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The Variation Patterns of Physiological Parameters and
Fatigue Prediction under Combined Hot-Humid and Hypobaric Hypoxia
Zhang Shenwei Sun Liangliang Hu Yue Su Xiaowen Yuan Yanping
( Southwest Jiaotong University, School of Mechanical Engineering, Chengdu, 610031 )

[ Abstract] This study investigated the effects combined hot-humid and hypobaric hypoxia on the physiological parameters and
fatigue time of personnel engaged in long-duration endurance tasks, as well as the reliability of using physiological parameters to
predict the probability of task completion by the personnel. A non-parallel controlled repeated measurement experiment was
designed, with environmental factor levels of 3 (33°C, 37°C, 40°C) x 3 (96.5kPa, 65.7kPa, 63.2kPa) x 80%RH, and 10 male college
students were recruited as subjects. The results showed that temperature had significant effects on the exit time (Wald y* = 881.722,
P =0.001), heart rate at exit (Wald > = 76.721, P = 0.001), blood oxygen saturation at exit (Wald y*> = 38.697, P = 0.001), and oral
temperature at exit (Wald y*> = 358.792, P = 0.001), while pressure had significant effects on the exit time (Wald > = 52.653, P =
0.001), oral temperature at exit (Wald y*> = 16.545, P = 0.001), and blood oxygen saturation at exit (Wald y?> = 206.59, P = 0.001).
There was an antagonistic effect between temperature and pressure on the exit time and blood oxygen saturation at exit. Oral

temperature and blood oxygen saturation could be used to predict the probability of completing the entire task by the subjects
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relatively well, with an area under the ROC curve (AUC) of 0.824. The prediction effect was influenced by individual differences,

and the AUC increased to 0.912 after incorporating individual differences. Oral temperature and blood oxygen saturation can be

used to predict the ability of personnel working in high temperature, high humidity, low pressure and low oxygen environments to

complete tasks, providing a reference for the detection and evaluation methods of fatigue in actual working environments.
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Table 1 Physiological parameter measuring instrument and its performance index
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Table 2 Basic information of the subject

JE A3
W HE/em  fAEH/kg BMI

W /m
2224131 1743+4.87 66.1+7.04 21.71+1.43 447497
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Table 3 GEE parameters of withdrawal time
S B SE P Wald P
TR IR
MR 120 — 0.001
40°C -68.5 3.24 -74.859 -62.141 445819 0.001
37°C -17.5 3.62 -24.601 -10.399 23.333 0.001
63.2kPa -16.5 3.99 -24.326 -8.674 17.074 0.001
65.7kPa -5 3.16 -11.198 1.198 2.500 0.114
40°C*63.2kPa 8.8 4.34 0.294 17.306 4111 0.043
40°C*65.7kPa 3.7 3.29 -2.747 10.147 1.265 0.261
37°C*63.2kPa -6 6.1 -17.954 5.954 0.968 0.325
37°C*65.7kPa 7.2 3.55 0.238 14.162 4.109 0.043
2.3 IR ZIAEE S Bl 3 IR T oK 56 B 6 BE LR 1 52 38 R HY
. 33°C 37°C a0°C 1 R FE e A L, 480 4 AN S D s iR FE A T
e L i (0T TR R R 390
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~ AR 2 S iR AR A O o RS0 T T
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jm 37.0,374) o o °
TR L s J 5% 38 H B 2] 11 s R R s e 3R 4
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Fig.3 Oral temperature upon subject withdrawal
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Table 4 GEE parameters for oral temperature at discharge

" 95%CI

S8 B SE Wald P
IR R

B 37515 0.0513 37.414 37.616 533856.634 0.001

40°C 1.351 0.1082 1.139 1.563 155.820 0.001

37°C 0.910 0.0533 0.805 1.014 291.004 0.001

63.2kPa 0.173 0.0460 -0.263 -0.083 14.110 0.001

65.7kPa -0.081 0.0404 -0.160 -0.002 4.014 0.045

K 4 252303 45 ORI 10 %, 63.2kPa I
W BB 1D F AT 5 96.5kPa 65.7kPa T3 T )
DAAE, TEROFRBIERLE, KK 63.2kPa T.
BN IR I B AR A Dy 6 A 5 FE S 96.5kPa
65.7kPa L1 HANHH [ o 0o 26 52 35 B 5 1) 328 25 (Wald

