
Supplements 

METHODS 

Study population  

Among study participants in the BCCS (325 controls and 433 COPD patients) and 

in the BCES (356 COPD patients), subpopulations were included based on the 

availability of induced sputum measurement, sputum culture and blood samples 

for current analyses.  

 

Selection of induced sputum samples 

An a priori decision was made on selecting the first induced sputum sample in 

time for each individual from the repeated sputum measurements, as the total 

number of samples varied between subjects.  

Among COPD patients from whom induced sputum samples of established 

quality were collected during acute exacerbations (n=56), 16 had samples only 

in that phase, while 40 of the patients had sputum samples both in the stable 

phase and during acute exacerbations (paired samples). COPD patients from 

whom induced sputum samples of established quality were collected during 

stable phase (n=255), a total of 40 belonged to the group with paired samples. To 

avoid inter-subject correlation bias, stable samples collected in those 40 patients 

who had paired samples were excluded from the 255 stable samples, generating 

a study sample of 215 stable COPD patients (Table 1). The samples collected 

during acute exacerbation in the 40 patients with paired samples were included 

in the study sample of 56 patients with AECOPD. Thus, the final study population 

used to examine sputum AMP levels according to study categories (controls, 

stable COPD and AECOPD), consisted of 45 controls, 215 COPD patients, and 56 



patients with AECOPD (Table 1). All 40 sputum pairs were used in subgroup 

analyses (comparison between stable COPD and AECOPD) to evaluate results 

generated in the larger patient sample (Table S1). COPD patients included in the 

analyses on sputum hCAP18/LL-37 levels and exacerbation risk are shown in 

Figure S6. 

 

Selection of cultured sputum samples 

A different sample of COPD patients was selected in analyses using sputum 

culture data, this to maximize sample size as culture was not performed on all 

sputum samples. The total number of repeated samples sent to culture was 248 

from stable COPD, and 93 from patients with exacerbations, and when selecting 

the first sample in time and one sample per patient: 163 and 64 respectively 

(Table 1). 7 samples had, in addition to NTHi, growth of either Moraxella 

catarrhalis or Streptococcus pneumoniae, and were subtracted from the NTHi-

positive group. This generated the final number of 44 NTHi-positive and 112 

culture negative samples used in analyses (Table 1). Sputum culture from 

patients with AECOPD and controls were not used in analyses since only 23 out 

of total 45 sputum samples in controls were cultured and 33 out of total 56 

sputum samples in the AECOPD group. 2 controls had NTHi isolates, and 16 

AECOPD samples had pathogenic isolates: Moraxella catarrhalis (n=4), 

Streptococcus pneumoniae (n=6), or NTHi (n=6). 

 

Selection of blood samples 

Plasma hCAP18/LL-37 measurements were only performed on samples drawn 

at baseline and at AECOPD visits. The final study population, in which plasma 



hCAP18/LL-37 levels were measured, consisted of 324 controls, 289 COPD 

patients, and 143 patients with AECOPD (Table 1). 131 COPD patients had blood 

samples from both the stable phase and during AECOPD (paired samples). 

Similar to the strategy for sputum described above, a selection was made to 

avoid inter-subject correlation bias from paired samples: The stable samples 

collected in the 131 COPD patients who had paired samples were not included in 

the stable COPD population (n=289), while their corresponding AECOPD 

samples were included in the study sample of patients with AECOPD (n=143) 

(Table 1). All 131 plasma pairs were used in subgroup analyses (comparison 

between stable COPD and AECOPD) to evaluate results generated in the larger 

patient sample (Table S2). The COPD population and blood samples included in 

the analyses on plasma hCAP18/LL-37 levels and exacerbation risk are shown in 

Figure S6.  

 

Missing values 

Among 433 COPD patients, 30 patients only participated in the baseline visit. 

Reasons for discontinuation included use of oral steroids, lung cancer revealed 

by early CT scans, withdrawal of consent and death before any follow-up visit. 

Samples with undetectable AMP levels by the ELISA method are considered as 

missing values and indicated in tables for respective study sample and study 

category (controls, stable COPD, and AECOPD).  

