
Journal Pre-proof

Lung function trajectories in Common Variable Immunodeficiencies: an observational
retrospective multicenter study

Helena Buso, MD, Davide Firinu, MD, Renato Finco Gambier, MD, Riccardo Scarpa,
MD, PhD, Giulia Garzi, MD, Valentina Soccodato, MD, Giulia Costanzo, MD, Andrea
G. Ledda, MD, Nicolò Rashidy, MD, Ilaria Bertozzi, MD, Stefania Nicola, MD, Giulio
Tessarin, MD, Mauro Ramigni, MD, Cinzia Piovesan, MSc, Fabrizio Vianello, MD,
Andrea Vianello, MD, Stefano Del Giacco, MD, Vassilios Lougaris, MD, Luisa
Brussino, MD, Mark G. Jones, MD, PhD, Isabella Quinti, MD, PhD, Carlo Agostini,
MD, Marcello Rattazzi, MD, PhD, Cinzia Milito, MD, PhD, Francesco Cinetto, MD,
PhD

PII: S0091-6749(24)01230-2

DOI: https://doi.org/10.1016/j.jaci.2024.10.037

Reference: YMAI 16567

To appear in: Journal of Allergy and Clinical Immunology

Received Date: 22 May 2024

Revised Date: 2 October 2024

Accepted Date: 8 October 2024

Please cite this article as: Buso H, Firinu D, Gambier RF, Scarpa R, Garzi G, Soccodato V, Costanzo
G, Ledda AG, Rashidy N, Bertozzi I, Nicola S, Tessarin G, Ramigni M, Piovesan C, Vianello F, Vianello
A, Del Giacco S, Lougaris V, Brussino L, Jones MG, Quinti I, Agostini C, Rattazzi M, Milito C, Cinetto
F, Lung function trajectories in Common Variable Immunodeficiencies: an observational retrospective
multicenter study, Journal of Allergy and Clinical Immunology (2024), doi: https://doi.org/10.1016/
j.jaci.2024.10.037.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jaci.2024.10.037
https://doi.org/10.1016/j.jaci.2024.10.037
https://doi.org/10.1016/j.jaci.2024.10.037


© 2024 Published by Elsevier Inc. on behalf of the American Academy of Allergy, Asthma &
Immunology.



Lung function trajectories in Common Variable Immunodeficiencies: an 1 

observational retrospective multicenter study  2 

Helena Buso, MD1,2, Davide Firinu, MD3*, Renato Finco Gambier, MD1,2, Riccardo Scarpa, MD, PhD1,2, Giulia Garzi, 3 
MD4, Valentina Soccodato, MD4, Giulia Costanzo, MD3, Andrea G. Ledda, MD3, Nicolò Rashidy, MD5, Ilaria Bertozzi, 4 
MD1,2, Stefania Nicola, MD5, Giulio Tessarin, MD6, Mauro Ramigni, MD7, Cinzia Piovesan MSc7, Fabrizio Vianello, 5 
MD8, Andrea Vianello, MD9, Stefano Del Giacco, MD3, Vassilios Lougaris, MD6, Luisa Brussino, MD 5, Mark G. Jones, 6 
MD, PhD10, Isabella Quinti, MD, PhD4, Carlo Agostini, MD1,2, Marcello Rattazzi, MD, PhD1,2, Cinzia Milito, MD, PhD4#, 7 
Francesco Cinetto, MD, PhD1,2#  8 

1 Department of Medicine, DIMED, University of Padova, Padova, Italy 9 

2 Internal Medicine 1, Ca’ Foncello University Hospital, AULSS2, Treviso, Italy 10 

3 Department of Medical Sciences and Public Health, University of Cagliari, Monserrato, Italy 11 

4Department of Molecular Medicine, “Sapienza” University of Rome, Rome, Italy 12 

5Department of Medical Sciences, University of Torino & Mauriziano Hospital, Torino, Italy 13 

6Department of Clinical and Experimental Sciences, Paediatrics Clinic and Institute for Molecular Medicine A. Nocivelli, 14 

University of Brescia, Brescia, Italy 15 

7Epidemiology service AULSS2, Treviso, Italy 16 

8Hematology Unit, Department of Medicine, University of Padova, Padova, Italy 17 

9Department of Cardio-Thoracic, Respiratory Pathophysiology Division, University of Padova, Padova, Italy. 18 

10 Clinical and Experimental Sciences & NIHR Southampton Biomedical Research Centre, Faculty of Medicine, 19 
University of Southampton, Southampton, UK 20 

 21 

*Correspondence: Davide Firinu, Department of Medical Sciences and Public Health, University of 22 

Cagliari, Monserrato, Italy. E-mail: davide.firinu@unica.it 23 

#These authors equally contributed to the paper (co-last authors) 24 

 25 

 26 

 27 

 28 

 29 

 30 

 31 

Jo
urn

al 
Pre-

pro
of



Disclosure Statement  32 

The research leading to these results has received funding from the European Union - 33 

NextGenerationEU through the Italian Ministry of University and Research under PNRR - M4C2-34 

I1.3 Project PE_00000019 “HEAL ITALIA” and from "Fondazione per la Ricerca Biomedica 35 

Cardiovascolare e le malattie rare ente del terzo settore (FoRiBiCa ETS)”. 36 

D.F. has received an unrestricted research grant from CSL Behring. The funding source had no role 37 

in study design, data handling, manuscript writing and publication. FC discloses speakers’ bureau 38 

participation granted by GSK. The funding source had no role in study design, data handling, 39 

manuscript writing and publication. M.G.J. acknowledge grants from Boehringer Ingelheim and 40 

consultancy fees from Skyhawk Therapeutics The funding source had no role in study design, data 41 

handling, manuscript writing and publication. The rest of the authors declare that they have no 42 

relevant conflicts of interest to disclose. All authors declare that they have no relevant conflicts of 43 

interest in relation to the work presented. 44 

Ethics Statement  45 

This study involving human participants was reviewed and approved by “Comitato Etico delle 46 

Province di Treviso e Belluno”. The patients/participants provided their written informed consent to 47 

participate in this study. 48 

 49 

 50 

 51 

 52 

 53 

 54 

 55 

 56 

 57 

 58 

 59 

 60 

 61 

 62 

 63 

 64 

Jo
urn

al 
Pre-

pro
of



ABSTRACT  65 

Background: Respiratory disease is a frequent cause of morbidity and mortality in Common Variable 66 

Immunodeficiencies (CVIDs), however lung function trajectories are poorly understood.  67 

Objective: To determine lung physiology measurements in CVID, their temporal trajectory and 68 

association with clinical and immunological parameters. 69 

Methods: Retrospective study from 5 Italian centres. CVIDs patients with longitudinal Pulmonary 70 

Function Tests (PFTs) measurements and available chest CT scan, were included. Applying the 71 

