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ABSTRACT Objective: To assess the association between personal temperature exposure and oxygen
saturation (Sp0Q,) during sleep in chronic obstructive pulmonary disease ( COPD) patients, to analyze
potential susceptibility factors and to provide a scientific basis for the adoption of effective measures to
safeguard the health of susceptible populations. Methods: In this prospective panel study, 96 stable
COPD patients were recruited. From March 2021 to September 2023 in Beijing, all participants comple-
ted 202 nights (from 20:00 to 08:00) of dynamic real-time SpO, monitoring during sleep, simultaneously
monitoring personal exposure level to temperature, alongside environmental humidity and other key air
pollutant data. Based on previous clinical studies, SpO, <90% was defined as desaturation to assess the
risk of hypoxic events occurring during sleep. Linear mixed-effects models and generalized linear mixed-
effects models were used to analyze the association between personal temperature exposure and SpO,
during sleep, as well as the risk of oxygen desaturation. Interaction models were constructed to evaluate
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susceptibility factors. Results: During the study, the average personal temperature exposure was (27.5 +
2.6) °C, with a temperature range from 16.5 °C to 40.0 °C. Short-term exposure to personal tempera-
ture was associated with a decline in SpO, and an increased risk of oxygen desaturation during sleep in the
COPD patients. The effect of temperature exposure was strongest at lag 0 — 30 min, with a 0.24%
(95%CI. -0.28% , —0.20% ) decrease in SpO,, and with an odds ratio (OR) of oxygen desaturation
was 1.26 (95% CI. 1.12, 1.42) for each interquartile range (IQR, 6.0 °C) increase in temperature.
Besides, the patients exposed to medium and high humidity levels were more likely to be affected by tem-
perature exposure compared with the patients exposed to low humidity levels. Personal temperature expo-
sure had a stronger effect on SpO, during sleep in the patients with global initiative for chronic obstructive

lung disease (GOLD) Il - IV compared with the patients with GOLD T — II (P;.rocion < 0.05). Con-
clusion: From 16.5 °C t0 40.0 °C, personal temperature exposure is associated with SpO, decline during
sleep in COPD patients. There was a significant synergistic amplification between temperature and humi-
dity, patients were more susceptible to damage under high temperature and high humidity conditions.
Moreover, patients with poorer lung function are more significantly affected by temperature.

KEY WORDS Chronic obstructive pulmonary disease; Oxygen saturation; Temperature; Personal expo-

sure

BRI N NIEAF IR I AR R R
AR AR A A i 20 9 AR 25 1, B 02 52 i) R £t
B e kA 5 R R R A SRR IR S I R 2 —
UEAER , B W it R A R A B R A PR I X
NHFAER S 11 52 T R 8 32 O 3 o KA IRA T 24 5
KPR, A iR R R 0 LA R G RRE I 2R G
R ANBET RS 3 A 56t 2, AR AR k5
GRS Z R WY R, YL T
T A RIS 1) A T A 98 R 22 [ o R 4 o
S WD B A AR R R AT I B B bR . 7B
PrA= 1%, AAE— R 80% LA b Y s 8] 78 28 P J&
b, AR NN M F8 3 TE = N 45 B I e ] &
AIRE] 90% LA 1o % P9I 3 XSS 48T 255 0 A5
WA AT S 2 mIR F LM YoE , 5 #4004
FUFfEEREER, AMMEZ R 2ZRE R, Fit, Y
DLZE Ah il s B8 R AR AR B0 2 58 KT, AN fig
B AR R KOV PEAR 0 D A, R BE R A R
A B35 T XA () B i

P BH ZEPE i 5 (15 B A8 BELI ) 2 R S &
SERMERAIL D AENE 2 —, WA DR, FLE 20
% KL B N 18 BT S BT 142,40 5 K LU
NP B G R A 13.7% L BRTE IR AT
Yo 2 oY 22 BH A g 1) IR 250 L A 28 3 il Ty e
R RO A | 20 o XU 368 i R BE T R A
ST p T LI A A I 4 A S S
i K At T e R A, A3 BH D 34, il AOR R, AR AE
S0, T 25 5 B I 48048 1 (oxygen satura-
tion, Sp0, ) I~ B FMIK S IILAE , T A 24 1F 1) 41 4 I AE
508 BELT A3 T 1 % A FIPE T UG 3 A et
—T7E P [ s R TR LA Y PR T IR R RS
18 BELAT B SpO, AR AR IR IZ 5T K B 4 1 T
Bl C, MBI B SpO, T 0.27% (95% CI.

