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Methods 

Study Design and Sample Collection 

Baseline characteristics included clinical (age, sex, smoking status, GOLD stage), subject-

reported outcomes (CAT, SGRQ), systemic iron storage markers (hemoglobin), and the 

inflammatory marker CRP. 

 

Replication/Validation Cohort 

All clinical investigations were conducted according to the principles of the Declaration of 

Helsinki. The individual institutional review boards (IRBs) of Weill Cornell Medical College 

approved all study protocols. All participants understood the purpose of the study and provided 

written informed consent before they underwent any research activities or procedures. To 

replicate the study findings in an independent cohort, never smokers (n=20), healthy smokers 

(n=21) with normal lung function and individuals with COPD (n=18) were recruited by the 

Department of Genetic Medicine, Weill Cornell Medical College (for inclusion and exclusion 

criteria see 1) and underwent bronchoscopy with bronchoalveolar lavage (BAL) (see 

Supplemental Table 1 for complete demographic information). BAL was performed by instilling 

30 mL aliquots of sterile 0.9% saline into the right middle lobe and/or lingula, to a total volume of 

150 mL in the case of current smokers or 300 mL in non-smokers. After collection, BALF was 

filtered through a double layer of gauze and centrifuged at 1200 rpm for 5 min at 4°C. The 

supernatant was then removed, protease inhibitor cocktail (Sigma-Aldrich, catalog number 

S8830) added and stored in aliquots at -80°C until use. EDTA blood samples were collected 

within 30 days of bronchoscopy, with samples collected on the procedure day in 27% of 

subjects. 
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Supplemental Figure Legends 

Supplemental Figure 1. BALF ferritin normalization. (A-B) BALF ferritin (ng/mL) and total 

protein (mg/mL) were measured in non-smokers (n=25), smokers (n=86) and COPD patients 

(n=31), and BALF ferritin was normalized to total protein in participants enrolled in the 

SPIROMICS bronchoscopy sub-study. Data are presented as median with box indicating 25th 

and 75th percentiles, whiskers indicating extrema, and with P values calculated by non-

parametric Kruskal-Wallis test.  

 

Supplemental Figure 2. BALF iron parameters in an independent validation cohort. 

(A-E) BALF ferritin (ng/mL) and iron (mg/L) measured in an independent Weill Cornell cohort 

[never-smokers (n=20), ever-smokers with normal lung function (n=21) and ever-smokers with 

COPD (n=18)]. (B, E) BALF ferritin and iron was measured in current smokers with (n=20) and 

without COPD (n=20). (C) In this independent validation cohort, BALF ferritin strongly correlated 

with BALF iron levels (n=59).  Data (A-B, D-E) are presented as median with box indicating 25th 

and 75th percentiles, whiskers indicating extrema, and with P values calculated by non-

parametric Kruskal-Wallis test. Linear associations (C) were tested with Pearson’s correlation 

coefficient.  

 

Supplemental Figure 3. Plasma ferritin levels in the overall SPIROMICS cohort coincided 

with results from the bronchoscopy sub-study. (A) Plasma ferritin levels in the overall 

SPIROMICS cohort were previously measured using a Luminex-based multiplex assay system 2 

in non-smokers (n=143, red), smokers (n=495, green) and COPD patients (n=1056, blue). (B) 

Plasma ferritin levels in the overall SPIROMICS cohort in smokers without (n=234) and with 

COPD (n=341). Data (A-B) are presented as median with box indicating 25th and 75th 

percentiles, whiskers indicating extrema, and with P values calculated by non-parametric 

Kruskal-Wallis test.  
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Supplemental Figure 4. Plasma ferritin levels in the overall SPIROMICS cohort coincided 

with results from the bronchoscopy sub-study. (A) Hemoglobin (g/dL) and (B) CRP (µg/mL) 

levels in non-smokers (n=143/143, red), smokers (n=490/495, green) and COPD patients 

(n=1049/1056, blue) previously measured using a Luminex-based multiplex assay system were 

tested with a linear model on the log-transformed markers and accounting for batch and site 

effects. B denotes adjusted increase in log-10 ferritin associated with unit increase in log-10 

marker. 

 

Supplemental Figure 5. Plasma ferritin is not associated with lung function.  

Plasma ferritin and association with post-bronchodilator FEV1 in non-smokers (n=143, red), 

smokers (n=495, green) and COPD patients (n=1056, blue). Linear association was tested, 

adjusting for age, sex, smoking status and study site. 