ERS/ATS 2021 standard, PFTs were expressed as percentile value (pct) within the normal distribution 72 

of healthy individuals, with the 5th pct identified the lower limit of normal (LLN). The association of 73 

lung function with clinical and immunological parameters was investigated. 74 

Results: 185 CVIDs patients were included. 64% had at least one lung comorbidity (bronchiectasis 75 

41% and Granulomatous Interstitial Lung Diseases 24%). At first spirometry, the median FEV1 was 76 

3.07 L [IQR 2.40 - 3.80], placing at the 32nd pct [6th-61st], and the median FVC was 3.70 L [3.00 - 77 

4.54], placing at the 29th pct [7th-49th]. 23% of patients had an FEV1 < LLN and 21% had an FVC < 78 

LLN. Switched-memory B cells <2% were associated with both FEV1<LLN (OR 7.58) and 79 

FVC<LLN (OR 3.55). In 112 patients with at least 5 years of PFT follow-up, we found no significant 80 

difference between measured and predicted annual decline of FEV1 (25.6 vs 20.7 mL/year) and FVC 81 

(15.6 vs 16.2 mL/year). 82 

Conclusion: Our findings suggest that lung volumes of the majority of CVID patients placed in the 83 

lower third of normal distribution of healthy individuals. After diagnosis the rate of lung decline was 84 

not accelerated. 85 

 86 

Keywords: Common Variable Immunodeficiencies; Pulmonary function tests; Global Lung Function 87 

Initiative (GLI); B cells subtype; Chronic Obstructive Pulmonary Disease (COPD); Bronchiectasis; 88 

Granulomatous Lymphocytic Interstitial Lung Disease (GLILD) 89 

 90 

Clinical Implications 91 

A comprehensive assessment of lung function, combined with the characterization of different 92 

immunological backgrounds, may help to identify specific disease phenotypes in CVIDs and drive a 93 

tailored therapeutic approach. 94 

Capsule summary 95 

Our findings suggest that the majority of CVIDs patients had baseline lung volumes placed in the 96 

lower third of the normal distribution of healthy population, but their overall rate of annual decline 97 

during immunoglobulin replacement therapy is not significantly higher than predicted. 98 
 99 
Abbreviations  100 
CVID: Common Variable Immunodeficiencies; IgG: Immunoglobulin G; IgA: Immunoglobulin A; IgM: 101 
Immunoglobulin M; GLILD: Granulomatous Lymphocytic Lung Disease; PFTs: Pulmonary function tests; DLCO: 102 
diffusing capacity for carbon monoxide; CT: Computed tomography scan; PID: Primary Immunodeficiencies; ESID: 103 
European Society for Immunodeficiencies; IgRT: Immunoglobulin Replacement Therapy; COPD: Chronic Obstructive 104 
Pulmonary Disease; IgTL: IgG-trough level; ILA: Interstitial Lung Abnormalities; GOLD: Global Initiative for Chronic 105 
Obstructive Lung Disease; GLI: Global Lung Function Initiative; ATS/ERS: American Thoracic Society and European 106 
Respiratory Society; pct: percentile value; FEV1: Forced Expiratory Value in one second; FVC: Forced Vital Capacity; 107 
TLC: Total Lung Capacity; IQR: Interquartile ranges; OR: Odds Ratio; CI: confidence intervals; Switched-memory B 108 
cells: SM B cells; Marginal zone B cells: Mz B cells%; ys: years;  109 
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INTRODUCTION  111 

Common Variable Immunodeficiencies (CVIDs) are the most frequent symptomatic antibody 112 

deficiencies diagnosed in adulthood, affecting about 14 in 100.000 individuals [1].  113 

These immunodeficiencies are characterised by hypogammaglobulinemia with a marked reduction of 114 

IgG, IgA and/or IgM serum levels and poor response to vaccinations [2,3]. 115 

The associated clinical manifestations are extremely variable and are due to both a lack of function 116 

and an aberrant and dysregulated hyper-function of the immune system. Thanks to the efficacy of 117 

immunoglobulin replacement therapy in preventing the recurrence of severe infections, nowadays 118 

non-infective complications are the major cause of death [4]. 119 

A common feature of these disorders is the impact on the respiratory system, with relevant morbidity 120 

and mortality [5,6].   121 

The involvement of the respiratory system may be related on one side to a vicious circle involving 122 

recurrent infections, inflammation and tissue damage/remodelling with consequent development of 123 

bronchiectasis, and, on the other side, to immune-mediated interstitial lung diseases [7]. 124 

These comorbidities may lead to long-term impairment of lung architecture and function [8,9].  125 

In particular, bronchiectasis has been identified as one of the comorbidities associated with the 126 

greatest disability burden and the Granulomatous Lymphocytic Interstitial Lung Disease (GLILD) as 127 

one of the comorbidities associated with higher risk of mortality [10]. 128 

Pulmonary function tests (PFTs) including spirometry with measurement of diffusing capacity for 129 

carbon monoxide (DLCO), together with high-resolution chest Computed tomography scan (CT) are 130 

part of the initial work-up and of the follow-up schedule of CVIDs patients, with PFTs routinely 131 

repeated every year [8].  132 

To date, there are no studies that have focused on assessing lung function impairment of CVIDs 133 

patients compared to the healthy population. Moreover, longitudinal analysis of lung function has 134 

been described only in small cohorts of CVIDs patients, with mixed results [11,12].  135 

Recently, a paper published by Sperlich et al. highlighted the impact of bronchiectasis on lung 136 

function in a cohort of 110 CVIDs patients and underlined that CVIDs with bronchiectasis had worse 137 

lung function and a higher rate of lung function decline compared to those without bronchiectasis 138 

[13].       139 

Considering the current younger age at diagnosis and the increasing life expectancy, a better 140 

understanding of the impact of CVIDs on lung function and its decline is needed to establish an early, 141 

personalised follow-up and refine therapeutic strategies.  142 

In this retrospective observational study, we considered the pulmonary function of CVIDs patients in 143 

the context of the general population. We also investigated for clinical and immunological parameters 144 

associated with respiratory function impairment and the impact of different comorbidities on lung 145 

function and its decline. 146 

 147 

METHODS  148 

Study design  149 

This observational retrospective multicenter study involved 5 Italian referral centres for Primary 150 

Immunodeficiencies (PID): Padua, Rome, Cagliari, Brescia and Turin. Patient inclusion criteria were 151 

CVIDs diagnosis according to European Society for Immunodeficiencies (ESID) criteria [3], age of 152 
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18 or older at the time of enrolment, availability of the reports of at least two Pulmonary Functions 153 

Tests (PFTs) performed with an interval of at least one year and one chest CT scan and signature of 154 

the informed consent. The study was approved by the Local Ethical Authority. 155 

Data collection  156 

For each patient, we collected the age at diagnosis, at disease onset (defined as beginning of symptoms 157 

ascribable to CVIDs) and at Immunoglobulin Replacement Therapy (IgRT) initiation.  158 

