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operations, and intensified heat exposure driven by global climate change poses a severe threat to their
operational efficiency and life safety. Natural individual differences exist in heat tolerance, yet systematic
understanding of the influencing factors remains lacking. This study aims to systematically investigate
individual difference factors affecting heat tolerance in young males through multidimensional indicators
including basic physiological characteristics, lifestyle behaviors, and serum biochemical and hormonal levels,
thereby providing a theoretical basis for health management and heat injury prevention of workers exposed to
high-temperature environments. Methods A cross-sectional study was conducted among young adult males
permanently residing in Hainan. A total of 160 participants were enrolled between March 25 and April 6,
2024, and based on the results of heat tolerance tests and terminal body temperature and heart rate, they were
divided into a heat-intolerant group (n=35), a moderately heat-tolerant group (n=81), and a superiorly heat-
tolerant group (n=44). General physiological indicators including age, height, body weight, body mass index
(BMI), body surface area and body fat percentage were compared across groups. Lifestyle behaviors (smoking
status, insomnia, water intake, history of heatstroke, physical fitness and adaptability to local living
environment) were investigated via Wenjuanxing questionnaire. Serum biochemical indicators [aspartate
aminotransferase (AST), alanine aminotransferase (ALT), urea nitrogen (UREA), creatinine (Cr), creatine
kinase (CK), and creatine kinase-MB (CK-MB)] and hormones (cortisol, aldosterone, and testosterone) level
were detected. Ordinal logistic regression analysis was applied to identify differential indicators influencing
heat tolerance, and a confusion matrix was adopted to evaluate the prediction accuracy of the model.
Results  Univariate analysis showed significant differences among the 3 groups in terms of BMI (P=0. 017),
body fat percentage (P=0.002), smoking (P=0. 010), insomnia (P=0. 024), history of heatstroke (P=0. 019),
physical fitness (P=0. 002), environmental adaptability (P<0. 001), Cr (P<0. 001), ALT (P<0. 001), cortisol (P=
0.002) and serum testosterone (P=0.002). Multivariate ordinal logistic regression analysis revealed that
smoking (OR=2.958, 95%CI: 1. 379 to 6. 346, P=0. 005), history of heatstroke (OR=3. 872, 95%CI: 1. 451 to
10. 328, P=0.007), poor physical fitness (OR=0.047, 95%CI: 0.006 to 0.383, P=0.004), moderate
environmental adaptability (OR=0. 280, 95%CI: 0. 107 to 0. 730, P=0. 009), elevated levels of Cr (OR=0. 820,
95%CI: 0.762 to 0. 882, P<0.001), ALT (OR=0. 848, 95%CI: 0. 751 to 0.957, P=0.008) and testosterone
(OR=0. 627, 95%CI: 0. 448 to 0. 875, P=0. 006) were independent risk factors for decreased heat tolerance.
The overall prediction accuracy of the model was 70. 00%, indicating satisfactory discriminative performance.
Conclusion

lifestyle behaviors (smoking, heatstroke history, physical fitness and environmental adaptability) are key

Individual physiological and biochemical indicators (Cr, ALT and testosterone) as well as