0.22% ,0. 32% ) , ik & 25 7 KU 389 1 14% (95%
CI:10% ,18% )" BEAA Folh i 2 67 518 L
F Sp0, RERHIMF TR AT IR, H 22 063 H )35 IR
AR Sp0,' 1 KT, 7 B HIS S ] P 10 2R 455 A
PR & A B AR A, A B 35, S 20080 E <
BTRFE10% ~20% 7, X S8 725 Ak 7 AR B 0914 2y
B S (140058 LIl B 25 rp e o g iy Y R B 1) 48
RELAIT 235 A& A= SpO, I B AN 4 A1 (SpO, <90% )
AR XU A o AR, AT S BRI 3R B A 2 2 g
REL £8 25 B AR A0 1] SpO, A8 Ak FIAIR A8 = 14 & A= XU
(RS2 M) [ AN T A

AW FE K FH AT R S AR o e, IR E 1e
RELIT £ 28 SR A5 % G2, ol L it S8 3 A 55 Ui B 1 A4~
AR R KT R AR 91 (1] SpO, AT S WS I, R 151~
AR T3 ik et U 2 i o) i O At 2 2 e MR B 1] SpO,
A2, LA KSR I B S R 26, DU A SR O 330t it
CO AR YN A it f v S S ST

1 #REHZE

1.1 BRI AR 4

K HE AT, T 2021 453 A 22023 4F9
J1, 45 BR A% B A0 A FTHEBR B v DAL 50T 2 = B
BE W R A K B 3 (4 DX T3 A e 55 v 1 L &
I 12 82540 S FIBE Ui Re E 18 B AR % a8 A AR
SR s (1) Il A 1 A AR 4 48 A L 28 4 il % 5 4 R4
¢ ( global initiative for chronic obstructive lung
disease , GOLD) #EATi2Kr , FLk A A A S AE Y 5K
)55 —F0 1S & (forced expiratory volume in
the first second, FEV,) 5 ] J7 i % & ( forced vital
capacity, FVC) (9 A <0.7 (8 5 0 158 BELI 26
(2) 4F#E 40 ~80 %/ ;(3) TE 1 MR
0 S e SO BRI MG I 1Y R I R G AR



B SN

E ¥ W)

- 594 - JOURNAL OF PEKING UNIVERSITY (HEALTH SCIENCES) Vol.58 No.3 Jun. 2026

(7 EEAL s (4) FEdb Rt AR 1 4R ROk 1 AR
et A ; (5) BES 5AN I 5 A 2
P HEERAREEAS : (1) BA T HIFIR RS O
RGBS PN 5 (2) FEAT BH 28 1 Bk R I
W 455 | I [1] WE A 25 e I I 02 o3 R 5 (3) IEAE IR
PRI 2 55 25 W) 50 R I IR YT 5 (4) IETE
Z: 5 M R IR B T I . A B 48
FERL T AL A R, BTSRRI T 2 ~4
WBEYS , TR BEVITRIRG 3 >, Bk BE T 461 F
FER G AT — 165 (20:00 ~ 08 :00) 52 I E AR SpO,
AT [ g oA A 2 o A P 18 T AR B A T M
PG 2 4 h B98dE B AT 96
BIBFFEXS S 202 W (31 1 452 h) BEHR 1 [E] SpO,
I s . AR ORI R A Y BE e B
Zz 1ot i (b= : TRB00001052-21085 ) , fiIr A #f
FER G A Z MR E
1.2 RPN HAD P45 P 2% 2 5% )
TEUCBETT I, K 4] MicroPEM {4 %% 8% W Il A%
(RTI International A F], 3¢ ) XA RAK G5
KV (8 B 58 1R R0 B AT S M . sE T R
9:00 ZeA7 ) S8 A5 AT 58 U M 1Y 7% o M D 52 45
BETERLL 24 h AR ZRER IR . BFSE NI, O
PLFFE X G 25 {6 4% 2% B W 35 4, TE MR R 6
WA [E] , ZERFFENTG2 A0 B 57 2 R W DA 5 7
FI BT CE T B R S I (N T) iR
M2 1.2 mogm FERY ST b5 ABER, WA 0E T
RNEE PRS0 e W v A S, F
FEIIA] , AT 35 AN BREE 2 Al s s 8 40
74 (fine particulate matter, PM, o) . 1] I} A SHUKL )
(inhalable particulate matter, PM,,) . — % L & ( ni-
trogen dioxide, NO,) R % (ozone, 0,) . S fbLH
(sulfur dioxide, SO, ) Fll— % fk ik ( carbon dioxide,
CO) (1 7INEsF e 32 B3040, AR A1 B 5 X6 42 1) J A bk
SREIDRIIEIROE JUN W R8T S UM T2 R W 4Rl b
5

