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[Abstract] Objective To explore the risk factors of multiple organ dysfunction syndrome (MODS) in elderly pa-

tients with heat stroke (HS) and develop a scoring system for predicting the occurrence of MODS in EHS patients.
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Methods We conducted a retrospective study of EHS patients, who were admitted to three hospitals in Chongqing from
2018 to 2023. According to their organ injury, all cases were divided into two groups: MODS group and non-MODS
group. Various variables, including clinical characteristics and laboratory results were compared between the two groups.
Univariate and multivariate Logistic regression analyses were performed to identify the risk factors contributing to the
progression of MODS in EHS patients. Additionally, ROC curves were employed to assess the sensitivity and specificity.
Results A total of 167 HS patients were included in this study, of whom were beyond 60 years old. And 51 patients de-
veloped MODS. There were no significant differences in the age, gender, disease duration, mean arterial pressure, ac-
companying symptoms, HS type, neutrophil percentage, monocyte percentage, TT, Fib, TBIL, and DBIL (P>0.05)
between the MODS and non-MODS groups. However, patients in the MODS group presented with significantly higher
values in body temperature, heart rate, shock ratio, Acute Physiology and Chronic Health Evaluation I (APACHE 1)
score, quick sepsis-related organ failure assessment (qSOFA) score, ICU admission rate, length of hospital stay, white
blood cell count, neutrophil count, monocyte count, NLR, PT, APTT, CK, CKMB, myoglobin, ALT, and AST com-
pared to the non-MODS group (P<C0.05). Univariate Logistic regression analysis revealed that APACHE I score,
qSOFA score, white blood cell count, neutrophil count, GGT, ALT, AST, CK-MB, and LDH were risk factors of
MODS development in the elderly HS patients (P<C0. 05). Furtherly, multivariate Logistic regression analysis indicated
that gSOFA score and APACHE [I score were independent risk factors (P<C0.05). Conclusion The EHS patients are
susceptible to progressing to MODS, compared with long hospital stays and poor prognoses. The qSOFA score and A-
PACHE [l score are effectively indicators for predicting the progression of MODS in EHS patients.
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Table 1 Clinical characteristics of EHS in MODS group and non-
MODS group
i . JE7T MODS o b
E(m=51) T (n=50)
ERCH) 75(66,81) 76(67,84.5)  —0.734  0.463
5 1678 0.195
% 33(64.7) 26(52)
s 18(35.3) 24(48)
KR CC) 41(40.5,41. 5) 40(39.8,40.2)  —2.863  0.004
i (b 3(2,7) 3(1,10) —-0.017  0.986
Henhg s 1.189  0.276
x 20(39. 2) 25(50)
H 31(60. 8) 25(50)
% (bpm) 118(100,140) 88(79,106) —5.139 <C0. 001
- Bk (mmHg) 81. 33(72. 67,96.33) 89. 67(80.5,95.67) —1.437 0. 151
Rt 11647 0.001
2 15(29.4) 2(4)
I 36(70. 6) 48(96)
PR AR 1.250  0.264
x 15(29. 4) 20(40)
H 36(70. 6) 30(60)
HS 26 #1 1.708  0.191
Z WA HS 35(68. 6) 40(80)
55 1% HS 16(31. 4) 10€20)
APACHE [[3F:4} 19(15,25) 12(10.5,15)  —5.863 <C0.001
qSOFA 4y 2(2,3) 1€0,1) —6.237 <C0.001
ICU /Y7 20.132  <€0. 001
Ve 39(76. 5) 16(32)
I 12(23.5) 34(68)
£ BB ) () 9(4.,16) 4(2,6.5) -3.942 <€0. 001
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TGI8 L (P>0.05), W& 2, Libsg FiER,



+ 1362 -

WEARES 2025 F 9 A % 37 K% 94  Med ] West China,September 2025, Vol. 37.No. 9

MODS 24 £ 35 590 B R HE 0B B 45 25 B 1 FE
F4E MODS 41,

%2 EHS #£#& MODS AFMIE MODS HHWRE L R[M(Ps . Prs) ]
Table 2 Routine examination results of EHS in MODS group and non-

MODS group

=7 MODS

WK e z P
£m=51) & (n=50)

WBC (10°/L)  14.82(12.83,19.48)  9.59(7.75,12. 36)

NEUT(10°/L)  12.85(9.84,17.33)  8.12(6.05,10. 87)