2=76.721, P=0.001) , ZJEJJZmARZE (Wald
2=4.408, P=0.110) . *f 63.2kPa T.{LA1 65.7kPa
TG IR 2 0 # 50A, 63.2kPa 55 65.7kPa
FHERZHELER (7=2.314, P=0.021) .
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Table 5 GEE parameters of mean heart rate
95%CI
ZH B SE Wald 52 P
TR PR
MR 107.912 2.4863 103.039 112.785 1883.832 0.001
40C 22.477 1.9141 18.725 26.228 137.891 0.001
37°C 12.407 2.5294 7.450 17.365 24.060 0.001
63.2kPa 5.156 3.2762 -1.266 11.577 2.476 0.116
65.7kPa 5.772 1.4641 2.902 8.641 15.543 0.001
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Fig.5 Blood oxygen saturation changes over time
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Fig.6 Heart rate and oral temperature measured at the
end of the first round
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Table 6 The results of GEE analysis of withdrawn outcome

L% 1 6
KAUEH
Wald P Wald > P
96.5 kPa 4.667 0.031 6.121 0.013
65.7 kPa 0.031 0.860 5.185 0.023
63.2 kPa 0.893 0.345 2.325 0.127

X 55— R 128 B 5 AN I SECHEAT P R A0
SRR 7 PR o S5 5R B BN ) S BAR
B AR SR SR, A &S HAEH,

DU B RN TE 40°C B i 35, TR DI 32 AN
FEA R BRI 3 . AR EEAFE N A
BAFIIX PR, AT DR N R U A TR R 5 -

®T BE—RLERMNFIGFE GEE 2%
Table 7 GEE parameters for oxygen saturation at the end of the first round
N 95%ClI ,

24 B SE - @ Wald P
R 95.517 0.1874 95.150 95.884 259797.084 0.001
40°C 0.005 0.2971 -0.577 0.587 0.001 0.986
37°C 0.086 0.2336 -0.371 0.544 0.137 0.712
63.2kPa -13.014 1.1970 -15.360 -10.668 118.212 0.001
65.7kPa -10.833 0.6701 -12.147 -9.520 261.334 0.001
40°C*63.2kPa 3.014 0.8177 1.412 4.617 13.591 0.001
40°C*65.7kPa 1.280 0.9220 -0.527 3.087 1.927 0.165
37°C*63.2kPa -0.001 1.0989 -2.155 2.153 0.001 0.999
37°C*65.7kPa -0.117 0.7010 -1.490 1.257 0.028 0.868

BT I R (R 22 A RE L/, LA I
AR IS T, K O B U — 1k, AR RIS
AR A AR AT B bR dE, HX36.5°CARIR, 39°C
N EBR, 5 A AR S TR R bR, T
PR AR, AR E RSN, HATch M

HEFE . SpO N IMAMAIE . BMIN B K &850
age AERY . HRADZE . Teb N IFIAIZEHN AT Y K i
B IDAZIRE IS . EAAIAYN N 5238 2 (1)
SR RPN A 52 T %) e LB N e L
,

#*8 GLMMiZEBES4R
Table 8 Set and result of GLMM

\ 120438138 H T 25 5
TR A B

2% B AUC
i) | Te+Sp02 361.495 0.824
i Eitl) Tc+SpOr+BMI+age 360.549 0.824
A3 Tc+SpO,+HR+BMI+age+Tcb 381.999 0.860
R4 Te+SpOr+BMI+age+(ID[ID)+(I6. E [ID)+H( & /7]ID) 356.913 0.912
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Fig.7 The results of ROC analysis
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