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Diagnostic value of a combined model of impulse oscillometry parameters in elderly

patients with COPD
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[Abstract] Objective: To investigate the diagnostic value of impulse oscillometry (10S) in older patients with chronic obstructive
pulmonary disease (COPD). Methods: This single-center observational study enrolled 670 older patients with COPD and 101 healthy
controls who attended the First Affiliated Hospital of Nanjing Medical University between September 2019 and August 2023. All
participants underwent 10S followed by spirometry. Demographic characteristics, 10S parameters, and spirometric indices were
collected. 10S measurements were performed in strict accordance with international and Chinese guidelines. Respiratory system
resistance at 5, 10, and 20 Hz (R5, R10, and R20) , respiratory system reactance at 5, 10, and 20 Hz (X5, X10, and X20) , the
difference between R5 and R20 (R5-R20) , and resonant frequency (Fres) were recorded and converted to Z scores. Spearman

correlation analysis, generalized linear models with a gamma distribution and log-link function, and median quantile regression(7=0.5)
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were used to evaluate the associations between 10S parameters and spirometric indices. Receiver operating characteristic (ROC) curve
analysis was performed to assess diagnostic performance. Results: Compared with healthy controls, patients with COPD had
significantly higher R5, R5-R20, and Fres and significantly lower X5 values (all P < 0.001). R5, R5-R20, and Fres were negatively
correlated with the percentage of predicted forced expiratory volume in 1 second (FEV,% predicted; R5: r=-0.500, P < 0.001; R5-R20:
r=—0.584, P < 0.001; Fres: r=—0.546, P < 0.001). In contrast, X5 and X20 were positively correlated with FEV,% predicted (X5: r=
0.609, P < 0.001; X20: r=0.529, P < 0.001). After adjustment for age, sex, body mass index, and smoking index, R5-R20 was 34.3%,
119.2% , and 189.2% higher in patients with global initiative for chronic obstructive lung disease (GOLD) grades 2, 3, and 4,
respectively, than in those with GOLD grade 1(all P < 0.001). The corresponding increases in R5 were 15.2%,49.3%, and 66.6% (all
P < 0.001), whereas Fres increased by 16.0%, 42.1%, and 64.6% respectively (all P < 0.001). X5 and X20 progressively decreased
with increasing GOLD grade. The regression coefficients for X5 were —0.047, —0.186, and —0.328 for GOLD grades 2, 3, and 4,
respectively, and those for X20 were —0.025, —0.059, and —0.089, respectively (all P < 0.001). A multivariable model combining Fres,
R5, R20, X5, and X20 demonstrated improved diagnostic performance, with an area under the ROC curve of 0.803 (95% confidence
interval: 0.761-0.845) , a sensitivity of 59% , a specificity of 88% , and a Nagelkerke R* of 38%. Conclusion: 10S can effectively
characterize airway resistance and the elastic properties of the respiratory system in older patients with COPD. A diagnostic model

combining multiple 10S parameters showed moderate diagnostic performance and may serve as a useful adjunctive tool for the

