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Alveolar-capillary membrane conductance and clinical outcomes in fibrotic interstitial lung disease



METHODS
Study design and participants
This prospective longitudinal cohort study was conducted at four tertiary referral centres in Spain. Eligible patients were 18-80 years old and had a confirmed diagnosis, within the preceding two years of either IPF or SSc-ILD. IPF was diagnosed according to international ATS/ERS/JRS/ALAT guidelines,1 requiring an usual interstitial pneumonia (UIP) pattern on high-resolution computed tomography (HRCT) or surgical lung biopsy, and excluding alternative causes such as environmental exposures, connective tissue diseases other than systemic sclerosis, or drug-induced injury. SSc-ILD was defined in patients fulfilling American Rheumatism Association criteria for systemic sclerosis,2 with dyspnoea and HRCT evidence of interstitial involvement.
Exclusion criteria included contraindications to pulmonary function testing, hospitalization for acute respiratory exacerbation within the previous two months, findings suggestive of hypersensitivity pneumonitis or organizing pneumonia, other known causes of fibrosis, severe comorbidities with an expected survival <6 months, or current or previous diagnoses of emphysema, COPD, asthma, chest-wall or neuromuscular disorders, and morbid obesity. Patients were withdrawn if they underwent lung transplantation or withdrew consent.
The study protocol was approved by the Ethics Committee of Hospital Universitario La Paz, and all participants provided written informed consent. 

Measurements
Participants attended baseline and week-24 visits; a random subsample of 40 patients was reassessed on day 24 to evaluate short-term repeatability. Selection was performed at each centre using computer-generated random allocation (R software, version 4.1.2) applied to consecutive pairs of enrolled subjects until the sample size was reached. The resulting subsample was approximately balanced across centres and included patients from both ILD subgroups. Clinical management was unaffected by study participation, and follow-up calls were conducted at 12 and 24 months. The primary endpoint was two-year transplant-free survival (survival without lung transplantation two years after the 24-week visit). Secondary endpoints included respiratory hospitalizations, acute exacerbations defined by consensus criteria,3 and all-cause mortality.
At each visit, demographic and clinical data were collected, including ILD subtype, diagnostic criteria, HRCT findings, smoking history, comorbidities, prior hospitalizations and treatments (oxygen therapy, corticosteroids, immunomodulators, and antifibrotics). Dyspnoea was assessed with the modified Medical Research Council (mMRC) scale and the Baseline/ Transition Dyspnoea Indexes (BDI/TDI).4 Health-related quality of life (HRQoL) was measured with the 36-item Short Form Health Survey (SF-36).5 Arterial blood gases were obtained breathing room air using an ABL90 FLEX analyser (Radiometer, Copenhagen, Denmark). The six-minute walk test (6MWT) was conducted twice according to ATS standards.6 Baseline transthoracic echocardiography estimated pulmonary artery systolic pressure following ASE/EACVI recommendations.7

Pulmonary function testing
All pulmonary function measurements were performed at a single reference centre ([deleted]) to ensure methodological consistency. Spirometry and single-breath diffusing capacity for carbon monoxide (DLCO) were obtained using a MasterLab 6.0 system (Viasys, Würzburg, Germany) following international guidelines,8,9 with predicted values from Global Lung Initiative equations.10,11 The composite physiologic index (CPI) was calculated as: 91 – (0.65 × %predicted DLCO) – (0.53 × %predicted FVC) + (0.34 × %predicted FEV1).12
After 20 minutes of rest, the diffusing capacity for nitric oxide (DLNO) was measured using the single-breath technique per ERS standardization,13 with a Viasys MasterLab system equipped with rapid-response analysers. The test gas mixture contained approximately 40-50 ppm nitric oxide, ~0.3% carbon monoxide, ~9% helium, 20.9% oxygen, and balance nitrogen. Gases were stored in a calibrated inhalation bag, gently mixed before each use, and checked for stability. 
Participants, seated and carefully instructed, exhaled to residual volume, inhaled rapidly to total lung capacity, held their breath for approximately 5 seconds, and exhaled smoothly to near residual volume while concentrations of NO, CO, helium and volume were continuously recorded. Inspired volume had to reach ≥90% of the largest vital capacity within four seconds. Alveolar sample collection used the procedure for washout and sampling in RGA systems, without the fixed 750-mL discard volume required in classical systems. Breath-hold time was calculated using the Jones-Mead method, and alveolar volume (VA) was calculated using the Fowler method. Physiological corrections were applied for dead space, signal alignment, and analyser lag. Quality criteria required the absence of Valsalva/Müller manoeuvres, stable baseline flow, and at least two acceptable manoeuvres with DLNO and DLCO values within 10% or 2 mL·min⁻¹·mmHg⁻¹, whichever was greater (maximum five attempts). The mean of the two highest reproducible values was reported.
Simultaneous NO and CO uptake enabled partitioning of total diffusing capacity into alveolar-capillary membrane conductance (DmCO) and pulmonary capillary blood volume (Vc) using the Roughton-Forster model.14 Results included DLNO, DmCO and Vc (absolute and VA-normalized), with reference values from Zavorsky et al.13 

