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global climate warming, this study employed the health ecological model to systematically investigate the
influencing factors of heat tolerance and their interaction pathways and mechanisms across multiple
dimensions including personal traits, behavioral characteristics, environmental adaptation behaviors, and
interpersonal networks, aiming to address the risk of heat injury in high-temperature environments.
Methods A cross-sectional survey was conducted on 2 596 university faculty and students in Chongqing
from August 21 to September 13, 2024, via the Wenjuanxing and WeChat platforms. Based on the survey
data, heat tolerance was classified into 3 levels (low, moderate, strong). Chi-square test, multinomial logistic
regression, and structural equation modeling were applied to analyze group differences, independent effects,
and path relationships of demographic characteristics and factors at each level of the health ecological model
on heat tolerance. Results Heat tolerance exhibited group differences with sociodemographic
characteristics (sex, age, heatwave experience), personal traits, behavioral characteristics, environmental
adaptation behaviors (shower frequency, wearing hats outdoors), and interpersonal networks (weather
monitoring, timely seeking help for heatstroke) (P<0.05). Specifically, females demonstrated significantly
lower probabilities of achieving moderate heat tolerance (OR=0. 496, 95%CI: 0. 390 to 0. 631) and strong heat
tolerance (OR=0. 250, 95%CI: 0. 178 to 0. 349) compared to males (P<0.001). The participants aged 16 to
18 years (OR=3. 778, 95%CI: 2. 028 to 7. 039) and 19 to 21 years (OR=1. 913, 95%CI: 1. 021 1o 3. 586) were
more likely to attain strong heat tolerance than those aged =26 years (P<0.05), and those without heatwave
experience showed significantly reduced probability of achieving strong heat tolerance (OR=0. 475, 95%CI:
0.257 to 0. 878, P<0. 05). Structural equation modeling further revealed the multipath interactions among
these factors. The male advantage in heat tolerance was manifested not only through direct physiological
effects (standardized path coefficient=0.261) but also indirectly via enhancement of personal traits
(standardized path coefficient=0. 185). Although increasing age exerted a direct negative effect on heat
tolerance (standardized path coefficient=—0. 067), its promotion of personal traits (standardized path coefficient
=0. 038) indirectly offset this adverse effect. Personal traits emerged as the core determinant of heat tolerance,
with a standardized path coefficient as high as 0. 696, substantially exceeding all other factors, and serving as
a critical mediating variable regulating the overall effects of sex, age, and behavioral characteristics on heat
tolerance. Furthermore, although behavioral characteristics showed no significant direct effect on heat
tolerance (P=0.871), they generated significant indirect effects through strengthening personal traits
(standardized path coefficient=0. 304), whereas environmental adaptation behaviors demonstrated a negative
impact (standardized path coefficient=—0. 143), suggesting that over-reliance on environmental adaptation may
suppress the expression of heat tolerance. Conclusion Heat tolerance is influenced by multiple integrated
factors, among which personal traits constitute the core determinant exerting significant direct and indirect
effects on heat tolerance. Enhancing personal traits represents the key strategy for improving heat tolerance
and reducing the risk of heat injury.
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Table 1 Social demographic characteristics and intergroup comparison of heat tolerance [n(%) ]

2

Variable Low heat tolerance(n=1 726) Moderate heat tolerance(n=546) Strong heat tolerance(n=324) X P
Gender 229.983  <0.001
Male 428(48.8) 237(27.0) 212(24.2)
Female 1298(75.5) 309(18.0) 112(6.5)
Agelyears 26.834  <0.001
161018 660(62.3) 241(22.8) 158(14.9)
1910 21 811(70.6) 231(20. 1) 106(9.2)
221025 145(65. 3) 40(18.0) 37(16.7)
=26 110(65.9) 34(20. 4) 23(13.8)
Body mass index 9.898  0.129
Underweight 370(68. 8) 112(20. 8) 56(10.4)
Normal 1106(67. 1) 336(20. 4) 207(12.6)
Overweight 189(61.8) 69(22.5) 48(15.7)
Obese 61(59.2) 29(28.2) 13(12.6)
Ethnicity 1.181  0.554
Han 1587(66.8) 494(20. 8) 296(12.5)
Ethnic minority 139(63.5) 52(23.7) 28(12.8)
Place of birth 1.402  0.496
Southern China 1546(66.2) 493(21.1) 297(12.7)
Northern China 180(69. 2) 53(20.4) 27(10. 4)
Education level 6.006  0.423
Secondary vocational education 111(68.9) 28(17.4) 22(13.7)
Higher vocational education 21(60.0) 10(28.6) 4(11.4)
Bachelor’s degree 1515(66.3) 490(21.5) 279(12.2)
Master’s degree 79(68. 1) 18(15.5) 19(16. 4)
Experienced heatwave events 6.878  0.032
Yes 1647(67. 1) 509(20.7) 300(12.2)
No 79(56. 4) 37(26. 4) 24(17.1)




