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Abstract: Background Myocardial injury after noncardiac surgery (MINS) is a common postoperative cardiovascular
complication. While the metabolic score for insulin resistance (METS-IR) serves as a novel marker for insulin resistance, its
relationship with MINS and its relevance to cardiovascular-kidney-metabolic (CKM) syndrome staging are not yet established.
Objective To investigate the association between preoperative METS-IR and MINS across different CKM syndrome stages.
Methods Patients who underwent noncardiac surgery at the First Medical Center of PLA General Hospital from January 2020 to
December 2022 were retrospectively included. The primary outcome was MINS and the secondary outcome was acute kidney injury
(AKI). Restricted cubic spline (RCS) analysis was used to assess the dose-response relationships between METS-IR and the
outcomes, and multivariable logistic regression was used to analyze the associations of METS-IR with the outcomes. Stratified
analyses by CKM stage were performed, with separate logistic regression models fitted in the Stage 0-1, Stage 2, and Stage 3-4
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subgroups. The E-value was used to assess the influence of residual unmeasured confounders. Results A total of 12 086 patients
were included, with a mean age of 61.5 = 9.5 years and 5 269 (43.6%) were male. The incidence of MINS was 7.1% (853/12 086)
and that of AKI was 8.4% (1 010/12 086). RCS analysis showed a linear positive association between METS-IR and MINS (P for
nonlinearity=0.205; overall P<<0.001). Logistic regression showed that for each 1-SD increase in METS-IR, the risk of MINS
increased (OR=1.19, 95% CI. 1.07 - 1.32, P=0.002), as did the risk of AKI (OR=1.14, 95% CI: 1.02-1.28, P=0.021). Stratified
analysis by CKM stage showed that the positive association between METS-IR and MINS was independent in each stage: Stage 0-1
(OR=1.30, 95% CI: 1.11 - 1.51, P=0.001), Stage 2 (OR=1.21, 95% CI: 1.06 - 1.38, P=0.004), and Stage 3-4 (OR=1.16, 95% CI: 1.03 -
1.31, P=0.013). The E-value was 1.67 (1.34 for the CI bound), indicating that moderate-strength unmeasured confounder would be
required to fully explain the observed association. Conclusion In patients undergoing noncardiac surgery, preoperative METS-IR
is independently associated with the risks of MINS and AKI. Among different CKM syndrome stages, METS-IR may serve as a
reference indicator for perioperative cardiorenal risk assessment.

Keywords: metabolic score for insulin resistance; myocardial injury after noncardiac surgery; noncardiac surgery; CKM
syndrome; insulin resistance
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(Stage 3). Il AR IPTC0 L5 595 (Stage 4). BEf B4
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£ 1 CKMSHAFIERE""
Tab.1 CKM staging criteria

CKM 4340 X

Stage 0: VA AT /E A (BMI <23 kg/m?) ACIHER P 22 (55 0UE 785 = I HH i e QB2 A AE BRI L CKD a7 I B/ R
JE CKM fe i [ 3 CVD [(#/~ A
Zeg jlszJ e TR BMI>23 kg/m?; %2/ SN 1 >80/90 cm FiI/al 23 I 1 4>100 ~ 124 mg/dL &8¢ HbA lc 5.7% ~ 6.4%. JoACIHfER: H %
Stage 2: A ARG R P 2R (5 =B HMIAE (TG>135 me/dL) & ik AR A-AF R ) B £ P EE 22 55 XUK: CKD(KDIGO
RIBERHZEMCKD  GI-G3#])

SEAT BT RE RS MR AT R AR AR G P 3 5 CKD (A T i SIE I R ASCVD &I IR HF . 1 LI R ASCVD
Stage 3: T B 3 TR BN KA AL W GREAR B i 48/ CT 1048 365 S92 W Il s P S DK OB BB AL AR AT A b ) s 2 i aeh O ik A b

CKM H I IIF R CVD

YT I RO ) B 5 (N T-proBNP>125 pg/mL, L PG 5 ILES 85 (H T=14 ng/L, BAE=22 ng/L, Lo PEws il

B 1210 ng/L, BAE>12 ng/L) SR I #2750 S S50, 41 AR W0 38 S A o PR PR CVD MRV 24 oAk
AU CKD(G4 5%, G5 CKD a4 KDIGO 432 HHE =5 XU ) 3 10 4F CVD XU T ﬁ%

