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Individual Study Information 

 

This section describes each study and provides details about measurements and genotyping.  All participants gave informed consent 

and study protocols were approved by local Research Ethics Committees and Institutional Review Boards.  

 

COPDGene 

COPDGene is a multicenter observational study which primarily consists of smokers with and without COPD1. Subjects in 

COPDGene have at least 10 pack-years of smoking (except for a smaller group of nonsmoking controls, who were excluded from the 

analyses in this manuscript).  Illumina (San Diego, CA) performed genotyping on the HumanOmniExpress array. Genotyping at the Z 

and S alleles was performed in all subjects. Subjects with severe alpha-1 antitrypsin deficiency were excluded. Imputation was 

performed the Michigan Imputation Server to the Haplotype Resource Consortium2 and 1000 Genomes Phase I v3 Cosmopolitan 

reference panels, for whites and African Americans, respectively.  Variants with an r2 value of ≤ 0.3 were removed. Family history 

was obtained by questionnaire, asking as separate questions, whether there was a paternal family history of COPD, chronic bronchitis, 

or emphysema, and again for maternal family history (6 questions total). 

 

ECLIPSE 

The Evaluation of COPD Longitudinally to Identify Predictive Surrogate End-points (ECLIPSE) study was a case-control study of 

smokers with ≥ 10 pack years of smoking history, aged 40-75 years, and without other respiratory diseases.3 Genotyping was 

performed using the Illumina HumanHap 550 V3 (Illumina, San Diego, CA). Subjects and markers with a call rate of < 95% were 

excluded. Imputation was performed using the Michigan Imputation Server and Haplotype Resource Consortium2 reference panel. 

Family history was obtained by the American Thoracic Society Division of Lung Disease questionnaire (ATS-DLD-78A), which 

asked about a paternal or maternal family history of chronic bronchitis or emphysema (4 questions total). 
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Supplementary Tables 

 

Table S1: Unadjusted odds ratios for the association of family history and PRS with moderate-to-severe COPD in each cohort. 

 

 

              

  COPDGene NHW COPDGene AA ECLIPSE 

Variable OR (95% CI)  p  OR (95% CI)  p  OR (95% CI)  p  

Family history 1.58 (1.4 - 1.78) 1.10E-13 1.68 (1.35 - 2.09) 2.80E-06 1.36 (0.95 - 1.93) 0.092 

PRS 1.94 (1.82 - 2.07) 3.70E-90 1.41 (1.29 - 1.54) 3.60E-15 2 (1.66 - 2.4) 2.10E-13 
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Table S2: Associations of family history and PRS in three logistic regression models of moderate-to-severe COPD: Model 1 (COPD ~ 

Family history + age + pack years + sex); Model 2 (COPD ~ PRS + age + pack years + sex); Model 3 (COPD ~ family history + PRS 

+ age + pack years + sex).  Bonferroni-adjusted level of significance is 0.05/3 models = 0.017. The PRS was dichotomized (top vs 

bottom two tertiles). 

 

 

       

  COPDGene NHW 

  Model 1    Model 2    Model 3    

Variable OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Family history 1.77 (1.55 - 2.03) 4.30E-17 NA NA 1.67 (1.45 - 1.92) 5.10E-13 

PRS NA NA 3.45 (3 - 3.98) 7.30E-66 3.39 (2.94 - 3.91) 3.10E-63 

  COPDGene AA 

  Model 1    Model 2    Model 3    

  OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Family history 1.71 (1.35 - 2.17) 9.50E-06 NA NA 1.74 (1.37 - 2.21) 7.00E-06 

PRS NA NA 1.8 (1.5 - 2.17) 6.40E-10 1.81 (1.5 - 2.18) 6.70E-10 

  ECLIPSE 

  Model 1    Model 2    Model 3    

  OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Family history 1.33 (0.91 - 1.94) 0.14 NA NA 1.71 (1.15 - 2.54) 0.0082 

PRS NA NA 3.06 (1.89 - 4.94) 4.90E-06 3.05 (1.89 - 4.94) 5.50E-06 
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Table S3:  Participants who reported not knowing their family history for COPD were excluded from analyses, and revised 

demographics are shown below. 