1254

(K EHYN

L
S

2247,2026,48(9)

http ://aammt. tmmu. edu. cn

®2 MAEREAMARIAB LR # (%) ]

Table 2 Personal traits and intergroup comparison of heat tolerance [n(%) ]

2

Variable Low heat tolerance(n=1 726) Moderate heat tolerance(n=546) Strong heat tolerance(n=324) X P
I get sick more easily than others 440.973 <0.001
Frequently 459(90.2) 42(8.3) 8(1.6)
Unsure 836(71.2) 249(21.2) 89(7.6)
Mostly incorrect 355(53.5) 187(28.2) 121(18.3)
Absolutely incorrect 76(30. 4) 68(27.2) 106(42. 4)
I am as healthy as others 210.775 <0.001
Rarely 123(85.4) 11(7.6) 10(6.9)
Unsure 624(78.0) 134(16.8) 42(5.3)
Mostly correct 781(63.5) 300(24. 4) 148(12.0)
Absolutely correct 198(46. 8) 101(23.9) 124(29.3)
I feel my health is deteriorating 376.434 <0.001
Frequently 503(88.2) 53(9.3) 14(2.5)
Unsure 720(72.8) 191(19.3) 78(7.9)
Mostly incorrect 363(52.9) 210(30. 6) 113(16.5)
Absolutely incorrect 140(39.9) 92(26.2) 119(33.9)
My health is in excellent condition 359.910 <0.001
Rarely 184(93. 4) 11(5.6) 2(1.0)
Unsure 723(80.2) 132(14.6) 47(5.2)
Mostly correct 695(59.0) 322(27.4) 160(13.6)
Absolutely correct 124(38.8) 81(25.3) 115(35.9)
Appetite 262.754 <0.001
Very poor 44(88.0) 3(6.0) 3(6.0)
Relatively poor 254(89.4) 29(10.2) 1(0.4)
Average 818(73.2) 229(20.5) 71(6.4)
Relatively good 504(55. 8) 224(24.8) 176(19.5)
Very good 106(44.2) 61(25.4) 73(30.4)
Sleep quality 262.754 <0.001
Very poor 79(86.8) 11(12.1) 11 1)
Relatively poor 356(83.6) 63(14.8) 7(1.6)
Average 681(69.9) 210(21.6) 83(8.5)
Relatively good 515(58.1) 218(24.6) 154(17.4)
Very good 95(43.6) 44(20.2) 79(36.2)
Underlying diseases 116. 056 <0. 001
Yes 696(79.7) 135(15.5) 42(4.8)
No 1 030(59. 8) 411(23.9) 282(16.4)
Fatigue or drowsiness at rest 558. 647 <0.001
Frequently 185(88.5) 20(9.6) 4(1.9)
Often 342(84.0) 55(13.5) 10(2.5)
Occasionally 790(72.0) 246(22. 4) 61(5.6)
Rarely 324(54.7) 160(27.0) 108(18.2)
Hardly 85(29.2) 65(22.3) 141(48.5)
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Table 3 Behavioral characteristics and intergroup comparison of heat tolerance [n(%) ]
Variable Low heat tolerance  Moderate heat tolerance Strong heat tolerance . P
(n=1726) (n=546) (n=324)
Daily smoking 12. 168 0. 002
Yes 85(54.8) 39(25.2) 31(20.0)
No 1641(67.2) 507(20.8) 293(12.0)
Daily water intake/L 51.410 <0. 001
<1 486(73.3) 129(19.5) 48(7.2)
l1to2 1 005(66. 6) 316(20.9) 189(12.5)
>2 235(55.6) 101(23.9) 87(20.6)
Daily sleep duration/h 55.747 <0. 001
<6 292(74.3) 83(21.1) 18(4.6)
610 <7 825(68.9) 244(20. 4) 128(10.7)
710<8 85(63.4) 27(20.1) 22(16.4)
=8 524(60. 1) 192(22.0) 156(17.9)
Monthly frequency of staying up late 35.839 <0. 001
=9 times 831(71.0) 225(19.2) 114(9.7)
5 to 8 times 291(66.4) 97(22.1) 50(11.4)
1 to 4 times 428(62.0) 162(23.5) 100(14.5)
Very rarely or none 176(59. 1) 62(20.8) 60(20. 1)
Weekly exercise frequency/times 105. 680 <0. 001
1 906(73.4) 240(19.4) 89(7.2)
2103 587(63.5) 195(21.1) 142(15. 4)
4105 140(59. 1) 61(25.7) 36(15.2)
>5 93(46.5) 50(25.0) 57(28.5)
Duration of each exercise session/min 73. 148 <0. 001
<40 1195(71.6) 314(18.8) 159(9. 5)
40 10 50 256(61.7) 101(24.3) 58(14.0)
50 to 60 87(53.0) 43(26.2) 34(20.7)
>60 188(53.9) 88(25.2) 73(20.9)
Exercise categories 45. 481 <0. 001
None 176(73.9) 46(19.3) 16(6.7)
1 type 1118(69.4) 309(19.2) 184(11.4)
2 types 342(59.4) 137(23.8) 97(16.8)
=3 types 90(52.6) 54(31.6) 27(15.8)
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Table 4 Environmental adaptation behaviors and intergroup comparison of heat tolerance [n(%) ]