We then collected the immunological parameters at diagnosis, including the value of IgG, IgA and 159 

IgM, vaccination response and the B cells subtype analysis according to Euroclass [14], history of 160 

smoke and professional exposure and the presence of the following lung comorbidities: 161 

bronchiectasis, Interstitial Lung Abnormalities (ILA) at CT scan, including those with a clinical-162 

radiological picture consistent with GLILD, asthma, and Chronic Obstructive Pulmonary Disease 163 

(COPD), defined according to Global Initiative for Chronic Obstructive Lung Disease (GOLD) 164 

criteria [15]. Finally, we recorded the results of PFTs performed between 1995 and 2023, including 165 

the IgRT dosage, use of antibiotic prophylaxis and IgG-trough level (IgTL) for the first and last PFT.  166 

 167 

Lung function test interpretation  168 

We used the Global Lung Function Initiative (GLI) reference equations [16] of the American Thoracic 169 

Society and European Respiratory Society (ERS/ATS) to calculate the predicted value (for a healthy 170 

individual of the same age, sex, height and ethnicity) and the z score. From the z score we identified 171 

the corresponding percentile value (pct) in the normal distribution of healthy individuals of the same 172 

age, sex, height and ethnicity. The predicted value corresponds to the 50th pct.  173 

Following the ERS/ATS 2021 interpretations standard, we reported lung function parameters values 174 

as percentiles. The GLI reference range identifies the distribution of values that are expected in a 175 

healthy population and so the lower limit of normal (LLN) enables identification of a cut-off to define 176 

results that are outside the range of values typically observed in health.  According to ERS/ATS 177 

standards a z score < -1.645 (5th pct) was identified to be below the lower limit of normal (LLN). Of 178 

note, at 5th pct there is a 5% chance that the results in a healthy individual would be at or below this 179 

level [17]. 180 

 181 

Estimation of annual decline in lung function parameters 182 

Starting from individual measured values over the time of Forced Expiratory Value in one second 183 

(FEV1) and of Forced Vital Capacity (FVC) and the corresponding predicted values calculated with 184 

the GLI equations, we estimated the annual rates of decline lung volumes considering the first 185 

spirometry as baseline. To consider the lack of independence due to repeated measurements for each 186 

subject, linear mixed effects models were used to estimate annual rates of decline in FEV1 and FVC 187 

both for predicted and measured values. For this analysis we included only patients with at least 5 188 

years of follow-up between the first and last available PFTs.  189 

 190 

Statistical Analysis 191 

The continuous variables were summarised using medians, interquartile ranges [IQR], and the 192 

categorical ones as percentages. Mann-Whitney U was used for the comparison of unpaired 193 

continuous data and Chi-squared test was used for categorical data. Binomial logistic regression 194 
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models were fitted to calculate odds ratios (OR) with 95% confidence intervals (CI) in univariate and 195 

multivariate analysis.  196 

For patients with at least 5 years of follow up, linear mixed effects models were used to calculate 197 

annual decline in FEV1 and FVC (ml/year), both for predicted and measured values, considering the 198 

first spirometry as baseline. The models assumed random intercept and random slope to take into 199 

account between-subject heterogeneity and estimated the slope (annual decline) using all PFTs results 200 

recorded. This analysis was performed on the whole sample and for different subgroups of patients 201 

categorised by the presence of the main lung comorbidities and smoke exposure.  202 

The model was also adjusted for height, sex, smoking, age at first PFT, GLILD and bronchiectasis, 203 

to estimate the impact of these covariates on the value of FEV1, FVC and their decline (see 204 

supplementary methods for further details). 205 

The analyses were performed using R software version 4.3.2 and Jamovi software Version 2.3.28.0.  206 

 207 

RESULTS   208 

 209 

Patients  210 

We enrolled 185 CVIDs patients, of which 96 (52%) were female. The median age at CVIDs 211 

diagnosis was 35 years (ys) [22-44 ys] and at disease onset was 21 ys [8-35 ys]. The median time 212 

between the disease onset and the beginning of IgRT was 8 ys [2-17 ys].  213 

118 patients (64%) had a history of lung disease: 75 (41%) had bronchiectasis, of which 50 (27% of 214 

the total) without overlapping GLILD, 13 (7%) had asthma, 35 (19%) had received a diagnosis of 215 

COPD, of which 16 (9% of the total) without any known risk factors, and 63 (34%) had CT evidence 216 

of ILA, of which 45 (24% of the total) had a definite diagnosis of GLILD. 54 patients (29%) had 217 

multiple lung comorbidities.  218 

56 (30%) patients had a history of smoking and 14 (8%) of professional exposure.  219 

Demographic features are summarized in Supplementary Table 1 220 

 221 

Lung function at first available spirometry  222 

The median age at first available spirometry was 40 ys [30-52 ys] with a median time since CVIDs 223 

diagnosis of 3 ys [1-11 ys]; 135 (73%) patients had already begun IgRT.  224 

At first available spirometry, the cohort had a median FEV1 of 3.07 L [2.40 - 3.80 L], placing at the 225 

32nd pct [6th-61st pct] in the normal distribution of healthy individuals, and a median FVC of 3.70 L 226 

[3.00 - 4.54 L], placing at the 29th pct [7th-49th pct]. 227 

Of note, 43 (23%) patients had a FEV1 < LLN, 39 (21%) had a FVC < LLN and 28 (15%) patients 228 

had both FEV1 < LLN and FVC < LLN (For details see Figure 1). 229 

 230 

Patients with FEV1 < LLN had a lower serum level of IgA (6 vs 9 mg/dL; p=0.03) and of switched-231 

memory (SM) B cells% (0.7% vs 3.0%; p<0.001) and a higher CD21 low B cells% (11% vs 6%; 232 

p=0.05). Similarly, the group with a FVC < LLN had lower IgA (6 vs 9 mg/dL; p=0.048) and SM B 233 

cells% (1.0% vs 2.7%; p=0.004); IgG serum level was also lower (236 vs 293 mg/dL; p=0.026). We 234 

did not find any other difference in the immunological features and in the dosage of IgRT. (See Table 235 

I for details) 236 

Not being under IgRT at the time of the first available spirometry was not associated with either FEV1 237 

< LLN (OR 1.09; 95%CI 0.45-2.62) or FVC < LLN (OR 0.72; 95%CI 0.30-1.70).  Also, comparing 238 
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patients with both FEV1 and FVC < LLN with the remaining ones we found lower SM B cells% 239 

(0.7% vs 2.6%; p=0.007), without other differences in the immunological features (See Table 2 in the 240 

supplementary materials).  241 

Moreover, a severely reduced percentage of SM B cells (<2%) was significantly associated with 242 