Statistical analysis
Sample size was estimated from published data on short‑term DLCO decline in ILD.15 Assuming that DLNO would exhibit approximately twice that magnitude of change over the same time frame, a total of 93 participants was estimated to provide 80% power to detect this difference with a two-sided α = 0.05. A 10% attrition rate was incorporated into the final target. The calculation was not based on the primary endpoint (two-year transplant-free survival), for which no reliable event-rate assumptions were available at study inception.
Continuous variables were expressed as mean ± standard deviation or median (interquartile range), categorical as counts and percentages. Reliability of DLNO, DmCO and Vc was assessed using intraclass correlation coefficients (ICC) between baseline and day-24 data, with ICC ≥0.80 indicated good reliability. Agreement and bias were evaluated with Bland–Altman plots. Validity was examined via correlations of DLNO, DmCO and Vc with dyspnoea scores, SF-36, CPI, PaO2 and alveolar-arterial oxygen gradient (PA-aO2), categorized as strong (>0.50), moderate (0.30–0.50), weak (0.10–0.30), or negligible (<0.10). Construct validity was tested by comparing percent-predicted DLNO parameters across subgroups stratified by CPI, PaO2, and PA-aO2 at baseline using analysis of variance.
Responsiveness was evaluated by relating baseline–week 24 changes in DLNO, DmCO and Vc to contemporaneous changes in dyspnoea, SF-36 scores, CPI and arterial blood gases. Effect sizes were used to distinguish true change from within-subject variability. Prognostic analyses examined associations between these changes and two-year transplant-free survival (primary endpoint), 12- and 24-month all-cause mortality, and respiratory hospitalization. Hazard ratios were estimated using multivariable Cox proportional hazards models adjusted for age, sex, smoking status (ever/never), ILD subgroup, study centre, comorbidities (Charlson score), and treatment status (antifibrotic therapy at baseline). The proportional hazards assumption was checked using Schoenfeld residuals.
Minimal clinically important difference (MCID) values for DLNO, DmCO and Vc (% predicted change) were estimated using both distribution-based and anchor-based approaches. All MCID analyses were based on baseline and week-24 measurements in the full cohort. Distribution-based estimates included the standard error of measurement (SEM), 0.2 × SD, and 1/3 SD, where baseline SD was obtained from the full population. The ICC used to compute the SEM was derived from the 24-day reliability subgroup, but the SEM-based MCID itself was calculated using baseline–week-24 data. In parallel, anchor-based MCIDs were estimated using week-24 changes in DL indices and the SF-36 physical component summary as the clinical anchor, comparing “somewhat better” (GRC=2), “same” (GRC=3), and “somewhat worse” (GRC=4) strata. Exploratory analyses compared baseline values between patients with and without predefined events at week 24 using unequal-variance t-tests, reporting standardized effect sizes (Cohen’s d).
All analyses were performed on observed data without imputation, using SPSS (IBM, Arnonk, NY, USA). A p-value < 0.005 was considered statistically significant.
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Table S1. General characteristics of the study subjects*
	