diagnosis of COPD in older adults.
[Key words |

mance

2 14 [BH 2 £ il 5 9% (chronic obstructive pulmo-
nary disease, COPD) 72— 57 J51 V0 » 4 BE U2 T
UM ST S AT B D REREAT 41 SR
RV IEGERITRE , W PR L 32 BR RF S PR3k AT
P Ry T BRRAE . 2021 4E 4Bk COPD 30 H N
45.5/10 73, fr FAET-JR N 58 4 £, FF AL 5 ETHE
. FKE COPD i 2 B AF % 1 K1 T 1, 60~
69 % N 21.2%, 70 ¥ LL £ 225 N B B 2 ik
35.5%%, ZAENJE COPD [ R NBE, (HiZ B 1R
HIZ A 2 1R SR Y, — 7 1T, COPD 3R B
B Z R, WA TR AR, T, AT
COPD 12 Wr 46 - il B 4G N, e RS A 7 22 AR
P30, % T4 22 A4 55 il D 6 7™ B 32 45 BUA A
N Th B PG Y B AR . kT AR Nl T g
W 5 R BIF 5 A S 5 A 30% ) 58 R 58 BT &
DR I I B 2 S /56 [ i o 2 2 i 8 s 1 O il 2 i Ao
W™ Be Ak, & B AT S T 2 R (e I
TR0 S A TR , FLAEAR AN COPD #8735 & A
PR E . RN SCRE ST RS 17
2, AEE 1 AP 210 S5 A (forced expiratory volume
in 1 second, FEV ) 5 F JJfiii & (forced vital capacity,
FVC) (¥ H 43 FL (FEV/FVC) <0.7 47552 COPD (12 i
brdE, (E AR AELE 248 AR D 5 S 8Ud B2 Ik,
NIEH ZHE NI FEV/FVC HAE 2 B & R 1 K

chronic obstructive pulmonary disease; impulse oscillometry; spirometry; small airway dysfunction; diagnostic perfor-

[J Nanjing Med Univ,2026,46(09): 1323-1330]

M HER T, Kk, SRE & 24 84 1 CoPD
SR #EIC N E

Jik ¥R 3% ¥ GGimpulse oscillometry system, 10S) ™
Je— MG BIPEAl RNV SIE ) IHOR, R A AR
R kB B A L R S RN RE A
5 SO B AR AL R AR e, FE S T
PERE AR BB S T SRR A B . R E
T PR A e e ks 28, o I i, & T
JUEE DL R 55 800V EMT i ElE M2 EN. £
TR 9 22 B, W NG 7 2 PR i FR IELRE, FEV, HE 3R
122 11T, 10S BT S0t 39 0, 327 10S 7] e LU il &
D5 AU, SR, TOS 7EZ4E COPD ABEAF (M
FH T R = KA PR AT 8 008 S5 . H AT R T 108
FEZZ5F COPD 3 b N F Y KFEA T S D, HZ R
BT B8P, 5= 2 SHO G2 T &
GivFflic ABFFLEET 670 B4 COPD 35 o RFEA
s, KRGV 10S ZHHEZAE COPD 2 Wi e,
2 ZHIKG IZ WL, RG0S fEE4F
COPD fEF# i AR N A o

1 MW&MAAE

1.1 %
ASHIF 5 — T B b0 I B R BT AT, 0 4 3k B
20194F 9 H—2023 48 H T L R KZ2H — [t g



546 5559 1
20269 A

TAEA, EHN, IS, 2. Bk RS BR S 508 A SRR 22 A8 PR B 28 1 At v )
ZWHE BT ], B BERRR 2= SR CH AR REERRD » 2026, 46(9) : 1323-1330

= 1325-

= Bt A7 il T e A 25 114 670 9 2 4F COPD i IR e 4
Follm PR BERE, BLAE R 0] AR 08 B iy AR E RO B2
PRI . NZHLRE R [ N 5 s B AR ki 3 Ao
B, AZINNRHE SRR e TR . AT FU 20 B st Bt
REAA TR P e (1R B %5 : 2024-SR-843).,

AN\ HE - QO R4 4= BRAZ M B 2 Vil 9 95 18
W 2H 23 (global initiative for chronic obstructive lung
disease, GOLD)2019 W i i2 It COPD i i % ; @4
k=60 & ; QN DI RE BT AR HE A 2t @R A 835 K7E
SE R 10S K AR 2 2~3 min J& 58 it =AM . HE
B b v = QO i S e 88 5 (20 R AT T Joi A M 20
e IR IV S 1 57 5 JHL A W W 2 &9 95 (Ot Mg B3R 470D
()7 1E i 5 e T2 A i 7K ; @A il B R 58 @& JF
A 52 25 B9 009 SE 2 1B 5 © 58 B 10S J& oK Bie 4k
2256 UM BT E s O— BRI 4. RN 44
NFR=60 % T8 PERFIR R GEc S s < 2 g
AT I R R A A Jyond AL
1.2 7k