FEV1 < LLN (OR 7.58; 95%CI 2.64-21.75), FVC < LLN (OR 3.55; 95%CI 1.35-9.33) and with 243 

concomitant presence of both FEV1 and FVC < LLN (OR 6.16; 95%CI 1.66-22.88). 244 

 245 

Lung function trajectories 246 

To investigate temporal trends in lung function we analysed a group of 118 patients with at least 5 247 

years of spirometric follow-up data available. 6 of these patients were excluded because they had 248 

been treated with immunosuppressive drugs for GLILD, with lung function improvement, before final 249 

spirometry. 250 

In the final group of 112 patients, 58 were female (52%) and the median age at CVIDs diagnosis was 251 

34 ys [22-41 ys]. 75 patients (67%) had at least one known lung comorbidity with a similar 252 

distribution of pulmonary comorbidities and baseline lung volumes compared to the whole sample 253 

(For details See supplementary results).  254 

The median time between the first and most recent spirometry was 7 years [6-10 ys].  255 

At most recent spirometry, this subgroup had a median FEV1 absolute value of 2.79 [1.99 - 3.76 L], 256 

placing at the 28th pct [2nd - 51st pct] in the normal distribution of healthy individuals, and a median 257 

FVC absolute value of 3.54 [2.68 - 4.56 L], placing at the 30th pct [6th - 55th pct]. 258 

Of note, 30 (27%) patients had a FEV1 < LLN, 25 (23%) had a FVC < LLN and 23 (21%) had both 259 

FEV1 < LLN and FVC < LLN. (For details see Figure 1 in Supplementary materials). 260 

Similarly to the first spirometry, the group with value of FEV1 below LLN had a significantly lower 261 

serum level of IgA (5 vs 15 mg/dL; p=0.016) and of SM B cells% (1 vs 3; p=0.045). Additionally, 262 

we found a lower percentage of marginal zone (Mz) B Cells (3.5 vs 11.2; p=0.031). 263 

When comparing FVC < LLN and FVC > LLN groups, we found, in the group with a FVC below 264 

LLN, a lower percentage of SM B cells (0.9 vs 3; p=0.006) and a higher percentage of CD21low B 265 

cells (11.1 vs 5.0; p=0.016) (For details see Table II). 266 

 267 

Of note, as for the first spirometry, comparing the group of patients with both FEV1 and FVC < LLN 268 

with the remaining patients, we found a significantly lower percentage of SM B cells (0.9 vs 3.3; 269 

p=0.004) (For details see Table 3 in the supplementary materials).  270 

Again, a severely reduced percentage of SM B cells (<2%) was significantly associated with FEV1 271 

< LLN (OR 3.51; 95%CI 1.14-10.70), FVC < LLN (OR 6.00; 95%CI 1.73-20.77) and with 272 

concomitant presence of both FEV1 and FVC < LLN (OR 7.49; 95%CI 1.90-29.50). 273 

Interestingly, the IgTL was significantly lower in the FEV1 < LLN group (678 vs 799 mg/dL; 274 

p=0.008) and tendentially lower in the FVC < LLN group (694 vs 797 mg/dL; p=0.094); while there 275 

was no significant difference in terms of IgRT dosage.  276 

Finally, we found no association between ongoing antibiotic prophylaxis and FEV1< LLN (OR 1.45; 277 

95%CI 0.48-4.37) or FVC< LLN (OR 1.56; 95%CI 0.48-5.07). 278 

 279 

We then evaluated the impact of lung comorbidities on lung function and its decline for the previously 280 

defined subgroup of 112 patients with at least a 5-years interval between first and last spirometry. 281 

Table III summarised the lung volumes at baseline and at last available PFTs, categorising patients 282 

according to the main lung comorbidity (See Table III).  283 

 284 

A total of 498 PFTs, with a mean of 4.4 PFTs per patient, were analysed to assess the annual decline 285 

of FEV1 and FVC.  286 
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The annual decline estimated using a linear mixed effects model was 25.6 mL/year for FEV1 and 287 

15.6 mL/year for FVC, without any significant difference between the measured and the predicted 288 

one (even if we found a trend towards significance for FEV1). In the same way, we also calculated 289 

the annual decline of FEV1 and FVC for different subgroups of patients categorised by the presence 290 

of the main lung comorbidities and smoke exposure (For details see Table IV).  291 

Patients without a known lung comorbidity and without history of smoke exposure had the lowest 292 

rate of decline. Patients with a history of smoke exposure and patients with COPD had a significantly 293 

higher value of measured FEV1 and FVC decline in comparison with the predicted one (For details 294 

see Table IV).  295 

 296 

Considering that the COPD group had both lower baseline lung volume and greater lung function 297 

decline, in a post-hoc analysis we compared the immunological and clinical features of COPD group 298 

with remaining patients. We found in COPD a significantly lower level of serum IgA (4 vs 15 mg/dL; 299 

p=0.029), of IgM (13 vs 25 mg/dL; p=0.007) and of peripheral blood MZ B cells% (4.0 vs 11.6; 300 

p=0.021), and a later age at diagnosis (39 vs 33 years; p=0.049). Of note, those patients with a COPD 301 

without smoke history, also had a significantly greater diagnostic (10.5 vs 7.0 years; p=0.028) and 302 

therapeutic delay (20.0 vs 8.0 years; p=0.008) compared to all the other enrolled patients. (For details 303 

see Table 4 in Supplementary Materials).  304 

 305 

A total of 18 (69%) patients with a COPD, of which 10 without smoke history, also had CT evidence 306 

of bronchiectasis. In a multivariate analysis considering bronchiectasis, GLILD and smoke we found 307 

that only the presence of bronchiectasis was associated with COPD (OR 3.55; 95%CI 1.31-9.60) (For 308 

details see Table 5 in Supplementary materials). 309 

Indeed, the presence of bronchiectasis was associated with a FEV1 < LLN at last available spirometry 310 

(OR 2.84; 95%CI 1.19-6.76), even when we excluded patients with concomitant presence of GLILD 311 

(OR 2.74; 95%CI 1.06-7.05).  312 

Linear mixed effects model was then adjusted for covariates (gender, smoking, height, age at first 313 

PFT, bronchiectasis, GLILD) to estimate the impact of different covariates on the value of FEV1 and 314 

its decline. We found that patients with bronchiectasis had a significant lower FEV1, (on average – 315 

304.9 mL, (95%CI – 543.2; -63.5 mL p=0.015) than patients without bronchiectasis. The model did 316 

not show the smoke and GLILD variables to be statistically significant. The “net” annual decline of 317 

FEV1, independently of the effects due to the other variables, was -26.8 ml, 95%CI [-40.1, -13.5]. 318 

(See Table V). On the other hand, the same model for FVC did not show a statistically significant 319 

impact of bronchiectasis, GLILD and smoke (For details see Table 6 in Supplementary materials). 320 

