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[Abstract] Objective: To investigate the clinical and pulmonary function characteristics, risk of acute exacerbation, and associated
correlations in moderate-to-severe stable chronic obstructive pulmonary disease (COPD) patients with inspiratory plateau on the flow-

volume (F-V) curve. Methods: A total of 109 patients with moderate-to-severe stable COPD [forced expiratory volume in the first
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second as a percentage of predicted value (FEV,% pred) <60% and forced vital capacity (FVC) = lower limit of normal] who
underwent pulmonary function tests at the First Affiliated Hospital of Nanjing Medical University from January 2022 to July 2024 were
enrolled. Patients were divided into inspiratory plateau group (n=53) and non-inspiratory plateau group matched for FEV %pred(n=56)
based on the presence or absence of inspiratory plateau. Demographic data, types of inhaled medications, acute exacerbation, chest CT
findings, pulmonary function parameters, and clinical comorbidities were collected and compared between the two groups. Multivariate
logistic regression identified factors associated with the F-V curve inspiratory plateau. A diagnostic model for identifying the inspiratory
plateau in patients with moderate - to - severe stable COPD was constructed and calibrated using the Hosmer - Lemeshow test, and
evaluated using the area under the receiver operating characteristic curve (AUC). Chi-square test was used to preliminarily explore the
association between inspiratory plateau and various comorbidities in patients with moderate-to-severe stable COPD. Results: 1D)The
difference in the proportion of pulmonary function stages between the two groups was not statistically significant (P > 0.05). @) The
inspiratory plateau group exhibited significantly lower values for peak expiratory flow as a percentage of predicted value, peak
inspiratory flow (PIF), total lung capacity as a percentage of predicted value, and alveolar volume as a percentage of predicted value,
but significantly higher values for the ratios of peak expiratory flow (PEF) to PIF (PEF/PIF), the ratios of forced expiratory volume in
the first second (FEV,) to PEF(FEV/PEF), resistance at 5 Hz(Rs) as a percentage of predicted value, resistance at 20 Hz(Rx) as a
percentage of predicted value, the difference between Rs and Ra(Rs—Rx) , and resistance of central airway (Rcentral) compared to the
non-inspiratory plateau group (P < 0.05). @No statistically significant difference was found in the rate of acute exacerbation between
groups (P > 0.05) , although the inspiratory plateau group exhibited a higher acute exacerbation rate and slightly higher hospitalization
rate. @A diagnostic model was constructed using PIF, PEF/PIF, FEV/PEF and Reentral. The optimal thresholds for the influencing
factors within this model were PIF<3.91 L/s, PEF/PIF=0.830, FEV//PEF=0.369 s and Rcentral=1.905 ¢cmH,0/(L - s). This model
demonstrated strong discriminatory power with an AUC of 0.945. The Hosmer-Lemeshow goodness-of-fit test yielded a P-value of
0.957, indicating good model calibration. 3 Compared with the non-inspiratory plateau group, the inspiratory plateau group had higher
prevalences of upper airway stenosis and central pulmonary malignancy, and the differences were statistically significant (P < 0.05).
Conclusion: Moderate-to-severe stable COPD patients with inspiratory plateau in the F-V curve frequently exhibit increased overall
airway resistance, suggesting potential upper airway and surrounding disorders. Therefore, the presence of an inspiratory plateau should
be carefully evaluated in pulmonary function reports of moderate-to-severe stable COPD. A multi-parameter model incorporating PIF,
PEF/PIF, FEV,/PEF, and Rcentral may be utilized for identification, facilitating early detection of comorbidities in COPD patients.