In analyses on hCAP18/LL-37 levels and exacerbation risk, missing AMP values 

and included subjects are given in Figure S6. As shown in Figure S6, 255 patients 

were eligible for the analyses on sputum, though 26 patients had their sputum 

sampled at a visit that was recorded as their final visit, thus no follow-up time. 



Among these 26 patients, 11 patients had their first sputum collected at the end 

of the study, 7 patients only participated in the baseline visit, 8 patients died 

during follow-up, and 3 patients were excluded at the same visit that sputum 

was collected. Thus 219 patients were included in the analyses on sputum 

hCAP18/LL-37 levels and exacerbation risk.  

 

Blood samples 

2 x 7 mL blood samples were collected in pyrogen-free blood collection tubes 

with ethylenediaminotetraacetic acid (EDTA) and plasma was obtained by 

centrifugation at 4oC at 2500g for 15 minutes within 30 minutes after collection. 

Serum samples were obtained by centrifugation after allowing blood coagulation 

for 30 minutes at room temperature. All samples were aliquoted before storage 

at -80oC.  

 

A liquid chromatography double mass spectrometry (LC-MS/MS) method was 

used on serum, never previously thawed, to measure 25(OH)D. The method 

allowed full distinction between 25(OH)D2 and 25(OH)D3, and total 25(OH)D 

was defined as the sum of 25(OH)D2 and 25(OH)D3. 

 

Sputum culture 

Sputum culture was performed on induced sputum samples at the Department of 

Microbiology, Haukeland University Hospital, Bergen, Norway. Samples from 

clinically stable COPD patients, which were collected at scheduled 6-month visits, 

were used in analyses. Samples from which only isolates of non-typeable 

Haemophilus influenzae (NTHi) were cultured (and no other potential airway 



pathogen) were defined as NTHi-positive, and samples in which no potential 

airway pathogen grew were defined as culture-negative.  

 

Statistical analyses 

Descriptive analyses indicated a skewed distribution of both AMPs and data 

were reported as medians with the corresponding interquartile range (IQR). 

Differences in AMP levels between (1) Controls versus stable COPD, (2) Stable 

COPD versus AECOPD, and (3) NTHi-positive versus negative sputum culture, 

were tested by the non-parametric Mann-Whitney U test except for the paired 

samples in (2), which were tested by the Wilcoxon signed-rank test. Correlations 

were estimated by the Spearman's rank correlation coefficient (Spearman's rho), 

and differences in AMP levels within group variables were tested by the Mann-

Whitney U test (categories ≤2) or the Kruskal-Wallis test (categories ≥2). 

 

Separate linear regression models were built to obtain adjusted effects of 

explanatory variables on hCAP18/LL-37 levels (model 1 as described in the main 

manuscript). Possible effects of NTHi status and inflammatory markers were 

tested in model 2 and 3-6 respectively. This was due to different patient 

populations in model 1 and 2 (since only a subgroup of patients had available 

sputum culture), and since inflammatory markers were both inversely and 

positively correlated to each other reflecting shared inflammatory pathways. A 

categorized TNF-α variable was used due to non-linear relationship with the 

outcome variable in explorative analyses. Anti-logged coefficients from these 

models can be interpreted as a relative change in the geometric mean of 



hCAP18/LL-37 levels in response to one unit increase in the corresponding 

covariate.  

In Cox regression analyses, adjustment factors (age, sex, smoking habits, number 

of exacerbations the last year before study inclusion, use of inhaled steroids, and 

FEV1) were selected based on previously shown associations between the 

variables and acute exacerbations of COPD. The time from collection of first 

sputum or baseline plasma, to first exacerbation was used as the measure of 

event-free time. Patients without exacerbations were censored at the time point 

of last study visit. A test for linear trend in the categorized hCAP18/LL-37 

variable was performed by incorporating the variable as a continuous variable 

(P-trend). 