1.3 faRRI &

T FT I ], 7 A R 2 8 W 2 0, SR 4 2R X
JiA I A (ZG-PLIF, AN JE AL SRR B A BR 2
) ) XIS G BRI 9 (F] SpO, 4471 22 52 isf Wa il
TR A8 TR I St AR £t BF T ) AR f 1 2 A5 2 RE AR BF
FEWAE " . A LA 1 s Ja] B T S B IR A0 1 1Y
SpO, K-, T 5 43 43 ol 1) TR P8 A A 72 8 AH DE
AT T B -F 1 SpO, Kt Sp0, <90% ¢
SRR AR KRAE GOLD A1l B il i fiE 6 I
i, LU K FEV, %o 1500 AH K AF 58 X 52 53 0 % B

(GOLD [ %, FEV,% #iil{ =80% ) . & (GOLD
%%, 50% <FEV,% Tii{H <80% ) . ¥ & ( GOLD
Il %, 30% < FEV,% il {5 < 50% ) Flk & &
(GOLD V%%, FEV, % Tiil{E <30% ) .

1.4 Sil==ahr

1.4.1 $fdtEor MR IE S35 3 TRk R
M x x5 Fon, AEIER 20 A0 19 1 5OR R H
BN [ M (Pos Prs) ] 3RR, THECFERER H]
WAL (% ) o

1.4.2 AR B 22 SHEARIE] SpO, F14 Jif AN
AU () IR A3 HT SR AR TR B N AR B 3 A A
T 5 A0 A B 0 Lt S e B D 1] SpO, =z [A] 1
KT o AT gy AN 5T X G2 25 A A B AIL R0
BRI MR AR E A5 5L (body mass index, BMI) |1
JRIRAS . PM, s Fl FEV, % T5INAE A1 30 JLAE A [
RO, [R]EF R FH A SR 37 5 R 2R R B ( B PR R ROE
3) R H ARG . S T VAR IR R R R S
RONE, THE T AR SpO, Wil [R1 AR (Hir s 0) LA
K Ag 43 SpO, M HT 5 min (Hiff5 0 ~5 min) 3%
/N (AR W FS O ~2 h) I S IE . Ak, R
FAT SCEMETR A SO AR A3 B A AR L B A R iR
1% 0L ity 25 25 A IR B 1) 4 2 0 R RS, 22 [ 8 DGk . E
BRI R A FHR A EF (SpO, <90% )id k1, A
R O, Al Y 30053 A A AR B 15 22 43 A, 64 0T
Logistic [m] 54y % 422 pR L, Al 112 BELI 8 3 S 2510
FIURUE o 5520 v 42 1] 9 B A8 £ 5 TR 5 2807 A5 28—
o WA R NNR AR TR B K BT 1A gy
{3 X [B] PE (interquartile range, IQR,6.0 °C) , MHEAR]
[8] SpO, 125 Ak, & 1 A8 25 16 A1 XU L AEL L (odds
ratio, OR) 3/~ , 3158 95% F {Z X [i] ( confidence
interval ,CI) . ARWFFEHE— 2R T SO IR G5
AU AR AR R PR s I 0, A8 AT B 2 R
50 Bty 5 3 BRI B 1] SpO, 24722 i 48 25 1 A XL
Z ) 1) 2 B - IR R 3R o

1.4.3 B dr R HFFAE B AE B AT
At AN ) it 21 e DR 2% U A e 10 25 5 e e 101 1)
SpO, FAR LA F XS B RN B MEPE - . R T 2 Bt
Uk 2 RN B 1 32 FAE T, A58 FH AI 93 30 1] S 1 9 2
PRI Pos (13.1% ) Fll P15 (25. 1% ) Ry BRAA, W4 18 B2 43
ARG | R v B R R KO R R < R Y
L HAE R,

