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Abstract

Objective: To explore the relationship between serum lactate dehydrogenase (LDH) levels and
acute kidney injury (AKI) in hospitalized patients to guide the early identification of AKI. Methods:
This study included 4909 patients hospitalized in our hospital from January 2023 to December
2023, and patients’ clinical data were retrospectively collected. The study population was divided
into four groups (groups Q1~Q4) according to the quartile of serum LDH levels. Differences in
baseline characteristics between the 4 groups were compared. Using logistic regression models to
evaluate the association of different serum LDH groups with AKI in hospitalized patients and in-
vestigating the effect of LDH levels on mortality in patients with AKI. Subgroup analyses were per-
formed to examine differences in the association between LDH levels and the risk of developing
AKI in hospitalized patients in different subgroups. ROC curve was used to assess the predictive
performance of LDH. Results: AKI occurred in 850 of 4909 patients, representing 17.32% of the
total population. AKI incidence increases with increasing LDH levels (12.96% vs. 13.45% vs. 18.09%
vs. 22.78%). In unadjusted logistic regression analysis, the risk of AKI was higher in the Q3 (OR
1.49, 95% CI 1.19~1.85, P < 0.01) and Q4 (OR 2.21, 95% CI 1.79~2.74, P < 0.01) groups compared
with the control group Q1. After adjustment for confounders using model 1, the adjusted OR (95%
CI) was 1.49 (1.20~1.87) and 2.20 (1.78~2.72) for the Q3 and Q4 groups, respectively. Similar re-
sults were observed after adjustment using model 2, the ORs of the Q3 and Q4 groups were 1.44
and 1.89, respectively, with 95% CIs of 1.19~1.85 and 1.51~2.38, respectively, and P values of
0.002 and <0.001, respectively). In unadjusted logistic regression analysis, the risk of mortality in
AKI patients was higher in the Q4 (OR 5.07, 95% CI 1.97~13.09, P = 0.001) compared with the con-
trol group Q1. After adjusting for the confounders using model 1, the adjusted OR (95% CI) was
5.30 (2.04~13.77) for the Q4 group. Similar results were observed after adjustment by model 2,
the ORs of the Q2 and Q4 groups were 3.90 and 2.97, respectively, with 95% CIs of 1.24~12.24 and
1.05~8.46, P < 0.05. The ROC curve showed the predictive value of LDH for the development of AKI
in hospitalized patients, with an area under the curve of 0.59 (95% CI 0.56~0.62, P < 0.05). The
AUC for LDH in predicting death among patients with AKI was 0.70 (95% CI 0.67~0.73, P < 0.05).
When serum LDH levels are combined with serum creatinine (Scr) to predict the risk of AKI in
hospitalized patients and the in-hospital mortality of AKI patients, the ROC curve areas increase to
0.60 and 0.80, respectively. Conclusion: High serum LDH levels were independently associated
with the risk of AKI during hospitalization, and higher LDH levels were associated with higher
mortality in patients with AKI. Monitoring the serum LDH level in hospitalized patients can pro-
vide guidance for early detection of AKI.
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1. 518