	Overall subjects
(n=93)
	IPF patients (n=73)
	SSc-ILD patients
(n=20)
	p

	Current job situation, n (%)
	<0.001

	
	Working
	12 (16)
	14 (70)
	26 (28)
	

	
	Unemployed
	1 (1)
	0
	1 (1)
	

	
	Retired
	60 (82)
	6 (30)
	66 (71)
	

	Diagnosis criteria of IPF

	
	Radiologic pattern, n (%)
	30 (32)
	28 (38)
	2 (10)
	0.012

	
	Lung biopsy, n (%)
	66 (73)
	48 (66)
	20 (100)
	0.001

	
	MDD, n (%)
	75 (81)
	56 (77)
	19 (95)
	0.056

	
	Exclusion other entities, n (%)
	89 (96)
	69 (95)
	20 (100)
	0.373

	Diagnosis criteria of SSc with ILD

	
	CT scan, n (%)
	74 (80)
	73 (100)
	1 (5)
	<0.001

	
	Lung biopsy, n (%)
	91 (98)
	72 (99)
	19 (95)
	0.386

	CT findings

	
	Subpleural and basal predominant, n (%)
	20 (21.5)
	13 (17.8)
	7 (35.0)
	0.092

	
	Honeycombing, n (%)
	49 (53)
	34 (47)
	15 (75)
	0.021

	
	Traction bronchiectasis/bronchiolectasis, n (%)
	14 (15)
	11 (15)
	3 (15)
	0.650

	
	Irregular thickening of interlobular septa, n (%)
	7 (8)
	6 (8)
	1 (5)
	0.531

	
	GGO, n (%)
	51 (55)
	49 (67)
	2 (10)
	<0.001

	
	Pulmonary ossification, n (%)
	89 (96)
	69 (95)
	20 (100)
	0.373

	Lung biopsy, n (%)
	61 (66)
	42 (58)
	19 (95)
	0.001

	Comorbidities

	
	Obesity, n (%)
	17 (19)
	17 (24)
	0
	0.010

	
	Diabetes, n (%)
	19 (21)
	18 (25)
	1 (5)
	0.053

	
	Cardiovascular disease, n (%)
	48 (52)
	41 (56)
	7 (35)
	0.077

	
	
	Ischemic heart disease, n (%)
	4 (4)
	0
	4 (20)
	0.002

	
	
	Atrial fibrillation, n (%)
	10 (11)
	8 (11)
	2 (10)
	0.633

	
	
	Hypertension, n (%)
	41 (44)
	35 (48)
	6 (30)
	0.119

	
	
	Congestive heart failure, n (%)
	0
	2 (3)
	2 (10)
	0.201

	Respiratory disease, n (%)
	18 (25)
	3 (15)
	21 (23)
	0.278

	
	
	Sleep apnea, n (%)
	17 (18)
	15 (21)
	2 (10)
	0.232

	
	
	Asthma, n (%)
	1 (1)
	1 (1)
	0
	0.785

	
	
	Pulmonary embolism, n (%)
	4 (4)
	2 (3)
	2 (10)
	0.201

	
	Hypothyroidism, n (%)
	7 (7)
	6 (8)
	1 (5)
	0.525

	Hospitalizations since diagnosis, n (%)
	21 (23)
	11 (15)
	10 (50)
	0.002

	Number of hospitalizations
	0 (0-1)
	0 (0-0)
	0 (0-2)
	<0.001


*Values are median (interquartile range) or number (percentage). Comparisons between groups by Mann-Whitney tests of chi-square tests.
Abbreviations: IPF, idiopathic pulmonary fibrosis; SSc-ILD, systemic sclerosis–associated interstitial lung disease; MDD, multidisciplinary discussion; CT, computed tomography; GGO, ground-glass opacity.