Stage 4:

A AT BT BE PR I ARG RS R 25 CKD MBI R CVDGELME 0 150 A ANE SRR O i
CKM H I RN CVD  3lr);4a 1. JC B 5235 (GFR>15 mL/min); 4b 3 . 77-4E

5 %35 (GFR < 15 mL/min)

CKM: /> I - -1 35 s BMI: B 4 2 46 405 CKD : 48 1P B 9 ; CVD 2 I B3 3 ASCVD : Bl K SH A A 0 1 A8 95998 5 HEF = 20 ) 608

KDIGO : Bt AR B IS 15 414 TG : =1 il ; GFR : B/ NBR IR

PR AU, P<0.05 HESH/ S5 E X
2 #£R

2.1 ARIFELKIFE

FF 55 WA (8] AT 29 342 il i Bz AR D IETFR
RGN AHEBRBRUE, 607 1511 P Bf i 1R 21 450408 S 9t
HeBR, 75 IR N BE AR BEHERR , 8 BRI/ AF AL
HEBR, 16 566 {51 PRIk 2 = 5k -7 R0 5] 52 52 56 2 4
R HERR . WF O B A4l A 12 086 1l R
& 4 MINS 853 fiil , S AkHERK 71%; K
AKI 1010 5, S RA%H 8.4%. NI TR EH
SRR A (61.5 £9.5) %, FHPES 269 f(43.6%),
14 BMI 4(24.8 + 3.6) kg/m®. 4BA% METS-IR iy

2.387 + 0.254, AL (PY o3 o B BE) O 2.377

(2.241, 2.522). METS-IR = /i 70 41 il FL 28 45
fENLF 2, K& METS-IR Fhim, BEAFR S NG

B, BPEHIREAR; BMI, o L AU R o 5
Ik METS-IR FH i i in . ML . Faipait
B, = H A A R OB 2K O B METS-IR F 55 i
4%, HDL-C Hl eGFR fii METS-IR J &5 ifij &1 .
LIS 25101 %R 6 METS-IR J &5 it & . ACEI
R T AL 2.8% TH2 T3 4111 4.3%, ARBAl
FHR M 9.2% TH 2 18.1%, B A2 1A B 77 £ FH 2R M\
6.2% I+ 2 12.2%., FARIERV A 7E 3 4110 22 S AEAE
Giite#E X (P<0.001),

R2 EMETS-IR =5 #5> HEIF 5T A BFE LA
Tab.2 Baseline characteristics of the study population stratified by METS-IR tertiles

s T1(n=4 029) T2(n=4 028) T3(n=4 029) L/F1E P{E

UNEE 08

RIS/, aks) 62.8+10.2 61.5+9.4 60.248.9 3.002 <0.001

T, %) 1 892(47.0) 1 756(43.6) 1621(40.2) 37.1 <0.001

BMI/(kg/m?, %+s) 21.842.4° 24.6+1.8" 27.9+2.6° 1052.475 <0.001

WA /(5] %o) 986(24.5) 1 089(27.0) 1232(30.6) 240.819 <0.001
REAE s s /(151 , %)

e I 1 124(27.9) 1 486(36.9) 1 891(46.9) 217.481 <0.001

BB 498(12.4) 678(16.8) 1176(29.2) 319.491 <0.001
ARHETHZ /(11 , %)

[GaiiE] 265(6.6) 517(12.8) 810(20.1) 322.333 <0.001

FAEZY 280(6.9) 400(9.9) 466(11.6) 52.199 <0.001

ACEI 114(2.8) 120(3.0) 175(4.3) 17.162 <0.001

ARB 370(9.2) 590(14.6) 729(18.1) 135.276 <0.001
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AR T1(n=4 029) T2(n=4 028) T3(n=4 029) F/FE P{E