 

              

 COPDGene NHW COPDGene AA ECLIPSE 

  Controls Cases Controls Cases Controls Cases 

n 1998 2080 1175 487 147 1713 

Age in years (mean (SD)) 59.76 (8.76) 64.63 (8.13) 53.13 (6.12) 59.72 (8.21) 

57.32 

(9.55) 63.64 (7.10) 

Sex (No. female, (%))  1049 (52.5) 940 (45.2) 508 (43.2) 233 (47.8) 63 (42.9) 563 (32.9) 

BMI (kg/m^2) (mean (SD)) 28.77 (5.70) 27.90 (6.05) 29.24 (6.26) 27.92 (6.84) 

27.34 

(4.17) 26.53 (5.54) 

Current Smoking (No. (%))  768 (38.4) 710 (34.1) 1018 (86.6) 276 (56.7) 46 (37.7) 475 (35.4) 

Pack-years cigarette smoking (mean (SD)) 38.01 (20.50) 55.83 (27.16) 36.56 (19.89) 42.82 (23.00) 

31.01 

(25.94) 50.50 (27.47) 

SGRQ Total Score (mean (sd)) (mean (SD)) 16.25 (16.55) 40.52 (21.09) 23.08 (20.00) 45.02 (23.27) 

9.45 

(13.11) 50.91 (19.89) 

6-minute walk distance (ft) (mean (SD)) 
1573.42 
(326.40) 

1216.65 
(384.36) 

1362.30 
(355.35) 

1022.49 
(395.50) NA 

1084.17 
(355.24) 

BODE (mean (SD)) 0.34 (0.77) 2.92 (2.05) 0.74 (1.08) 3.16 (2.08) NA 3.26 (2.13) 

Frequent Exacerbations (No (%) > 1 per year) 37 (2.5) 181 (15.0) 30 (4.7) 34 (13.9) 0 (0.0) 775 (45.7) 

Severe Exacerbations (No. (%)) 50 (3.4) 230 (19.1) 52 (8.1) 63 (25.7) 0 (0.0) 542 (31.6) 

FEV1 % predicted (mean (SD)) 95.21 (12.96) 48.96 (17.93) 96.32 (14.68) 50.89 (18.25) 

108.87 

(12.28) 47.11 (15.47) 

FEV1/FVC ratio (mean (SD)) 0.77 (0.06) 0.48 (0.13) 0.79 (0.06) 0.52 (0.12) 0.80 (0.05) 0.44 (0.11) 

Combined FEV1 and FEV1/FVC PRS (mean (sd)) (mean 

(SD)) -0.26 (0.97) 0.25 (0.96) -0.07 (0.99) 0.20 (1.03) -0.60 (0.98) 0.05 (0.98) 

Family history of COPD, chronic bronchitis, or 

emphysema  710 (35.5) 991 (47.6) 247 (21.0) 145 (29.8) 51 (34.7) 717 (41.9) 
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Table S4: Participants who reported not knowing their family history for COPD were excluded from analyses, and shown are the 

associations of family history and PRS in three logistic regression models of moderate-to-severe COPD: Model 1 (COPD ~ Family 

history + age + pack years + sex); Model 2 (COPD ~ PRS + age + pack years + sex); Model 3 (COPD ~ family history + PRS + age + 

pack years + sex).   

 

              

  COPDGene NHW 

  Model 1    Model 2    Model 3    

Variable OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Family 

history 1.93 (1.67 - 2.23) 4.20E-19 NA NA 1.81 (1.55 - 2.11) 3.50E-14 

PRS NA NA 2.09 (1.93 - 2.26) 9.50E-72 2.07 (1.91 - 2.24) 8.80E-69 

  COPDGene AA 

  Model 1    Model 2    Model 3    

  OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Family 

history 1.91 (1.49 - 2.46) 4.50E-07 NA NA 1.97 (1.52 - 2.55) 2.70E-07 

PRS NA NA 1.47 (1.31 - 1.65) 2.10E-11 1.48 (1.32 - 1.65) 2.10E-11 

  ECLIPSE 

  Model 1    Model 2    Model 3    

  OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Family 

history 1.33 (0.91 - 1.94) 0.14 NA NA 1.69 (1.13 - 2.53) 0.011 

PRS NA NA 2.02 (1.65 - 2.47) 6.70E-12 2.01 (1.64 - 2.45) 8.70E-12 
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Table S5: The definition of family history of COPD in COPDGene was harmonized with ECLIPSE, considering a maternal or paternal 

family history of chronic bronchitis or emphysema to indicate a positive family history of COPD. For COPDGene AA, 351 

individuals had a positive family history of COPD, and for COPDGene NHW 1552 individuals had a positive family history of 

CODP.  Below, the associations of family history and PRS are shown in three logistic regression models of moderate-to-severe 

COPD: Model 1 (COPD ~ Family history + age + pack years + sex); Model 2 (COPD ~ PRS + age + pack years + sex); Model 3 

(COPD ~ family history + PRS + age + pack years + sex).  ECLIPSE analyses were unchanged. 