influencing factors for heat tolerance in young adult males in Hainan region. BMI, body fat percentage,
cortisol and insomnia are also significantly correlated with heat tolerance.
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&1 AWZNKEERBIEIRESR s, M(Py, Py5) |
Table 1 Differences in physiological indicators during heat tolerance test [ ¥+s, M( Py, P,,) |
Item MHT group(n=81) SHT group(n=44) /4 P
AT/C 2.7+0.8 1.0+0.5 13.953 <0. 001
AHR/bpm 66. 5+15.3 55.7+12. 4 4.019 <0. 001
Dehydration rate/% 1.9(1.6,2.2) 2.5(2.4,2.8) =7.308 <0. 001
PSI 8.2+1.5 4.6x1.0 16. 466 <0. 001
BHSI 82.0(69.2,99.9) 32.4(21.7,43.8) -8.617 <0. 001
HR: heart rate; PSI: physiological strain index; BHSI: body heat storage index
K2 TRAMZEENEFESENEREBFHE ves, M(Pyg, Py) |
Table 2 Basic characteristics of young adult males with different heat tolerance levels [ x+s, M( P, P,,) |
Item HIT group(n=35) MHT group(n=381) SHT group(n=44) FIH P
Agelyears 22.8+2. 4 22.7+2. 4 23.1+2.5 0.410 0. 665
Height/cm 173.745. 8 173.0+5.7 173.5+4.9 0.231 0.794
Body weight/kg 71.9(65.1,80.8) 67.2(61.4,75.2) 66.7(63.2,71.9) 5.674 0. 059
BMI/(kg/mz) 24.1(21.9,25.5) 22.1(21.1,25.0) 22.6(21.5,23.8) 8. 105 0.017
BSA/m’ 1.8(1.7,2.0) 1.8(1.7,1.9) 1.8(1.7,1.9) 4.483 0. 106
Body fat percentage 13.8(10.9,15.6) 12.7(11.1,13.8) 11.6(10.7,12.7) 12.211 0. 002

HIT': heat intolerance; BMI: body mass index; BSA: body surface area
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R3 TRAMZRENEFESEREFITARE (%) ]

Table 3 Lifestyle and behavioral characteristics of young adult males with different heat tolerance levels [n(%) ]

Item HIT group(n=35) MHT group(n=81) SHT group(n=44) H P
Smoking 9.312 0.010
Yes 24(68. 6) 42(51.9) 15(34. 1)
No 11(31.4) 39(48.1) 29(65.9)
Insomnia 7.429 0.024
Yes 28(80.0) 43(53.1) 26(59. 1)
No 7(20.0) 38(46.9) 18(40.9)
Water intake 1.299 0.522
Sufficient 13(37. 1) 36(44.4) 14(31.8)
Moderate 20(57.1) 37(45.7) 26(59.1)
Low 2(5.7) 8(9.9) 409.1)
Heatstroke history 7.948 0.019
Yes 12(34.3) 15(18.5) 4(9.1)
No 23(65.7) 66(81.5) 40(90.9)
Physical fitness 12. 191 0. 002
Excellent 5(14.3) 32(39.5) 19(43.2)
Good 17(48.6) 38(46.9) 17(38.6)
Pass 10(28.6) 8(9.9) 8(18.2)
Fail 3(8.6) 3(3.7) 0(0)
Environmental adaptability 23.772 <0. 001
Good 12(34.3) 64(79.0) 35(79.5)
Moderate 20(57.1) 13(16.0) 7(15.9)
Poor 3(8.6) 4(4.9) 2(4.5)

F4 ARERMZEENNEEBEMEELIERNRKFEER ves, M(Py, Py) |

Table 4 Differences in serum biochemical indices and hormone levels among young adult males with different

heat tolerance levels| ¥+s, M(P,;, P,;) |

Item HIT group(n=35) MHT(n=81) SHT group (n=44) FIH P
UREA/(mmol/L) 6.9+1.6 6.6£1.2 6.5+1.5 0. 805 0. 449
Cr/(pmol/L) 94.0(90.0,97.0) 87.0(83.0,92.5) 85.0(79.0,89.0) 45.884 <0. 001
ALT/(1U/L) 20.6(18.2,29.3) 20. 8(18.6,22.6) 19.2(17.0,20.3) 17. 856 <0. 001
AST/(TU/L) 26.4(23.2,32.3) 27.6(24.1,31.9) 26.8(23.5,33.6) 0.614 0.735
CK/(1U/L) 252.6(203.3,374.7) 247.8(194. 4,362.5) 221.9(167.6,324.7) 2.773 0. 250
CK-MB/(IU/L) 12.8(9.7,16.8) 13.7(11.0,16.4) 11.9(10.3,15.2) 2. 009 0. 366
Cortisol/(ng/mL) 173.7(122.8,210.7) 129.3(94.6,184.2) 105. 1(78.3,159.8) 12.978 0.002
Aldosterone/(pg/mlL.) 0.9+0. 2 0. 8+0.2 0.9+0. 2 1.015 0. 365
Serum testosterone/(ng/ml.) 5.3(4.5,5.8) 4.7(3.9,5.6) 4.2(3.6,5.3) 12.926 0. 002