—5.298 <C0.001
—5.009 <C0.001

NEUTY% 87.8(83.63,90.28)  85.35(78.25.89.08) —1.729  0.084
MONO(10?/L) ~ 0.75(0. 46.1.11) 0.50. 34,0.7) —-2.799  0.005
MONOY% 5.4(4.18,7.78) 5.3(3.88.6.55)  —0.499  0.618
LY(109/1) 0.86(0.52,1.3) 1.01€0. 58,1. 28) —0.02  0.984
NLR 14.42(8.88,26.92)  9.21(6.13,14.18)  —2.717  0.007
LY% 6.2(3.45,9. 65) 9.05(6.1,12.7)  —2.622  0.009
EO(10°/1) 0. 005(0,0. 02) 0€0,0. 04) —0.169  0.866
EO% 0€0,0.1) 0€0,0.4) -1.022  0.307
PLT(10?/1) 115(81,168) 168.5(119.75,256.5) —3.525 <C0.001
PT(s) 16.35(15.08,18.43)  14.75(13.73,15.53) —4.546 <C0.001
APTT(s) 38.45(33.23,50.78)  34.2(31.18,37.53)  —3.320  0.001
INR 1.33(1.21,1.54) 1.17(1.08,1.25)  —4.733 <C0.001
TT(s) 17. 6(16. 48,19. 5) 17.05(16,18.2)  —1.835  0.067
FIB(pmol/L) 2.79(2.29,3.69) 2.97(2. 42,3. 66) —-0.54  0.589
CK(U/L) 1226(362.5,3770.75)  478(204,739.25)  —3.590 <0.001
CK-MB(U/L)  19.06(8. 58,41. 45) 6.82(4.14,12) —4.337 <0.001
LDH(IU) 472(353.75,975.25)  274(222.5,404.75) —5.128 <0.001
GGT(U/L) 350. 5(244,539.5) 205(158,282.75)  —4.857 <C0.001

Mb(ng/mL)  838.3(451. 98,2288. 33) 440. 55 250. 5,785.9) —3.125  0.002
¢Tnl (pg/L) 387.9(53.67,968.5) 54.11(24.12,453.25) —2.608  0.009
ALT(pmol/L)  49.45(21. 75,83. 25) 19.5(14,35. 75) —3.975 <€0.001
AST(pmol/L)  77(41.25,199. 88) 33(23.75,43.75)  —5.394 <C0.001
TBIL(pmol/L)  18.34(12.53,26.58) 16.55(11.46,23.35)  —0.72  0.472

DBIL(gmol/L)  10. 1(5. 83,13.98) 8.35(6.3,12.85)  —0.533  0.594
BUN(mmol/L) 9. 74(6.1,17.3) 7.86(4.9,13.32)  —1.229  0.219
Cr(pmol/L) 141.15(65,223. 5) 87.8(67.75,135)  —2.007  0.045

2.4 EHS B ##E N MODS Wfiak B Z 5 =
Rt S S Y R o N R e v N S o
G THE Wi e R T A% T A il L A O L L TR VR T
T LR B I b R R A M ET S B B L ]
FEEAE BRI R JREACAPACHE I ¥4 A
aSOFA PP/ fE B 2 W IH 20 B, S i 45 R R A-
PACHE [l #F43=15 43 .qSOFA #43=2, UL & H 40 i
2 N R R R 1 R o GRS R 2 N N R = NI
P T it [v) T ok R LR S ) S 2 e (P <20, 05),
R IR AR AT REAE FIWE EHS If & MODS HA3 8 Kk R
B, SR, T2 RR 2 1Y i DR 38 A 75 b L 40 i 0
Pl (B Il B 0] 2R 4R AR L SUIB LD R VR R A1
P, 2R gt # E X (P>0.05), W3 3.

2.5 EHS ##& ¥R MODS ) Logistic £ [ % [#]
IH 4 #1 3 — 2 % APACHE 11 3F 4% . qSOFA ¥ 43
DI A 200 00, o e 0 B T L A N R L A

%3 BEE Logistic B34 #7 EHS £& 7 & MODS KR E &
Table 3 Univariate Logistic regression analysis of risk factors for MODS