B 2 1A BHH 5 251(6.2) 373(9.2) 491(12.2) 85.358 <0.001
S E K

eGFR/(mL-min""-1.73 m™, #+s) 102.8425.6" 99.2+23.8° 96.4+24.2¢ 56.151 <0.001

MLTHE A gL, wks) 126.2+18.4° 132.5¢17.2° 138.6+16.8° 97.193 <0.001

FIH/(< 109 L7 xks) 5.942.1° 6.2+2.0 6.5+1.9° 167.373 <0.001

=BeH I/ (mg-dL ™, xs) 92.4+38.2% 128.6+52.4° 186.8+96.5° 2 132.006 <0.001

23 I8 LA/ (mg - L, xts) 91.8+18.6° 98.4+24.2° 112.6£32.8° 508.127 <0.001

HDL-C/(mg-dL™, z+s) 52.4+14.2° 46.8+12.6 41.2+11.8° 759.000 <0.001
ARl

FARM K/ (min, 2ts) 204.2+112.8 206.4+114.2 208.6+116.4 1.824 0.161

A il i /(mL , x£s) 168.4+342.6 172.8+356.2 176.2+368.4 0.490 0.6

Bl A R/ (L, Fs) 1 892.4+824.6 1876.8+816.4 1 864.2+828.2 1.190 0.3

ARSI B/ (mL , Tks) 658.2+382.4 642.6+368.2 628.4+354.6 1.090 0.336

JRAE/(mL, x£s) 618.4+£664.2° 598.6+656.8 572.4+642.6° 13.483 <0.001

AR it = /(8] , %) 2 624(65.1) 2 486(61.7) 2 412(59.9) 24.400 <0.001

K EIRE A, %) 1 724(42.8) 1 642(40.8) 1 586(39.4) 0.433 0.805
FARZEA/(M], %) 150.027 <0.001

2T S 982(24.3) 891(22.1) 807(20.0)

B ISR 798(19.8) 879(21.8) 839(20.8)

W IRANE 675(16.7) 836(20.7) 899(22.3)

HFRRSMER 516(12.8) 434(10.8) 494(12.2)

HEE 324(8.0) 344(8.5) 358(8.9)

FRLAEE 250(6.2) 201(5.0) 159(3.9)

H SR 143(3.5) 96(2.4) 135(3.3)

fashEE 143(3.5) 119(2.9) 91(2.3)

A4 57(1.4) 102(2.5) 139(3.4)

e 85(2.1) 66(1.6) 48(1.2)

HAFA 62(1.5) 67(1.7) 66(1.6)
CKM 73-11/(f41], %) 2034.568 <0.001

Stage 0 1 234(30.6) 331(8.2) 92(2.3)

Stage 1 893(22.2) 786(19.5) 269(6.7)

Stage 2 1 436(35.6) 1 870(46.4) 2.099(52.1)

Stage 3 272(6.8) 688(17.1) 1133(28.1)

Stage 4 194(4.8) 353(8.8) 436(10.8)

METS-IR J5 [ : T1 24 1.72 ~ 2.29, T2 24 2.29 ~ 2.47, T34 2.47 ~ 3.10, LT Dl s TR, 38 1 LIGIEL(E 43 1) FRRs . METS-IR :ACIHPES>-
g 1 RAILBUHE L BMI: B AT 46 50 e GFR < A3 B /NER G i 256 s HDL-C « 1o % BE NG AR (1 I I ;. CROML =0 I - JDE-A 8 s MINS B DR AR
LU 5 AKL: 22k B 351407 3 ACEL: I8 Sk LB HI ] s ARB : 1185 SR R IR RHEHIH . Gty FREESAs R, I7 220000 82
(OrAE N, RRER) o AN FREFOR PN 22 5 e 25 8 L (BUE R P<<0.05) 0 FAF AR ERILHMEL S RIRBREAR

2.2 METS-IR5 CKM #HAil94> 75

CKM £ G E 53 5345 .75, MINS Fl1 AKT &
A= R CKM 43 s s 38 (181 1) MINS & 4E
M Stage 019 5.5% Ft 2 Stage 411 17.4%, AKIA
A% Stage 0 1 5.0% T+ 5 Stage 4 [ 13.2%( 4 3%
P<0.001), [AIE}, METS-IR {8 75 i CKM 43 1]
FrEmsg ., SR ERALFEE 5 CKM 23 52 1E
FHIE