S E % (Acute kidney injury, AKIHE E R &R R 51 E DIRE AR T FE, SFECE/Nskjgd 2
TR REMEERYWEE . KRR IURAT, SOERN AR 181 B I A AR T 2R G AR o< 1] [2]
Paiit, AKIFERSA AR B F I kA 2840 20%,  HE W 47908 b5 1) A T R 2R T 60% [3]. thAh,
B D e 3 O T Be £ 1 0 Heig 1k ' U975 (chrronic kidney disease, CKD)FIZ& A H 5 o KUK [4] . AKI 43 5
N FEFREE A P B Ak . (R AF4EfL, FErTReiEfES CKD. BT AKI BT IIZ 025X AKI
BV REATIEYT , FEE TR . InsRyayT I, XPEEVRST K IR I R0E . MIRTT A BERE ,
Pl D B /INE PR AEFNER P 0 4% B AL 1 2502 B AR AKI SR IHAE T RS S8 1 it J ) e A ik 6. AT,
I 1 AT R H B A% e 51 LT /) A5 240 PR 6 T AN 5| A DT DA 58 4 I P 5t SR R A TR 407 07 17 -2 B8R 2 A2
J[5]. BT AKI HETHICRE IR TT 77, S AKIL B, S AT T T 2035 1S JC R E
FLIR i S (Lactate dehydrogenase, LDH) & H %A F i WIIEE 2 —, EE A~ F%: LDHA 1 LDHB 4
I VY AR [6]. LDH 544 P9 1 FH 2 o L IR AN 4204 28 J08 T e i M2 v — 4% 2 (Nlicotinamide  adenine
dinucleotide, NAD)43 7l %4 44, A TR B R ATk i 700 R Bk e Jig M e — 4% 7 12 (Nlicotinamide  adenine dinucleotide
Hydride, NADH), | {ZAfETAUAZFRAE L, CLONL. E#UIAE RS ERAEE[7]. R
HEJ5, LDH # R B g b, S5 LDH /K FFHmi[8]. AHF 7R, i LDH 72 UFESE[9] filifi 5[ 10]-
g MAE[11] BRI [12] 5 E T 2 &K, th4h, LDH 5500 EREA L, A LDH KPS
FOREBH MBGRAE TR A C, A A Ha /it 5 o5 A1 A s 1) A% [13] [14] [15]. ARF5TK I, LDH
KPS AKI G HE B AT R A JS[16]. #R1, LDH 7K-FS5{EREH KA AKI R RMATE .
I, AHEF AR TS LDH 7K RHE e 58 R A AKIL TR B A AKI B35 FET 15200 .

2. MREFE
2.1. MRMR

[l PE AR 2023 4F 1 H 2 2023 4F 12 H T ASBALAE B ) 6040 4] 8 RO BORE, RIS I HERR bR 1 i
2% 4909 (9 BE WINHTIL. HEBRbRAE: (1) 4 <18 % (2) (EBERIIAl <48 /MiF; (3) BIFIRIHIE. AT
B IE BB BAT BB A; (4) MCEIRGE . ARG A PALLE PASBEZ A 2ttt
2.2. AKI EX

AKI T2 Wi Fl o3 BAFRHER 2012 4F 2038 4 BRI 93 il 5 20 247 (Kidney  Disease: Improving Global
Outcomes, KDIGO)fi& i, 75 & LA AL — Tz 712 Wy AKI. (1) 48 /N Y I LT (Serum creatinine, Scr)
3£k FTH#E 26.5 pmol/L (0.3 mg/dL); (2) 7 KW Scr Bdt£k - THE 1.5 5. 34k Scr 14 e
[ 35 — UKL DD Ser {8
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2.3. PSR

AR RS o AREFREL. TR, WS, sk ERE R S ER AR & IE.
29 FHAE N 2 AN R TERE e e b S8 1 & JFRE S [ B 70 2R 28 -+ — B 1T bR dE AT 2 . A
Fl CKD-EPI AT 5B /NER i 2 (estimated glomerular filtration rate, eGFR).

24. BIEFRZE

K H SPSS 25.0. R B AFHET Gt b, SRR 15% A8 B4 HERR , BRI AR B SRR 1 S o Hicdhs fi
H 2 BARANEIEATIE D . MR M9 LDH AKSF VY 40 A7 R B o0t 553 WU (Q1~Q4 4). LA & DL
x + sFoR, IR ELEEK 5 2 0 ek Kruskal-Wallis #6596 . 4325738 8 DR /R (5 4 t) s, 4L1a Euig
KRR L Fisher kLS. N T 360IE LDH /AKF5E R B R E AKI & AKIL BESET-HIF S,
KB A2 [B1A 53 4 A logistic [B1 VAR Gk b A% &, FK H 4 15 ki PR 14 32,77 # 2% €l (Restricted cubic spline,
RCS)IAL, #Rit LDH & AKI U2 (B AEZe M AE 1 . 225230 TAE4R-IE(Receiver operating cha-
racteristic, ROC) i £, +% 2k 1 # (Area under curve, AUC), LLiTAdi LDH [T {E. P <0.05 A2
RAGFE .