[Key words] chronic obstructive pulmonary disease; flow-volume curve; inspiratory plateau; pulmonary function testing; early
diagnosis
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The X-axis of the flow-volume loop is the volume, and the Y-axis is
the flow. F/Vex represents the expiratory phase of F-V loop, while F/Vin
represents the inspiratory phase of F-V loop. The numbers 1 to 3 in
the graph correspond to the F-V curves of patients with repeated
measurements; B in the graph represents the best and clinically adopted
F-V curve.
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Figure 1 Measurement of inspiratory plateau
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A: The inspiration plateau group. B: The non-inspiration plateau group.
E2 F-VHZRSFENSETE
Figure 2 Schematic diagram of grouping for the F-V

curve inspiratory plateau
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Table 1 Comparison of general information between the inspiratory plateau group and the non-inspiratory plateau group

Inspiratory plateau group

Non-inspiratory plateau

Characteristic (n=53) aroup(n=56) tIx'1Z P

Age(years,x +s) 68.28 + 6.20 67.61 +6.10 -0.574 0.567
Sex[n(%) ] 0.015 0.904

Male 44(83.02) 46(82.14)

Female 9(16.98) 10(17.86)
Height(em,X +5) 166.30 = 6.67 166.95 + 7.88 0.460 0.647
Weight(kg,x +5) 62.72 + 11.80 64.86 + 10.17 1.013 0.313
BMI[kg/m?, M(Pss,Pss) ] 23.51(19.72,24.71) 22.52(20.67,25.13) -0.700 0.484
Smoking index [pa(:ks -years , M(Pas, Pss) ] 35.00(20.00,40.00) 30.00(16.25,45.00) -0.649 0.516
Inhaled drugs[n(%)} 1.930 0.667

I 42(79.25) 39(69.64)

Il 1(1.89) 3(5.36)

] 1(1.89) 1(1.79)

v 9(16.98) 13(23.21)
Pulmonary function stages[n(%)] 0.155 0.694

GOLD stage 2 37(69.81) 41(73.21)

GOLD stage 3 16(30.19) 15(26.79)

I : no use or irregular use of inhaled medications; II : use of one inhaled long-acting bronchodilator[ long-acting B,-agonist (LABA) or long-acting

muscarinic antagonist (LAMA) J; 1Il : use of two inhaled long-acting bronchodilators ; IV : combination of inhaled corticosteroids and 1-2 inhaled long-

acting bronchodilators.
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Table 2 Comparison of pulmonary ventilation function between the inspiratory plateau group and the non-inspiratory

plateau group

Characteristic

Inspiratory plateau group

Non-inspiratory plateau

Zlt P

(n=53) group(n=56)
FEV %pred[ %, M(Pas,Pss) | 54.50(48.50,58.00) 53.80(49.65,56.90) -0.349 0.727
FEV/FVC%pred[ % ,M(Pss, Ps) ] 61.40(54.85,67.90) 60.10(55.93,63.80) -0.843 0.399
FVC%pred[ %, M(Pas, Pss) ] 83.70(81.40,89.10) 86.60(82.63,90.10) -1.886 0.059
FEFs%pred[ % ,M(Pas, Pys) ] 15.80(13.25,19.85) 15.20(12.30,18.75) -0.916 0.360
MMEF%pred| % ,M(Pas, Pss) ] 16.20(14.00,20.10) 16.30(13.48,18.78) -0.725 0.469
PEF%pred[ % ,M(P»s, Pss) ] 43.10(35.60,51.10) 53.05(43.33,59.73) -4.187 <0.001
PIF[1/s,M(Pss,Pss) ] 3.07(2.48,3.60) 4.87(4.01,5.67) -7.121 <0.001
PEF/PIF[ M (Pss, Pss) ] 1.04(0.85,1.22) 0.79(0.70,0.94) -5.259 <0.001
FEV//PEF (s,x s) 0.47 +0.11 0.37 £ 0.08 -5.046 <0.001
VCmax%pred[ %, M(Pas, Pss) | 86.00(81.20,93.10) 87.75(84.20,92.65) -1.022 0.307

FEFsu%pred: forced expiratory flow at 50% of FVC as a percentage of predicted value; VCmax%pred: maximal vital capacity as a percentage of

predicted value.
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Table 3 Comparison of diffusion function and lung capacity between the inspiratory plateau group and the non-inspiratory