2.3 METS-IR 5 MINS 7 2- K N X% &

RCS 73 M4t 3 57 (€ 2), METS-IR 5 MINS
JRUBS A7 AE 535 IEAH C (AR P<<0.001), AR MERL 50
P=0.205, #&/~ METS-IR 5 MINS ) B ANFEFESL
TR RISy, SRR METS-IR/E
HELB PSS AT, A i (2.38) 8 2
H4(OR=1.00), 4 METS-IR & T HH i 5eif, OR1E
PAEIENG , AR B SRR
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Tab.3 Multivariable logistic regression analysis of the association between METS-IR and risks of MINS or AKI

- ARIRHE LA
OR(95% CI) P OR(95% CI) Pl
MINS(%: T} 1 SD,n=853/12 086) 1.34(1.24 ~ 1.46) <0.001 1.19(1.07 ~ 1.32) 0.002
AKI(& T} 1 SD,n=1 010/12 086) 1.38(1.28 ~ 1.49) <0.001 1.14(1.02 ~ 1.28) 0.021
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R4 7T FECKM45H4E T METS-IR 5 MINS B KB 5 17
Tab.4 Association between METS-IR and MINS stratified by CKM stage

CKM 4] MINS &/ER(T1)  MINS & /E2(T3) OR (95% CI)* PAE® OR (95% CI)° Py®
Stage 0 ~ 11 84/2 127(3.9%) 31/361(8.6%) 2.25(143~3.55)  <0.001 1.30(1.11 ~1.51)  0.001
Stage 2 1} 77/1 436 (5.4%) 135/2 099(6.4%) 1.47(1.05 ~ 2.06) 0.026  121(1.06~1.38)  0.004
Stage 3 ~ 4] 72/466(15.5%) 207/1569(13.2%)  1.21(0.85 ~ 1.73) 0.291 1.16(1.03 ~1.31)  0.013

YRR BMI &5 LR B RS K eGFR , BRI 8675 5 2T T CKM 40005 , LARE Sriok B VR, i A M (7 A AR ARG RS 4T 2
F AR O S TR TR B | o AR R B TR 25 . METS-IR A QT 53-8 5 RARBUHE 50 MINS - JE L E
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Fig. 3 E value sensitivity analysis
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Tab.5 Baseline characteristics comparison between included and excluded patients

A AL (n=12 086) HEBRZH (n=17 256) il P SMD
UNEEZ T
AEWS IS xks) 61.5£9.1 62.3£9.2 7.832 <0.001 0.090
BMI/(kg/m?, %s) 24,843 .4 24.6+3.6 6.089 <0.001 0.070
BPE/(HB, %) 5269(43.6) 7610(44.1) 10.466 0.001 0.038
BRAEZ L/(191], %)
Ton I 4871(40.3) 6109(35.4) 75.117 <0.001 0.100
BRI 2286(18.9) 3089(17.9) 5.075 0.024 0.026
TR ML 206(1.7) 207(1.2) 10.191 0.001 0.037
W 3290(27.2) 4556(26.4) 2.320 0.128 0.018
el 3626(30.0) 5142(29.8) 0.089 0.765 0.004
SEH A
eGFR/(mL/min-1.73 m?, %s) 100.6+24.7 104.7£25.6 14.179 <0.001 0.163
ML HE ML, Xts) 131.9+18.1 128.5+19.3 15.473 <0.001 0.176
FIAII/(< 107/, Xts) 6.142.1 6.4+3.0 9.378 <0.001 0.101
ML/ M/(x10°/L , Xts) 223.9+68.8 222.8475.8 1.379 0.168 0.016
22 A/ (mg/dL, xts) 99.0+£27.0 104.4+34.2 14.398 <0.001 0.159
= H I/ (mg/dL, xEs) 132.8+79.7 141.6+132.8 2.808 0.005 0.115
S E B/ (mg/dL, x+s) 170.1+£38.7 170.1£65.7 0.530 0.596 0.022
ARl
FARM K/ (min, Fts) 204.4+113.6 191.0+726.4 2.478 0.013 0.024
H I /(mL, Xs) 167.8+359.1 178.0+£338.0 2513 0.012 0.029
JRE®/(mL, Tts) 601.1:668.2 444.7+446.0 23.003 <0.001 0.286
A F I /(1] , %) 7543(62.4) 11218(65.0) 21.858 <0.001 0.054
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