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A risk prediction model for hyperinflation in patients with COPD constructed based on
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[Abstract] Objective: To investigate the relationship between symptoms, exercise capacity and hyperinflation in chronic obstructive
pulmonary disease (COPD) patients; and to try to establish a nomogram prediction model based on spirometry to predict the
occurrence of hyperinflation in COPD. Methods: COPD patients and controls with normal lung function were recruited to perform the
6-minute walk test (6MWT). The COPD patients were divided into a hyperinflation group (39 cases) and a non-hyperinflation group
(62 cases) according to the GOLD guidelines. Clinical data, 6MWT and lung function were analysed in the three groups. Variables
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were screened by the Boruta algorithm combined with LASSO regression, and the variables were analysed by univariate and
multivariate logistic regression, to establish a nomogram prediction model of the occurrence of hyperinflation in COPD patients and
to assess its predictive effect. Results: Compared to the non-hyperinflation group, patients in the hyperinflation group had a shorter
6-minute walk distance (6MWD) , a smaller 6MWD as a percentage of predicted value (6MWD%pred) ; and a mean 6MWD%pred of
(86.74+12.54) %, accompanied by the symptoms of a more severe drop in walking pulse-oximetry and a more severe post-exercise leg
fatigue. The hyperinflation group had a higher proportion of patients with mMRC=2 and CAT =10. The results of logistic regression
analysis suggested that vital capacity (VC) (8=-2.636, OR=0.072, 95% CI: 0.022-0.232) , Maximal mid-expiratory flow of predicted
(MMEF% pred) (B=-0.147, OR=0.863, 95% CI: 0.790-0.944) were independent predictors of the occurrence of hyperinflation in
COPD patients. The mean values of VC and MMEF% pred in the hyperinflation group were (2.51£0.60) L. and (23.05+6.48)% ,
respectively. The area under curve (AUC) of the reciever operating characteristic(ROC) curve of the nomogram model was 0.897(95%
CI: 0.836-0.957, P < 0.01). The mean absolute error of the calibration curve was 0.023. Conclusion: The nomogram model based on
the spirometer parameters VG and MMEF% pred can predict the occurrence of hyperinflation in COPD patients. When ventilatory
dysfunction was present on spirometry testing in COPD patients, a decrease in the parameters VC and MMEF% pred predicted an
increased risk of combined hyperinflation. These patients tend to have reduced exercise tolerance and are multisymptomatic,

suggesting the need for clinical focus. This predictive model provides primary community care with an easy-to-implement, method of

assessing patients with COPD and facilitates guidance for individualised treatment and rehabilitation.

[Key words] chronic obstructive pulmonary disease; hyperinflation; 6-minute walk test; pulmonary function

P2 4 FH ZE M 19597 (chronic obstructive pulmonary
disease, COPD) s — M W, H gk AT P4 32 55 (1) WP IR
905 » FLAFAE & WP DN SE RIS S 70 Fe e R
B 1) J2 COPD £ 2 B8 2 f) 1 B A PRURRALE , 2 Il
PRASE FH il & 712 i COPD b 255 1o i BE 78S
& COPD S 53— A il H A5 2577 76 (193 B AR BRRR
ik, T B I LR AT B g R .
J¥ 78S A UE B 2 COPD BB i sl i fis . Stk hn &
FFET 2T AT R 71 s B 7n Ao A
ST il 25 5 138 i, COPD £ 25 T o fé il 428 BHL
7300 i B R 5 A ) ANV, DRy T A R B Y 1) A
JEi A7), COPD BB AL M SUEE U = 55 1 kAT
R i 2 A SR 22 il 5 P8 B g il 2 >, R T 8
(1) Tl g 5% < & (functional residual capacity, FRC) 2=
AKOMERGIN . Bhaad B e AR 3 B R s A
I R ] A A it 3884 [ g PR SR P A< BIK )
70 B BUR, EE LT COPD Sk A A ™.
A I PR 32 38 e A AR A0 AR A R BRI
R AARRUR B R 7 (EAR AR E AN AR H
FEHORAS A4 X A iR 55 0 A5 38 2 R T AR
WURSHE) A T o i 5 fili Ty BE WK 15 6 EERE B 2 )
BRITT R, Ml h i e L ) 2% 2 R 7 fR e
Yy SRR E 8 T A o UE
ZE, (B AW TR I E TN E 28 Can s 1A
IS 257 (forced expiratory volume in the first second,