 

RESULTS 

 

AMP levels in controls (Table S3) 

In controls, sputum neutrophils (%) was not associated with hCAP18/LL-37 

levels, which may be due to the observed low neutrophils (%) in their sputum 

samples. The only significant associations found in controls, were positive 

correlations between SLPI and the inflammatory markers IL-6 and IL-8 (r=0.30, 

p=0.05, r=0.33, p=0.03). Due to few ex-smokers (n=7) and individuals in high age 

category (n=5), associations found in COPD could not be validated in 45 controls 

with available sputum samples. Current smoking was associated with lower 

plasma hCAP18/LL-37 levels, no other associations between plasma 

hCAP18/LL-37 and investigated baseline covariates were found. 
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Figure S1. Correlation between sputum SLPI and hCAP18/LL-37 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

Figure S2. Correlation between sputum hCAP18/LL-37 and neutrophils (%) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
Figure S3. Correlation between sputum SLPI and neutrophils (%) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

Figure S4. Correlation between sputum hCAP18/LL-37 and IL-8 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
Figure S5. Correlation between sputum SLPI and IL-6 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 

Figure S6. Flowchart of the COPD population/ samples included in analyses on 
hCAP18/LL-37 levels and exacerbation risk 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 
 

Table S1. Sputum AMP levels, median (IQR), by patient characteristics and their correlation with inflammatory markers in COPD 
patients with paired samples 

 Sputum hCAP18/LL-37 (ng/mL)  Sputum SLPI (ng/mL)  

 Stable COPD p* AECOPD p*  Stable COPD p* AECOPD p* 
Subjects, n 40  40   40  40  

Non-missing values AMPs, n 39  39   40  40  

Median (IQR) 51 (17-132)  172 (61-382) <0.001  5518 (2965-7301)  2600 (1098-3804) <0.001 

Sex  0.001  0.17   0.3  0.91 

  Women 18 (10-41)  120 (38-313)   4285 (2805-6835)  2669 (1365-3620)  

  Men 96 (53-143)  230 (73-430)   6060 (3509-9425)  2814 (1079-4130)  

Age, categories  0.15  0.07   0.85  0.10 

  40-54 13 (12-123)  177 (68-266)   3935 (2423-7560)  3589 (2580-5000)  

  55-64 39 (17-87)  97 (51-319)   5376 (3419-6835)  3306 (1415-4185)  

  65+ 87 (59-174)  302 (186-645)   6070 (2015-10628)  1453 (908-3009)  

Smoking  0.20  0.04   0.47  0.16 

  Ex 69 (25-205)  266 (93-645)   4975 (3125-10435)  1600 (1030-3221)  

  Current 48 (12-96)  108 (33-230)   5660 (2369-6500)  3284 (2234-4130)  

GOLD 2007 stage  0.001  0.25   0.76  0.95 

  II 26 (11-69)  93 (51-319)   5660 (3419-7000)  2669 (1079-3987)  

  III 114 (51-251)  181 (120-364)   4470 (2522-9425)  2814 (1365-4130)  

  IV 143 (100-886)  333 (232-415)   7042 (231 -18275)  2313 (1033-3759)  

Sputum neutrophils, %  0.04  0.01   0.43  0.22 

0-59.99 19 (11-61)  62 (51-73)   8263 (5468-14095)  3056 (368-5744)  

60-79.99 11 (9-51)  61 (33-95)   4913 (2939-5903)  3474 (2575-4786)  

80-89.99 73 (26-143)  165 (44-607)   5663 (2423-7042)  2617 (1800-3284)  

90-100 141 (69-251)  291 (169-590)   7070 (2522-10435)  1377 (643-4130)  

Exacerbation frequency§  0.4  0.27   0.3  0.21 

  0-1 49 (12-132)  128 (67-313)   5283 (2422-7000)  3029 (1117-4240)  

  2+ 61 (41-100)  248 (143-645)   6248 (3509-10820)  1664 (908-3329)  
Use of inhaled and/or peroral 
steroids  0.74  0.23   0.36  0.45 

  No 77 (37-123)  53 (33-437)   5740 (2162-6400)  1919 (696-3284)  

  Yes 50 (13-132)  181 (68-364)   5376 (3125-9525)  2600 (1365-3987)  

