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[Abstract] Objective: To study the characteristics and correlative factors of pulse oxygen saturation (Sp0,) and exercise tolerance
during the 6-min walk test (6MWT) in the stable chronic obstructive pulmonary disease (COPD) patients, aiming to provide a simple
and effective objective assessment method for COPD patients. Methods: A total of 58 stable COPD patients and 21 control subjects
were enrolled. General data, modified Medical Research Council dyspnoea scale (nMRC) score, COPD assessment test (CAT) score,
pulmonary function parameters (such as FEV,%Pred, FVC%Pred, D.CO%Pred, D.CO/V,%Pred) ; and 6MWT-related parameters were
collected. The study analyzed the differences in SpO. and exercise tolerance indicators between groups, and their correlation with
commonly used COPD assessment indicators. Results: COPD patients exhibited a decline in exercise SpO. during the 6MWT,
characterized by the occurrence of exercise-induced desaturation (EID), a decline in minimum SpO.(SpO....)and mean SpO»(SpOauea) s
an increase in the percentage of time with SpO, below 88% , 90% , and 92% (Tss, Toys Tor) and desaturation area (DA). There were
differences in the 6-minute walk distance (6 MWD) as a percentage of the predicted value (6MWD% Pred) and the desaturation

(HEWE]  FEEKELIRITRI(2018YFC1311900) ; FEIFR G I AR BT FL KB S5 R MREAR R &
JH{E{E# (Corresponding author), E-mail: plisun9419@njmu.edu.cn



544 555 8 1
20248 A

MRONAE, 255 A, 5 3B, 46 COPD 3% 6MWT N 48 ik UK i 232 it S A e 2= 44 L) ].
B ERRE A (H R R 2E D, 2024, 44(8) : 10821091

+ 1083+

distance ratio(DDR) between the two groups. SpOzue.s DA, DDR and 6MWD%Pred were correlated with mMRC scores, FEV,%Pred,
FVC%Pred, and resting Sp0,(Sp0,...). DDR was also correlated with D;CO%Pred and D,CO/V,%Pred. However, multivariable linear
regression analysis showed that only mMRC scores, DLCO%Pred, and SpO... were independently associated with DDR. Conclusion:

Continuous SpO, monitoring during the 6MWT, with parameters such as SpOaueus DA, DDR, and 6MWD%Pred, can effectively reflect

pulmonary function and symptoms of stable COPD patients, suggesting its efficacy in assessment and management of COPD patients.
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monary function test; comorbidity
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Table 1 the comparison of background data betweenthe control and the COPD
Index Control group(n=21) COPD group(n=58) Statistical value P

Sex[n(%) ] 4.23" 0.040

Male 13(61.9) 50(86.2)

Female 8(38.1) 8(13.8)
Age(years,x £ 5) 66.05 +7.61 65.55 +8.32 3.79 0.812
BMI(kg/m®, x £ 5) 23.74 + 1.69 22.66 +3.31 18.07 0.157
Smoking index[ pack-years, M(Pas, Ps5) ] 0€0,9.50) 30.00(8.75,45.00) -4.37" <0.001
mMRC[n(%) ] -3.62" <0.001

0 grade 15(71.4) 13(22.4)

1 grade 5(23.8) 28(48.3)

2 grade 0 11(13.9

3 grade 1(4.8) 7(8.9)

without#: F value in analysis of variance (ANOVA) ; #: Z value in Mann-Whitney U test; ##: x° value in Chi-square test by Yates’ correction for

continuity. BMI: body mass index; smoking index: product of cigarettes smoked per day and years of smoking.
y y g p g P y y 2

%2 COPDlafRZE#HBIHEER S
Table 2 The comparison of clinical data among COPD subgroups

Index

COPD-A group(n=23) COPD-B group(n=17) COPD-C group(n=18) Statistical value P

Smoking index[ pack-years, M(Pss, P5) ] 40.00(10.00,60.00)

CAT[scores, M(Pss, P:5) ]

7.00(4.00,9.00)

FEV,%Pred(%;,x + s) 51.86 + 18.58
FVC%Pred(%,x + 5) 73.57 +11.43
D.CO%Pred(%,x +5) 46.17 £ 20.94
D.CO/V.%Pred (%, x £ s) 56.35 +25.68
Inhaled drugs[n(%) ]
| 4017.4)
I 4017.4)
m 14(60.9)
v 1(4.3)