Table S2. General characteristics of the study subjects*
	
	Overall subjects
(n=93)
	IPF patients (n=73)
	SSc-ILD patients
(n=20)
	p

	Dyspnoea level, mMRC
	1 (1-2)
	1 (0-1)
	2 (1-2)
	0.002

	BDI/TDI task
	1 (0-1)
	1 (0-1)
	1 (1-2)
	0.003

	BDI/TDI functional
	1 (0-1)
	1 (0-1)
	1 (1-2)
	0.002

	BDI/TDI effort
	1 (0-1)
	1 (0-1)
	1 (1-2)
	0.002

	SF-36 questionnaire

	
	Physical functioning
	63 (40-85)
	70 (45-90)
	38 (25-75)
	0.005

	
	Role limitations due to physical health
	100 (0-100)
	100 (0-100)
	50 (0-100)
	0.007

	
	Bodily pain
	100 (78-100)
	100 (76-100)
	79 (43-100)
	0.043

	
	General health
	40 (30-50)
	45 (35-50)
	58 (55-60)
	0.003

	
	Vitality
	60 (55-65)
	58 (55-60)
	60 (55-65)
	0.320

	
	Social functioning
	50 (50-50)
	50 (50-50)
	50 (50-63)
	0.421

	
	Role limitations due to emotional problems
	100 (100-100)
	100 (100-100)
	100 (100-100)
	0.416

	
	Mental health
	54 (48-56)
	52 (48-56)
	56 (52-60)
	0.152

	
	Physical component summary
	45 (35-52)
	48 (38-53)
	33 (23-41) 
	0.001

	
	Mental component summary
	43 (41-48)
	42 (40-47)
	47 (42-55)
	0.009

	Pulmonary artery systolic pressure, mmHg
	33 (31-35)
	32 (31-35)
	34 (30-38)
	0.238

	Right atrial diameter, cm
	17 (12-18)
	17 (14-18)
	14 (10-18)
	0.097

	Maximum tricuspid regurgitation velocity, m/s
	2.50 (2.24-2.67)
	2.52 (2.24-2.67)
	2.44 (2.24-2.59)
	0.331

	Left ventricular ejection fraction, %
	65 (63-69)
	65 (61-68)
	70 (67-71)
	0.248


*Values are median (interquartile range) or number (percentage). Comparisons between groups by Mann-Whitney tests of chi-square tests.
Abbreviations: IPF, idiopathic pulmonary fibrosis; SSc-ILD, systemic sclerosis–associated interstitial lung disease; mMRC, modified Medical Research Council; BDI/TDI, baseline and transition dyspnoea indexes; SF36, 36-Item Short Form Health Survey.
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Table S3. Validity analysis. Correlation between percent-predicted values and other measures in IPF patients

	
	FVC, % pred.
	DLCOc, % pred.
	DLNO, % pred.
	DLNO/VA, % pred.
	DmCO, % pred.
	DmCO/VA, % pred.
	Vc, % pred.
	Vc/VA, % pred.

	Dyspnoea level, mMRC
	ρ=-0.072; p=0.546
	ρ=-0.289; p=0.013
	ρ=-0.283; p=0.015
	ρ=-0.241; p=0.040
	ρ=-0.296; p=0.011
	ρ=-0.258; p=0.027
	ρ=-0.101; p=0.393
	ρ=-0.021; p=0.858

	BDI/TDI task
	ρ=-0.250; p=0.033
	ρ=-0.393; p=0.001
	ρ=-0.412; p<0.001
	ρ=-0.319; p=0.006
	ρ=-0.399; p<0.001
	ρ=-0.340; p=0.003
	ρ=-0.191; p=0.105
	ρ=-0.057; p=0.630

	BDI/TDI functional
	ρ=-0.270; p=0.021
	ρ=-0.322; p=0.006
	ρ=-0.333; p=0.004
	ρ=-0.200; p=0.090
	ρ=-0.335; p=0.004
	ρ=-0.259; p=0.027
	ρ=-0.144; p=0.225
	ρ=0.019; p=0.876

	BDI/TDI effort
	ρ=-0.261; p=0.026
	ρ=-0.399; p<0.001
	ρ=-0.396; p=0.001
	ρ=-0.330; p=0.004
	ρ=-0.384; p=0.001
	ρ=-0.306; p=0.009
	ρ=-0.187; p=0.112
	ρ=-0.035; p=0.768