Hospitalization for AECOPD    0.33     <0.01 

 No   176 (56-364)     3029 (1453-4185)  

 Yes    379 (121-849)      343 (218-532)  

Correlations between sputum AMPs and continuous variables by Spearman's rho, r 

 r p r p  r p r p 
FEV1 (% predicted) -0.53 <0.001 -0.36 0.03  0.07 0.67 0.03 0.87 

Sputum hCAP18/LL-37 (ng/mL) 1  1   -0.002 0.99 -0.53 <0.001 

Plasma hCAP18/LL-37 (ng/mL)# -0.26 0.26 0.22 0.18  -0.14 0.57 -0.31 0.06 

Sputum inflammatory markers          

  IL-6 (pg/mL) 0.47 <0.01 -0.16 0.35  0.36 0.03 0.45 <0.01 

  IL-8 (pg/mL) 0.72 <0.001 0.36 0.03  0.23 0.16 -0.12 0.48 

  TNF-α (pg/mL) 0.04 0.83 0.32 0.05  -0.04 0.85 -0.22 0.17 

  Neutrophils, % 0.51 <0.01 0.55 <0.001  0.01 0.95 -0.44 <0.01 

*Differences within groups were tested by non-parametric Mann-Whitney U and Kruskal-Wallis tests. Differences between groups were tested by Wilcoxon signed-rank 
test for paired samples. §Number of exacerbations the year before inclusion.  #Sputum and plasma samples were available at the same timepoint in 20 stable COPD and 39 
patients with AECOPD 



 
 
 

Table S2. Plasma hCAP18/LL-37 levels, median (IQR), by patient characteristics in COPD patients with unpaired respective 
paired samples 

 Plasma hCAP18/LL-37 (ng/mL) 

 Unpaired samples  Paired samples  

 Stable COPD p* AECOPD p* Stable COPD p* AECOPD p* 
Subjects, n 289  143  131  131  
Non-missing values in 
AMP, n 274  143  131  131  
Median (IQR) 173 (111-380)  264 (124-413) 0.02 170 (116-374)  264 (122-403) 0.01 
Sex  0.28  0.59  0.93  0.63 
  Women 167 (110-306)  264 (124-402)  169 (122-377)  264 (122-391)  
  Men 183 (111-419)  271 (124-417)  173 (113-364)  271 (124-403)  
Age, categories  0.05  0.05  0.15  0.05 
  40-54 176 (126-384)  449 (234-670)  239 (172-485)  449 (234-670)  
  55-64 211 (121-405)  263 (129-369)  170 (120-361)  263 (136-363)  
  65+ 141 (92-361)  249 (122-403)  158 (102-364)  225 (116-402)  
Smoking  0.71  0.18  0.24  0.38 
  Ex 173 (117-355)  299 (135-442)  168 (108-353)  301 (124-442)  
  Current 172 (108-398)  239 (122-375)  196 (128-435)  249 (122-375)  
GOLD 2007 stage  0.23  0.49  0.29  0.62 
  II 187 (125-380)  274 (146-491)  205 (128-417)  275 (146-491)  
  III 153 (91-396)  263 (109-391)  170 (108-377)  264 (109-401)  
  IV 139 (97-257)  253 (106-549)  145 (96-299)  202 (98-614)  
Sputum neutrophils

a
, %  0.40  0.23  0.45  0.50 

0-59.99 536 (436-611)  413 (290-900)  550 (437-614)  595 (290-900)  
60-79.99 404 (371-514)  236 (136-299)  435 (288-512)  210 (136-339)  
80-89.99 499 (390-650)  213 (131-700)  353 (205-659)  213 (131-700)  
90-100 415 (341-481)  317 (174-432)  593 (513-705)  317 (144-432)  
Exacerbation frequency