 

Supplemental Figure 6. Higher BALF ferritin levels are associated with lower lung 

function. (A-B) Correlation between BALF ferritin (ng/mL), BALF iron (mg/L), and plasma 

ferritin (ng/mL) in never-smokers (n=25 for BALF ferritin and iron, 20 for plasma ferritin, red), 

ever-smokers without COPD (n=86 for BALF ferritin and iron, 44 for plasma ferritin green) and 

ever-smokers with COPD (n=84 for BALF ferritin, 83 for BALF iron, 55 for plasma ferritin, blue) 

and functional small airway disease or emphysema by parametric response mapping (PRMFSAD
 

and PRMEMPH, respectively). Linear associations (A-B) were tested, adjusting for age, sex, 

smoking status and study site. !" denotes adjusted increase in log-10 ferritin/iron associated with 

unit increase in log-10 marker. 
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Supplemental Table 1. Patients enrolled in the Weill Cornell Medical College Validation 
Cohort 
 

 
Validation 

Cohort 
(n = 59) 

  
Age (y) median [25th-75th percentile] 50 [41 - 55] 
Sex N (%) 

 

    Male 40 (67.8%) 
Smoking Status at baseline N (%) 

 

    Current Non-Smoker 24 (40.7%) 
    Current Smoker 35 (59.3%) 
GOLD Stage N (%) 

 

    1 12 (20.3%) 
    2 2 (3.4%) 
    3 4 (6.8%) 
    No COPD 41 (59.5%) 
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Supplemental Table 2. Iron parameters and clinical characteristics within subgroups 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 
 
 

 

ALL Groups 
Adjusted for age, sex, smoking 

status and clinical site 

Smokers + COPD Groups  
Adjusted for age, sex, smoking 

status and clinical site 
!"  (CI) P-value* !"  (CI) P-value* 

 
FEV1 % Predicted 
 

BALF Ferritin  
-7.30  

(-13.10, -1.50) 
 

0.01 
-7.53  

(-14.11, -0.94) 
 

0.02 

BALF Iron  
-4.45  

(-16.87,7.97) 
 

0.48 
-5.28  

(-19.41,8.85) 
 

0.46 

Plasma Ferritin  
2.18  

(-6.86,11.22) 
 

0.63 
4.45  

(-6.60,15.51) 
 

0.42 

 
Radiographic small airway disease (PRMFSAD) 
 

BALF Ferritin  
0.97  

(-2.70,4.64) 
 

0.60 
 

-0.48  
(-4.65,3.69) 

 
0.82 

BALF Iron 
2.31  

(-5.44,10.06) 
 

0.55 
1.86  

(-6.80,10.52) 
 

0.67 

Plasma Ferritin  
-2.69  

(-8.30,2.91) 
 

0.34 
-3.86  

(-10.57,2.85) 
 

0.25 

 
Radiographic Emphysema (PRMEMPH) 

 
 

BALF Ferritin  
 

1.13  
(-0.17,2.43) 

 

0.09 
 

-0.04  
(-0.42,0.35) 

 

0.84 
 

 
BALF Iron 

 

1.78  
(-0.98,4.54) 

 

0.20 
 

-0.06  
(-0.93,0.81) 

 

0.89 
 

 
Plasma Ferritin  

 

-0.79  
(-2.35,0.77) 

 

0.31 
 

-0.45  
(-1.02,0.11) 

 

0.11 
 

*Pairwise contrasts of strata using Tukey’s range test (unadjusted and adjusted) 
Abbreviations: BALF; Bronchoalveolar Lavage Fluid;	!"=estimated change log10 ferritin or iron 
with a one unit increase in clinical characteristic, CI=95% confidence interval 
 



Zhang et al.   

 9 

Supplemental Table 3. Zero inflated negative binomial models for Iron markers in BALF 
and plasma. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Unadjusted Adjusted* 

  
Rate Ratio (CI) P-value Rate Ratio (CI) P-

value 
     

BALF Ferritin+  1.24 (1.05,1.47) 0.01 1.23 (0.99,1.53) 0.06 

BALF Ferritin+ 
(After bronchoscopy only) 

1.13 (0.96,1.35) 0.15 1.11 (0.88,1.40) 0.40 

 
    

BALF Iron+ 
 

1.97 (1.36, 2.85) <0.001 1.98 (1.33,3.93) <0.001 

BALF Iron+ 
(After bronchoscopy only) 

1.77 (1.22, 2.57) 0.003 1.81 (1.18,2.76) 0.006 

     
Plasma Ferritin+  
Bronchoscopy sub-study 
 

1.01 (0.69, 1.48) 0.95 1.21 (0.81,1.83) 0.35 

Plasma Ferritin+ 
(After bronchoscopy only) 

0.85 (0.53, 1.35) 0.49 0.91 (0.55,1.50) 0.71 

     
Plasma Ferritin+   
Overall cohort 

0.96 (0.91, 1.02) 0.21 1.00 (0.94, 1.06) 0.98 

     
Plasma Ferritin Overall 
Cohort + 
(After bronchoscopy only) 

0.83 (0.52, 1.32) 0.42 0.89 (0.54, 1.46) 0.65 

+2-fold increase; *Adjusted models using smoking status, sex, age as coefficients; CI: 95% confidence 
interval 
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