	SF36-PCS
	ρ=0.061; p=0.661
	ρ=0.265; p=0.053
	ρ=0.221; p=0.109
	ρ=0.216; p=0.116
	ρ=0.243; p=0.077
	ρ=0.195; p=0.158
	ρ=-0.040; p=0.774
	ρ=-0.056; p=0.689

	SF36-MCS
	ρ=-0.034; p=0.808
	ρ=-0.137; p=0.324
	ρ=-0.043; p=0.760
	ρ=-0.050; p=0.718
	ρ=-0.062; p=0.658
	ρ=-0.057; p=0.684
	ρ=0.115; p=0.407
	ρ=0.138; p=0.320

	CPI
	ρ=0.092; p=0.437
	ρ=0.928; p<0.001
	ρ=0.594; p<0.001
	ρ=0.771; p<0.001
	ρ=0.331; p=0.004
	ρ=0.270; p=0.021
	ρ=0.784; p<0.001
	ρ=0.686; p<0.001

	PaO2, mmHg
	ρ=0.440; p<0.001
	ρ=0.433; p<0.001
	ρ=0.484; p<0.001
	ρ=0.353; p=0.002
	ρ=0.394; p=0.001
	ρ=0.268; p=0.022
	ρ=0.298; p=0.010
	ρ=0.102; p=0.391

	PA-aO2, mmHg
	ρ=-0.294; p=0.012
	ρ=-0.456; p<0.001
	ρ=-0.484; p<0.001
	ρ=-0.472; p<0.001
	ρ=-0.370; p=0.001
	ρ=-0.286; p=0.014
	ρ=-0.301; p=0.010
	ρ=-0.181; p=0.125


*Values are Spearman correlation coefficients (ρ) and p-values. Significant correlations are highlighted in bold.
Abbreviations: IPF, idiopathic pulmonary fibrosis; FVC, forced vital capacity; DLCO, diffusing capacity of the lung for carbon monoxide; VA, alveolar volume; DLNO, diffusing capacity of the lung for nitric oxide; DmCO, alveolar-capillary membrane conductance; Vc, pulmonary capillary blood volume; mMRC, modified Medical Research Council; BDI/TDI, baseline and transition dyspnoea indexes; SF36, 36-Item Short Form Health Survey; PCS, physical component summary; MCS, mental component summary; CPI, composite physiologic index; PaO2, arterial oxygen pressure; PA-aO2, alveolar-arterial oxygen gradient.



Table S4. Validity analysis. Correlation between percent-predicted values and other measures in SSc-ILD patients

	
	FVC, % pred.
	DLCOc, % pred.
	DLNO, % pred.
	DLNO/VA, % pred.
	DmCO, % pred.
	DmCO/VA, % pred.
	Vc, % pred.
	Vc/VA, % pred.

	Dyspnoea level, mMRC
	ρ=-0.377; p=0.101
	ρ=-0.256; p=0.276
	ρ=-0.036; p=0.885
	ρ=0.115; p=0.641
	ρ=0.089; p=0.718
	ρ=0.231; p=0.341
	ρ=-0.409; p=0.082
	ρ=-0.207; p=0.394

	BDI/TDI task
	ρ=-0.573; p=0.008
	ρ=-0.485; p=0.030
	ρ=-0.278; p=0.249
	ρ=-0.115; p=0.639
	ρ=-0.089; p=0.719
	ρ=0.075; p=0.760
	ρ=-0.481; p=0.037
	ρ=-0.043; p=0.862

	BDI/TDI functional
	ρ=-0.686; p=0.001
	ρ=-0.637; p=0.003
	ρ=-0.624; p=0.004
	ρ=-0.429; p=0.067
	ρ=-0.622; p=0.004
	ρ=-0.448; p=0.055
	ρ=-0.318; p=0.185
	ρ=0.241; p=0.321

	BDI/TDI effort
	ρ=-0.648; p=0.002
	ρ=-0.524; p=0.018
	ρ=-0.514; p=0.024
	ρ=-0.309; p=0.198
	ρ=-0.509; p=0.026
	ρ=-0.309; p=0.198
	ρ=-0.391; p=0.098
	ρ=0.139; p=0.569

