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[ Abstract] Objective To investigate the predictive value of serum metabolism-energy dual-axis biomarkers for the
severity and clinical outcomes of patients with septic shock (SS). Methods A total of 108 patients with SS admitted to the
Department of Critical Care Medicine, Yibin First People' s Hospital, Sichuan Province from January 2022 to January 2025
were selected as the SS group. In addition, 108 patients with simple sepsis admitted during the same period were selected as
the sepsis group, and 108 healthy subjects were selected as the healthy control group at a 1:1 ratio. Based on disease severity,
SS patients were divided into a mild SS subgroup (29 cases), a moderate SS subgroup (36 cases), and a severe SS subgroup
(43 cases). According to clinical outcomes at 28 days after admission, SS patients were divided into a death subgroup and a

survival subgroup. Serum levels of pyruvate kinase M2 (PKM2) and sirtuin 3 (SIRT3) were measured by ELISA. The correla-
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tion between serum PKM?2 and SIRT3 levels and disease severity was analyzed. Factors influencing clinical outcomes and the
predictive efficacy of serum PKM?2 and SIRT3 levels for adverse clinical outcomes in SS patients were analyzed. Results  Se-
rum PKM2 levels were progressively higher in the healthy control, sepsis, and SS groups, while SIRT3 levels were progres-
sively lower (F/P=457.295/<0.001, 191.296/<0.001). Serum PKM2 levels were progressively higher across the mild,
moderate, and severe SS subgroups, while SIRT3 levels were progressively lower (F/P=38.370/<0.001, 25.819/<0.001). Dis-
ease severity in SS patients was positively correlated with serum PKM2 levels and negatively correlated with SIRT3 levels (r,/
P= 0.606/<0.001, —0.645/<0.001). The 28-day mortality rate among the 108 SS patients was 37.96% (41/108). Compared
with the survival subgroup, the death subgroup had significantly higher serum PKM2 levels and significantly lower SIRT3 lev-
els (#/P=7.930/<0.001, —7.100/<0.001). Disease severity, mechanical ventilation duration =3 days, elevated sequential organ
failure assessment (SOFA) score, and elevated PKM2 were independent risk factors for adverse clinical outcomes in SS pa-
tients, while elevated SIRT3 was an independent protective factor [ OR(95% CI) = 4.773 (2.075-10.979), 4.877 (1.056—
22.511), 2.122 (1.367-3.295), 1.119 (1.052-1.189), 0.614 (0.476-0.791)]. The AUCs of serum PKM2, SIRT3, and their
combination for predicting adverse clinical outcomes were 0.812, 0.827, and 0.924, respectively. The combined prediction
showed significantly greater AUC than either marker alone (Z/P=3.110/0.002, 2.744/0.006). Conclusion

PKM2 and decreased SIRT3 levels are associated with disease severity and are independent predictors of mortality. The combi-

Elevated serum

nation of these two markers provides high predictive value for clinical outcomes in SS patients.
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Tab.1 Comparison of serum PKM2 and SIRT3 levels among the

three groups

a5l % PKM2( pg/L) SIRT3(ng/L)
et FREXT R 2 108 1.02+0.43 38.15£14.79
Jie B 2 108 5.44+1.96 19.22+8.88
e RE AR LA 108 26.39+11.23 11.19+5.19
F 14 457.295 191.296
P1H <0.001 <0.001
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Tab.2  Comparison of serum PKM2 and SIRT3 levels in SS
patients with different disease severity
A 1145 PKM2( pg/L) SIRT3(ng/L)
R SS WAL 29 10.51+4.81 16.22+6.41
g SS WAH 36 26.11x12.08 11.28+4.84
I SS WAL 43 37.33+16.40 7.72+3.70
F1{A 38.370 25.819
PH <0.001 <0.001
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Tab.3 Comparison of clinical data between the survival subgroup

