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Methods 

The Copenhagen General Population Study was initiated in 2003 with ongoing recruitment. Using the 

national Danish Civil Registration System, individuals aged 20–100 years were randomly selected to 

reflect the general population. At study attendance, participants filled out an extensive questionnaire, 

performed spirometry, were physically examined, and had blood drawn for biochemical tests and DNA 

analyses 

Respiratory symptoms 

All respiratory symptoms were self-reported. Dyspnoea was defined according to the Modified Medical 

Research Council dyspnea scale as equal to or above two. Sputum (>3 months) was sputum production 

for at least 3 consecutive months/year. Wheezing was defined according to the question: “Do you 

occasionally experience whistling or wheezing while breathing?” 

 

Covariates 

Measured weight (kg) and height (m) were used to calculate body mass index (kg/m
2
). Education was 

dichotomized and low education was less than three years of education following the 7-9 years of 

Danish mandatory primary school. Smoking was self-reported and participants were grouped as never, 

former, or current smokers according to the questions “Do you smoke?” and “Have you previously 

smoked?”. Low physical activity was defined as being physical active for 4 hours or less per week 

during leisure time. Individuals with asthma was asked when they were diagnosed with asthma and this 

information was used to define childhood asthma. 



Information on diagnoses of rheumatoid arteritis, diabetes mellitus, and ischemic heart disease at 

baseline were obtained by linking information from the Copenhagen General Population Study to the 

national Danish Patient Registry using the World Health Organization International Classification of 

Diseases (rheumatoid arteritis: ICD8: 712.1, 712.2, 712.3 and ICD10: M05-M06, diabetes mellitus: 

ICD8: 250 and ICD10: E11, E13, and E14, ischemic heart disease: ICD8: 410-414 and ICD10: I20-

I25). In addition, diabetes mellitus was defined as self-reported disease, having a non-fasting blood 

glucose>11 mmol/L, or with use of anti-diabetic medication. Information on cancer prior to baseline 

was drawn from the national Danish Cancer Registry, which contains data on the incidence of cancer in 

the Danish population from 1943.  

Information on inhaled medication was drawn from the Danish Registry of Medicinal Product 

Statistics, which records information on all prescriptions dispensed in Danish pharmacies. From here 

we obtained information on inhaled medications dispensed in the year prior to baseline (see 

supplementary table S1).  

 

Statistical analyses 

To evaluate cumulative incidence of asthma hospitalizations, we used Kaplan-Meier curves and log-

rank trend test. To test if plasma complement C3 was associated with asthma hospitalizations, we used 

Cox proportional hazards regression models to obtain multivariable adjusted hazard ratios (HR) with 

95% confidence intervals (CI) as a function of complement C3 in tertiles. For Cox regression models, 

proportionality over time was assessed by plotting -ln(-ln(survival)) vs. ln(analysis time) with no sign 

of non-proportionality. Furthermore, we performed multivariable adjusted, restricted cubic spline Cox 



regression for graphical representation using plasma complement C3 and three knots[1]. For this 

purpose, we used percentiles of plasma complement C3. Analyses were multivariable adjusted for age, 

sex, education, plasma C-reactive protein, body mass index, smoking status, and physical activity. 

Individuals hospitalized due to asthma before the day of plasma complement C3 measurement 

(n=2710) were excluded from the prospective, observational analyses.  

To test whether the three plasma complement C3 determining genotypes were associated with plasma 

complement C3 concentration, we used Cuzick’s non-parametic test for trend. Cox regression models 

were adjusted only for age and sex with entry at date of birth or 1977 (start of the Danish Patient 

Registry), that is, with delayed entry for those born before 1977, as genotypes are present at birth and 

therefore precede all events. In supplementary cross-sectional analyses, we used logistic regression 

models to test whether high plasma complement C3 and C3 determining genotypes were associated 

with allergic asthma. In these analyses, only individuals without chronic airway disease were included 

as controls (n=81 957) and analyses were adjusted for the same confounders as in observational 

regression analyses.  

To test whether plasma complement C3 levels were associated with respiratory symptoms, we used 

Cuzick’s non-parametric trend test and multivariable-adjusted logistic regression. Multivariable 

adjustment was for age, sex, education, plasma C-reactive protein, body mass index, smoking status, 

low physical activity, and FEV1 in percent of the predicted value.  

For risk of asthma exacerbations, we calculated multivariable adjusted incidence rate ratios (IRRs) with 

95% CI in a negative binomial regression model assessing the risk of exacerbations according to 

tertiles of plasma complement C3 and genetic variants in a model including all exacerbations during 



follow-up. The analysis was adjusted for age, sex, education, plasma C-reactive protein, body mass 

index, smoking status, physical activity, and FEV1 in percent of the predicted value while genetic 

analyses were adjusted only for sex and age. In sensitivity analyses, we calculated age and sex adjusted 

incidence rate ratios (IRRs) with 95% CI in a negative binomial regression model assessing risk of 

asthma exacerbations in individuals with allergic asthma according to plasma complement C3 

genotype. Only exacerbations from the day of study attendance until end of follow-up were included.  
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Supplementary table S1. Table of characteristics in the Copenhagen General Population Study including genetic data.  