in EHS patients

- o
i R 7 R e %
IR CO) —0.001 0.005 0.078 0.780 0.999 0.989 1.008
L& (bpm) —0.002 0.002 1.723 0.189 0.998 0.994 1.001
APACHE [I#F4r —0.024 0.012 4.156 0.041 0.976 0.954 0.999
FEBERT A (dD —0.036 0.018 3.76  0.052 0.965 0.931 1
qSOFA PE4) —0.414 0.121 11.649 0.001 0.661 0.521 0.838
WBC(10°/L)  —0.03 0.014 4.348 0.037 0.971 0.944 0.998
NS 0.062 0.107 0.342 0.558 1.064 0.864 1.312
ICU {97 0.177 0.131 1.829 0.176 1.194 0.923 1.544
NEUT(10°/L) —0.035 0.017 4.568 0.033 0.965 0.934 0.997
MONO(10°/L) —0.441 0.254 3.018 0.082 0.643 0.391 1.058
NLR —0.021 0.011 3.777 0.052 0.98 0.96 1
LY% 0.018 0.018 1.026 0.311 1.018 0.983 1.06
PLT(10°/L) 0.001 0.001 1.928 0.165 1.001 0.999 1.004
PT(s) —0.011 0.012 0.853 0.356 0.989 0.966 1.013
APTT(s) —0.005 0.004 1.679 0.195 0.995 0.987 1.003
INR —0.167 0.145 1.321 0.250 0.846 0.637 1.125
CK(U/L) 0 0 2.853  0.091 1 1 1
CK-MB(U/L)  —0.047 0.017 7.567 0.006 0.954 0.923 0.987
LDHIU) —0.002 0.001 5.071 0.024 0.998 0.997 1
GGT(U/L) —0.001 0.001 5.836 0.016 0.999 0.998 1
Mb(ng/mL) 0 0 1.515 0.218 1 1 1
¢Tnl Cug/L) —0.001 0 3.452  0.063 0.999 0.998 1
ALT(pmol/L) ~ —0.01 0.004 5.593 0.018 0.99 0.983 0.998
AST(umol/L) ~ —0.007 0.003 7.846 0.005 0.993 0.988 0.998
Cr(umol/L) —0.002 0.001 2.189 0.139 0.998 0.996 1.001

e A Wl LR DG W) T L LR B AU R AT Logistic £
A2 W] 4 4, 45 3 7R, qSOFA 3 4r #l APACHE
I iF 4 & EHS 3 & MODS B & [ B £ (P <
0.05), L3 4,

* 4 BB E Logistic B34 # EHS £& 3 % MODS IR F &
Table 4  Multivariate Logistic regression analysis of risk factors for

MODS in EHS patients

— o -

i { B gg IL/RfE P OR %
APACHE [l3#4> 0.159 0.059 7.286 0.007 1.173 1.045 1.316
aqSOFA 143 —1.343 0.386 12.101 0.001 0.261 0.123 0.556
WBC(10° /L) 0.095 0.239 0.158 0.691 1.100 0.688 1.759
NEUT(10°/L) —0.113 0.258 0.193 0.661 0.893 0.539 1.480
GGT(U/L) 0.000 0.002 0.052 0.819 1.000 0.997 1.004
ALT(pmol/L) 0.004 0.009 0.229 0.632 1.004 0.987 1.021
AST(pmol/L)  —0.016 0.008 3.522 0.061 0.984 0.968 1.001
CK-MB(U/L) 0.000 0.002 0.002 0.968 1.000 0.996 1.004
LDHIU) 0.000 0.000 0.051 0.821 1.000 0.999 1.001

2.6 qSOFA,APACHE [l B# B4 i EHS &
i MODS Al AR 5T 45 5, A 5% 43 51 LA
qSOFA iF 4y #1 APACHE I ¥ 4 #i I EHS # @
MODS B[ &EPE . ROC 43 M 45 5 7R . qSOFA 41
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W EHS & # MODS 9 il £ T 1 L 0. 847 (P <
0.05), HAEMMr AL 1.5, M Ab BOURBE 80. 406, F¢ =
74%; APACHE I ¥ 4r i1 £ 7 1 #1 0. 838 (P <
0.05), LMl s 15. 5, WAMBURE 72. 5% 45 55
86% . qSOFA ¥E/3r B4 APACHE 11 PE4r vl B % 42
AR S . P E B ROC il £ F i FL A 0. 872
(P<<0.05), VLK 1,

2
=
= AUC:0.838
% AUC:0.847
» (.4 J’
0.2+
—qSOFA
—APACHEII
qSOFA+APACHEII
0.0+ |

12 1.0 08 06 04 02 00 -02
Specificity

B 1 qSOFA 4> #1 APACHE I3 4> Fiill EHS 3 % MODS K ROC # £
Figure 1 ROC curves of gSOFA score and APACHE 1l score for predic-
ting MODS in EHS patients
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81 U/L A1 122.5 U/L, S G2 HS B HF
DU I A e, 3 2 3% B0 LR 3 Al AN UL 2T R 1 B E T
1 PR HR i JR LD PRECTE R Y WLLT B 3 %R
B /NER AT S B B B WU B . AT
SHCCWEAZ I O E LG ) . A0 L
LR 53 AT O WUULES 25 1 TCeTnD WY B, H