10S: A6 73 B A 7™ A% ST W I 2 251 Je
fiti TRk IR R TS . Sy RLIEE ) O RTE R
JIRITEAE 2, T0S Yo7 il 3 8 5 2 iridh A7 . W
A P AR AL R DR Y B WY BN 21 32
EFRIFR L, REEL 30~45 s, S E A 5~35 Hz.
SR DAL, e, Ao 7 DA T LG
DA 5 R PR R gk 2 JG 1 41R 20 A R A 52 o 485 2R LA
W1 22 435 Je BH /7 (respiratory resistance system, Rrs)
FIIF W R 45 J B BT (respiratory reactance system,
Xrs) 2 I, BAPTHRTIE XS R FHAS BE 0, 45 E
FRY BEL g RS o T FL T S T Y SR A AB
PERFPE . 103K 5110220 Hz I (¥R IR 2 48 BE 7 (RS
R10.R20) F1HLHT(X5.X10.X20) . R5 1 R20 Z A (¥
7= 5 (R5~R20) « LR Jii % (frequency of resonance,
Fres) M & ZHOE HOHE A 2 L.

FZHUE XLWE TS H, RS SRR &
G SIERL ). R20 e O RIERL 7). R5~R20
S5 L BEL 7 P A5 A A, B Rors T 418 355 47156 3 ¥ 18
e IS A AR AK, S P4l AN UTE R ) B SO SR by {2
N Res TEAA AL, BT RS~R20 i T %, T 7E
A B BLZE I RS B, R20 3 & AN W12, Res i
S 4 e i PR, B RS~R20 & T+ . RS~RI0 7R
NI B 748 bR, 5 R5-R20 & SO, T
TPt N IE D) REFENS .

HLHT S H, X5 AR AN A Al L i s o m) s vk
BEL 77, S B fi TR 14 o X5 — M Ry B AL, 48 % R K

FoNPERR K . X101 PR & L5 X5 ARAL, (EX
/INE AR AR  BURS E BE AR T XS. X20(20 Hz I (1)
HLP) T AR A iy, R BEL D B o L K, 5 XS
FHEE G /NS T8 T BE 1 15 1) U BE AR . B RE 7
FNHAERH A7 (07 A I Fres R 245 # K /NH%E B
FHARTH I, Xos N FHIANZ, —RAE 5~10 Hz 2 [A], <,
18 BH ZE PR 05 IR XS 19T B 17 25 Fres 389 0

NT I B N A 2 R R S, O oy i
K FRUELL I Z 53 B0, Res 2 X5 1) Z A8 =CS2AE -5
THED/RSD, RSD 25 A5k DI Re(B 1 . FIE bRt A
R5.R10.R20 ) Z{E>1.64 N 578, XS I ZAH<-1.64 N
jl%"_ﬂ%%[ﬂo

Jits 2 U 5 V5 < AR 36 [ i B ¥ 2> ERS #R M, 2
WE WA T Re g 5 AT E W E . LK FEV,.
FVC.FEV/FVC. &K H <R & (FEF25~75) 5%
<& (residual volume, RV) .\ fifi & & (total lung capaci-
ty, TLC) « RV/TLC <2 B & o5 $NAE 1 & 55 b .
TR 7 FE 5L T X 4~80 2 v [N IE 5 fili i & I o
(IR R 50
13 “%itgs*