plateau group

Inspiratory plateau group

Non-inspiratory plateau

Characteristic (n=53) aroup(n=56) 1774 P
D.CO%pred(% ,x +s) 56.30 + 20.20 53.90 +20.22 -0.621 0.536
D.CO/V Yepred (% ,% + 5) 67.53 £21.47 62.53 +22.78 -1.178 0.242
D\ COc%pred (% ,x + 5) 56.79 £ 20.02 53.93 +20.21 -0.741 0.461
D, COc/V \%pred (% ,x + s) 68.14 +21.26 62.58 +22.77 -1.316 0.191
FRC%pred[ % ,M(Pss, Pss) | 94.20(79.90,109.80) 97.70(80.95,116.43) -0.991 0.322
RV/TLC%pred (% ,x +s) 126.70 + 19.70 127.92 + 16.85 0.349 0.727
RV%pred(%,x + 5) 112.82 +30.73 118.63 +£26.55 1.056 0.293
TLC%pred[ % ,M(P»s, Pss) | 83.50(75.75,92.60) 90.05(80.78,96.15) -2.080 0.038
V. %pred[ %, M(Pss, Pss) | 83.00(75.45,92.30) 89.65(80.45,96.03) -2.028 0.043

D.COc%pred: diffusing capacity of the lung for carbon monoxide corrected as a percentage of predicted value ; FRC%pred: functional residual

capacity as a percentage of predicted value; RV%pred: residual volume as a percentage of predicted value.
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Table4 Comparison of impulse oscillometry data between the inspiratory plateau group and the non-inspiratory plateau group

Inspiratory plateau group

Non-inspiratory plateau

Characteristic (n=53) aroup(n=56) A P
Rs%pred| % ,M(Pas, Pss) ] 149.60(125.25,183.50) 129.80(97.00,153.43) -2.807 0.005
Ra%pred[ %, M(Pss, Pss) ] 99.20(83.80,120.55) 89.55(80.05,103.88) -2.046 0.041
Xs%pred[ % ,M(Pas, Pss) ] 681.80(461.80,1451.85) 566.80(362.13,1 152.60) -1.285 0.199
Rs=Rao[ emH,0/(L+s) , M(Pas, P3s) | 3.88(3.31,4.78) 3.38(2.72,4.04) -2.622 0.009
Fres[ Hz, M(Pas, Pss) ] 21.95(17.49,28.03) 21.08(16.89,23.25) -1.413 0.158
Rcentral[ emH,0/(L+s) ,M(Pas, Pss) | 2.55(2.11,2.96) 1.99(1.25,2.52) -3.750 <0.001
Rperipheral [ emH,0/(L-s) , M(Pss, Pys) ] 4.08(2.55,7.14) 3.06(2.55,5.48) -1.637 0.102

Xs%pred: reactance at 5 Hz as a percentage of predicted value, which reflects peripheral elastic resistance; Fres: resonant frequency; Rperipheral :

peripheral airway resistance.

FERaE B COPD % & H e iz AR 4t
2 % L (OR=1.172, 95%CI: 1.056~1.300, P=0.003) .
Reentral Xf 1 8 fZ §2 52 1 COPD & & H AP &
12 b B g it 22w L (OR=2.790, 95%Cl: 1.125~
6.917, P=0.027, % 5) .
2.6 H#HEROC W %,

K ROC i 2% 34| 187 LA PIF . PEF/PIF. FEV /PEF
H1 Reentral #4) 42 11 H 8 &2 £25€ 1] COPD & 3% & I
WS GRS W A (K 3) . %A AUC
9 0.945, H) 5 BE 758, Fo R B N 88.7% , i
FE N 87.5% . %A% AL v g2 [R5 A AR B
PIF<3.91 L/s.PEF/PIF=0.830.FEV /PEF=0.369 s Al
Reentral=1.905 emH,0/(L-s) (£ 6).
2.7 F-VHERRAFEMT EEAALHCOPD EH
Tk 1 F A A E 6%

PR SN E IS L2 R G L (P> 0.05),

®5 HEEREHCOPD ZEF-VHZHARSFEEN

% [F 2 Logistic [@ 39 #7

Table 5 Multivariate logistic regression analysis of the
inspiratory plateau in F - V curve of patients

with moderate-to-severe stable COPD

Variate B S.E P OR 95%C1

PIF -0.901 0414 0.030 0.406 0.180-0.914
PEF/PIF 0.070 0.021 <0.001 1.073 1.029-1.119
FEV/PEF  0.159 0.053 0.003 1.172 1.056-1.300
Rcentral 1.026 0.463 0.027 2.790 1.125-6.917