	SF36-PCS
	ρ=0.405; p=0.151
	ρ=0.103; p=0.725
	ρ=0.033; p=0.911
	ρ=-0.042; p=0.887
	ρ=0.125; p=0.670
	ρ=-0.042; p=0.887
	ρ=0.270; p=0.350
	ρ=-0.196; p=0.503

	SF36-MCS
	ρ=-0.317; p=0.270
	ρ=-0.385; p=0.175
	ρ=-0.196; p=0.503
	ρ=-0.169; p=0.563
	ρ=-0.200; p=0.493
	ρ=-0.147; p=0.615
	ρ=-0.516; p=0.059
	ρ=-0.121; p=0.681

	CPI
	ρ=0.420; p=0.065
	ρ=0.938; p<0.001
	ρ=0.788; p<0.001
	ρ=0.863; p<0.001
	ρ=0.498; p=0.030
	ρ=0.582; p=0.009
	ρ=0.767; p<0.001
	ρ=0.284; p=0.238

	PaO2, mmHg
	ρ=0.355; p=0.136
	ρ=0.256; p=0.289
	ρ=0.521; p=0.026
	ρ=0.245; p=0.328
	ρ=0.417; p=0.085
	ρ=0.303; p=0.222
	ρ=0.287; p=0.248
	ρ=-0.235; p=0.347

	PA-aO2, mmHg
	ρ=-0.207; p=0.395
	ρ=-0.109; p=0.657
	ρ=-0.311; p=0.210
	ρ=-0.150; p=0.553
	ρ=-0.139; p=0.581
	ρ=-0.028; p=0.913
	ρ=-0.187; p=0.458
	ρ=0.020; p=0.938


*Values are Spearman correlation coefficients (ρ) and p-values. Significant correlations are highlighted in bold.
Abbreviations: SSc-ILD, systemic sclerosis–associated interstitial lung disease; FVC, forced vital capacity; DLCO, diffusing capacity of the lung for carbon monoxide; VA, alveolar volume; DLNO, diffusing capacity of the lung for nitric oxide; DmCO, alveolar-capillary membrane conductance; Vc, pulmonary capillary blood volume; mMRC, modified Medical Research Council; BDI/TDI, baseline and transition dyspnoea indexes; SF36, 36-Item Short Form Health Survey; PCS, physical component summary; MCS, mental component summary; CPI, composite physiologic index; PaO2, arterial oxygen pressure; PA-aO2, alveolar-arterial oxygen gradient.
Table S5. 24-week change in lung function parameters

	
	Overall subjects
(n=93)
	IPF patients (n=73)
	SSc-ILD patients
(n=20)
	p

	Absolute change in FVC, % pred.
	-1 ± 6
	-1 ± 6
	0 ± 5
	0.744

	Absolute change in DLCO, % pred.
	0 (-6, 4)
	-1 (-6, 3)
	4 (-2, 10)
	0.039

	Absolute change in DLNO, % pred.
	-1 (-5, 1)
	-1 (-5, 1)
	-3 (-5, 0)
	0.538

	Absolute change in DLNO/VA, % pred.
	-2 (-5, 1)
	-2 (-4, 1)
	-2 (-6, 1)
	0.665

	Absolute change in DmCO, % pred.
	-3 (-9, 2)
	-3 (-9, 2)
	-6 (-10, 1)
	0.592

	Absolute change in DmCO/VA, % pred.
	-4 (-12, 2)
	-4 (-12, 2)
	-5 (-14, 1)
	0.741

	Absolute change in Vc, % pred.
	2 (-2, 10)
	2 (-2, 13)
	2 (-2, 9)
	0.991

	Absolute change in Vc/VA, % pred.
	4 (-4, 15)
	4 (-2, 24)
	6 (-6, 13)
	0.927


*Values are mean ± standard deviation or median (interquartile range). Comparisons between groups by t-Student or Mann-Whitney tests.
Abbreviations: IPF, idiopathic pulmonary fibrosis; SSc-ILD, systemic sclerosis–associated interstitial lung disease; FVC, forced vital capacity; DLCO, diffusing capacity of the lung for carbon monoxide; VA, alveolar volume; DLNO, diffusing capacity of the lung for nitric oxide; DmCO, alveolar-capillary membrane conductance; Vc, pulmonary capillary blood volume.