and the death subgroup of SS patients

RIS i 4 2/t
o A ?ﬁmﬁ y(EnE:m? /XZ & PE
BHI(%)] 40(59.70) 26(63.41)  0.148  0.701
EWS (25, %) 57.36+8.45  60.07+8.27  1.633 0.105
PG W G- [ 451 (%) ]
W A8 22(32.84) 16(39.02)  0.427 0.513
R 27(40.30) 20(48.78)  0.744  0.388
BRI (%) ]
RN ] 8(11.94) 5(12.20)  0.000  1.000
L 26(38.81) 16(39.02)  0.001  0.982
Wi PRI 12(17.91) 11(26.83) 1.207  0.272
18t I RE R 4 7(10.45) 5(12.20)  0.000 1.000
g B 2 1 M 5(7.46) 3(7.32)  0.000 1.000
18 I REAN 4 13(19.40) 10(24.39)  0.377 0.539
TR EE [ (%) ] 3.630 <0.001
R 24(35.82) 5(12.20)
e 25(37.31) 11(26.83)
il 18(26.87) 25(60.98)
TG B (%) ] 8272  0.142
W RS 22(32.84) 9(21.95)
iRES 23(34.33) 12(29.27)
HILR S 4(5.97) 3(7.32)
MRS 6(8.96) 12(29.27)
WIRZRS 6(8.96) 2(4.88)
Bk 6(8.96) 3(7.32)
S IRITCN 0.042  0.979
22 [P 33(49.25) 21(51.22)
o2 [ 27(40.30) 16(39.02)
HH 7(10.45) 4(9.76)
HUAGE S E [ B %) ] 8.669  0.003
=34d 20(29.85) 24(58.54)
<3d 47(70.15) 17(41.46)
IR (2+5,°C) 38.44+1.29  38.62+1.06  0.753 0.453
MABP ( %+s, mmHg) 73.72+5.77  71.78+6.39  1.625 0.107
Dy (x5, Y/ min) 108.84+6.13  111.3227.30  1.898  0.060
WA (s, ¥/ min)  27.06+£5.42  28.61+4.91  1.494 0.138
WBC (xxs,x10°/L) 12.98+4.60  13.86+4.80  0.949 0.345

CRP(x+s,mg/L) 106.57+37.99 117.32+40.01 1.399  0.165

PCT(x+s,pg/L) 9.74+3.79 10.06+4.27 0.406  0.686
SOFA P43 (x+s,51) 5.97+2.44 8.07+3.09 3.917 <0.001
PKM2(x+s,pg/L) 18.50+6.66 39.29+19.75 7.930 <0.001
SIRT3 (x+s,ng/L) 13.39+4.57 7.60+3.22 7.100 <0.001
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Tab. 4

Multivariate Logistic regression analysis of factors

associated with adverse clinical outcomes in SS patients

B BIH SEMH Wald{i P{i OR{H  95%CI

P B 1.563 0.425 13.525 <0.001 4.773 2.075~10.979
WUl =3 d  1.584 0.780 4.122  0.042 4.877 1.056~22.511
SOFA P43 0.753 0.224 11.247 <0.001 2.122 1.367~3.295
PKM2 # 0.112  0.031 12.940 <0.001 1.119 1.052~1.189
SIRT3 ¥ -0.488 0.130 14.191 <0.001 0.614 0.476~0.791
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Tab.5 Comparison of the predictive value of serum PKM2 and
SIRT3 levels for adverse clinical outcomes in SS patients
P e IS o
& R WL AUC 95%CI HUBRE FESE o
PKM2 33.68 mg/L  0.812 0.726~0.881 0.659 0.910 0.569
SIRT3 8.57 ng/L.  0.827 0.743~0.893 0.610 0.866 0.476
ZHERE 0.924 0.857~0.966 0.829 0.866 0.695
301 i
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Fig.1 ROC curve of serum PKM2 and SIRT3 levels for predicting

adverse clinical outcomes in SS patients
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