K FH SPSS27.0 Bi it 43 M B AR 3EAT £ 4 0 A7, 1
BB B R R, A R R s . &
Shapiro-Wilk f5% , A0 70 4 BT A 1F & SR A RF &
IEZS I3 A7, S CA AR A B (DU 3 B2 B0 [M (Pas, Prs) 138
71N 5 R 2L 1) Dl A Can fi e 3ot I 2H 5 cOPD 4H) >k A
Mann-Whitney U 5% . % | Spearman #H 5¢ 14 73 47
KA € 10S 2305 i < D) Re F8 br 2 a] B A G
KT R (Gamma 43 77 « Log 42 4 T H
71241 (R5.R20- Fres) [ii COPD /™ # £ & (GOLD 43
BT, 45 5 L exp(B) K FL 95%C1 K 7R
LTS (XS5 X20) % 78 H 2 Am A 74, KA L
A (7=0.5, FALELE ), Bootstrap 23 (1 000 X
FEFEO AT 95%Cl. 2 R Z B L GOLD 1 4%
N, R IEAE RS P BMI B W R 3 %5045 V8 4% A
Fo 32 HAERHIE (receiver operating charac-
teristic, ROC) 1 £& DA 3R 7~ B0 BH PR 2 (st ) 5 BH
PR RMOZ MK R P<0.05 NERH ST
2 # R
2.1 AT Gt S 4 AR BT ) A8 & 4G AT

ARSI 670 5 2 4 COPD 55 J 101 5

{E FE X HE 35, COPD 4155 {8 5 5o R AL 7 4 3 ) o 22
B G E X, {H COPD 4 5 35 AR s o & Ak



*1326° Mo

PN

546 555 9 1A
20269 A

H 520 (body mass index, BMD) S A% W R 5 205 5=,
FFE IR FE R R R R IE (R D)o

55 {8 BRET IR 41 AH B, COPD 5 25 40 A< BHL 7
(R5~R20) J s A TE B 71 (RS & Z 8 hn, i35
X5 i 2 B (P #41< 0.001) , /NS 38 I fE B A5 48 b
(MMEF%pred) &AL GR2) . NTHBRAMAZ R, i
— IR R ZAE I R A2, g5 R 2R COPD A
RS S8 R A Rk 59.7%, 52w T {d e Xt IR 2 11
21.8%, $&78 RS 2 X 7 W 1 1) s BBURFE A o L 4P,
P 2H X5 55 R A R I 70%, R KER - EHEN
A RS TE PR T3 (1D PAEZE R L, 10S
ARSI COPD B35 1)/ INSTE s AL T 775 250
2.2 108 A4 5 FEV/FVC & FEV %pred 6948 % 1

tH T 10 Hz 5 5 Hz I FHH1 2 8002 7 7™ L 2
P, JF T RN R10.X10.  Spearman A &7 43
Mr B, MRS TE B 77 A ST B B S R 4

K35 FF R5R5-R20. Fres 5 FEV %pred £ i1 2547
#H ¢ (R5: r=—0.500, P < 0.001; R5~R20: r=—0.584,
P <0.001; Fres: r=—0.546, P < 0.001) , JZ it /0> S 08
BH 7 185 R20 #H 9% 155 59 (=—0.226, P < 0.001) . J%
B A JE fe Hp g A0 3E s VE BH D B X5 X20 5 FEV %
pred 2 125 1E A 2% (X5: 7=0.609, P < 0.001; X20: r=
0.529, P <0.001). ItAk, 10S ZH(Fres R5.X5) 7R
N IB T BERERS (MMEF%pred) S A& #E B (RV/TLC)
HYIRRGEED.
2.3 10S A4k 5 COPD = & 42 & 89 K BX R 5 b 2L Ak
AT

G SR VR B T oy Ar IR VA RS O AR 1
i BMI & W 52 Ji5 5 Fres< RS 22 R5~R20 B GOLD 4}
Tt B, oAb B BH 77 RS~R20 1 38 i 5 45
NRM . 5HGOLD 1 ALk, GOLD 2.3.4 ¢ 35 1)
R5~R20 73 5l 1 i1 34.3% . 119.2% . 189.2%; RS 43 %)