Variable Low heat tolerance Moderate heat Strong heat tolerance . p
(n=11726) tolerance (n=546) (n=324)
Increase shower frequency in high temperatures 30. 288 <0. 001
Never 81(56.6) 36(25.2) 26(18.2)
Occasionally 245(63.3) 83(21.4) 59(15.2)
Sometimes 395(61.2) 156(24.2) 94(14.6)
Frequently 1 005(70.7) 271(19. 1) 145(10.2)
Wear a hat when going out in high temperatures 39. 706 <0. 001
Never 515(60.0) 208(24.2) 136(15.8)
Occasionally 416(65.3) 138(21.7) 83(13.0)
Sometimes 334(69.0) 95(19.6) 55(11.4)
Frequently 461(74.8) 105(17.0) 50(8.1)
x5 ABRMZSHME HREB LR # (%) ]
Table 5 Interpersonal network and intergroup comparison of heat tolerance [ n(%) ]
Vasiable Low heat tolerance Moderate heat tolerance Strong heat tolerance . P
(n=1726) (n=546) (n=324)
Pay attention to weather forecasts 26.707 <0. 001
Never 53(56.4) 21(22.3) 20(21.3)
Occasionally 302(60. 6) 116(23.3) 80(16. 1)
Sometimes 489(65.4) 160(21.4) 99(13.2)
Frequently 882(70.2) 249(19. 8) 125(10.0)
Seek medical attention or help promptly in 24,192 <0. 001
case of heatstroke
Never 60(60. 6) 22(22.2) 17(17.2)
Occasionally 234(71. 1) 72(21.9) 23(7.0)
Sometimes 512(68.3) 165(22.0) 73(9.7)
Frequently 920(64.9) 287(20.2) 211(14.9)

(95%CI:2. 028~7. 039, P<0. 001 ) ; A& £ [y it PR 3 1k
B A% SR 7 5 AR 42. 1% OR=0. 579(95%CI :
0.371~0.903),P=0. 016]F152. 5%[ OR=0. 475(95%CI :
0.257~0.878),P=0.017]., P %6,
2.4 AEEAEST AU AT T 6B AR AT
AHIF G LA i B A A F A TR R HE R L T 2 0
Logistic [A1 7] P (1 ik 25 258 5 LK R 7~ A 6 1 1) 44
PR L AR T R AL B S NRRI AT N RAAIE I
IRBEIE W AT N 3 AN A, NP I 45 48 B TR M5 05 R
ST UM , #54 2250 Logistic 1] U7 FhiZ 4k 15 A1 5628
AN E SR RN/ N 3 e Ak 07 vk .
R A B (/df=2. 957, GFI=0. 996, CFI=0. 992,
TLI=0. 990, RMSEA=0. 030, SRMR=0. 042) . %%} i
LA N B (B=0. 696, P<0.001) 5 R 5558 W 47 K
(B=-0. 143, P<0.001) %} #1145 W& 0, Mifr