[J Nanjing Med Univ, 2025,45(04): 535-543, 559

FEV) 5 e Ta UM . Bk, AR5t it
Rl il B I 5 2 BOR TN COPD 35 i
FEARIRER, DAEOR B Bl At [X S50 )2 B2 7 3 P AT
COPD & JFif 78 M2 W A 2

1 W&RFMAFE

L1 %

ASHEFE COPD SZAR & W AF5 it : DFF & (12 EFH
FE M i % 95 4 BR 7 76 18 1) (global initiative for
COPD, GOLD) fi # ™' U Bt s J192 Wb s D BE S
56 J I Ty e 45 2 A1 6 min A2 47 1A 5% (6-minute walk
test, (MWD 22 I HEERARiE: QR Z M &
T s G IF AR A R ) BT B R AR 1 At
28 G000 ~ o LA S99 PR AR PR JB 7
@ & I 7 5 BT I 45 R W S R R . AR
GOLD 45 R 4 Jili Dy e 2 H b il 2 6 o Bl B 20 B
(total lung capacity of predicted, TLC% pred) >120%
R AR B E B 59 E (residual volume of
predicted, RV%pred)>120% % 5% T2 FH 5 il o &
ECAEL o5 T THE B 93 L (residual volume to total lung
capacity ratio of predicted, RV/TLC% pred) >120% &
SR RS, HAR COPD Z i AR S
Ao 0 REZH N AR v : il D) BE LE S H.BE 58 i 6MWT
BRI Z 3 F . AT O33R B R R R
B — PRI B BEAG 225 B3 2 L HE (4 5 : 2015-SR-207;



5545 55 4 1
20254 A

FRFGT, BREIAE, /e, &5, — I il i T ) s 1 1 e L e it s B 3 e R 7 < Tl
FERIL) . e s PR R 2 CH SR B RD 5 2025, 45(4) : 535-543, 559 « 537 -

2019-SR-504) Ff i /B & A Al o

KHFEILAE 55 T 165 B4 7 5 R R R 58 —
B i 15 Bt 5 it Dy RE A 2 R 6MWT 1) 521, FE A
B 1 19 61520, o 12 491 52 40 2k 6MWT 1)
Jok #4511 S AL AT (pulse oxygen saturation , SpO,) B4
B 2 SR A AR R BB, 3 1) 2 iR 5 5 I R AT Rz
BRIy RE AR R HE A P IR 2R 8 500 oL L7 9
R BRI A HEOIR IR0 5 4 B 52 183 5 I B T, B S
AHTE NI COPD 3218 101 51 X HE 4 52 1
#4511
1.2 7k
121 bk

B B2 AR Y — SRR % S PR AR SR 5
(body mass index, BMD W iR F5 %k R0 1. 25907697
15190 il Thy fe e 0 P50 R 1% 2 g 2 P G R i 2
(modified Medical Research Council dyspnea score,
mMRC) . COPD F ffi #ll il (COPD assessment test,
CAT V745 BA 2 6MWT CELHE SpO, ##5) . %F COPD
BE WY BTN T 7336 T RoR B 1~2 Ff
RN KRB Y ALK R B2 45 71 (long-
acting 32 agonist, LABA) KRt JH A 8 25 4 (long-
acting muscarinic antagonist, LAMA) 1, Il /RS W
FE R N A 7 SR B R A 1~2 PR N K S S
ST
1.2.2  AfzyRedl e