0€0,20.00)" 32.50(13.75,50.00) 12.919" 0.002
5.50(2.25,17.25) 4.50(2.75,10.25) 0.563" 0.755
52.02 £ 15.44 54.09 + 14.97 0.105 0.900
74.16 £ 11.73 71.25 £ 11.86 0.316 0.731
51.64 £ 18.28 49.01 = 16.35 0.308 0.737
66.85 + 24.65 67.01 £ 20.05 1.216 0.306
0.167 0.920

5(29.4) 5(29.4)

0 1(5.6)
11€64.7) 12(66.7)
1(5.9 0

COPD-A group: only COPD; COPD-B group: COPD with other chronic respiratory diseases (such as asthma, bronchiectasis or pulmonary tuberculo-

sis); COPD-C group: COPD with hypertension, diabetes or cardiovascular disease; without#: F value in ANOVA; #: H value in Kruskal-Wallis H test; b:

compared with COPD-A group, P < 0.05(by used least significant difference for pair-wise multiple comparisons).

%3 COPD-A A% COPD-CH_#BHE LEE S #AyA
B =5
Table 3 The comparison of echocardiography parameters
between COPD-A group and COPD-C group

(x£s)
COPD-A group COPD-C group

Index (n=10) (n=14) ! P
LAD(mm) 3430474 3442+4.66 -0.062 0.951
LVDd(mm) 4690549 4588+539 0.447 0.660
IVS(mm) 9.67+1.12 10.00+0.58 -0.822 0.429
LVPW(mm)  9.40 +0.97 9.75+0.79 -0.968 0.344
LVEF(%) 6247 +3.09 64.73+2.30 -2.062 0.051
E/A 0.71 £0.11 0.75+0.21 -0.519 0.610
F/e’ 8.02 + 1.46 790+ 1.66 0.144 0.888

2.3 COPD &1z 5) SpO, A1z 5 &t 7] 6948 K M 54T
X FEA AT IE B it 77 Sp0. 5 COPD HAth
FVF Al 8 B B9 A 9GP 20 BT 2 7R 5 SpOauins SpOaneans
DA.DDR™ . 6MWD% Pred ¥4 5 FEV,% Pred. FVC%
Pred f1 5% ; H 1, Sp0s,s DDR™ . 6MWD%Pred if 55
D.CO%Pred.D,CO/V ,%Pred #1755, SpOanea DA\DDR
6MWD%Pred i85 mMRC 43 #1 5%, DDR™.6MWD%
Pred 5 CAT V¥ 43 A8 5% 5 11X 6MWD%Pred 5 SpOs...
THF(E6 . I mMRC iF5 CAT ¥4 FEV,%
Pred. FVC% Pred. D.CO% Pred. D,CO/V % Pred 4 %
DDRVIHIZE L 2 R R A BV 5047, 45 R 78 mMRC
P45« D.CO%Pred 1 SpO,.. % DDR Y 5 1A 7 573 4
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Table 4 The characteristics of SpO. in COPD

Index

control group(n=21) COPD-A group(n=23) COPD-B group(n=17) COPD-C group(n=18) Statistical value P

SpO0uea (%05 x £ 5)
P..(bpm,x £ 5)
SpO02in (%5 % £ 5)
SpOanean( %5 % £ 5)
DA(min',x +5)
EID[n(%)]

Toul %, M(Pas, Pss) ]
Tool %, M(Pas, Pss) ]
Tool %, M(Pas, Pss) ]
Tyl %, M(Pas, Pss) ]
Po(bpm, x £ 5)
SBP...(mmHg, % + 5)
DBP...(mmHg, % + s)

97.05 + 1.80
80.33 +10.88
94.10 +2.49
96.26 + 1.94
214.84 + 115.47
00>
10.83(0,48.54)
000,2.08)
000,00
000,00
119.67 £ 21.68
130.88 £ 21.78
79.00 + 12.54

96.35 + 1.61
80.13 + 12.24
91.57 +3.95°
94.16 £ 2.93"
350.08 + 175.77
9(39.D*
28.06(6.67,87.81)
4.17(0,51.25)
0€0,23.69)"
0¢0,0)
115.43 +28.46
129.93 + 16.06
77.33 +7.50

96.47 +1.97
91.24 + 16.73"
90.59 + 3.74°
93.62 +2.76"
382.20 £ 165.27"
7(41.2)*
63.16(11.24,94.80)
4.99(0,74.37)"
000,42.57)"
000,8.45)"
122.24 £ 19.47
135.33 £ 28.13
79.20 + 6.84

97.11 £2.32
81.33 +£8.88
92.61 +3.89
95.09 = 3.08
294.67 + 185.08
4(22.2)"
17.56(0, 84.07)
000,61.25)
000,3.96)
000,00
119.44 + 20.71
131.20 + 14.90
79.20 + 6.84

0.836 0.478
3.351 0.023
3.470 0.020
3.600 0.017
4.067 0.010
13.762"  0.002
6.512° 0.089
8.567 0.036
10.842° 0.013
8.726 0.033
0.298 0.827
0.167 0.918
0.967 0.416

without#: F value in ANOVA; #: I value in Kruskal-Wallis H test; ##: statistic in Fisher’s exact test by used least significant difference for pair-

wise multiple comparisons ; a: compared with the control group, P < 0.05, b: compared with COPD-A group, P < 0.05.

