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[ Abstract | Objective To investigate the variation patterns of rectal temperature and heart rate during outdoor
heat acclimatization training, and to identify sensitive physiological indicators for monitoring the training load.
Methods A total of 110 healthy adult male volunteers were recruited and assigned to high endurance (HE) group (n=60)
or qualified endurance (QE) group (#=>50) based on their 3-km running performance. The 2 groups received 7 and 12 d of
outdoor heat acclimatization training, respectively, which mainly consisted of 5-km loaded fast walking. Rectal temperature
and heart rate were monitored in real time throughout the training, and the variation patterns were analyzed. Results Training
intensity was adjusted daily according to the wet-bulb globe temperature outdoors. In the HE group, mean rectal temperature
and maximum heart rate reached heat acclimatization on days 6 and 5, respectively; in the QE group, both indicators reached
heat acclimatization on day 8. During the first 5-km loaded fast walking session, both heart rate and rectal temperature showed
a continuous upward trend, with heart rate changing earlier and more rapidly than rectal temperature. During the 10-min rest
interval between the 2 sessions, heart rate rapidly decreased, while rectal temperature paradoxically continued to rise. During
the second 5-km loaded fast walking session, heart rate continued to rise, whereas rectal temperature initially decreased, then
increased and remained consistently elevated. Using rectal temperature =38.00 C as the criterion for training compliance,
more than 88% of the subjects achieved the desired heat acclimatization training effect, and acquiring heat acclimatization
required a daily compliant training duration >24 min. Conclusion The continuous variation of rectal temperature accurately

reflects the physiological responses of the human body during heat acclimatization training. It is recommended as a monitoring
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indicator for outdoor heat acclimatization training load. In contrast, heart rate primarily reflects exercise intensity and is not

recommended as a monitoring indicator for heat acclimatization training load.
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Fig 2 Changes in mean heart rate during heat
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HE: High endurance; QE: Qualified endurance. "P<<0.05,
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24 SERFRMA WHEZKTEE NG 255
B 7, O e KA B 8] =RV (F=96.781,

P<<0.001) FIZZHZN (F=25.541, P<<0.001) ¥}
Agit¥#E L, rdHERN (F=1.958, P=0.165)

TG o AR ]S e & B, 512k
51 KA, HEAUZE 5. 6. 7 RIGLFEK
H TR (¥ P<0.01) 5 QEAIIZE 2 KL F ik
KAE LT (P=0.009) , %5, 6. 8. 9. 10, 11,
12 RGO EARMEE TR (¥ P<0.05) . HFEES
(] S ZH TR b A B, QE HIZE5E 3 RAY.OFR i K
HME T HE4 (P=0.018) , MIIZE 5, 7 KOLF
RRMEY & THE4 (¥ P<0.01) . WK 3, 45
& WBGTo 43 #1 A] 1, HE 21 WBGTo 7E % 2~7 K
FUETERL, M OFRAMELAES 2 RARW BT, 1
%5 KT FR#; QE 41 WBGTo 7E5 2~7 KEaE
FERDL, D3RI RAEAESS 5 KU TR, BRI
7 R R FEL s o, A5 8~12 KA TR,
B 2455 9~12 K WBGTo T iU F i KA AT K
SEAEARNL . DL B, ORI R(EXRE, HE
. QE A/ IMEss 5. 8 KIkFIHI R,

-o- HE group n=60
200 -~ QE group n=50

=1
—_
(o]
(=]

—
(=N
(=]

—
[N
S

Maximum heart rate/min
—
N
S

—_
(=3
(=]

O'f
1 23 4 5 6 7 8 9 101112
Time/d

3 #AIMRINZGHEOREXETH

Fig3 Changes in maximum heart rate during heat

acclimatization training
HE: High endurance; QE: Qualified endurance. "P<<0.05,
"P<0.01 vs the first training day in the same group; “P<<0.05,
~4P<0.01 vs HE group on the same training day. X .

2.5 AR FEH HE A 09 B BUAE 25.524~
44.086 = 8] % 1, QE 2H i B 35 B 7F 25.407~
42.076 ZIa gl . A2 2K H I Wi )5 22534
R, BFE N (F=9.224, P<<0.001) . 434
FREN (F=5.784, P=0.018) MIZE H M (F=
10.292, P<<0.001) A Git2#5 L. HNA R
] R B, SUIGR5E | KA L, HE HIZR5 2.
4. 6 RMIEEI T (¥ P<0.05) ; QEALII
2555 2 RIFIE B LA ( P=0.020 ), YIIZ5REE 3.8,
10 RIGFAPIEHE T FE (¥ P<0.05) o AH[RIASH]
MW BRI, 25 3 K HE 4R AR 50
T QE4 (P<0.01) . WK 4,



MR AR 2026 4E 8 H, 2 47 %

y 80 -o- HE group n=60
(o} —
2 . -~ QE group n=50
= 60
2 e
'L_':tt2 40 o Kk
E ¢
=
8 o
2 20 E *k
g
jan} *k
0

1 23 45 6 7 8 9 101112
Time/d

B4 #HIMRINZGEERAIEHETN

Fig4 Changes in heat accumulation index during heat

L,

acclimatization training
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Fig 5 Changes in heart rate (HR) and rectal temperature (RT) with exercise duration during daily heat acclimatization training
A: HE group (n=60); B: QE group (n=50). HE: High endurance; QE: Qualified endurance. “First” and “Second” indicate the first

and second 5-km loaded fast walking training sessions, respectively. The second 5-km loaded fast walking session was not conducted

on days 4 and 12.
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Fig 6 Relative changes in heat accumulation index (HAI)
and proportion of trainees meeting criterion
(rectal temperature=38.00 C)
HE: High endurance; QE: Qualified endurance. The second

5-km loaded fast walking session was not conducted on days 4
and 12.
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Day 4 - —
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HE: High endurance; QE: Qualified endurance. “—": The

second 5-km loaded fast walking session was not conducted on
days 4 and 12.
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