H B 6 it )y B 2 R S A 55 I 5 A% 1IE 5 1R
Jifi st FH 72 [E] HS A% 2 ] Master Screen 10S ik 7% % i
DhEEAX 5 B DI REAS 2, B A7 32 63 1 i Dh e Ao 2
JRH% T A SIS BRI PR 2% 2 (European Respiratory
Society, ERS) 1 3£ [H i £} 2% 2= (American Thoracic
Society, AT [P it ThEEFEFE™'. COPD SZ ik # 124711
il Ty e o 255 6 A M = Ml B A B R AR .
MR 32 BEAT O I D) BE A 22 il <R
1.2.3  6MWT #= 5% B SpO, 15 7

G FE B oMWT £ 4F 45 g it 47 32 30 il 56, &
i 3% g 2 =X R A COR B RO BRA =)D U
K 30 m HY5E SR 4 R [15E 6 min, 12 3 i 5
Hh gy SR A2 A TGV A S TR W R PR A e s B
1 48 A HE B Sp0,<80% A3 7 s HeAh =2 3l A
TG 15 Ak B0 AT I R ORI Ak e . Wi ER
BB 06 BT 0 E8 L Sp0, (Sp0,.,) - MWT R 56 1 72
HRAIS Sp0.(SpOa) « 1 1 ik ZE (maximum pulse rate,
PRmax) « 6 min % 17 If & (6 -minute walk distance,
6MWD) , H13E47 12 5156 7l 5 (1) Borg WK PR AE DY 43

Al Borg 9 57 V773 o I 11 5 ASp0. (SpOsees 55 SpOar I
ZEE ) « ABorg PR W 1A HE V¥ 43  ABorg 9% 95 VF 77
6MWD 15 T 18 7 43 (6MWD%pred) A1 6 min 35
1T 2 (6-minute walk work, 6MWW) , 6MWD i 11
A MWW 5577 08 - I3 ¥ 6MWD Fil it (m) =
1 140(m)—5.61xBMItkg/m>—6.94xFH (%), Lel:6MW D
FiHE (m)=1 017 (m)—6.24xBMI (kg/m*)—5.83x £ #%
(%); 6MWW (m-kg)=6MWD (m) XA & (kg)"",
1.3 sitF ik

RLF R 4.2.2 BAFHBEAT et 40 s 1IR3 5046 1)
THE R A B b 22 (3 5) 8o, AR IS0 A0
T B TR A A5 2% BRI DA rh R H (DY o3 2 B0
LM (Pss, Pys) 13275, tF B B0 RE R 9] B0 CF 23 220
[n(9%) 137 IEZS 3 AT E0E R FI B SLRE A ¢ Aor 36 A
73 7253 W EE B A TR) 22 SR 5 A 2 2 A1 B A% B U 4 P
Mann-Whitney U o 5 Lb 8820 (7] 22 5, 73 9878 5K H
RIOTRIG AR IR 22 57 o A Boruta i 5 LASSO
(5] Y 57 520 COPD 321 i FE 8 UM & . R
BAL[R) 25 1 £ [A 2% Logistic [9] U9 40 #T COPD £ # £ K
MERRERE R PR @ COPD &3
KA T R B A R, 221 32 K AR R AE
(reciever operating characteristic, ROC) il £& I #R #5
Hl1 28 T AR Carea under curve, AUC) P A 455 77 1) [X
3B . A Bootstrap 1000 H 1 B P 358 56 1E S 22 il
PR PR AR VR A 2k, I 2% 1) R SR 28 DA PPt AR ) 1
RIERIE. P <0.05 8ZRA G E L.

2 & R

2.1 —fF R

AR FILGI NG B RS 3961 AEd e A
62 151 A1 %f HE2H 45 41, 3 2 7E BMI AR5 £ b 22 5
TG 2E R R T S S A eMWT 2
BB EF AR X P <001, FHjglhi
SririE— BRI, SRS BER A AR, IS B R A
SERS TR, Lotk o5 LU R, FEV RLA 73S & (forced
vital capacity, FVC) B A%, 6MWD.6MWW B/, 24T
HH 1) SpOa, W 82 BEAIG , ASpO, A1 ABorg J% 57 173 5 1 »
ASpO=4% I NHLE LT 2 (P4 < 0.001, % Do
2.2 #4COPD & 6915 /& 74 b ik