§
  0.17  0.78  0.81  0.9 

  0-1 167 (111-371)  264 (125-413)  170 (116-364)  264 (125-401)  
  2+ 248 (113-432)  262 (112-420)  185 (118-415)  262 (111-448)  
Use of inhaled and/or 
peroral steroids  0.32  0.17  0.71  0.18 
  No 183 (127-404)  200 (98-272)  178 (125-299)  200 (98-272)  
  Yes 168 (105-374)  273 (131-425)  169 (115-377)  274 (130-425)  
Hospitalization for 
AECOPD    0.72    0.91 
 No   271 (124-432)    271 (122-417)  
 Yes   239 (136-391)    235 (136-391)  

Correlations between sputum AMPs, lung function and plasma hCAP18/LL-37 by Spearman's rho, r 

 r p r p r p r p 
FEV1 (% predicted) 0.10 0.10 0.20 0.04 0.18 0.04 0.21 0.05 
Sputum LL-37 (ng/mL)

a
 -0.06 0.60 0.23 0.13 -0.16 0.37 0.23 0.15 

Sputum SLPI (ng/mL)
a
 -0.21 0.06 -0.08 0.60 -0.05 0.76 0.00 0.99 

a
Unpaired samples: 72 patients had sputum hCAP18/LL-37, 80 had sputum SLPI and 61 had sputum neutrophils measured at timepoint for 

plasma sampling, whereas 46 patients had both plasma and sputum available during AECOPD. Paired samples: 34 patients had sputum 
hCAP18/LL-37, 37 had sputum SLPI and 26 had sputum neutrophils measured at timepoint for plasma sampling, whereas 40 patients had 
both plasma and sputum available during AECOPD. *Differences within groups were tested by non-parametric Mann-Whitney U and 
Kruskal-Wallis tests. Differences between groups were tested by Wilcoxon signed-rank test for paired samples.         
          



 

 
 
 
 
 
 
 
 
 
 
 

Table S3. Levels of antimicrobial peptides, median (IQR), in controls by population characteristics and inflammatory markers 

 hCAP18/LL-37 (ng/mL)  SLPI (ng/mL) 

 Plasma p* Sputum p*  Sputum p* 

Subjects, n 324  45   45  

Non-missing values in AMPs, n 316  34   45  

Median (IQR) 133 (92-173)  27 (17-58)   3273 (1928-6215)  

Sex  0.35  0.94   0.74 

  Women 129 (93-161)  30 (12-78)   2926 (1443-6720)  

  Men 135 (91-184)  25 (17-55)   3342 (2143-6000)  

Age, categories  0.20  0.27   0.39 

  40-54 129 (88-167)  21 (16-37)   3576 (2331-6174)  

  55-64 134 (92-174)  43 (27-78)   1999 (1233-6785)  

  65+ 144 (109-178)  35 (18-52)   3325 (2143-5815)  

Smoking  <0.01  0.10   0.56 

  Never 159 (115-215)       

  Ex 140 (115-185)  52 (21-78)   2625 (1384-7000)  

  Current 125 (88-154)  24 (16-36)   3343 (2103-6215)  

Sputum neutrophils, %    0.74   0.39 

  0-59.99 No observations
§
  29 (18-62)   2630 (1883-6038)  

  60-79.99 No observations
§
  21 (16-52)   3698 (2331-7163)  

  80-89.99 No observations
§
  25 (22-53)   3308 (2355-6921)  

  90-100 No observations
§
  No observations    No observations  

Correlations between sputum AMPs inflammatory markers and plasma hCAP18/LL-37 by Spearman's rho, r 

 r  r p  r p 

FEV1 (% predicted) -0.06 0.27 -0.16 0.35  0.05 0.72 

Sputum hCAP18/LL-37 (ng/mL) No observations
§
  1   -0.26 0.13 

Sputum inflammatory markers        

  IL-6 (pg/mL) No observations
§
  -0.13 0.46  0.30 0.05 

  IL-8 (pg/mL) No observations
§
  0.30 0.10  0.33 0.03 

  TNF-α (pg/mL) No observations
§
  0.01 0.94  0.17 0.28 

  Neutrophils, % No observations
§
  -0.06 0.73  0.17 0.27 

*Differences were tested by non-parametric Mann-Whitney U-test and Kruskal-Wallis tests.
 §

No sputum were available in controls at 
baseline when plasma hCAP18/LL-37 was collected. 