3. &R
3.1. AR ABELRFE

2 4909 BilfERBE B FH N T, LB IME LDH /KA 5 A DY LH A7 SRR AE L (55 1) (B iR
b 850 Bl R4 AKIL, AKI RAZFRN 17.32%, FET-% 255%. i, PU4LEZERA AKL BAE TN
159 151(12.96%). 165 1(13.45%). 222 11(18.09%)F1 304 11(22.78%), AKI K4 H[EHE LDH KV &
Hhn(P <0.01). 5 LDH LK AL, [7E LDH mzK-FAH S FAR S WMHE S R0 E L Bk (3
P <0.01); IMmrgnfit®. /. A AKTEA eGFR 8K(H P < 0.01); AN, HEE. SH
LR RIRESI(F3 P <0.01); &IFESHZ 7, &K LDH 41 CKD. il Eu i (33 P < 0.05),
P IE R R . P R A LB (3 P < 0.05), FERE RBEK (P <0.01), FET-RE S (P <0.01).

Table 1. Comparison of baseline characteristics of patients with different LDH levels

F 1. AN[E) LDH 7k B EH B B LT LR

FLIR L=, U/l

£ QLI <149 Q2 41149~1775 Q34117752225 Q441 <2225 b
(n=1228) (n=1227) (n=1227) (n=1227)
e, % 60.24 +14.40 62,07 +13.21 62.79 + 13.82 60.38 + 15.11 <0.001
FHEN, %) 780 (63.52%) 715 (58.27%) 689 (56.15%) 688 (56.07%) <0.001
tRE %, kg/m? 23.84 +3.58 24.38 + 3.65 24.54 £3.78 24.33 +3.94 <0.001
Wi, mmHg 129.69 +18.81  131.72 +18.62 134.67 +21.02 131.58 +21.68 <0.001
£F5KE, mmHg 7655+12.01  77.04+11.56 77.73 £12.05 77.19 + 13.67 0.126
FARHL(N, %) 610 (49.67%) 552 (44.99%) 498 (40.59%) 513 (41.81%) <0.001
W0 5 (N, %) 460 (37.46%) 455 (37.08%) 424 (34.56%) 383 (31.21%) 0.004
R S (N, %) 399 (32.49%) 348 (28.36%) 329 (26.81%) 328 (26.73%) 0.004
LI, <100 415+0.74 4.24+0.73 4.24+0.71 3.98+0.81 <0.001
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A4, <1090 6.38 + 2.66 6.49 +2.63 6.91+ 292 7.99 + 3.59 <0.001
ML EA, gL 120.94 £25.25  126.49 + 23.46 126.56 + 23.07 119.12 +25.35 <0.001
i/, x10%/L0 233.82£92.74  223.86 + 84.66 220.67 + 87.62 202.72 + 95.66 <0.001
HEIBE ], s 11.03 + 1.64 10.84 +1.56 11.19+1.79 11.95+2.05 <0.001
FUEEAR, gL 342+1.14 3.38+1.05 3.47+1.10 3.65+1.32 <0.001
K LB (], s 15.73 £2.22 15.62 + 2.24 15.86 + 2.44 16.16 + 2.68 <0.001

HEHA, gL 36.82+6.13 38.12 +5.89 37.38 £ 6.57 34.68 +7.29 <0.001

BN EN, UL 19.34 + 14.87 19.66 + 12.70 21.84+14.71 26.87 +17.40 <0.001
BRI, UIL 17.82 +9.75 19.25 + 8.61 22.02 +10.94 28.70 + 13.94 <0.001
MAHLTE, pmol/L 13.63 £ 6.91 14.57 £ 6.71 15.54 + 7.61 16.91 + 9.09 <0.001
HIEBE, mmol/L 5.39 + 1.47 5.46 + 1.60 5.67 £ 1.68 5.86 + 1.86 <0.001
S E R, mmol/L 456 +1.30 477 +1.29 4.79 +£1.38 4.69 £1.55 <0.001
il =#g, mmol/L 1.23+0.65 1.29 +0.66 1.30 + 0.68 1.36 £ 0.75 <0.001
JRER, pmol/L 273.98+92.88  280.59 + 95.99 285.42 + 105.05 291.50 + 132.05 0.001
MALEF, pmol/L 69.89 +24.23  69.54 + 24.64 70.79 + 26.43 73.71+£29.87 <0.001

eGFR, ml/min/1.73m? 92.05+2457  90.52+23.41 88.41 + 26.02 86.19 + 31.57 <0.001

CKD (N, %) 25 (2.04%) 30 (2.44%) 47 (3.83%) 103 (8.39%) <0.001
IR REFE(N, %) 62 (5.05%) 64 (5.22%) 71 (5.79%) 78 (6.36%) 0.483
BRI (N, %) 208 (16.94%) 200 (16.30%) 187 (15.24%) 190 (15.48%) 0.647
LM (N, %) 180 (14.66%) 204 (16.63%) 225 (18.34%) 202 (16.46%) 0.110
1M (N, %) 329 (26.79%) 380 (30.97%) 407 (33.17%) 368 (29.99%) 0.007