Table S6. Responsiveness analysis. Correlation between 24-week change in percent-predicted values and relative change in other measures in all study subjects*
	
	ΔFVC, % pred.
	ΔDLCO, % pred.
	ΔDLNO, % pred.
	ΔDLNO/VA, % pred.
	ΔDmCO, % pred.
	ΔDmCO/VA, % pred.
	ΔVc, % pred.
	ΔVc/VA, % pred.

	Δ Dyspnoea level, mMRC
	ρ=-0.224; p=0.064
	ρ=-0.295; p=0.014
	ρ=-0.268; p=0.030
	ρ=-0.180; p=0.148
	ρ=-0.260; p=0.035
	ρ=-0.224; p=0.071
	ρ=0.327; p=0.007
	ρ=0.332; p=0.007

	ΔBDI/TDI task
	ρ=-0.039; p=0.772
	ρ=-0.080; p=0.549
	ρ=-0.113; p=0.412
	ρ=-0.062; p=0.655
	ρ=-0.117; p=0.395
	ρ=-0.083; p=0.548
	ρ=0.251; p=0.065
	ρ=0.235; p=0.084

	ΔBDI/TDI functional
	ρ=-0.222; p=0.098
	ρ=-0.082; p=0.549
	ρ=-0.29; p=0.832
	ρ=0.033; p=0.815
	ρ=-0.087; p=0.531
	ρ=-0.046; p=0.742
	ρ=0.100; p=0.474
	ρ=0.052; p=0.708

	ΔBDI/TDI effort
	ρ=-0.376; p=0.003
	ρ=-0.101; p=0.441
	ρ=-0.179; p=0.178
	ρ=-0.108; p=0.421
	ρ=-0.209; p=0.115
	ρ=-0.150; p=0.260
	ρ=0.213; p=0.109
	ρ=0.217; p=0.102

	ΔSF36-PCS
	ρ=-0.161; p=0.194
	ρ=0.218; p=0.076
	ρ=-0.042; p=0.738
	ρ=0.118; p=0.350
	ρ=-0.052; p=0.681
	ρ=0.014; p=0.909
	ρ=-0.074; p=0.557
	ρ=-0.032; p=0.802

	ΔSF36-MCS
	ρ=0.136; p=0.271
	ρ=-0.254; p=0.038
	ρ=0.027; p=0.834
	ρ=-0.070; p=0.578
	ρ=0.053; p=0.675
	ρ=0.012; p=0.927
	ρ=0.123; p=0.329
	ρ=0.102; p=0.418

	ΔCPI
	ρ=-0.050; p=0.644
	ρ=-0.136; p=0.210
	ρ=0.141; p=0.205
	ρ=0.162; p=0.143
	ρ=0.140; p=0.207
	ρ=0.156; p=0.159
	ρ=-0.204; p=0.064
	ρ=-0.226; p=0.040

	ΔPaO2, mmHg
	ρ=0.199; p=0.067
	ρ=0.019; p=0.863
	ρ=-0.015; p=0.896
	ρ=0.033; p=0.770
	ρ=-0.026; p=0.813
	ρ=-0.023; p=0.836
	ρ=0.024; p=0.830
	ρ=0.006; p=0.955

	ΔPA-aO2, mmHg
	ρ=-0.289; p=0.007
	ρ=-0.030; p=0.787
	ρ=0.001; p=0.991
	ρ=0.005; p=0.962
	ρ=0.022; p=0.844
	ρ=0.041; p=0.714
	ρ=-0.028; p=0.803
	ρ=0.016; p=0.883


*Values are Spearman correlation coefficients (ρ) and p-values. Significant correlations are highlighted in bold.
Abbreviations: FVC, forced vital capacity; DLCO, diffusing capacity of the lung for carbon monoxide; VA, alveolar volume; DLNO, diffusing capacity of the lung for nitric oxide; DmCO, alveolar-capillary membrane conductance; Vc, pulmonary capillary blood volume; mMRC, modified Medical Research Council; BDI/TDI, baseline and transition dyspnoea indexes; SF36, 36-Item Short Form Health Survey; PCS, physical component summary; MCS, mental component summary; CPI, composite physiologic index; PaO2, arterial oxygen pressure; PA-aO2, alveolar-arterial oxygen gradient.