FRAE B BRI 25 (P=0. 871) . HEAIERAE K B4
fl TR LI 1R 7.
2.5 AAATFHAEI KA ) 48R 5T

PE A o 2 3 A I ) BB R e (] 2A),
BRIV AE M 0. 261(95%CI 0. 206~0. 316) . > A4
Jo e ) A B o 22 () B 4 3 A TR A RN E
4 0. 185(95%CI- 0. 156~0. 216) , % b H it K F HoAth
[ 422 B A, 30T BN Y T0% 0 IABEIE W 4T A 7 1
5 B g 22 1) B A/ IMEL R 3 W TR AR 2N A
9°0.008(95%CI: 0. 002~0. 015) . 43 MR AETETE 5] 5
B ) 2Z 6] A A RO AR TR Ge v 2 M, B DX
-0.029~0. 016 P 335 0.,

AR XTI ) ELAT 2 A ) LY (161 2B) , T
FE RN AE R 0. 067 (95%CI - =0. 094~-0. 039) . > A
R IO A 5 A ) 22 TR RS 3] 4 3 A ) R A E
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Table 6 Multinomial logistic regression analysis of factors influencing heat tolerance
Moderate heat tolerance Strong heat tolerance
Predictor variable (reference group)
B(SE) Sig. OR(95%CI) B(SE) Sig. OR(95%CI)

Intercept 0. 858(0. 448) 0. 056 - 1.972(0. 547) <0. 001 -
Gender(Male)

Female -0.702(0.123)  <0.001 0.496(0.390—0.631) —1.388(0.171) <0.001  0.250(0. 178—0.349)
Age( =26 years old)/years

16 to 18 0.738(0.231) 0.001 2.091(1.330—3.288) 1.329(0.317) <0.001  3.778(2.028—7.039)

191021 0.415(0.229) 0.070 1.514(0.966—2.373) 0. 649(0. 321) 0.043  1.913(1.021—3.586)

22 t0 25 0. 181(0. 286) 0.526 1.199(0. 685—2.098) 0.717(0.377) 0.057  2.049(0.979—4.288)
I get sick more easily than others( Absolutely incorrect)

Frequently -1.435(0.272)  <0.001 0.238(0.140—0.406) -2.506(0.450) <0.001  0.082(0.034—0.197)

Unsure -0. 638(0.220) 0.004 0.528(0.343—0.813) -1.301(0.260) <0.001  0.272(0. 164—0.453)

Mostly incorrect -0.326(0.219) 0.137 0.722(0.470—1.109)  -0.726(0.247) 0.003  0.484(0.298—0.785)
I feel my health is deteriorating( Absolutely incorrect)

Frequently -0.615(0.252) 0.014 0.540(0.330—0.885)  -0.726(0.387) 0.061 0.484(0.226—1.034)

Unsure -0. 176(0. 210) 0.404 0.839(0.556—1.267) -0.111(0.273) 0.686 0.895(0.524—1.530)

Mostly incorrect 0.303(0.202) 0.133  1.353(0.912—2.009) 0.262(0.249) 0.292  1.300(0.798—2.116)
My health is in excellent condition( Absolutely correct)

Rarely -0.975(0.390) 0.012  0.377(0.176—0.810)  -1.850(0. 898) 0.039  0.157(0.027—0.914)

Unsure -0.277(0.233) 0.234 0.758(0.480—1.197)  -0.141(0.313) 0.652  0.868(0.470—1.604)

Mostly correct 0. 024(0.202) 0.907 1.024(0.689—1.521)  -0.226(0.242) 0.349  0.797(0.496—1.281)
Appetite(Very good)

Very poor —0. 480(0. 681) 0.481 0.619(0. 163—2.349) 1.039(0.993) 0.295  2.827(0.404—19.779)