  321 

Total Lung Capacity (TLC) analysis 322 

140 patients had at least one spirometry including the measurement of Total Lung Capacity (TLC), 323 

performed after a median period of 4 ys [1-12 years] from the CVIDs diagnosis. The median value 324 

of TLC at first available spirometry was 5.40 L [4.67-6.59 L], with a median z score of -0.275 [-325 

0.956; 0.347], corresponding to the 39th pct [17th-64th]. Twenty (14%) patients had a TLC < LLN.  326 

102 patients had performed a second PFT with TLC after a median period of 5 ys [4-9 ys].  Among 327 

all comorbidities, we found that only GLILD was associated with TLC < LLN at last PFT (OR 4.25 328 

95%CI; 1.45-12.4) (For details see Supplementary results and Table 7). 329 

In order to estimate the trend of TLC over time, we analysed 47 patients that had performed a second 330 

spirometry with TLC after at least 5 years (range 5-10). Notably, at first available measurement 331 
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patients with GLILD had a median TLC at 16th pct, which dropped to 5th pct at the second spirometry. 332 

(Data summarised in Table VI) 333 

 334 

Diffusing capacity for carbon monoxide (DLCO) analysis  335 

A total of 147 patients had at least one spirometry that included the diffusing capacity for carbon 336 

monoxide (DLCO) value. The median time between CVIDs diagnosis and first DLCO was 6 ys [1-337 

12 ys]. The median value of DLCO was 20.6 mmHg/min [17.4-26.5 mmHg/min], with a median z 338 

score of -0.713 [-1.980; 0.123], corresponding to the 24th pct [2nd-55th], and 41 (28%) patients DLCO 339 

< LLN.   340 

A total of 95 patients had performed a second PFT with DLCO after a median time of 6 ys [3-8 ys]. 341 

Among all comorbidities we found that only GLILD was associated with DLCO < LLN at last 342 

available PFT (OR 3.45 95%CI 1.31-9.09) (For details See Supplementary Results Table 8). 343 

In order to estimate the trend of DLCO during the time, we considered 44 patients that had performed 344 

a subsequent spirometry with DLCO from a restricted interval of 5 to 10 years after baseline. 345 

Remarkably, at first available measurement patients with GLILD had a median DLCO at 11th pct, 346 

which dropped to 3rd pct at the second spirometry (Data summarised in Table VII). 347 

  348 

 349 

DISCUSSION  350 

 351 

We report the largest CVIDs cohort specifically studied for lung function and its decline. We identify 352 

that in our multi-center retrospective cohort, although baseline lung volumes were reduced, the 353 

subsequent rate of FEV1 and FVC decline was not accelerated.  354 

 355 

At the first available PFT, our patients were typically in the lower third of the normal distribution of 356 

healthy individuals for both FEV1 and FVC and in the lower half for TLC. Moreover, 23% had a 357 

value lower than LLN of FEV1, 21% of FVC and 14% of TLC. These findings are consistent with an 358 

impact of CVID and related complications on lung volumes and function. DLCO, a parameter that 359 

reflects alveolar-capillary membrane integrity, was also in the lower third of the normal distribution, 360 

with 28% of patients presenting a pathological value.  361 

 362 

Notably, our study showed that patients with baseline lung volumes lower than LLN had significantly 363 

lower levels of IgA, IgG and SM B cells%, with a tendentially higher percentage of CD21low B cells. 364 

These immunological parameters have already been reported as associated with specific pulmonary 365 

comorbidities; in particular, lower IgG and IgA and a higher percentage of CD21low B cells with 366 

GLILD, [18,19] whereas lower IgA and IgG with bronchiectasis [20]. We also observed that a 367 

severely reduced percentage of SM B cells (<2%) [14] led to a seven-fold increased risk of FEV1 368 

lower than LLN and a three-fold increased risk of FVC lower than LLN at baseline. Similarly, it led 369 

to a three-fold increased risk of FEV1 lower than LLN and a six-fold increased risk of FVC lower 370 

than LLN at last PFT.  This data is in line with another previous study in which a lower percentage 371 

of SM B cells, reflecting a more severe B cell impairment, was associated with a worse clinical 372 

outcome of respiratory and intestinal involvement [21].  373 

 374 

The analysis of 498 PFTs in 112 CVID patients with at least 5 years of respiratory function follow-375 

up, showed a median annual decline of 25.6 ml/year for FEV1 and 15.6 ml/year for FVC. Unlike the 376 

previous study by Chen Y et al., which reported a rate of decline approximately double compared to 377 

the healthy non-smoking adult population, with an average decline of 36 mL/year for FEV1 and 39 378 
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mL/year for FVC, we did not find a significant difference between the measured and the predicted 379 

annual decline. Moreover, we found that patients with no lung co-morbidities or exposure present a 380 

functional decline over time in line with that predicted in the general population. In that study, the 381 

data were collected before 2010 and only 29 CVID patients from Australia were included. [11]. A 382 

more recent study from Sperlich et al., with a likely closer temporal range of data collection to our 383 

study, calculated an annual FEV1 decline of 18.25 ml/year in a cohort of 67 patients, excluding those 384 

affected by GLILD. In our patients, excluding GLILD, we found a slightly higher rate of measured 385 

FEV1 decline, 23.9 mL/year, but without a significant difference from the predicted one.  386 

 387 

In our cohort, 64% of the patients had at least one known lung comorbidity. The prevalence of 388 

bronchiectasis (41%) was similar to what has already been reported in the literature [20,22], while 389 

the number of patients with a GLILD diagnosis (24%) was slightly higher in comparison with 390 

previous reports showing a prevalence of 10-20% [23,24].  391 

Bronchiectasis were associated with a prevalent obstructive pattern with lower value of FEV1 392 

whereas GLILD was associated with restrictive pattern and interstitial dysfunction, with lower value 393 

of TLC and DLCO. Interestingly, observing the trend of TLC and DLCO in the GLILD group, the 394 

median percentile dropped, reaching values lower than LLN at the last PFTs for both. These data 395 

confirmed the importance of performing comprehensive PFTs, including DLCO and TLC, supporting 396 

the role of these lung parameters as markers in the diagnosis and in the assessment of treatment 397 

response in GLILD [25].  398 

Using a linear mixed-effect model to investigate the impact of different covariates (gender, smoking, 399 

height, age at first PFT, bronchiectasis, GLILD) on the value of FEV1 we found that in patients with 400 

bronchiectasis the mean FEV1 was stably lower than in those without bronchiectasis. On the other 401 

hand, similarly to Sperlich et al., patients with bronchiectasis had a median FEV1 decline of 22.1 402 

mL/year, but the measured decline was not significantly higher in comparison with the predicted one 403 