 Plasma complement C3 tertile   Complement C3 genetics 

     

 First Second Third   C3 

rs448260 

CFH 

rs1065589  
SKIV2L 

rs429608 

    P for 

trend 

 P for trend P for trend P for trend 

Plasma complement C3, g/L <1.03 1.03 – 1.19 >1.19      

No. of individuals 35 460 32 308 33 261      

Age, years 56 (47-66) 58 (49-68) 59 (49-68) 4∙10
-85

  0.65 0.55 0.10 

Sex, male 15 519 (44) 15 582 (48) 14 347 (43) 0.16  0.83 0.85 0.06 

Low level of education 16 269 (46) 17 878 (55) 21 431 (64) 4∙10
-300

  0.27 0.76 0.08 

         

FEV1 %  100 (90-109) 97 (87-106) 93 (83-103) 1∙10
-300

  0.62 0.12 0.22 

         

Smoking status    3∙10
-19

  0.22 0.74 0.04
NS

 

  Never 15 666 (44) 13 216 (41) 13 296 (40)      

  Current 5818 (16) 5899 (18) 6212 (19)      

  Former 13 976 (40) 13 193 (41) 13 753 (41)      

Pack-years of smoking* 13 (5-25) 17 (7-30) 20 (8-34) 8∙10
-254

  0.67 0.32 0.93 

         

Body mass index, kg/m
2
 24 (22-26) 26 (24-28) 28 (26-31) 1∙10

-300
  0.96 0.06 0.59 

No. of individuals with         

<18.5 kg/m
2
 609 (71) 179 (20) 74 (9)      

18.5 – 24.9 kg/m
2
 23 305 (54) 13 448 (31) 6759 (16)      

25 – 29.9 kg/m
2
 10 329 (26) 14 932 (37) 15 074 (37)      

30 – 39.9 kg/m
2 

1202 (8) 3718 (24) 10 587 (68)      

>40 kg/m
2
 15 (2) 40 (5) 776 (93)      

         

Occupational exposure to dust 

and fumes 

2693 (8) 3404 (11) 4245 (13) 1∙10
-111

  0.13 0.32 0.05 



Familial disposition to asthma 6165 (17) 5584 (17) 6241 (19) 3∙10
-6

  0.18 0.69 0.47 

Asthma, hay fever, or eczema 

during childhood 

5143 (15) 4386 (14) 4358 (13) 9∙10
-8

  0.07 0.01
NS

 0.06 

Low physical activity during 

leisure time 

13 832 (39) 15 418 (48) 19 939 (60) 1∙10
-300

  0.17 0.15 0.04
NS

 

         

C- reactive protein, mg/L 1.1 (0.7-1.4) 1.4 (1.0-2.0) 2.2 (1.4-4.0) 1∙10
-300

  0.65 0.29 0.99 

Fibrinogen, μmol/L 9.5 (8.5-10.8) 10.6 (9.5-12.1) 12.0 (10.5-13.9) 1∙10
-300

  0.60 0.37 0.05 

Leucocytes, ∙10
9
 cells/L 6.6 (5.6-7.6) 7.0 (6.0-8.1) 7.5 (6.5-8.8) 1∙10

-300
  0.27 0.01

NS
 0.81 

Eosinophils, ∙10
9
 cells/L 0.15 (0.10-0.23) 0.16 (0.11-0.25) 0.17 (0.12-0.26) 1∙10

-169
  0.08 0.18 3∙10

-4
 

Neutrophils, ∙10
9
 cells/L  3.8 (3.1-4.6) 4.0 (3.3-4.9) 4.4 (3.6-5.3) 1∙10

-300
  0.99 0.01

NS
 0.60 

IgE, g/L# 21 (4-52) 21 (4-56) 22 (5-63) 6∙10
-9

  0.25 0.57 3∙10
-4

 

         

History of respiratory infections 7180 (20) 7432 (23) 8935 (27) 5∙10
-93 

 0.26 0.33 0.99 

Rheumatoid arthritis 225 (0.7) 264 (0.8) 340 (1.2) 4∙10
-10

  0.38 0.73 0.01
 NS

 

Diabetes mellitus 882 (2) 1085 (3) 2417 (7) 2∙10
-222

  0.74 0.27 0.78 

Ischemic heart disease 1429 (4) 1901 (6) 2435 (7) 3∙10
-77

  0.72 0.25 0.18 

Any cancer 3756 (11) 3492 (11) 3685 (11) 0.04  0.42 0.04
 NS

 0.28 

         

Any inhaled medication 1491 (4) 1824 (6) 2641 (8) 2∙10
-95

  0.11 0.54 0.62 

  

Data are median and interquartile range for continuous variables and number and percentage for categorical variables. FEV1 %: 

Forced expiratory volume in one second in percent of the predicted value. Information on inhaled medications dispensed in the 

year prior to baseline was obtained from the Danish Registry of Medicinal Product Statistics, which records information on all 

prescriptions dispensed in Danish pharmacies.  