Tl FHEKF 5.0 LI E F1HS ()™ 5 8 B A G,
5 R AR5 R AR B AR [, AW 58 43 B EHS B Il R
FRAE . &3 EHS % b MODS 41 1 1 48 i Fn rp ek
AT E s T RE R A A . T INR AT APTT 34K
FREAEHIE L 7T 8 5 & AR ML R AR A O

B EIRA TR, HS BE 25 5 01 & MODS, fe %t
FHEOIET:, B AP E LA HS BE I KR
TF FAS: 25 46 30 45 SR b 18 HS BUS T 4> R 56, 38 S0 K
DAL PR AN DA A7 | AR (AR AE RS 0 G A S
£ 05 40 b7, 45 B % 8 HR, SaO, . CRP,PCT, AST,
SCr.PTA.& & 8% (Oxyenation index, OD) #l Lac 3
nf ST I HS B WS, AUC M 0. 601 = 0. 870 A
B, LR AR AR A T AR R S 4 B R 98.1%
M97.2% . Wang S&7 M EE 1M D) B8 J7 1 WO HS &
HWUGE AR KM PLT il D-Z R AR Z R0 70 % DL I
HS & AR WG W BURE b5, 385 H55 " £ D-
TR RN IS R F HS WU KU =, SRR
SR LR A T R I B ] L0 R S G EE R A 45 R L SO-
FA fl APACHE Il Wi figg sl R, 5t
S BRI N ) L SOF A BF 73 FLA BE I 0 2 T HS
45 J5 i WU S bR, = BUBE 43 50 9026, 90 %0 Al
60%, = & Bk & B M8 B 100%, ¢ 5 M
93.3%. 5L AFEAR AN, Li 5520 2545 4 B ik
T S A ) BE L 1L 43 AT RN A TE A Y 4 R R
#& TBIL.PT.Lac,AST ,Tnl.PLT,Fib,GCS,Cr. &
TN 0 T Ak 55 0 1 L 45 TR bR R4y ol 0~ 4
Iy Ky EHSS ¥4 . LA EHSS $F2r ¥4 HS % i
Jo W EUBE IR B 99. 700 FE RN 91, 2%, 1 T SO-
FA ¥4 F1 APACH E Il ¥4y, SR ZE0 9 AT
febri 2 AU B HS B3 F o8 3 R A, Aot
MK qSOFA Fl APACHE 11 343 J2& Fl I 3 45 #4
SH MODS (% 8 46 bR, P& 1Y B0 M g3 0 R
80. 4 Y0 72. 5% i 0 A J2: DA Fl IS 19 BBCIRR 3 A5
3T SOFA 43 . qSOFA 8 1 £ 35 2% B D) fig
AR, BT R PP AL P 0 05 4 R R A R
Wz a2 EAFERS, APACHE [ P45 2tk ik
BRAE bR L Al R0 AR % S IR F L AE O A AR K
TR Z 28 B DI Re e BT B E RS,

EREAE HS &k HIX 1058 E4E B E NI
& MODS # A ICU JRY7 . X Al fES 2Rl K EAH X,
A AR N B AR B L GE AR L 0 WE 2 RE US|l A
A ER L I D, BRI R R R S BOR IR AN 3Z
H BN R %% Ho /b, B IRBCIOR %
ORI S T AE R A BT R Y DI RE TR A 5
Mg, B BAE AR & T8 £, J5F P L K 22



+ 1364 -

HRESF 2025 F 9 A % 3

7 %5 %

9 # Med J] West China,September 2025, Vol. 37,No. 9

HIGZS VR AE By - A 56 B0 T A AR 26 52 9 19 XUBG: (. 35
Fhim . ST AR B MR BRI B I G £
A E T RE B A A R AR ST AN AR AR I
W R E IR AT T, 45 R K B EHS A WBC
A NEUT ¥ @& F BE A 3047 0 2% #F 55, 10 INR Al
APTT R F BE 1 i 38, #F — 20 43 45 21 7R, WBC,
NEUT.ALT,AST SE¥A & W EHS M5 19 U4
¥R .1 qSOFA I APACHE 11 43 2 ¥l 5 4 $4 5
i MODS A9 S B L 11 P 25 KA AT i 35 4 v 39000 7

AR,
4 ZHig

EHS B# 5 & 4= MODS, i 5. 11 | 3l 2% #3445 58
F 1 gSOFA #1 APACHE 11 $F4% . iR 9 w5 fa A\

(5% #k]

[1] BOUCHAMA A, KNOCHEL J P. Heat stroke[J]. N Engl J
Med, 2002, 346(25): 1978-1988.