[13]. Considering that all patients in our cohort were under IgRT, our data seemed consistent with 404 

previous ones showing effectiveness of IgRT in preventing infections, and subsequent 405 

development/extension of bronchiectasis, thus reducing the progression of lung impairment [26,27].  406 

 407 

We noticed that among all, patients with a COPD functional phenotype at last PFT had a lower 408 

baseline lung volume, with a median value of FEV1 at the LLN, and a concomitant significantly 409 

higher decline of lung volumes in comparison with predicted decline, reaching 65.4 mL/year for 410 

FEV1 and 39.7 mL/year for FVC. Data were similar, although not significantly different from 411 

predicted, also when considering patients without a history of smoke (68.0 mL/year for FEV1 and 412 

31.6 mL/year for FVC), in which COPD was presumably related to CVID itself. Interestingly, COPD 413 

patients had lower levels of IgA, IgM and Mz B cells percentage, probably reflecting a deeper 414 

immunological defect, especially in the mucosal immunity and in the T-independent response. This 415 

particular immunological background cannot be rescued by IgRT alone. Indeed, lower IgA levels 416 

were already identified as one of the risk factors for development of pneumonia despite IgRT [28] 417 

and a lower percentage of IgM Memory B cells led to a more severe alteration in anti-polysaccharide 418 

response [29,30]. Moreover, an impairment in IgA and IgM response to vaccination has been 419 

associated with higher prevalence of bronchiectasis and chronic lung diseases [31]. All these data 420 

may support the need for a more tailored approach to these patients: the absence of IgA could be 421 

counterbalanced by shorter immunoglobulin replacement intervals, addition of antibiotic prophylaxis 422 

[32] and, theoretically, nebulized IgA [33].  423 

Furthermore, at present the IgTL and the personalization of IgRT dosage is mainly driven by weight, 424 

infection burden and evidence of organ damage [34,35]. Starting from our finding that patients with 425 

normal FEV1 at last PFT had higher IgTL, we could speculate that patients with severely reduced 426 
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SM B cells %, showing baseline FEV1 and FVC lower than LLN, might benefit from higher IgRT 427 

dosage in order to achieve higher IgTL. Indeed, a possible beneficial role of IgRT on lung function, 428 

but limited to small airways, has been already suggested by previous studies [36].  429 

The main limitation of our study is the retrospective design, which limited the quality of data 430 

collection, with some missing data, particularly regarding DLCO and TLC measurements. Moreover, 431 

the evaluated population was only Caucasian, avoiding any potential influence of ethnicity [37], and 432 

there was no categorization according to lung-comorbidity severity and to the extent of smoke 433 

exposure.  434 

However, to our knowledge, this is the first study specifically focusing on CVID lung function and 435 

its decline which were evaluated according to the last ERS/ATS 2021 interpretations standard [17] 436 

and using the GLI formula [16].  437 

 438 

CONCLUSION  439 

 440 

In conclusion, our study underlines the importance of a comprehensive lung function evaluation at 441 

CVIDs diagnosis and during the follow-up to identify specific disease phenotypes and possibly drive 442 

a tailored therapeutic approach.  443 

 444 
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TABLES  546 

 547 

Table I. Comparison of lung volumes, clinical and immunological features at diagnosis in patients’ 548 

groups identified according to FEV1 < LLN and > LLN and to FVC < LLN and > LLN at first 549 

available spirometry. 550 

 551 

 FEV1  

< LLN 

FEV1  

> LLN 

p value FVC  

<LLN 

FVC 

 >LLN 

p value 

Absolute value (L) 2.05  

(1.43-2.62) 

3.32  

(2.68-3.99) 

*<0.001 2.47  

(2.19-3.04) 

3.97  

(3.40-4.84) 

*<0.001 

% of predicted  64.8  

(48.9-72.2) 

97.0  

(89.1-105.0) 

*<0.001 67.0  

(58.7-74.1) 

95.0 

(89.5;103) 

*<0.001 

Age at diagnosis (ys) 

n 185 

37  

(22-45) 

35  

(22-44) 

0.934 37  

(22-40) 

34  

(22-45) 

0.775 

Age at first PFR (ys) 

n 185  

40  

(35-55) 

40  

(28-51) 

0.265 43  

(37-52) 

40  

(29-52) 

0.336 

Diagnostic delay (ys) 

n 181 

7.0 

(2.0-14.8) 

7.0 

(2.0-14.5) 

0.954 8.0 

(2.5-18.0) 

7.0  

(2.0-14.0) 

0.383 

IgRT delay (ys) 

n 169 

7.5  

(2.8-22.3) 

8.0  

(2.0-17.0) 

1.000 8.0 

(4.5-21.5) 

8.0 

(2.0-16.0) 

0.496 

IgG (mg/dL)  

n 168 

256  

(51-373) 

280  

(169-389) 

0.107 236  

(75-369) 

293  

(172-397) 

*0.026 

IgA (mg/dL)  

n 168  

6  

(0-21) 

9  

(3-27) 

*0.032 6  

(0-20) 

9  

(4-27) 

*0.048 

IgM (mg/dL)  

n 168  

18  

(4-33) 

21  

(8-35) 

0.239 19  

(5-28) 

20  

(8-37) 

0.284 

B cells%  

n 150 

7.5  

(2.6-10.8) 

8.0  

(3.5-12) 

0.738 8.0  

(3.5-12.5) 

8.0  

(3.1-11.9) 

0.747 

SM B cells%  

n 118 

0.7  

(0.0-1.4) 

3.0  

(1.1-6.4) 

*<0.001 1.0  

(0.0-2.5) 

2.7  

(1.0-6.4) 

*0.004 

Cd21low B cells%  

n 118 

11  

(5.3-22.9) 

6.0  

(3.0-14.8) 

*0.050 9.9  

(4.7-15.4) 

6.0  

(3.0-17.0) 

0.439 

Mz B cells%  

n 118 

4.0  

(1.7-8.9) 

8.3  

(2.2-18.8) 

0.079 4.0  

(1.8-7.3) 

8.7  

(2.3-17.8) 

0.068 

IgRT mg/kg/month  

n 128 

345  

(323-400) 

306  

(243-400) 

0.080 354  

(302-418) 

313  

(248-389) 

0.112 

Mann-Whitney U test. Data are summarised as medians and interquartile ranges.  552 
 553 
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Table II. Comparison of lung volumes, clinical and immunological features at diagnosis in patients’ 555 

groups identified according to FEV1 <LLN  and >LLN and to FVC <LLN and >LLN at last available 556 

spirometry. 557 

 558 

 FEV1 

<LLN 

FEV1 

>LLN 

p value FVC 

<LLN 

FVC 

>LLN 

p value 

Absolute value (L) 1.68 

(1.39-2.02) 

3.35  

(2.70-3.94) 

*<0.001 2.44  

(2.25-2.71) 

4.18  

(3.26-4.86) 