1E COPD 3t FE 78 A A E i & 78 S 4L 22 [
HEATRE IR P43 EL 3, mMRC F1 CAT 78 5 41 18] 25 5% 6
it 3, H mMRC=2 1 CAT=10 B9 N HL & L AR
P AL TR] BB 22 e it i (P ) < 0.05) 5 1T JE
75 H B mMRC=2 1 & N 56.419% (22 i),



+ 538 [T

S NI -

F45 L 41
20254 A

#®1 COPDEEFZSA.FIERSEMNBAN—BBLILE

Table 1 Comparison of general information among COPD with hyperinflation group, non-hyperinflation group and the

control group

Hyperinflation group

Non-hyperinflation

Control group

General information (n=39) group(n=62) (n=45) 1% P

Demographics

Age(years,x +5) 72.62 +7.74" 68.32 + 8.75 66.29 + 5.06 7.671  <0.001

Male[n(%) ] 25(64.10)* 59(95.16) 39(86.67) 17.688 < 0.001

BMI(kg/m*,x + ) 23.14 +3.01 24.13 £3.22 2421 £3.02 1.555 0.215

Smoking index

[ pack - year, M (Pss, Pss) ] 20.00(0.00,40.00) 30.00(6.25,40.00) 10.00(0.00,40.00) 2.381 0.304
Spirometer parameters

FEV,[L,M(Px,Ps) ] 1.27(1.03,1.49)" 1.71(1.54,1.95)" 2.75(2.29,3.13) 88.917  <0.001

FVCIL,M(Pss,Pss) ] 2.30(1.89,2.97)* 2.92(2.63,3.11) 3.65(3.01,4.11) 47223  <0.001
6MWT

6MWD(m,x £ s) 413.67 £ 50.25™ 479.40 + 83.16" 567.41 + 66.14 50.705 < 0.001

6MWD%pred(% ,x +s) 86.74 £ 12.54" 91.62 £ 16.34" 105.82 +13.22 20.572  <0.001

6MWW (m-kg,x ) 28 662.45 £5047.27"  36261.80 £ 6 364.97 3701991 £5771.25  26.342  <0.001

Sp02(%,% £ s) 90.74 £ 4.27" 92.87 +3.28" 95.56 +2.45 21.785 <0.001

ASp0,(%,x £ 5) 5.69 £3.26" 421 +291" 2.16 +1.83 17.860 < 0.001

ASp0:=4%[n(%) ] 29(74.36)" 29(46.77)" 10(22.22) 22.826  <0.001

PRmax (beats/min,x + s) 122.46 + 22.65" 116.98 +20.20" 106.18 +21.19 6.596 0.002

ABorg dyspnea(scores,x + 5) 1.00(0.00,3.50) 2.00(0.00,4.00) 0.00(0.00,1.00) 23.069 <0.001

ABorg fatigue (scores,x % s) 2.00(1.00,3.25) 0.00(0.00,2.75) 0.00(0.00,0.00) 34814 <0.001

Compared with the non-hyperinflation group, ‘P < 0.05; compared with the control group, *P < 0.05.
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Table 2 Comparison of clinical data between the hyperinflation group and the non-hyperinflation group in COPD