*R5 COPDEHIizsm hiss

Table 5 The characteristics of exercise tolerance in COPD

(xxs)

Index Control group(n=21) COPD-A group(n=23) COPD-B group(n=17) COPD-C group(n=18) F P
6MWD(m) 541.62 £ 61.13 514.17 £ 79.65 498.35 +77.20 521.00 £ 77.53 1.127 0.344
6MWD%Pred (%) 104.25 + 12.93 91.80 + 13.24 92.83 + 14.47 97.50 £ 16.10 3.370 0.020
METs 3.58 +0.29 3.45+0.38 3.37 £ 0.37 3.48 +0.37 1.127 0.344
6MWW (m-kg) 35461 + 6537 31625 +8021 31486 + 6886 35820+ 7682 2.028 0.178
DDR(min™"*m™) 237+1.23 4.25+2.47 474 £2.28 3.46+2.14 4.843 0.004

F6 RHEAITNM F1.SpO.RIEX IS

Table 6 The correlation analysis of SpO. and exercise tolerance with other general COPD parameters in the total samples

SpOauin SpOauean DA DDR 6MWD%Pred

Index r P r P r P r P r P
Age -0.052 0.651  -0.069 0.453 0.068 0.552 0.015 0.898 0.312 0.005
BMI -0.160 0.159  -0.192 0.089 0.187 0.098 0.148 0.194 0.205 0.069
Smoking index -0.005" 0.967 -0.014 0.903 0.033" 0.770 0.081" 0477  -0.283" 0.011
mMRC -0.221° 0.053  -0.245 0.031 0.248" 0.030 0.341° 0.002  -0.490°  <0.001
CAT -0.192 0.094  -0.159 0.167 0.168 0.145 0.244 0.033  -0.391"  <0.001
FEV,%Pred 0.373 0.001 0.393 <0.001 -0.418 <0.001  -0.447 <0.001 0.439 <0.001
FVC%Pred 0.350 0.002 0.383 <0.001  -0.408 <0.001  -0.439 <0.001 0.426 <0.001
DiCO%Pred 0.307 0.012 0.191 0.124  -0.191 0.124  -0.268 0.029 0.383 0.001
DiCO/V \%oPred 0.336 0.005 0.225 0.064  -0.226 0.064  -0.295 0.015 0.393 0.001
SpOaea 0.506"  <0.001 0.596° <0.001 -0.594" <0.001 -0.582"  <0.001 0.005 0.963

6MWD 0.114 0.317 0.101 0376  -0.113 0.321 - - - -

6MWD%Pred 0.046 0.687 0.030 0.792  -0.051 0.656 - - - -

DDR"= JDDR to follow a normal distribution. without*: Pearson correlation coefficient. *: Spearman correlation coefficient.

Gt 3, 3% 3R B DDR VTR 58.3% 78 5
(&1

55 Ak, XF COPD 4 N #4712 3 i /7« Sp0. 5
COPD I th % F VF 1l 48 b5 19 AH 5 14 4 # &R,
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SpOanins SpOaneans DAL DDR ¥ . 6MWD% Pred 13 5
FEV %Pred. FVC%Pred #15¢; 1, DDRY.6MWD%
Pred it 5 mMRC 373 #H 5%, 11 6MWD%Pred 5 CAT
P4 M %, 15 6MWD% Pred 5 SpOs.. LA G (£ 8) o
N mMRC 5> FEV,%Pred .FVC%Pred 1% DDR”
[R3Z 0 22 PR 2 B A 1B VA 23 A7 5 45 R 578 mMRC V57
H1SpOL.. XF DDRYIFIFZI 22 547 Gt 25 3, X 24
A5 5% DDRVTTHR 44.4% 128 7 (£ ).