F1 BERXMEBHS COPDHEAOAGLITHEHHE
Table 1 Demographic characteristics of healthy controls and COPD patients

Variable Healthy control group(n=101) COPD group (n=670) VASD, P value
Male[n(%) ] 98(97.03) 650(97.01) <0.001 0.994
Agelyears, M(Pas, Pss) ] 67.00(64.00,71.00) 70.00(65.00,74.00) -3.256 0.001
BMI[kg/m’, M(Pss, Pss) ] 24.28(22.27,26.28) 23.23(20.92,25.41D) -3.213 0.001
Smoking index[ pack-years, M(Pss, Prs) ] 30.00(20.00, 35.00) 35.00(25.00,40.00) -5.46 <0.001

F2 BENEBES COPDAHIOS S 52 N EIEFR L

Table 2 Comparison of IOS parameters and spirometry indicators between healthy controls and COPD patients

I:M(P257P75):|

Parameter

Healthy control group(n=101)

Respiratory impedance parameters

2.98(2.44,3.86)
2.68(2.17,3.39)
2.38(1.97,2.82)
0.59(0.28,1.00)

R5[LemH,0/(L+s)]
R10[emH,0/(L-s)]
R20[emH,0/(L-s)]
R5-R20[ emH,0/(L+s)]
Fres(Hz)
X5LemH,0/(L+s)]
X10[ emH,0/(L+s)]
X20[ emH,0/(L+s)]

Spirometry parameters

0.43(0.17,0.61)

FEV, (L) 2.84(2.58,3.14)
FEV,%pred 103.40(96.25, 111.60)
FVC(L) 3.50(3.26,3.90)
FVCY%pred 99.50(92.80, 108.80)
FEV./FVC(%) 79.61(77.44,82.55)
MMEF% pred 80.10(70.70,96.30)

15.12(13.03, 17.90)
-0.98(-1.24,-0.59)
-0.23(-0.54,-0.06)

COPD group(n=670) A P
4.27(3.23,5.37)" -8.197 <0.001
3.15(2.55,3.84)" -4.606 <0.001
2.66(2.24,3.18)" -4.090 <0.001
1.48(0.84,2.27)" -9.386 <0.001

20.33(16.32,23.65)" -8.561 <0.001

-1.85(-3.21,-1.06)" -8.361 <0.001

-1.03(-1.83,-0.45)" -9.852 <0.001

-0.02(-0.45,0.28)" -8.705 <0.001
1.57(1.09,2.00)" -14.966 <0.001

59.05(43.20,75.25)" -15.575 <0.001
2.69(2.16,3.15)" -11.212 <0.001

78.00(64.88,91.23)" -11.659 <0.001
58.74(50.18,65.71)° -16.216 <0.001
19.40(12.80,30.48)" -16.209 <0.001

* indicates a statistically significant difference (P < 0.001) between groups by Mann-Whitney U test.
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== Healthy control group ok %3 10S 5hhiBS I REIEFRAYE RIS
100% = COPD group 91.3 Table 3  Correlation analysis between IOS parameters
30% A and pulmonary ventilation function indicators
D)
60% A Parameter FEV,%pred FEV/FVC MMEF%pred RV/TLC
R5 -0.500 -0.445" -0.504" 0.332
40% R20 -0.226 -0.184" -0.231 0.171°
R5~R20 -0.584" -0.529 -0.588" 0.383"
20% 1 Fres -0.546"  -0.504" -0.540" 0.358"
X5 0.609" 0.541° 0.614" -0.409
0 R5 R10 R20 X5 X20 0.529 0.487 0.524" -0.339

