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Abstract: Taking Shenyang shopping malls as the research subject, this study investigated the
temporal variations in physiological parameters and subjective evaluations among different age
groups under stepwise temperature changes during moderate activity. A total of 60 participants
were recruited. The experiment involved cold exposure at —12 °C and indoor exposures at 18 °C
and 24 °C. Participants underwent three successive phases for experimental research: hot, cold,
and hot exposure. The results show that it takes approximately 18 minutes for the human body to
reach a new physiological steady state after cold exposure, with children demonstrating quicker
recovery time. Blood pressure varies significantly under stepwise temperature changes, with the
variation range in the children group approximately 2. 5 times that of the middle-aged group. LF/
HF (low frequency/high frequency) shows significant differences among different age groups.

The LF/HF value is significantly influenced by different age groups and environmental
temperature conditions and can be used as a potential indicator for evaluating thermal comfort of
the human body under various environmental conditions.

Key words: stepwise temperature change; age group; physiological parameter; thermal
comfort; thermal sensation
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Table 1 Thermal environment measuring instrument
parameters
I 20 S ER K
SE IR/ C JT2180 -20~85 +0. 5
TR /°C JT2180  -20~85 £0. 5
0.05~2.0 (0. 05+2%
2/ (msT) JT2180 ¢ 0
2.0~5.0 (0. 10£2%)
AHX L /Yo JTROS 0~100 £1.5

*2 ZRERERIT(HELREE)
Table 2 Subject information statistics (meanx
standard deviation)

I RS BT Bfi/em TR kg
JLE 6~12 15 128.4+12.6 28.5+7.6

FHAE 13~18 15 158.8+8.6  58.2+4.4
FAE 19~44 15 167.949.5  69.2+10.3
HRAE 45~59 15 165.7+8.6  58.9+11.2
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Fig. 4 Average and local skin temperature under different stepwise temperature changes
(a)—JLZE41:18 °CLLL; (b)—JLELL:24 °CTHL; (o) —F/D4EAL: 18 °C LI ; (d)— 4R .24 °C LI ;
(e)—H4FL 18 °CT.0; (H—FH4FU 24 °CT0; (g)—H4F4L: 18 °CTAL; (h)—H4FEL] .24 °CTAL.

*3 ARMZFEHEKRERITLE
Table 3 Comparison of average skin temperature at different time points

18 °CT.% 24 °CT.0
K Bt FLARE}Z/min — —
SR RRIREECC pfEHTEXTLL)  CPHERIREEC p{E(FTEXT L)

11 33.0+0. 7 °C 33.4+0.2 °C

(a7 p<0.01%** p<0. 001 ***
15 30.4+1.3 °C 30. 9+0. 4 °C
41 27.0+1.7°C 27.5+0. 6 °C

T p<0. 01%* p<0. 001%**
45 30. 1£1. 0 °C 31. 10. 4 °C
10 33.2+0. 8 °C 33.4+0.2 °C

A S p<0.01%** p=0. 402

70 32.5+0.9 °C 33.5+0.3 °C

1 *#p<0.01,***p<0.001.
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LA B VA A

@ BBl
8§ B2
a B3
18 C LN

Bre

400}
350}
300

”:a" 250}

=200
150+
100}
501

0




% 11 4 GxHE

CBE KT R R AR A R L 2 R IR AT

159

H4R
E5 AREMETHHRYER
Fig.5 HRV indices at different stages
(a)—LF:18 °CT./%; (b)—LF:24 °CT.%L; (¢)—HF:18 °CT.#; (d)—HF:24 °CT.10;
(e)—LF/HF:18 °CT.#%; (f)—LF/HF:24 °CT.{)L.
x4 AEARBERET, AEEHRELF/HF BRERESIT (HEAREE)

Table 4 LF/HF index data statistics of different age groups under different thermal transient environments
(meanzstandard deviation)
. 18 °C T 24 °CT. 1L

i LE wew EE i i WA EE Ik

Bl 0.77+0.36 1.75+1.78 1.88+0.87 3.87£3.35 0.82+0.37 2.79+£3.20 3.62+£3.73 4.1743.60
9~11min  1.06+1.22 1.10£0.73 1.66+0.63 2.97+3.28 0.55+0.20 1.05+0.72 2.01+0.41 2.80+3.48

Bt 2 1.51£2.01 1.78+0.81 2.21£2.16 2.27+1.43 1.40+0.25 1.73£1.98 2.52+3.00 1.44+2.88
39~41 min 1. 60+0.91 1.95+1.30 2.56+2.30 2.47+3.22 2.73+1.70 2.01+0.41 2.974+2.31 4.77+5.34

Bz 3 0.90+0.49 1.90+0.22 2.21£2.16 6.12+6.40 3.21+2.16 2.36%1.70 2.85%1.82 3.26+1.47