Table S7. Prognostic value of 24-week changes in pulmonary function parameters for 2-year any cause hospitalization*
	
	HR (95%CI)
	P

	FVC decrease, % pred.
	1.011 (0.958-1.067)
	0.618

	DLCO decrease, % pred.
	1.006 (0.961-1.050)
	0.778

	DLNO decrease, % pred.
	1.084 (1.042-1.124)
	<0.001

	DLNO/VA decrease, % pred.
	1.095 (1.024-1.161)
	0.010

	DmCO decrease, % pred.
	1.037 (1.004-1.069)
	0.028

	DmCO/VA decrease, % pred.
	1.021 (0.991-1.050)
	0.164

	Vc decrease, % pred.
	1.005 (1.002-1.008)
	0.004

	Vc/VA decrease, % pred.
	1.002 (1.001-1.004)
	0.004


*Values are hazard ratios (HR) and 95% confidence intervals (95%CI). 
†Multivariable Cox models adjusted for age, sex, smoking status, comorbidities, disease type and treatment.
Abbreviations: FVC, forced vital capacity; DLCO, diffusing capacity of the lung for carbon monoxide; VA, alveolar volume; DLNO, diffusing capacity of the lung for nitric oxide; DmCO, alveolar-capillary membrane conductance; Vc, pulmonary capillary blood volume.





Table S8. Distribution- and anchor-based estimates of the minimal clinically important difference (MCID) for DLNO, DmCO, and Vc*
	Variable
	Baseline_SD
	ICC
	MCID_SEM
	MCID_ES_0.2SD
	MCID_1/3SD
	MCID_anchor_final

	DLNO, % pred.
	12.14
	0.81
	5.29
	2.87
	4.78
	3.06

	DmCO, % pred.
	17.7
	0.82
	7.51
	3.31
	5.52
	4.86

	Vc, % pred.
	33.62
	0.89
	11.15
	4.45
	7.42
	7.27


* Values shown are baseline standard deviation (SD), intraclass correlation coefficient (ICC) between baseline and Day-24, standard error of mean (SEM) (defined as MCID; bidirectional), 0.2×SD, 1/3×SD, and the anchor-based MCID (final).
Abbreviations: DLNO, diffusing capacity of the lung for nitric oxide; DmCO, alveolar-capillary membrane conductance; Vc, pulmonary capillary blood volume
Table S9. Anchor-based details using SF-36 physical component summary at Week-24: signed mean change 0–24 weeks by global rating of change (GRC) category—“somewhat better” (GRC=2), “same” (GRC=3), and “somewhat worse” (GRC=4; sign-reversed)—with group sizes (n) and derived MCID_better (=μ₂–μ₃), MCID_worse (=μ₄–μ₃), and the final anchor MCID (mean of absolute values).

	Variable
	µ2
“somewhat better”
	µ3
“same”
	µ4
“somewhat_worse”
	n2
	n3
	n4
	MCID
anchor better
	MCID
anchor worse
	MCID
anchor final

	DLNO, % pred.
	2.48
	-0.12
	3.39
	13
	19
	30
	2.6
	3.51
	3.06

	DmCO, % pred.
	5.03
	0.87
	6.44
	13
	19
	30
	4.16
	5.56
	4.86

	Vc, % pred.
	-5.89
	0.28
	-8.09
	13
	19
	30
	-6.17
	-8.37
	7.27


Abbreviations: DLNO, diffusing capacity of the lung for nitric oxide; DmCO, alveolar-capillary membrane conductance; Vc, pulmonary capillary blood volume


[image: Diagrama, Dibujo de ingeniería

El contenido generado por IA puede ser incorrecto.]
























Figure S1. Limits of agreement from Bland–Altman analysis between baseline and day-24 values of DLNO, DmCO, and Vc, and their ratios relative to alveolar volume. Horizontal lines indicate the mean difference, and dashed lines represent the upper and lower limits of agreement.
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