*Only in ever-smokers 

#IgE measurements only available in 49 328 individuals 

NS
Not significant after Bonferroni correction for multiple comparisons (required P value < 5∙10

-4
) 

 



 

Supplementary table S2. Table of characteristics in individuals with allergic asthma including genetic data.  

 Plasma complement C3 tertile   Complement C3 genetics 

     

 First Second Third   C3  

rs448260 

CFH rs1065589 SKIV2L 

rs429608 

    P for 

trend 

 P for 

trend 

P for trend P for trend 

Plasma complement C3, g/L <1.06 1.06-1.24 >1.24      

No. of individuals 777 727 744      

Age, years 49 (43-58) 52 (44-63) 54 (44-63) 5∙10
-7

  0.02
NS

 0.68 0.57 

Sex, male 272 (35) 278 (38) 218 (29) 0.02  0.54 0.88 0.40 

Low level of education 290 (37) 353 (49) 422 (57) 3∙10
-14

  0.20 0.52 0.49 

         

FEV1 %  97 (90-105) 95 (86-104) 93 (83-101) 6∙10
-14

  0.19 0.59 0.37 

Smoking status    0.20  0.21 0.30 0.10 

  Never 519 (67) 514 (71) 521 (70)      

  Current 31 (4) 26 (4) 22 (3)      

  Former 227 (29) 187 (26) 201 (27)      

Pack-years of smoking* 3.8 (1.5-6.0) 3.8 (1.4-6.0) 4.0 (1.5-6.1) 0.73  0.53 0.98 0.88 

         

Body mass index, kg/m
2
 24 (22-26) 26 (24-28) 29 (27-33) 2∙10

-138
  0.09 0.96 0.12 

<18.5 kg/m
2
 14 (78) 4 (22) 0 (0)      

18.5 – 24.9 kg/m
2
 499 (56) 276 (31) 110 (13)      

25 – 29.9 kg/m
2
 231 (26) 344 (39) 313 (35)      

30 – 39.9 kg/m
2
 33 (8) 100 (24) 278 (67)      



>40 kg/m
2
 0 (0) 3 (7) 42 (93)      

Occupational exposure to dust 

and fumes 

60 (8) 81 (11) 108 (15) 2∙10
-4

  0.88 0.54 0.98 

Familial disposition to asthma 305 (40) 306 (42) 322 (43) 0.11  0.21 0.85 0.41 

Asthma, hay fever, or eczema 

during childhood 

415 (54) 378 (52) 343 (46) 0.005  0.78 0.75 0.41 

Low physical activity during 

leisure time 

283 (36) 346 (48) 460 (62) 4∙10
-23

  0.60 0.53 0.25 

         

C- reactive protein, mg/L 1.1 (0.6-1.5) 1.5 (1.0-2.0) 2.5 (1.5-4.7) 6∙10
-126

  0.45 0.79 0.57 

Fibrinogen, μmol/L 9.4 (8.3-10.5) 10.3 (9.3-11.8) 12.1 (10.6-13.9) 6∙10
-117

  0.90 0.29 0.54 

Leucocytes, ∙10
9
 cells/L 6.6 (5.7-7.5) 7.0 (6.1-7.9) 7.7 (6.7-9.0) 6∙10

-47
  0.81 0.10 0.88 

Eosinophils, ∙10
9
 cells/L 0.20 (0.13-0.32) 0.22 (0.14-0.33) 0.21 (0.13-0.31) 0.57  0.04

NS
 0.44 0.85 

Neutrophils, ∙10
9
 cells/L 3.7 (3.1-4.5) 3.9 (3.2-4.6) 4.4 (3.7-5.5) 6∙10

-34
  0.45 0.05 0.89 

IgE, g/L# 54 (20-128) 44 (14-121) 53 (18-126) 0.50  0.86 0.26 0.84 

         

History of respiratory infections 309 (40) 320 (44) 393 (53) 3∙10
-7 

 0.43 0.44 0.37 

Asthma diagnosed before age 15 180 (27) 164 (24) 176 (20) 0.002  0.85 0.48 0.39 

Rheumatoid arthritis 5 (0.8) 3 (0.4) 12 (1.3) 0.18  0.45 0.23 0.31 

Diabetes mellitus 9 (1) 14 (2) 52 (6) 5∙10-7  0.11 0.63 0.60 

Ischemic heart disease 15 (2) 27 (4) 47 (5) 3∙10-3  0.79 0.22 0.26 

Any cancer 42 (6) 45 (7) 70 (8) 0.24  0.08 0.16 0.95 

         