2.3 m JE AR B R 2R S X B SR | il R AE AN fE

6 JEn T AR BRI NIk & (SBP)
&Pk (DBP) AR L IE O, 4 5 A W35 TR 6 245
He GER | IR S SBP T, HiR 22
KASAGBRIZ . 2436 22 0k 35 °Ch, /& SBP M
115+4 mmHg 34 il ¥ 12948 mmHg: H i JL# 4
f) SBP M 116+3 mmHg % Jl1 #| 136+4 mmHg (3
7120 mmHg) , HFAF 4 AR e/, A 11444 mmHg
BN E) 12245 mmHg (341 8 mmHg) , JL #4134 I
JEHAEALRY 2.5 4% RARTHEET : 24 )C T LT,
SBP WA FRE % 11643 mmHg; 18 °C T4 T, NI
% 11945 mmHg.DBP ()45 b a#415 SBP AH{LL, B
TEREN S IR BE B RAR AL T 5, 7898 B SR By
BRAZ AL FEAR . 5 24 °C T A FE , 18 °C T4 [ Bk
AV S AN B B 2 FTRY B 3 19 30 min
18 N A A, R R EE T4 T B9 SBP Al DBP ¥

VEPFAL 2 N EREE T AR A IAET 16 1A R b
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Fig.6 SBP and DBP at different stages
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INHT— B B I = T s — B B 45 R o, SBP
F1 DBP (1) He 2 {28 Ak i B e/ H AR AR A AR )
FE AR VA RV — R )L EE B BR A2 A, SBP FIl DBP
() FE 22 (EAFAE B R 25 57 IR S SRR AR Sl T 5
i, SBP Fl DBP 114 He 22 B bk 184 fin HL 78 £ s 2 45
K, BEJE A 22 E TR

M ZE (AR A B I B mT LA LB g A

AR I R 22 (E AR AR AT, T v AR 4 I 1 25 A
g/, Fe B 4 RS AU AFAIE . LA , SBP X i
JEAR ARG SN H DBP B R A, S0 SBP AR fL R
Lt DBP T J £ 5 L7 i B B BR 75 fL ) , SBP BES
HH T RE G, T DBP W 2 Bl — % 1Y IS 5L
X8 K BN Bl T R AN [ AT I T AT TR 58
AR B A T N 2 5

&®5 18CH24 CTRT, AEE#HHAKNSBPMDBPHEEZELLEK
Table 5 Post hoc multiple comparisons of SBP and DBP across different age groups at 18 C and 24 C

18 °C T4 24 °C T4
B Xt — — — -
JLE BDAE AR rh4E L HPE EES LREIR
9min5 11 min b4 0.000%** 0.027* 0.013* 0.008%* 0.000%** 0.001%** 0.001*** 0.000%**
- 11 min539min k% 0.700  0.659  0.656  0.350  0.065 0.947 0.157 0.236
39 min 541 min FLE 0.003**  0.048% 0.045% 0.024*  0.000%** 0.001*** 0.001*** (.002%*
41 min 560 min lLA:  0.522  0.628  0.554  0.814  0.915 0.947 0. 854 0.842
9min 5 11 min btk 0.002%*  0.357  0.203  0.391  0.000%**  0.048%  0.002*%* 0.000%**
bap 11 min 539 min b4 0.942  0.620 0.645 0.539  0.073 0.289 0.167 0.236
39 min 541 min LA 0.003**  0.586  0.362  0.623  0.000%**  0.045%  0.009%*  0.015*
41 min 560 min A 0.610  0.655 0.324  0.623  0.780 0.638 0. 542 0. 608
Y+ #p<0.05,#%p<0.01 %*%p<0.001.
40 (a) % % 'JLE@E'?&‘Q@E m}i&ﬁjéglﬂifﬂfﬁ%rﬂ@m
' ' : D aF G e AL 35
on -
z 20 l 2| L =T
é { I E s FME mrpiE
I g 15
i H{ {]inI{; g
® “l I
@ 3
wn =20 w -5
*#5<0.01 1
BB BB [B ] BrEe g
40 -25
® o L4 e H D AFL \
e T R 35 it i
o0
= 20 35
§ I 2| @ )LE  =HE
: ; 0 2 o WAE w g
g Or }[}} { }}frf{' 515-
B { } W 5
<001 JIS\E(L _5 24 CTH
#oR| BrE (B3| BrEs g -15}

B7 AEMEEKSBPMDBPEEE
Fig. 7 Pressure difference between SBP and DBP at
different stages
(a)—SBP; (b)—DBP.
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B 1E 5 38 Bl EL A T O A B EL R R R Y

PR

B8 BRIt SBP #1 DBP )75 6 A58 B 50
Fig. 8 Effect of temperature change on direction and
intensity of SBP and DBP
(a)—SBP; (b)—DBP.
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WAE(TSV) GG (TCV) Z R AHIC R 5L
FEREUNZR 6 T A5 SRR, FXITAN RT3 Bz Jik
VR BE 22 [RIAEAEAR G . TSV I TCV 2 A6 51, 5
TSV FETESRAH I (B2 /R b AH X R E>0.7) , JLHAE
24 °C T F M 5P B ik (7=0.876, p<0.01) ; ¢, 5
18 °C T~ 1 TCV 7-7F f A0 &4 (p<0.01) , 11
TE 24 °C T8 N AR SRR 5 FWPFAN 5 R [R)4F I
ZHAE 18 °C T N AR = T 24 °C T4 43 Hr

JRPRA 1) 24 °CTHUT , bl 25 IR T 5, B
TR AP 25 T b O 3O SR B
£ 60~70 min B, 738 Bz Bk UL B B AR B T AR R
A EARET I R B RRAIG , 3 UL 5 25 S MR D
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Fig. 6 Correlation analysis among age group, different time, TSV, TCV, and T, under different working conditions
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