFI T R BRIl AR AR R, PR S BMI LR G FR AR AR R . R
U, KERFFEAIIESE GNRI 7E4EREPE L& B KIPET: 5 IE AT M TANE, H GNRI Msh& TR
5 CRP BT E FD, RN I0E B3 RO @A + FRERMM + AR MBCEVEG %
o SFFAIMIRIN CKD &35, MRTHAE S MERAES N, K GNRI SR JE I AN F it K DL J
KA R R OG[23]s PRI AE 1% A S 5 5L B8 0 AT 78 7R & 5 F 2 J2 o BT AR DG I SOE AN S
FrERAZEEM GNRI SR REE S RN —EE R BN IR, B RV (W C-
LR TN RIS IR E S, X ERRIFINR T AR - feRIEFRE, bR T TR TR . R Wik, GNRI
PHSRAEIENT B3 B — 5 BT E, O A A AR A7 AR G I R (9 T Hh B B AR .
I, EBHIAIT I ST, GNRI 5 RJERR SV CRP) SN AR 2 7] I R thH2oR, F-AT1 S 5 n s i
BT BRI R CFERFEM” BEE VR, AR — % GNRI 2{ BMI 845, &
Jei, BENTARBAERTIE AR TN E T, Ho GNRI B RLRE R s AN o] 200 . 0E A 35 7E 1CU o
(B0 T2 RV 5 3 BT I8 97 AR 25 DDA DG, 3@ AT A (R A0 T IRV A A B8 v, DR U3 A PO A7 7 7T R 5
GNRI (EAN[F] B35 BEAR T R U o 454 GNRI SEMAH AR B L5 0T, BENE A PR P2 (L 58 ks v
(R HE T IRV Tt A2 2

KR FAFAE— LR PR Bk, [l P v Pl e B Rl Vi 2% DR 3R (I S TN 2 S OB A 470 5
WFAREEFIET R, G2 KA, HarhErEmr F5UE GNRI 4f CKD & iz # 7= 1) 7l 25 6E 5
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