Any inhaled medication 345 (44) 376 (42) 362 (49) 2∙10
-6

  0.41 0.04
NS

 0.38 

 

Data are median and interquartile range for continuous variables and number and percentage for categorical variables. FEV1 %: 

Forced expiratory volume in one second in percent of the predicted value. Information on inhaled medications dispensed in the 



year prior to baseline was obtained from the Danish Registry of Medicinal Product Statistics, which records information on all 

prescriptions dispensed in Danish pharmacies. For full information on asthma medications, see Supplementary table S3. 

*Only in ever-smokers 

#IgE measurements only available in 1093 individuals with allergic asthma.  

NS
Not significant after Bonferroni correction for multiple comparisons (required P value < 5∙10

-4
). 



 

Supplementary table S3. Number of participants using asthma medication at baseline and 

corresponding Anatomic Therapeutic Chemical codes in the allergic asthma population 

(N=2248).  

Medication No. of participants 

(%) 

Corresponding ATC codes 

Short-acting β2-agonists 547 (24%) R03AC02, R03AC03, R03CC02, 

R03CC03  

Long- acting β2-agonists 137 (6%) R03AC12, R03AC13, R03CC12, 

R03AC18 

Short-acting anticholinergics 5 (0.2%) R03BB01 

Long-acting anticholinergics 12 (0.5%) R03BB04 

Inhaled corticosteroids 603 (27%) R03BA01, R03BA02, R03BA05, 

R03BA07 

Combination products 403 (18%) R03AK03, R03AK04, R03AK06, 

R03AK07  

Xanthines 8 (0.4%) R03DA04 

Leukotriene receptor antagonists 83 (4%) R03DC03 

Any medication 1083 (48%) Any of the above 

 

Number of participants with use of asthma medication in the year prior to examination. Corresponding 

codes are Anatomic Therapeutic Chemical codes used in the Danish Registry of Medicinal Products 

Statistics.   

ATC: Anatomical Therapeutic Chemical Classification System.            

 

 

 

 

 

 

 

 



 

Supplementary figure S1. Plasma complement C3 concentrations in 101 029 individuals from the 

Copenhagen General Population Study. 

 

IQR: Interquartile range.  

 

 

 

 

 

 

 

 

 

 

 



Supplementary figure S2. Cumulative incidence of asthma hospitalizations as a function of age 

and tertiles of plasma complement C3 concentrations in the Copenhagen General Population 

Study excluding individuals with ischemic heart disease, rheumatoid arteritis, diabetes mellitus, 

cancer, or body mass index ≥ 30 kg/m
2
. 

 

C3; Plasma complement C3 concentration.  

As obesity (body max ≥ 30 kg/m2) has been identified as an independent risk for asthma and asthma 

severity (Peter et al. Obesity and Asthma. J Allergy Clin Immunol. 2018;141(4):1169), it was 

investigated whether the correlation between obesity and plasma complement C3 could explain the 

main finding of a higher risk of exacerbations with higher C3 concentration by excluding individuals 

with BMI>30 kg/m2.  

 



 

Supplementary figure S3. Plasma concentrations of complement C3 and corresponding 

theoretically predicted and observed odds ratios for allergic asthma for rs448260 (C3), rs1065489 

(CFH), and rs429608 (SKIV2L). 

 

Controls were individuals without chronic airway disease. Mean with 95% CIs are given for plasma 

complement C3 (left). Theoretically predicted odds ratios (middle) were calculated using delta mean 

concentrations of plasma complement C3 for each genetic variant and adjusted only for age and sex. 

Observed odds ratios (right) were also only adjusted for age and sex.  

 

  



Supplementary figure S4. Plasma complement C3 concentrations in 2248 individuals with 

allergic asthma. 

 

IQR: Interquartile range 

 

 

 

 

 

 

 

 



Supplementary figure S5. Plasma concentrations of complement C3 and corresponding 

theoretically predicted and observed incidence rate ratios for asthma hospitalization for C3 

rs448260, CFH rs1065489, and SKIV2L rs429608 in allergic asthma. 

 

Mean with 95% CIs are given for plasma complement C3 (left). Theoretically predicted incidence rate 

ratios (middle) were calculated using delta mean concentrations of plasma complement C3 for each 

genetic variant and adjusted only for age and sex. Observed incidence rate ratios (right) were also only 

adjusted for age and sex.  

CI: Confidence interval, IRR: Incidence rate ratio. 

 

 

 

 

 

 