AN, COPD H 3 1) 6MWD 55 42 % I 5 6k 5%
(r=—0.225, P=0.046) , X1 6MWD%Pred 5 - #% £ 1E
A 9% (r=0.332, P=0.003) ; COPD £ 35 = JE J}f: 25 11
SPO e LI 4 B 2H 12 25 FEAIK, DAV DDR 4847 2.
W (R10),

H A7 4Bl A\ COPD B9 % N 10.3%, o+ 5
PE B R i T Lo, H COPD £ 2R [ 5 41 % 184 T
", [, COPD 4 R 48 % H #i i T F[H
55 307, AU H R B O R S L A ]
BN A GBI E . Bk, X COPD BT =,
S B2 W RYEAL 250030 T RV A il e ST A
BUEARYT UL E E,

WK, £ EID 1 COPD B3 1 2 in &
T AR Bt JRIE 38 00 s T R 453 5 0 8 A A7 1 4 L B
T XU 8 n 7, Hod COPD M 3% i EID U & A= 48
6MMWT #1265 1 43 8 Py CRIFL B EID) 48 7% Fo A% B X
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Table 7 Multiple linear regression of DDR" in the total sample
Index B B l P F Adjusted R*
mMRC 0.113 0.184 2.131 0.037 31.336™ 0.583
D.CO%Pred -0.005 -0.198 -2.330 0.023
SpOarea -0.210 -0.712 -8.121 <0.001

DDR"= \DDR to follow a normal distribution. P < 0.001. B: partial regression coefficient. B: standardized regression coefficient.

&8 COPD#AE M /1. SpO. HE XS 4

Table 8 The correlation analysis of SpO. and exercise tolerance with other general COPD parameters in COPD

SpOauin SpOaimean DA DDR" 6MWD%Pred
Index r P r P r P r P r P
age -0.086 0.521  -0.112 0.401 0.112 0.400 0.169 0.505 0.306 0.019
BMI -0.267 0.043  -0.309 0.018 0.309 0.018 0.281 0.032 0.179 0.180
Smoking index 0.213 0.108 0.206' 0.121  -0.206' 0.121  -0.143" 0.283 -0.108" 0.420
mMRC -0.166 0.216  -0.195 0.147 0.195 0.147 0.305" 0.021 -0.543"  <0.001
CAT -0.070° 0.603  -0.003 0.980 0.003" 0.980 0.102° 0.448 -0.434 0.001
FEV,%Pred 0.281 0.033 0.351 0.016  -0.351 0.016  -0.323 0.014 0.295 0.024
FVC%Pred 0.251 0.058 0.351 0.019 -0.351 0.019  -0.322 0.011 0.291 0.027
D CO%Pred 0.134 0.365  -0.007 0.961 0.007 0962  -0.076 0.609 0.295 0.042
D CO/V %Pred 0.210 0.143 0.088 0.544  -0.088 0.544  -0.158 0.274 0.324 0.022
SpO2.eu 0.456°  <0.001 0.593" <0.001 -0.593" <0.001 -0.588"  <0.001 -0.002" 0.990
6MWD 0.098 0.464 0.112 0401  -0.112 0.402 - - - -
6MWD%Pred -0.061 0.651  -0.073 0.585 0.073 0.585 - - - -
DDR"= DDR to follow a normal distribution. without *: Pearson correlation coefficient. *: Spearman correlation coefficient.
%9 COPD#ZADDR"H% EZLIERE N
Table 9 Multiple linear regression of DDR" in COPD
Index B B t P F Adjusted R
mMRC 0.162 0.255 2.554 0.013 23.735™ 0.444
SpO02.eu -0.176 -0.599 -6.007 <0.001

P <0.001. B: partial regression coefficient. B: standardized regression coefficient.
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Table 10 The comparison of SpO, among BMI subgroups (x+s)

Index Underweight group(n=6) Normal weight group (n=30) Overweight group(n=17) Obesity group(n=5) F P
SpOse (%) 96.33 + 1.51 97.00 + 1.67 96.65 +1.93 94.60 + 3.20° 2.361 0.082
SpO2ui (%) 91.83 +4.17 92.53 +3.66 91.00 = 3.86 87.78 £3.19* 2.498 0.069
SpOauean( %) 94.66 +2.52 94.98 +2.87 93.93 +2.83 90.94 +2.18" 3.166 0.032
DA (min™) 320.66 + 151.28 300.89 + 172.21 363.90 + 169.78 543.30 £ 130.85" 3.162 0.032
DDR(min™"*m™) 4.02+1.83 3.58 £2.38 437 +£2.02 6.91 = 1.92 3.365 0.025

According to the Chinese BMI classification , underweight was defined as <18.5 kg/m’, normal weight as 18.5 to <24 kg/m’, overweight as 24 to <

28 kg/m® and obesity as =28 kg/m’; by used least significant difference for pair-wise multiple comparisons: compared with normal weight group, P < 0.05.
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