*<0.001 

% of predicted 62.2  

(46.7-70.9) 

95.6  

(90.1-103) 

*<0.001 69.5  

(59.1-72.6) 

97.4  

(88.2-103) 

*<0.001 

Age at last PFR (ys) 

n 112 

46 

(35-60) 

48 

(36-58) 

0.757 44 

(35-61) 

48 

(36-58) 

0.563 

Age at diagnosis (ys) 

n 112 

33 

(16-40) 

34 

(22-42) 

0.690 32 

(14-45) 

35 

(22-41) 

0.413 

IgRT delay (ys) 

n 98 

9.0 

(4.0-20.0) 

9.0 

(4.0-16.5) 

0.895 8.0 

(3.0-14.0) 

10.0 

(4.8-19.3) 

0.530 

Diagnostic delay (ys) 

n 111 

8.0 

(3.0-17.0) 

7.0 

(2.0-14.0) 

0.704 7.0 

(3.0-14.0) 

8.0 

(2.0-16.0) 

0.670 

IgG (mg/dL) 

n 100 

299  

(204-382) 

279  

(157-382) 

0.849 286  

(200-393) 

300  

(199-393) 

0.569 

IgA (mg/dL) 

n 100 

5 

(0-30) 

15 

(6-31) 

*0.016 7 

(0-31) 

14 

(5-29) 

0.264 

IgM (mg/dL) 

n 100 

23 

(6-41) 

21 

(9-45) 

0.679 32 

(19-52) 

19 

(7-44) 

0.319 

B cells % 

n 95 

8.0  

(3.8-13.8) 

8.5  

(4.5-13.3) 

0.702 5.0  

(2.7-9.8) 

9.0  

(5.0-14.0) 

0.124 

SM B cells % 

n 82 

1.0  

(0.1-5.0) 

3.0  

(1.2-6.4) 

*0.045 0.9  

(0.1-1.3) 

3.0  

(1.2-6.2) 

*0.006 

CD21low B cells% 

n 82 

9.0  

(3.5-31.4) 

5.2  

(2.7-10.1) 

0.114 11.1  

(4.7-50.7) 

5.0  

(2.7-9.2) 

*0.016 

Mz B cells % 

n 82 

3.5  

(1.9-7.0) 

11.2  

(3.1-22.0) 

*0.031 3.9  

(2.2-7.3) 

10.7  

(2.6-22.0) 

0.093 

IgRT (mg/kg/mths) 

n 94 

370  

(320-517) 

366  

(291-404) 

0.155 370  

(311-449) 

396  

(300-410) 

0.486 

IgTL (mg/dL) 

n 96 

678  

(608-816) 

799  

(713-900) 

*0.008 694  

(630-829) 

797  

(703-896) 

0.094 

Mann-Whitney U test. Data are summarised as medians and interquartile ranges.  559 
 560 
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Table III. Summary of lung volumes at baseline and last available PFTs, divided according to the 561 

main lung comorbidity.  562 

 563 

 
FEV1 First 

measured (L) 

FEV1 First 

z score 

FEV1 First 

pct 

FVC First 

measured (L) 

FVC First 

z score  

FVC First 

pct  

All  

(n 112) 

3.06  

(2.38-3.89) 

-0.458 

(-1.55 ; 0.116) 

32th 

(6th – 55th)  

3.82 

(3.01-4.71) 

-0.533 

(-1.30 ; -0.032) 

30th 

(10th - 49th) 

CVID-NLS  

(n 17) 

4.02 

(2.99-4.28) 

-0.269 

(-0.603 ; 0.173) 

39th 

(27th -57th) 

4.54 

(3.64-5.00) 

-0.421 

(-0.654 ; -0.057) 

34th 

(26th-48th) 

Bronchiectasis 

(n 35) 

2.79 

(1.75-3.55) 

-1.17 

(-2.64 ; - 0.240) 

12th 

(0.4th -41st) 

3.49 

(2.45-4.09) 

-0.865 

(-2.18 ; -0.146) 

19th 

(1st - 44th) 

GLILD 

(n 24) 

2.62 

(2.26-3.52) 

-1.11 

(-1.95 ; -0.114) 

13rd 

(2nd-45th) 

3.54 

(2.92-4.24) 

-0.964 

(-2.01 ; -0.181) 

17th 

(2nd - 43rd) 

COPD  

(n 26) 

2.32 

(1.76-3.25) 

-1.66  

(-2.78 ; -0.352) 

5th 

(0.3th -36th) 

3.04  

(2.44-4.14) 

-1.13 

(-2.18 ; -0.398) 

13rd 

(1st-35th) 

Smoke  

(n 39) 

3.14 

(2.34-3.82) 

-0.490 

(-1.90 ; 0.168) 

31st 

(3rd-57th) 

4.07 

(3.07-5.08) 

-0.699 

(-1.22 ; 0.143) 

24th 

(11th-56th) 

 
FEV1 Last  

measured (L) 

FEV1 Last 

z score 

FEV1 Last 

pct 

FVC Last 

measured (L) 

FVC Last 

z score  

FVC Last 

pct  

All  

(n 112) 

2.79  

(1.99-3.76) 

-0.569 

(-1.96 ; 0.0135) 

28th  

(2.5th- 51st) 

3.54  

(2.68-4.56) 

-0.520 

(-1.54 ; 0.123) 

30th  

(6th – 55th) 

CVID-NLS  

(n 17) 

3.91 

(3.15-4.25) 

-0.258 

(-0.579 ; 0.149) 

39th  

(28th – 56th) 

4.64  

(3.65-5.22) 

-0.189 

(-0.814 ; 0.077) 

43rd  

(21st ; 53rd) 

Bronchiectasis 

(n 35) 

2.38  

(1.69-3.34) 

-1.15 

(-2.65 ; -0.448) 

13rd  

(0.4th- 33rd) 

3.19 

(2.46-4.13) 

-0.913 

(-1.70 ; -0.427) 

18th  

(4th; 33rd) 

GLILD 

(n 24) 

2.68  

(1.88-3.46) 

-0.955 

(-2.08 ; -0.283) 

17th  

(2nd - 39th) 

3.21  

(2.59-4.18) 

-0.834 

(-1.98 ; 0.081) 

20th  

(2nd, 53rd) 

COPD  

(n 26) 

1.59 

(1.39-2.74) 

-2.21 

(-3.41 ; -0.957) 

1st 

(0.03th - 17th) 

2.69  

(2.29-4.02) 

-1.19  

(-2.44 ; 0.095) 

12th  

(0.7th; 54th) 

Smoke  

(n 39) 

2.75 

(1.91-3.46) 

-0.943 

(-2.14 ; -0.055) 

17th  

(1.6th – 48th) 

3.56  

(2.62-4.58) 

-0.499 

(-1.53 ; 0.140) 

31st  

(6th; 56th) 