1.4.4 fUBMESHT LIRS RNARRIA X
AAMIR A RN BB i — 209 AR5 548,
PM,, .NO, .0, SO, F1 CO, LIiFAG iR JE KRR S
SpO, 1A 2 1 R0 JRURS: SCIC A R e 2k



e 5 PRUEIRIE SRR R S0 W B i i A B S 1) 4 P 0 ) S 1 - 595 -

Gt MR GE AR R 4.3.2 S8R0, Rtk
TR RSB SCE TR A RO A 5E i R4
PHAL" Imed " ¥y, | SUIMPETR S AL T R AR
“gammd” F it , 5 F MK FBEE Y 0.05

2 HR

2.1 MREXMNRER

1 s, AR LA 96 1512 BH i 3,
SEHJAERA R (69.0 £6.3) %, BMI K (24.0 £3.3)
kg/m?, 29 GISLENAR , F2 8 28 vh i R 2 63 o],
TN R R 33 491, Horh 85 {518 BELI 8 S 5k
WFSE )P Y00 B A R B 8 (27.5 £2.6) °C,F
PR AR A (211 £7.1) % , BEHR Y [E] SpO,
F7(94.4 £2.4)% ,

R WIFORIEAMG S R SRR bR AR A

Table 1 Descriptive statistics for basic information of participants,
exposure and health indicators

Variable Value
Gender
Male, n(% ) 85 (88.5)
Female, n( %) 11 (11.5)
Age/years, x x5 69.0+6.3
BML/(kg/m?), x s 24.0+3.3
Smoking status, n(% )
Never 19 (19.8)
Former 48 (50.0)
Current 29 (30.2)
GOLD stage, n(% )
I 13 (13.5)
if 50 (52.1)
i 27 (28.1)
v 6 (6.3)
Lung function, x +s
FEV,/L 1.6 £0.6
FEV, % pred/% 58.4+17.8
FVC/L 2.8+0.8
FVC% pred/ % 75.5£17.0
FEV,/FVC 0.57 £0.09
Temperature/C , x + s 27.5+2.6
Humidity/% , x +s 21.1 7.1
Sleep Sp0,/% , x £ 94.1+2.6
Air pollutants ,x + s
PM, 5/ (pg/1) 21.0£18.6
PM,o/ (pg/L) 23.0+15.3
NO,/ (png/L) 15.5+6.6
05/ (pg/L) 29.5+17.3
SO,/ (ng/L) 0.9+0.4
CO/(mg/L) 0.5+0.3

BMI, body mass index; GOLD, global initiative for chronic obstruc-
tive lung disease; FEV,, forced expiratory volume in the first second;
pred, predict; FVC, forced vital capacity; SpO,, oxygen saturation;
PM, 5, fine particulate matter; PM,,, inhalable particulate matter;
NO,, nitrogen dioxide; O;, ozone; SO,, sulfur dioxide; CO, carbon
dioxide.
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Figure 3  Association of personal temperature exposure with SpO, (A ) and risk of oxygen desaturation(B)

during sleep with different pulmonary function statuses
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Table 2 Sensitivity analysis of the association between personal temperature exposure and SpO, and risk of oxygen desaturation during sleep

Model Value change in SpO, (95% CI) /% P OR of oxygen desaturation (95% CI) P

Main model -0.26 ( -0.29, -0.22) <0.001 1.34 (1.20,1.49) <0.001
Adjust model

+PM,, -0.21 ( -0.24, -0.16) <0.001 1.23 (1.11,1.37) <0.001

+NO, -0.23 ( -0.27, -0.19) <0.001 1.30 (1.16,1.45) <0.001

+0; -0.21 ( -0.21, -0.25) <0.001 1.25 (1.12,1.39) <0.001

+50, -0.26 ( -0.30, -0.22) <0.001 1.23 (1.10,1.37) <0.001

+CO -0.18 ( —0.22, -0.14) <0.001 1.18 (1.05,1.32) <0.001

Sp0, , oxygen saturation; CI, confidence interval; OR, odds ratio; PM,,, inhalable particulate matter; NO, , nitrogen dioxide; O;, ozone; SO, ,

sulfur dioxide; CO, carbon dioxide.
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