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Low blood lymphocytes number and lymphocytes decline as key factors in COPD outcomes. A longitudinal cohort study.
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METHODS
Patient population
Participants were recruited consecutively among smokers (>10 pack/years) who first attended the Pulmonary Clinic at the Hospital Universitario Miguel Servet (Zaragoza, Spain) between October 2010 and April 2014. The objective of constituting this cohort was to determine health related outcomes in smokers with and without COPD, free of major comorbidities at recruitment. Eligible individuals were >40 years old smokers who came to the clinic requesting to be included in our smoking cessation program or referred by other doctors to assess their respiratory health. At baseline, all subjects were clinically stable (free of exacerbations and not treated with oral corticosteroids and antibiotics for at least 8 weeks) and they were offered to be included in a smoking cessation program if they were active smokers. All COPD patients received standard treatment at first visit according with current guidelines [E1]. One lung function test and one CBCs done prior to study entry were available in all subjects. Patients who agreed to be included in the cohort signed an informed consent before any procedure was performed.
Of the 2453 smokers who came to the outpatient respiratory clinic during the recruiting period, 1130 subjects did not meet the inclusion criteria (>40 years, >10 pack/years), and 802 were excluded because of concomitant comorbidities. Among the remaining 521, 10 subjects were lost during follow-up, and 511 participants were included in the analysis; 302 with COPD and 209 without COPD (noCOPD) (Fig.E1).
All subjects underwent functional and clinical examination including pulmonary function tests, modified Medical Research Council (mMRC) dyspnea and COPD Assessment Test (CAT) scores evaluation. In COPD subjects FEV1, body mass index, 6MWD and mMRC values were integrated into the BODE index [E2]. Exacerbations were collected and defined as acute worsening of respiratory symptoms that required antibiotics and/or oral corticosteroids (moderate) by medical prescription, or hospitalization/visit at the emergency room (severe) [E1].
Peripheral blood cell analysis
[bookmark: _Hlk33526963]Complete blood counts (CBCs) were measured at baseline and at every follow-up visit which was done in stable conditions (>3 months after exacerbation) approximately every year during four years. The lymphocyte value of 1800 cells/µL was used as cut off to define smokers with high (≥1800 cells/µL) or low (<1800 cells/µL) blood lymphocytes (BL) as described in literature [E3]. The difference in BL between the first and the last blood sample drawn was used to calculate the change in BL over time. Decliners were defined as subjects whose BL count were decreased by at least 1% per year (compared to the initial value) in at least 3 years of follow-up.
Fluorescence-activated cell sorting (FACS) analysis
In a subgroup of patients lymphocyte subpopulations of T (CD3+), T-helper (CD3+CD4+), T-cytotoxic (CD3+CD8+), B (CD3-CD19+) and NK cells (CD3-CD16+CD56+) were determined by FACS analysis in 50-100 µL aliquots of blood incubated at room temperature with CD45‐FITC, CD3‐PECY5, CD4‐PE, CD8‐ECD, CD56/16‐PE, CD19‐CD fluorochrome-conjugated monoclonal antibodies (Beckman‐Coulter). Then the different lymphocyte subpopulations were identified by immunophenotype markers.
[bookmark: _GoBack]Sample preparation was performed according to the CLSI (H42‐A2) guideline [E4]. In particular, for 15 min after incubation, cytolysis of erythrocytes was performed by TQ‐prep (Beckman‐Coulter) and the samples were analyzed by flow cytometry. The immunophenotyping was performed by 10‐colors flow cytometer Navios (Beckman‐Coulter). Acquisition was run until 25000 events were detected. First the viable part of the sample was selected by physical gating based on forward scatter (FS) and side scatter (SS); the lymphocyte population was identified by the low forward and side scatter and checked for purity by the positivity for CD45.
Statistical analysis 
Patients characteristics were described using mean±SD or median [range] for continuous variables and counts and percentages for categorical variables. For continuous variables, normal distributions were tested using the Shapiro-Wilk test. Comparisons among groups were evaluated with Kruskal-Wallis and Mann-Whitney U tests. Distributions of categorical variables were compared with the χ2-test. In order to confirm BL lymphocytes decline from baseline to every follow-up visit, differences in lymphocytes count were evaluated by the non-parametric test for repeated measures Friedman's two-way analysis of variance by ranks (E5). Analyses of overall survival were performed by Kaplan-Meier survival curves. Multivariate Cox proportional hazard regression model was used to evaluate independent prognostic factors, after adjusting for all non-time-dependent and time-dependent covariates. Variables included in the Cox regression analysis had to be significant in the respective univariate analyses. Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated for all the variables entered in the final model.
All analyses were performed using SPSS (version 25.0.0.1 for Windows) and R software (version 3.5.3). Statistical significance was assumed for a p value <0.05.