T ZRAMHIFI(N, %) 1059 (86.24%) 1070 (87.20%) 1043 (85.00%) 1060 (86.39%) 0.465
ACEI/ARB (N, %) 667 (54.32%) 695 (56.64%) 706 (57.54%) 639 (52.08%) 0.030
FIRFI(N, %) 1013 (82.49%) 1011 (82.40%) 1014 (82.64%) 1009 (82.23%) 0.995

B SEARBRRFI(N, %) 556 (45.28%) 530 (43.19%) 529 (43.11%) 497 (40.51%) 0.125

58 TE LA (N, %) 255 (20.77%) 314 (25.59%) 392 (31.95%) 415 (33.82%) <0.001
FAEZE(N, %) 897 (73.05%) 867 (70.66%) 882 (71.88%) 932 (75.96%) 0.023

PGSR AL ZI(N, %) 474 (38.60%) 473 (38.55%) 388 (31.62%) 236 (19.23%) <0.001

AKI (0 1) 1069 (87.05%) 1062 (86.55%) 1005 (81.91%) 923 (75.22%) <0.001
AKI (1 1) 136 (11.07%) 139 (11.33%) 180 (14.67%) 225 (18.34%)
AKI (2 ) 16 (1.30%) 16 (1.30%) 32 (2.61%) 53 (4.32%)
AKI (3 1)) 7 (0.57%) 10 (0.81%) 10 (0.81%) 26 (2.12%)
fERER A, R 17.21+7.61 17.39 +7.87 17.83 +8.08 19.11+£9.25 <0.001
FET(N, %) 12 (0.98%) 17 (1.39%) 27 (2.20%) 69 (5.62%) <0.001

eGFR: M /NRIES % CKD: &M T : ACEI/ARB: I E5K 2 FHALBEHI K7/ ML S 7k RIS AR FE B

AKI: 2MEEHG,
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3.2. M35 LDH K5 AKI B4 KSR L M ST

N TERFC LDH KPR ERE B R A AKI R, SRAREZR. £ E logistic [A1HBET /517 2).
TEHA K logistic [FH 4T, HXFHE4L QL ALK, /K P LDH 41(Q3 411 Q4 41)E ¥ K 4E AKI FI XK
TR P<0.01). BEAY 1 EERE. MEHl. REREURIES, SXIRAMLI, S7KT LDH A5 AKX
REMREIP<0.01). A 2 LR PRI, M EfE A8 maEa. Bpge . a&EA.
BEER . SR, MHEERE. s BRI R AR IR E S, E/KF LDH kA
AKI B2 5088 00 1.44 5 1.89 f#(3) P < 0.05).

Table 2. Relationship between serum LDH levels and development of AKI in hospitalized patients
F 2 FRBEME LDH K ES5X4%E AKI BIX R

kit OR 95% Cl P
KL IE
Q1 5%
Q2 1.05 0.83~1.32 0.715
Q3 1.49 1.19~1.85 <0.001
Q4 2.21 1.79~2.74 <0.001
FAZY 1
Q1 S
Q2 1.05 0.83~1.33 0.690
Q3 1.49 1.20~1.87 <0.001
Q4 2.20 1.78~2.72 <0.001
AR 2
Q1 Sk
Q2 1.08 0.85~1.37 0.534
Q3 1.44 1.15~1.81 0.002
Q4 1.89 1.51~2.38 <0.001

B 1. Z24ERS. MR, MREFRECRE. BTN 2. SRS, YRR, RESRH AN, MR A, A e
HEH. AEEEEE. SHOR. HERE, WEE. WK &0 S L ERIE.