Intergroup comparisons were performed using the " test. "P < 0.01,

P <0.001.
1 BERXERLES COPD AMFIRIB IS HE = E LLfixs bt
Figure 1 Comparison of abnormal proportions of respira-
tory impedance parameters between the healthy

controls and COPD patients

0 15.2%  49.3% A1 66.6% (P $1<0.001) ; R20 43 4
411 6.6% (P=0.051) « 18.6% F 16.2% (P #]<0.01) ;
Fres 73 5 1 11 16.0% « 42.1% 1 64.6% (P ¥J<0.001) .
HL TS 200 BE GOLD 43 4 Ft /=y 1 P A (A B 38 KD
X5 & B % N -0.047. -0.186 F1-0.328 (P ) <
0.001) ; X20 F H k¥ A-0.025.-0.059 F1-0.089 (P
31<0.001) , B fifi s 14 [ 77 Bt 93 7™ B A2 P R A7 1
TEGRD.

ROC 12853 B oK, B—10S 240+ X20. Fres-
X5 RS BRI B 2 Wi 26 . BEA Fres RS,
R20.X5.X20 i 2 ZHiZ Wit B it — D4 712
Wk %, AUC 5 0.803(95%CI: 0.761~0.845) , R A
J% N 59% , ' 53 & N 88% , Nagelkerke R* N 38% (%
5, E2).

Spearman rank correlation analysis was used. All correlation coeffi-
cients were statistically significant. P < 0.001. FEV,%pred: forced expi-
ratory volume in the first second as percentage of predicted value;
MMEF% pred: maximal mid-expiratory flow as percentage of predicted

value; RV/TLC: ratio of residual volume to total lung capacity.
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Table 4 Impact of multi-factor adjustment on respiratory impedance parameters by GOLD grade

GOLD 3 GOLD 4

Parameter GOLD 2

exp(B)(95% CDD

R5 1.152(1.067-1.243)™

R20 1.066(1.000-1.136)

R5-R20 1.343(1.174-1.537)"

Fres 1.160(1.094-1.231)"
B(95%CI)

X5 -0.047(-0.074 to —0.020)™"

X20 -0.025(-0.036 to —0.014)™"

1.493(1.375-1.621)™
1.186(1.107-1.270)™
2.192(1.896-2.533)™
1.421(1.334-1.514)™

-0.186(-0.215 to —0.157)""
-0.059(-0.071 to —0.046)""

1.666(1.487-1.867)""
1.162(1.056-1.278)"
2.892(2.364-3.538)™"
1.646(1.508-1.798)™"

-0.328(-0.368 to —0.287)""
-0.089(-0.106 to —0.072)""

Generalized linear models (Gamma distribution with log link)were used for Fres, R5 and R20, where exp (8) represents fold change. Median re-

gression (quantile regression at 7=0.5) with 1 000 bootstrap resamples was used for X5 and X20, where “B” represents median change. All models were

adjusted for age, sex, BMI and smoking index, with GOLD 1 as the reference group. Significance markers: "P < 0.05, "P < 0.01, P < 0.001. Values in

parentheses are 95% confidence intervals (exponentiated for resistance parameters; original bootstrap Cls for reactance parameters).
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Table 5 AUC values of respiratory impedance parameters and grading of clinical diagnostic efficacy

Parameter AUC(95%CD Youden index Sensitivity Specificity
Combined 0.803(0.761-0.845) 0.47 0.59 0.88
R5-R20 0.790(0.747-0.833) 0.44 0.59 0.85
X20 0.768(0.719-0.818) 0.42 0.68 0.74
Fres 0.765(0.718-0.813) 0.41 0.68 0.73
X5 0.758(0.714-0.801) 0.45 0.66 0.79
R5 0.755(0.708-0.801) 0.42 0.72 0.70
R20 0.627(0.570-0.685) 0.21 0.55 0.66

AUC: Area under the curve; 95% Cl: 95% confidence interval; Youden index=Sensitivity +Specificity- 1. Parameters with AUC>0.7 have clinical

reference value, but should be combined to improve diagnostic performance.
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Figure 2 ROC curve analysis based on impulse oscillo -

metry
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