 564 
Definitions: CVID-NLS = CVID patients without history of lung comorbidities and smoke exposure; Bronchiectasis = excluding 565 
patients with concomitant GLILD; Smoke = including both active and former smokers.  566 
 567 
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Table IV: Comparison between the measured and predicted decline of FEV1 and FVC in the whole 578 

group and in the comorbidities related subgroups obtained from the linear mixed effects model.   579 

 580 

 581 

 Linear mixed effects model 

 FEV1 decline 

measured 

(mL/year) 

[95% CI] 

FEV1 decline 

predicted 

(mL/year) 

[95% CI] 

p FVC decline 

measured  

(mL/year) 

[95% CI] 

FVC decline 

predicted 

(mL/year) 

[95% CI] 

p 

All 

(n 112) 

 -25.6 

 [-37.1, -14.1] 

 -20.7 

[-25.3, -16.1] 

0.055 -15.6  

[-27.8, -3.4] 

 -16.2 

[-21.9, -10.4] 

0.537 

CVID-NLS 

(n 17) 

 -10.4 

[-35.9, +15.2] 

 -16.9 

 [-32.1, -1.8] 

0.322 -2.2 

[-44.9, +40.6] 

-9.3 

[-27.8, +9.2] 

0.413 

Bronchiectasis 

(n 35) 

 -22.1 

[-40.3, -4.2] 

 -16.2 

[-25.5, -6.8] 

0.194 -13.2 

[-33.3, +6.0] 

-10.9 

[-22.7, +0.9] 

0.944 

GLILD 

(n 24) 

 -31.8 

[-66.6, +3.1] 

 -24.5 

[-34.9, -14.0] 

0.480 -21.5 

[-52.9, +9.9] 

-20.8 

[-33.8, -7.8] 

0.976 

COPD 

(n 26) 

 -65.4 

 [-94.6, -36.1] 

 -26.9 

[-35.0, -18.8] 

0.017  -39.7 

[-66.4, -13.0] 

-25.9 

[-37.1, -14.6] 

0.048 

Smoke 

(n 39) 

 -38.3 

[-58.1, -18.5] 

 -26.7 

 [-32.2, -21.2] 

<0.001 -35.6 

[-55.0, -16.2] 

-24.3 

[-32.1, -16.6] 

<0.001 

COPD-no Smoke 

(n 12) 

 -68.0 

[-125.5, -10.59] 

 -31.92 

[-35.7, -28.2] 

0.291 -31.6 

[-74.7, 11.6] 

-33.3 

[-37.9, -28.7] 

0.843 

All without GLILD 

(n 88) 

-23.9 

[-35.5, -12.3] 

 -19.6,  

[-24.8, -14.5] 

0.08  -14.0 

[-27.1, -0.9] 

-14.7 

 [-21.2, -8.2] 

0.545 

 582 
Mann-Whitney U test was used for measured vs predicted comparison.  583 
Definitions: CVID-NLS = patients without history of lung comorbidities and smoke exposure; Bronchiectasis = excluding patients with 584 
concomitant GLILD; Smoke = including both active and ex-smokers; COPD-noSmoke = patients with COPD functional phenotype 585 
without history of smoke exposure; All without GLILD = all patients without history of GLILD.       586 
 587 
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Table V: Final mixed effects model for FEV1  591 

Variable Estimate 

(mL) 

95%CI 

Lower (mL) 

95%CI 

Upper (mL) 

p 

Time (continuous 

variable in year) 

  - 26.80 - 40.08 -13.53 <0.001 

Sex (ref. male) Female -452.38 - 776.96 - 127.80 0.006 

Age at first 

spirometry 

(continuous variable 

in year) 

  - 29.21 - 37.54 -20.88 <0.001 

Height (continuous 

variable in cm) 

  +50.07 + 34.30 +65.84 <0.001 

Smoke  

(ref. No) 

Yes +1.83 -242.84  +246.50 0.988 

Bronchiectasis 

(ref. No) 

Yes -304.87 -543.23 -63.51 0.012 

GLILD 

(ref. No) 

Yes -14.67 -297.01 +267.67 0.919 

 592 
95% Confidence Intervals and p-values were computed using a Wald t-distribution approximation.  593 
Time: years from the first spirometry.  594 
 595 
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Table VI. TLC in 47 patients who performed a second spirometry at a restricted interval of 5 to 10 606 

yrs after baseline. 607 

 608 

 TLC 1st z score 1st Pct 1st TLC Last z score 

Last 

Pct Last 

All   

(n 47) 

5.70 

(4.65;6.93) 

-0.073 

(-0.778;0.259) 

47th 

(22th;60th) 

5.50 

(4.84;6.65) 

-0.564 

(-1.58;0.089) 

29th 

(6th;54th) 

No-GLILD 

(n 33) 

6.00  

(5.02;7.17) 

0.027  

(-0.476;0.237) 

51th 

(32nd;59th) 

6.19  

(5.01;6.76) 

-0.266  

(-0.822;0.063) 

40th 

(21st;53rd) 

GLILD  

(n 14) 

5.51 

(4.26;6.02) 

-0.980 

(-1.70;0.227) 

16th 

(5th;59th) 

4.96 

(3.88;6.17) 

-1.70 

(-2.44; 0.006) 

5th 

(0.7th-50th) 

 609 
 610 
 611 
 612 

Table VII: DLCO in 44 patients who performed a second spirometry at a restricted interval of 5 to 613 

10 yrs after baseline. 614 

 615 

 DLCO 1st 

(mL/mmHg/mi

n) 

z score 1st Pct 1st DLCO Last z score 

Last 

Pct Last 

All  

(n 44) 

23.5  

(18.7;27.2) 

-0.706  

(-1.24;0.04) 

24th 

(11st;52th) 

20.7  

(17.1-25.2) 

-0.833  

(-1.74;-0.159) 

20th 

(4th;44th) 

No-GLILD 

(n 31) 

24.4  

(20.3;28.6) 

-0.279 

(-1.04;0.369) 

39th 

(15th;64th) 

22.2  

(18.8;26.7) 

-0.677 

(-1.17;-0.123) 

25th 

(12th;45th) 

GLILD  

(n 13) 

18.5 

 (15.2;20.7) 

-1.24 

(-3.18;-0.748) 

11st 

(0.1th;23rd) 

18.0 

(14.1;20.3) 

-1.910 

(-3.09;-0.752) 

3rd 

(0.1th;23rd) 

 616 
 617 
 618 

 619 

FIGURE LEGENDS  620 

 621 

Figure 1: Lung volume at first available spirometry.  622 

 623 

The table summarized the absolute value, the percentage of predicted, the z score and the 624 

corresponding percentile of FEV1 and FVC at first available spirometry.  625 

The 5th pct (z score -1.645) identifies the lower limit of normal (LLN).  626 
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