Clinical data Hyperinflation group(n=39) Non-hyperinflation group(n=62) ZIxN P
QoL parameters
mMRC [ scores , M(Pas, Pss) | 2.00(1.00,2.00) 1.00(1.00,2.00) -1.959 0.050
mMRC=2[n(%) ] 22(56.41) 20(32.26) 5.749 0.016
CAT[scores ,M(Pss,Pss) ] 10.00(5.00, 14.50) 7.00(3.00,17.50) -1.093 0.274
CAT=10[n(%) ] 24(61.54) 21(33.87) 7.419 0.006
GOLD subgroup[n(%)] 6.249 0.044
A 12(30.77) 13(20.97)
B 17(43.59) 42(67.74)
E 10(25.64) 7(11.29)
Professional farmer[ n(%) ] 13(35.14) 6(9.68) 8.807 0.003
Inhaled medication|[ n(%) ] 0.036 0.849
I 18(48.65) 33(53.23)
I 19(51.35) 29(46.77)
Spirometer parameters
VC(L,x +5) 2.51 £ 0.60 3.34 +0.51 -7.458 <0.001
VC%pred[ % ,M(Pss, Pss) ] 86.00(83.85,90.80) 88.55(84.70,93.30) -1.646 0.100
MMEF[L/s ,M(Pss,Ps) ] 0.59(0.47,0.71) 0.91(0.69,1.12) -5.637 <0.001
MMEF%pred(% ,x +s) 23.05 £ 6.48 30.34 £ 7.20 -5.144 <0.001
PEF(L/s,x +5) 354 +1.33 5.09 £ 1.23 -5.948 <0.001
PEF%pred(%,x +5) 55.41 £ 16.45 67.49 + 14.89 -3.812 <0.001
PIF[L/s,M(Pxs,Ps) ] 2.86(2.26,3.73) 4.20(3.62,4.90) -4.775 <0.001
MV V[ L/min, M(Pss,Pss) ] 51.30(45.88, 60.77) 79.47(68.29,88.79) -6.187  <0.001
MVV%pred[ % ,M(Pss,Pss) ] 58.30(53.20, 68.10) 73.55(66.20,80.12) -4.513 <0.001
Lung fractional volume parameters
RVIL,M(Pss,Ps) ] 3.59(3.17,4.38) 2.34(2.13,2.60) -7.202  <0.001
RV%pred[ % ,M(Pss,Pss) ] 157.30(130.50,188.05) 92.60(85.65,103.70) -8.123 <0.001
TLC[L,M(Pss,Pss) ] 5.60(4.71,6.72) 5.42(4.88,5.84) -0.882 0.378
TLCY%pred[ % ,M(Pas, Pss) | 102.80(90.05,115.60) 83.70(79.25,89.60) -5.713 <0.001
RV/TLC[ % ,M(Pxs,Pss) ] 64.64(61.94,68.00) 43.50(40.93,46.41) -8.430 <0.001
RV/TLC%pred[ % ,M(Pxs, Pss) ] 153.50(141.85,159.90) 108.80(103.03,112.68) -8.430 <0.001
FRC[L,M(P;s,Ps) ] 4.22(3.40,4.78) 3.08(2.63,3.44) -4.890 <0.001
FRC%pred[ % ,M(P»s, Pss) | 132.70(105.60,158.70) 89.30(77.55,101.60) -6.878 <0.001
IC(L,x +5) 1.53 +0.50 2.31 +0.60 -6.774 <0.001
IC/TLC(X + 5) 0.27 = 0.08 0.43 +0.09 -8.907 <0.001
Lung diffusion parameters
DLeo%pred(% ,x £ s) 57.01 = 15.80 58.30 + 16.27 -0.423 0.675
Keo%pred(%,x £ 5) 70.03 + 18.19 75.93 +22.75 -1.365 0.175

QoL: quarlity of life; PEF%pred: peak expiratory flow of predicted; TLC: total lung capacity; RV/TLC: residual volume to total lung capacity ratio;

IC/TLC: inspiratory capacity tototal lung capacity ratio; DLCO%pred: diffusing capacity of the lungs for carbon monoxide of predicted.
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Table 3 Univariate and multivariate logistic regression analyses of COPD with hyperinflation

Univariate analysis

Multivariate analysis

Variate B SE A P OR(95%CI) B SE Z P OR(95%CI)
VG -2.683 0.546 -4.912 <0.001 0.068(0.023-0.199) -2.636 0.600 -4.394 <0.001 0.072(0.022-0.232)
FEV,%pred  -0.092 0.030 -3.077 0.002  0.912(0.860-0.967) - - - - -
PIF -0.987 0.234 -4.225 <0.001 0.373(0.236-0.589) - - - - -
MVV -0.099 0.020 -5.073 <0.001 0.905(0.871-0.941) - - - - -

MMEF%pred -0.153 0.037 -4.183 <0.001 0.858(0.799-0.922)

-0.147 0.045 -3.242  0.001 0.863(0.790-0.944)
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Figure 3 Nomogram model of predictors of COPD with hyperinflation
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