Relatively poor -0. 609(0.292) 0.037 0.544(0.307—0.965) -2.748(1.058) 0.009  0.064(0.008—0.510)

Average -0.210(0. 215) 0.330 0.811(0.532—1.237)  -0.385(0.280) 0.168 0.680(0.393—1.177)

Relatively good -0. 069(0. 206) 0.738 0.933(0.623—1.399) 0.303(0.249) 0.223  1.354(0.831—2.205)
Sleep quality(Very good)

Very poor 0.226(0. 434) 0.603 1.253(0.535—2.936) -2.227(1.132) 0.049  0.108(0.012—0.992)

Relatively poor -0.029(0. 265) 0.912 0.971(0.577—1.633) -1.762(0.472) <0.001  0.172(0.068—0.433)

Average 0.088(0.231) 0.704 1.092(0.694—1.718) -0.767(0.269) 0.004  0.464(0.274—0.787)

Relatively good 0.065(0.224) 0.773 1.067(0.688—1.654) -0.602(0.246) 0.014  0.547(0.338—0.887)
Underlying diseases(No)

Yes -0.312(0. 121) 0.010 0.732(0.577—0.929)  -0.874(0.205) <0.001  0.417(0.279—0. 624)
Experienced Heatwave Events(Yes)

No -0.547(0.227) 0.016 0.579(0.371—0.903)  -0.744(0.313) 0.017  0.475(0.257—0.878)
Fatigue or drowsiness at rest(Hardly)

Frequently -0. 698(0.319) 0.029 0.497(0.266—0.93) -2.075(0.577) <0.001  0.126(0.040—0.389)

Often -0.577(0.248) 0.020 0.562(0.345—0.914) -2.227(0.391) <0.001  0.108(0.050—0.232)

Occasionally -0.317(0.203) 0.119 0.728(0.489—1.084) -1.981(0.234) <0.001  0.138(0.087—0.218)

Rarely -0.274(0. 208) 0.187 0.760(0.506—1.142) -1.118(0.215)  <0.001  0.327(0.215—0.498)
Weekly exercise frequency(>5 times)/times

1 0.077(0.226) 0.732 1.080(0.693—1.683)  -0.438(0.282) 0.121  0.646(0.371—1.123)

2t03 -0.046(0.222) 0.838 0.955(0.618—1.478)  -0.215(0.266) 0.421  0.807(0.479—1.360)

4105 -0.200(0. 257) 0.437 0.819(0.494—1.355)  -0.926(0.327) 0.005  0.396(0.209—0.751)
Exercise Categories( =3 types)

None -0.296(0. 280) 0.292  0.744(0.429—1.289) 0.395(0. 446) 0.376  1.484(0.619—3.556)

1 type -0.295(0. 220) 0.179  0.744(0.484—1.145) 0.746(0.317) 0.018  2.109(1.134—3.924)

2 types -0.281(0. 226) 0.213 0.755(0.485—1.175) 0.533(0.321) 0.097  1.704(0.909—3. 196)
Increase shower frequency in high temperatures (Frequently)

Never 0.730(0.238) 0.002 2.075(1.303—3.306) 0.999(0. 326) 0.002 2.716(1.435—5.141)

Occasionally 0.201(0. 156) 0.198 1.222(0.900—1.659) 0.652(0.215) 0.002  1.920(1.260—2.926)

Sometimes 0.300(0. 127) 0.018 1.350(1.052—1.732) 0.452(0. 185) 0.014  1.572(1.095—2.257)
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Table 7 Path coefficients of the health ecological model by structural equation modeling

Unstandardized path

Standardized path

Path SE A P
coefficient coefficient
Personal traits—Heat tolerance 0.968 0.035 27.948 <0. 001 0. 696
Behavioral characteristics—Heat tolerance 0. 006 0.038 0. 162 0.871 0. 005
Environmental adaptation behaviors—Heat tolerance -0.242 0. 050 -4.798 <0. 001 -0. 143
Behavioral characteristics—Personal traits 0. 401 0. 026 15. 311 <0. 001 0.437
BN AE K 0. 038 (95%CI: 0. 022~0. 055) , J& 1 AL i 3 W
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Figure 1 Structural equation path diagram of the health ecological model
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Figure 2 Pathway analysis of sociodemographic characteristics and heat tolerance
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