RESULTS
Blood lymphocytes count
The lymphocytes count in peripheral blood were not different between active smokers and former smokers in the whole population (p=0.195). Similar results were observed also in noCOPD and COPD.
NoCOPD: BL 2250 (1767-2750) cells/µL in former smokers vs 2460 (1970-3100) cells/µL in active smokers (p=0.069).
COPD: BL 1900 (1510-2480) cells/µL in former smokers vs 1820 (1465-2300) cells/µL in active smokers (p=0.122). 
Blood lymphocytes count and comorbidities
A higher number of subjects with COPD developed at least one comorbidity (other than cancer) during the follow-up period compared to noCOPD (85% vs 77%; p<0.001). The incidence of comorbidities, other than cancer, was not influenced by neither the BL count nor the BL decline in both noCOPD and COPD (Table 2 on the main manuscript). 


SUPPLEMENTARY FIGURES
Figure E1: CONSORT diagram. Flow chart of the study design.
[image: ]


Figure E2: Distribution of blood lymphocytes. Mean blood lymphocytes distributions in:
Panel A) subjects without COPD (noCOPD) (median, interquartile range: 2300, 1827-2920 cells/μL).
Panel B) subjects with COPD (COPD) (median, interquartile range: 1880, 1495-2420 cells/μL). 
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Figure E3. FACS analysis of lymphocyte subsets and NK cells. FACS analysis in subjects without COPD (Panel A) and subjects with COPD (Panel B) divided in subgroups according to high and low BL. Panels show: a) percentage of CD4+ and CD8+ cells; b) CD4/CD8 ratio and c) percentage of B cells and NK cells. 

[image: ][image: ]
[image: ]Figure E4. Dyspnea in smokers with and without COPD. Percentage of smokers with a dyspnea score (mMRC) ≥2 in:
Panel A) smokers without and with COPD;
Panel B) smokers without and with COPD divided in subgroups according to high and low BL. The percentage of subjects with mMRC≥2 in COPD with low BL was significantly higher compared to COPD with high BL. 
* p=0.006; ** p<0.001.




Figure E5. Frequency of exacerbations in subjects with COPD according to high and low BL.
Panel A): COPD with low BL have a significantly higher number of total exacerbations compared to those with high BL (1.27±2.25 vs 0.80±1.29, *p=0.028);
Panel B): COPD with low BL have a significantly higher number of severe exacerbations compared to those with high BL (0.08±0.21 vs 0.04±0.11, *p=0.046);
Histograms mean ± SE. 
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Figure E6. Causes of death. 
Causes of death (n-%):
Panel A) in the 20 subjects without COPD (noCOPD) who died;
Panel B) in the 114 subjects with COPD (COPD) who died.
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2453 smokersattendingtheclinic

withprior spirometryand bloodcellcount

(from October 2010 to April 2014)

1130 smokers did not meet inclusion criteria:

•766 were< 40 yearsold

•364 had< 10 pack/yearsmoking history

1323 Elegible forinclusion

802 excluded:

• 619 hadotherrespiratorydisease(non-COPD)

• 41 hadprevioushistoryof malignancy

• 103 had autoimmune, inmunologic, vasculitic, 

hematological or psychiatric diseases

• 39 refusedto participate

521 wereincludedin thecohort

511 wereincludedin theanalysis

(up to October 2018)

•10 werelostto follow-up 
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