3.3. M{& LDH KF5 AKI BEFZT-REEAHE XM S

KA HRZE . 2K logistic [FVA0 4T AKI B4 M55 LDH /K5 501 XK ARG (5 3). /IR ER
logistic [F1F43HrH, 78 AKI &, SxTIRAAHEL, Q4 41t AKI 3 R AEZET: /KR 1E & (P = 0.01).
PR 1 ZAERY . PR ARESREUR IS, Q4 41 AKI FBREFET RS I 5.30 fi5(P < 0.01). #i7Y 2 Z4EHY
PGS REFEE Wi, B4iiTHE. Mgk a. fEEEE. AEREEEEE. CKD. w0 ACEI/ARB.
PUERAHE SRR RAKRIEIG, Q2 [ Q4 41 AKI HFEFET- XU 2> 734 1 3.90 F1 2.97 £%() P < 0.05).

3.4. [M3E LDH 7KFx AKI {FpREE S EIE TR

AT FARTT T LDH K5 AKI UK 2 AKI B FET 2 18] 52 AR AE AR LR A 96 1 . 36 T logistic
\H4HTH RCS M EIR, LDH /KPS AKI XU 2281, AKI FIRRSEE LDH KA amigimn, X4
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LDH > 178 U/L I}, XFRif¥) OR{H >1 (K 1).

Table 3. Relationship between serum LDH levels and in-hospital mortality in patients with AKI
#F 3. AKI BE LS LDH K ESERETHXR

FE Y OR 95% CI P
KAZIE
Q1 2%
Q2 2.63 0.92~7.57 0.072
Q3 2.23 0.79~6.27 0.128
Q4 5.07 1.97~13.09 0.001
A 1
Q1 Sk
Q2149~177.5 2.66 0.92~7.70 0.071
Q3177.5~222.5 2.08 0.73~5.89 0.168
Q4>2225 5.30 2.04~13.77 0.001
7Y 2
<149 Z%
149~177.5 3.90 1.24~12.24 0.020
177.5~222.5 1.98 0.64~6.06 0.234
>222.5 2.97 1.05~8.46 0.041

R 1. ZAERS. PER). REISHURIE. B 2. Z4ER. M. RERE. WA E. A4, maEa. HE
B, REEEEF. CKD. &0k ACEIARB. Fid R MHEESARKH R ZGRIE .

T
1
1
1
1
I
1
1
1
1
1
1
1
I
1
1

AKIHEZ (OR)
N

50 150 250 350 450
LDH¥#E (U/L)

Figure 1. Correlation of serum LDH levels with AKI risk in hospitalized patients assessed using RCS

[# 1. f£F RCS iFH ;% LDH 7k F5ERr 8 #E AKI XUEERVHE <%

JE, fEH ROC HiZk 7y >k ] LDH R &k ae . 52— 4EAR LDH XHE B 58 AKIE XU 50
f) AUC A 0.59 (95% CI 0.56~0.62, P < 0.05), i 24113 LDH 5 Scr 45 & R W bt 238 AKI XS
45 B8 AUC #2752 0.60 (95% CI 0.57~0.63, P < 0.05) (%] 2(a). & 2(b)). It4h, LDH il AKI HE 51
T2 XU AUC 24 0.70 (95% CI 0.67~0.73, P < 0.05), 41fili& LDH /K¥-5 Scr &5 & kR Tl AKI 35 1 4E
BedEToIF, AUC #2%% 0.80 (95% CI 0.77~0.83, P < 0.05) (& 2(c). &l 2(d))-
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Figure 2. ROC curves of LDH alone and in combination with Scr for prediction of AKI occurrence and death in AKI pa-
tients. (a) ROC curves for LDH prediction of AKI risk in hospitalized patients; (b) ROC curve of LDH combined with Scr
for AKI risk prediction in hospitalized patients; (c) ROC curve of LDH for prediction of mortality risk in AKI patients; (d)
ROC curve of LDH combined with Scr for prediction of mortality risk in AKI patients

2. LDH 83 K454 Scr il AKI % K AKI BZ LTI ROC BiZk. (a) LDH 3HERTEE AKI XU FiNIA ROC
Bhzk; (b) LDH Bt& Scr ¥H{ERREE AKI XS FNAY ROC #h%Zk; (c) LDH Xt AKI & FET- X FUMAY ROC %k ;
(d) LDH B£4& Scr 3¢ AKI BEIET- XS FUNAY ROC #hék

4. W1ig

AR EKIRFL T 3G LDH /KF5 AKIL AR & AKIL SRR AT Z AR . Wi B
PESIHT 4909 1] 8 (W TTRL,  ELECAEIMIE LDH AP IE R & 1) AKI RAZ . 253 BoR, &) LDH
KSR B 1) AKL RAE R f AKI S FE T AR AR G, LDH 7K 52 m 3 e 8 5 AKI R A4 & AKI
BE T ML fE R R 2 .