ELS SR S FERSY i NEER: 52 WER e S ke SR S | U
FEHIEEGRD .
2.8 RBRAFE AR AR 6 42 COPD 451

22 PRAS 2 iR S 2 W Bk 0 A R s 25 Mk
AOERE I ASERE VI IR MR R BB
B AR D AR A o 2R s 20 e e TR (1) R A 2 4L ) 22
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Figure 3 ROC Curves for the diagnostic value of different

variables in identifying inspiratory plateau in

patients with moderate-to-severe stable COPD
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0,45 fili 5 RS 2 L il B A L SRR ORISR S
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I8 By O il T B AR B S50 Fod il & A A R
SR RS Wi SR FN AT S e, C0 R I PR 38 30 R
{17 — T Ty REASE 75 77 V2, e ol R TE N M S TE R 2
Wy 5 H N )92 . COPD A& WL 18 < i
TIPS A P 0 BE AR B A N R S AN e 4T
WSS PR, e B F-V 2R R BN R R
X RMER N IEL . EARENE, TE 2019 5K
A7 0 Jili T B A 25 4 2 RV 48 H, Tl S D) REAS B 4
& NAL S BRI RE S HU% F-V 2 BT 7 T
0 ISR, AL R A oW 5 213555
Hh E A% 5 1] COPD SB35 F-V i 2R IS R RS &

*6 RAFNFETEMNZSHNMERTE

Table 6 Diagnostic value and thresholds of the model and its variables

Variate AUC 95%C1 Optimal cutoff Sensitivity (%) Specificity (%)
PIF 0.896 0.837-0.954 3.910 88.7 78.6
PEF/PIF 0.792 0.708-0.876 0.830 79.2 67.9
FEV/PEF 0.749 0.659-0.839 0.369 84.9 554
Rcentral 0.708 0.611-0.805 1.905 86.8 48.2
Overall 0.945 0.907-0.984 0.417 88.7 87.5

Overall: combined diagnostic model incorporating PIF, PEF/PIF, FEV//PEF and Rcentral based on multivariate logistic regression.

®7 BETFEEAMERSFEATE1FIMEMERIALER

Table 7 Comparison of acute exacerbations manifestations between the inspiratory plateau group and the non-inspiratory

plateau group over the past year

Acute exacerbation manifestation

Number of patients with acute exacerbation 21(39.62)
Number of acute exacerbations

0 32(60.38)

1 20(37.74)

2 0(0)

3 1(1.89)
Number of hospitalized patients with acute 10(18.87)
exacerbation
Times of hospitalizations for acute exacer-
bation

0 43(81.13)

1 10(18.87)

2 0(0)

[n(%)]
Inspiratory plateau group(n=53) Non-inspiratory plateau group(n=56)  x* V'
19(33.93) 0.380 0.538
2.726 0.436
37(66.07)
16(28.57)
2(3.57)
1(1.79)
10(17.86) 0.019 0.892
1.072 0.585
46(82.14)
9(16.07)
1(1.79)
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Table 8 Comparison of disease incidence between the inspiratory plateau group and the non-inspiratory plateau group

[n(%)]

Types of disease Inspiratory plateau group(n=53) Non-inspiratory plateau group(n=56) X P
Airway narrowing’ 8(15.09) 1(1.79) 4.731  0.030
Laryngeal and subglottic disorders” 1(1.89) 0(0) - 0.486
Central pulmonary malignancies 7(13.21) 0(0) 5.859  0.015
Neuromuscular diseases 1(1.89) 0(0) - 0.486
Upper gastrointestinal disorders" 6(11.32) 9(16.07) 0.518  0.472
Snoring and sleep apnea syndrome 0(0) 3(5.36) 1.261  0.261

a: including post - intubation/tracheostomy stenosis, extrinsic compression from thyroid/esophagus, etc.; b: including laryngeal carcinoma, vocal

cord paralysis, vocal cord dysfunction, etc.; ¢: including myasthenia gravis, diaphragmatic paralysis, etc.; d: including gastroesophageal reflux disease,

gaslrilis, etc.
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