UREA : urea nitrogen; Cr: creatinine; ALT: alanine aminotransferase; AST: aspartate aminotransferase; CK: creatine kinase; CK-MB: creatine kinase-MB

(OR=2.958,95%CI: 1. 379~6. 346,P=0. 005) , JCH &
i S 3 2R B R — P R B RE BR B T e R AT
B Y 3,872 % (OR=3.872, 95%CI: 1. 451~
10. 328, P=0. 007) . 1ARE 2% NI I8 318 W Pk — & el 5
RS B R -3. 065 Fl-1. 274 K AE 2% 5 F 0 — T 4
B 5 T AR AT B R SR AR BRI 75 5 1Y 4. 7% (OR=
0. 047,95%CI:0. 006~0. 383, P=0. 004) , FRE & I %

— B S I AZ ST fE B R (OR=0. 280, 95%CI:
0. 107~0. 730, P=0.009) . ¢ I, H J¥ Logistic 1] 9 2%
SR« Cr  ALT | I 52 6 Sk $0 A2 04 fa 1 PR 2R 5 T
TG H 2 s T e I R 1 AT AZ 5 A AR TR BE
75 NBE, VR 22 3 I 32 7K 8 35 B AR 5 PR B 38 1
P — B A A2 AR T I R A AR s BMI AR %
B S R MRS P A2 1 2 (R) 34 0 ST 8 3 5Bk
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Table 5 Ordinal logistic regression analysis of influencing factors for heat tolerance in young adult males with
different heat tolerance levels
Ttem Regression coefficient OR(95%CI) P
BMI -0.102 0.903(0.757—1. 076) 0.255
Body fat percentage -0. 155 0.857(0. 689—1. 065) 0. 164
Cr -0. 199 0.820(0. 762—0. 882) <0. 001
ALT -0. 165 0. 848(0.751—0.957) 0. 008
Cortisol -0. 005 0.995(0.988—1.002) 0.182
Serum testosterone -0. 468 0.627(0. 448—0. 875) 0. 006
Smoking
Yes 0 1 (veference) -
No 1. 085 2.958(1.379—6. 346) 0. 005
Insomnia
Yes 0 1 (veference) -
No 0. 111 1.117(0. 524—2.383) 0.775
Heatstroke history
Yes 0 1 (reference) -
No 1.354 3.872(1.451—10. 328) 0. 007
Physical fitness
Excellent 0 1 (veference ) -
Good -0.303 0.739(0.315—1.732) 0. 486
Pass 0. 040 1.041(0.313—3.455) 0.948
Fail -3. 065 0.047(0. 006—0. 383) 0. 004
Adaptability
Good 0 1 (reference) -
Moderate -1.274 0.280(0. 107—0. 730) 0. 009
Poor -1. 608 0.200(0. 040—1. 010) 0. 051
BMI: body mass index; Cr: creatinine; ALT: alanine aminotransferase; OR: odds ratio; CI: confidence interval
R6 FEAMSZEE S EB TN ARZE(#])
Table 6 Crosstab of different heat tolerance groups(n)
Predicted response categories
Groups Original group Classification accuracy/%
HIT group MHT group SHT group
HIT group 22 13 0 35 62. 86
Predicted group MHT group 4 64 13 81 79.01
SHT group 0 18 26 44 59. 10
Predicted total 26 95 39 160 70. 00
2.6 Mt 45 YT ARA B BT 89 K 5 A iE 3 it
JTE

FE— H BB LA ()38 45 X RE 8 5 R i A
i 52 RE 3 1 7 TAS HE (Cr  ALT I S8 7 L W% 4 | v 2295
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N, SHT 439 A\, K Wi# 1 A JF Logistic [B1 174l 7 4F
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