NARN ) LDH & — Mgt H 51, e A T ST AL ALIR I UL SN, K AL FE AL N I R, [
AT 3 e oK R AR A iR R FLIR[12] [17] [18]. LDH JiZAFAE FHUARI S AL Zirf, WA TS LDHA 1
LDHB 7 AfE & BN QLR ek, HT b m E 2R T HEAERVL NS 2R Hif[12]. LDH 7ESRE 4
0 PR P AU AR AR . FESRERAE N, B TE IR AR S SO EAT I A RN, R e
T e 2 DA™= 2E R o WH TR A A2 00 5 A 1 DK 5 T A R 75 S A 4 o b e A R LIRS, T X BS AN JF 1 LDH
HEARAEFI[19] [20] [21]. S8R 7EIA A 44N AR AEEE - LDH R ORI i i AT {E A A 2545 i A4
Fr&EMI[22] [23]. WHFLRM, LDH 21525 KA S Gk H 2 . Guan 5K ILs LDH /K F5
O EFAA I AKI R RS BGANBRSZ AR DG, FHAE I R S B b F T T v RURS: £ 55 [24] - 13 LDH 2 — M
GrA ST fe bR, T T RESUIVEfRTE AKIL B AR 7 2 [25]. A KEFER, LDH KFFE
COVID-19 BHM:AE: BT B KA AKI S fE G TR 2R, /24U IR A0 T 2 48 B 5ol (1) b £ [26] [27] [28]. Bt4h,
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LDH /KPS 2t BEAR % . Bk IR . COVID-19 f)/™ H A2 K il J5 45 95 [8] [29] [30] [31]. 5= R 5T
—3, AWFERIREEE LDH KFRIE N, AKI &K AZH 2~3 JALLAI 3G .

LDH 7K+ 5 AKI ARG IHLE ] B DA R e . 26—, B REZRLR I B /N 48 i
Gy Rl AR R AR 419 [32] 155 5 A P9 AR U 4 2% R 2R AR A, G e g R R s T A P B R b A 1)
RERRAG[33]. 55—, LDH &HRILEAN A5 i B 2 B R, AKI AR 5 5 /NE A ) LDH RIAKF
PURIGIN[34], LDH M'E B JiRE R /N FE s A (R, e 48 B PRVBFH IR R [35]. 36 =, AKI KR
RSN AT P BT INE AR, T AR B /N A R S A e R PR B R o A5 98 R DR R LA 400 i
R -1 S R 7P N E SORE [ N [36] . IX T BUE /N AN M@ A M T, W90 LDH R, Al
1% LDH /KFF=i[35] [37] [38]-

IbAh, AR RIMAERG E G, [ LDH K& AKI B EERAL T EERNEZE . 5 Zhang
GENKILMLE LDH /K5 AKI fs B35 e A6 T2 A0 0 I AL 48 R — 20 [16]. A 7RI LDH /K F5
AKI RS R PEARDC, AKI XSRS LDH K- FH s in. R LDH ZKP 48 m i) g 347 53R
R I, R B EE VR YT % . ROC g A iR LDH ZK-FHiil{E: B 8 AKI s T Scr,
MR Z W AKI R T S 24008 . th4h, 24 LDH AT Scr BEA TN AKI B35 50T XS IS AUC B4 n4 0.80,
B TR I S R TN K A

X T AT — SRR . 25—, BTN ARO R T, BA X EE R, WA T
B DhRE I AR A S K HASE T2, TEARSR B 70 ] DA H Bt SR AT B U VR — 20 . 88—, BB
PR HE DR SR A 32 U DR 2 v MR ST AR B AN I, AT R i AKI IR H 26

5. &

M35 LDH /K I i 54 B o & 2R AKIL RS 7 A 5%, B /KRG LDH 5 AKI B35 3B
FETHR IS M3 LDH ] 5 R B B s AR XU , I PR 122 D76 AT b Rz 5500 W I 6 133 LDH
Ko
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