[2] ok Amv5, ok, S5, PURRE KR 20 B B0 B9 FE IR R R 4y
B K B A R AR 2 (], PHAREE %%, 2025,37(1) 1 75-79.

[3] LIUS Y., SONG J] C, MAO H D, er al. Expert consensus on
the diagnosis and treatment of heat stroke in China[J]. Mil Med
Res, 2020, 7(1): 1.

[4] MISSET B, DE JONGHE B, BASTUJI-GARIN S, et al. Mor-
tality of patients with heatstroke admitted to intensive care units
during the 2003 heat wave in France: a national multiple-center
risk-factor study[J]. Crit Care Med, 2006, 34(4): 1087-1092.

(5] oRhRer, E3C8E, ok, 5. EiE B IR 2 285 Uk B 25
BAETUGE R R R B Hr L], i R A 28 55, 2012, 17(6) .
971-973.

[6] HIFUMI T, KONDO Y, SHIMIZU K, et al. Heat stroke[ ]J].
J Intensive Care, 2018, 6: 30.

[7]  ASTROM D O, FORSBERG B, ROCKLOV J. Heat wave im-
pact on morbidity and mortality in the elderly population: a re-
view of recent studies[J]. Maturitas, 2011, 69(2): 99-105.

[8] MADDEN K M, ROCKWOOD K. Dialogue on geriatrics: how
should we fix the problem? [J]. Ann Intern Med, 2012, 157
(6): 456-457 ;authorreply 458-459.

[9] ARIENTI C, LAZZARINI S G, POLLINI E, et al. Effective-
ness of rehabilitation interventions in adults with multi-organ
dysfunction syndrome: a rapid review[]]. ] Rehabil Med, 2021,
53(8): jrm00221.

(1o0]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Wi, sk, RUE.AE. P B AR R )RR I A5 25 A 1 B
FEERL]. ARSI SR, 2017(2) : 188-192.
WU X H, QIAN J, HE S B, et al. Prediction of in-hospital
mortality in patients with exertional heatstroke: a 13-year retro-
spective study[ J]. Int J Environ Health Res, 2024, 34 (6):
2451-2462.
XING L, LIU S Y, MAO H D, et al. The prognostic value of
routine coagulation tests for patients with heat stroke[J]. Am ]
Emerg Med, 2021, 44. 366-372.
XN W, WERE I, AR L A5 BRI R A O 1 A AR 5 1
I R AIE B FE B IR R A3 AT L. AR fa T s B %, 2023, 35
(7). 724-729.
LI Z D, MCKENNA Z J, KUENNEN M R, et al. The poten-
tial role of exercise-induced muscle damage in exertional heat
stroke[J]. Sports Med, 2021, 51(5): 863-872.
HAUSFATER P, DOUMENC B, CHOPIN S, et al. Elevation
of cardiac troponin I during non-exertional heat-related illnesses
in the context of a heatwave[ J]. Crit Care, 2010, 14(3): R99.
N, B, (AR, %, 2022 45 F BRI AR i 4 IX B EE
BB F KRR R T e B R T [)]. mR A2,
2023, 24(6): 297-304.
WANG L, JIAH Y, SHEN Y M, et al. Diagnostic significance
of combined calcitoninogen, platelet, and D-dimer assay in se-
vere heatstroke: with clinical data analysis of 70 patients with
severe heatstroke[ J ]. Ther Hypothermia Temp Manag, 2023,
13(1) . 29-37.
IR, 2R, RLLsE, A5, PR B9 PR Ry R 5 iR TS 1 AH
KB FEAHILI]. WALBE %, 2024, 30(2): 312-316.
WA, SCF, TR SE. SR ERR B E 90 d BUS SRS R R
SR BUREEZ DA, 2024, 40(4): 595-599.
LI P, YANG L, LIU R, etal. The value of the exertional heat
stroke score for the prognosis of patients with exertional heat
stroke[J]. Am J Emerg Med, 2021, 50: 352-355.
CHURPEK M M, SNYDER A, HAN X, ez al. Quick sepsis-
related organ failure assessment, systemic inflammatory re-
sponse syndrome, and early warning scores for detecting clinical
deterioration in infected patients outside the intensive care unit
[J]. Am J Respir Crit Care Med, 2017, 195(7): 906-911.
YANG L, YANG J, ZHANG X Q. et al. Predictive value of
soluble CD40L combined with APACHE 1I score in elderly pa-
tients with sepsis in the emergency department[]J]. BMC Anes-
thesiol, 2024, 24(1) . 32.

(Y7 B :2024-08-09; & H H.2025-01-21; %45 . 5KE#H)