 

                          

  COPDGene NHW COPDGene AA 

 
Model 1      Model 2      Model 3      Model 1    Model 2    Model 3    

Variable OR (95% 

CI) 

p-

value 

OR (95% 

CI) 

p-

value 

OR (95% 

CI) 

p-

value 

OR (95% 

CI) 

p-

value 

OR (95% 

CI) 

p-

value 

OR (95% 

CI) 

p-

value 

Family 

history 

1.82 (1.59 - 

2.09) 

1.30E-

17 

NA NA 1.7 (1.46 - 

1.96) 

1.40E-

12 

1.64 (1.28 - 

2.1) 

9.30E-

05 

NA NA 1.67 (1.3 - 

2.16) 

7.50E-

05 

PRS NA NA 2.13 (1.98 - 

2.28) 

9.00E-

95 

2.11 (1.96 - 

2.27) 

1.00E-

91 

NA NA 1.5 (1.36 - 

1.64) 

2.50E-

17 

1.5 (1.36 - 

1.65) 

3.10E-

17 
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Table S6:  Measures of population risk for family history and PRS that has been dichotomized (top tertile versus bottom two tertiles). 

Odds ratios are adjusted for age, sex, pack-years of cigarette smoking, and principal components of genetic ancestry. 

 

              

  COPDGene NHW COPDGene AA ECLIPSE 

Measure (point estimate [95% CI]) Family history 

PRS (top tertile 

vs bottom 2 

tertiles) 

Family history 

PRS (top tertile 

vs bottom 2 

tertiles) 

Family history 
PRS (top tertile vs 

bottom 2 tertiles) 

Attributable fraction in the exposed 0.4 (0.31-0.48) 0.7 (0.66-0.74) 0.42 (0.27-0.55) 0.45 (0.33-0.54) 0.41 (0.13-0.61) 0.67 (0.47-0.8) 

Odds ratio 1.7 (1.4-1.8) 3.4 (2.5-3.3) 1.7 (1.3-2.1) 1.8 (1.3-1.9) 1.7 (0.91-2) 3.1 (1.8-4.7) 

Population attributable fraction 0.15 (0.087-0.23) 0.29 (0.21-0.41) 0.087 (0.034-0.18) 0.18 (0.094-0.32) 0.17 (0.024-0.56) 0.23 (0.063-0.73) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Resp Res

 doi: 10.1136/bmjresp-2020-000755:e000755. 7 2020;BMJ Open Resp Res, et al. Moll M



 14 

Table S7:  Association of family history and PRS with outcomes.  All models had form Outcome ~ family history + PRS + age + sex 

+ pack years + C, where C equals any additional covariates listed in the table for a specific outcome.  The PRS was dichotomized (top 

vs. bottom two tertiles). CLE = centrilobular emphysema.  BODE = body-mass, obstructive, dyspnea, exercise capacity index 4. 

SGRQ = St. George Respiratory Questionnaire. % LAA < -950 HU = percent low attenuation area of the lung less than -950 

Hounsfield units. Perc15 = 15th percentile of the lung density histogram on inspiratory scans. Pi10 = square root of wall area of a 

hypothetical airway with an internal perimeter of 10 mm. WA % = mean wall area percent. ** indicates model did not converge as 

certain phenotypes had few numbers of participants. 

 

 
                            

Outcome Covariates  COPDGene NHW COPDGene AA ECLIPSE 

Family 

history (OR 

or beta 

(95% CI)) 

p PRS (OR 

or beta 

(95% CI)) 

p Family 

history (OR 

or beta 

(95% CI)) 

p PRS (OR 

or beta 

(95% CI)) 

p Family 

history (OR 

or beta 

(95% CI)) 

p PRS (OR 

or beta 

(95% CI)) 

p 

6-minute 

walk distance 

height, 

weight 

-27 (-49--

5.4) 

0.015 -64 (-86--

42) 

5.40E-

09 

-37 (-76-2.2) 0.073 -38 (-69--

6.6) 

0.013 -29 (-66-

8.2) 

0.14 -16 (-53-

21) 

0.41 

SGRQ Total 

Score 

 
0.28 (0.22-

0.34) 

2.70E-

17 

0.22 

(0.16-

0.28) 

3.50E-

12 

0.39 (0.26-

0.52) 

4.70E-

09 

0.13 

(0.03-

0.23) 

0.012 3.7 (1.5-5.9) 0.00067 3.1 (0.94-

5.3) 

0.0052 

Frequent 

Exacerbations 

FEV1 % 

predicted, 

current 
smoking 

1.66 (1.26 - 

2.18) 

0.00026 0.77 (0.58 

- 1.03) 

0.075 1.37 (0.82 - 

2.31) 

0.23 1.1 (0.69 - 

1.74) 

0.69 1.19 (0.94 - 

1.52) 

0.15 1.04 (0.82 

- 1.33) 

0.73 

Severe 

Exacerbations 

FEV1 % 

predicted, 

current 

smoking 

1.17 (0.92 - 

1.49) 

0.21 0.9 (0.7 - 

1.15) 

0.39 1.34 (0.89 - 

2.02) 

0.16 1 (0.7 - 

1.43) 

0.99 0.96 (0.75 - 

1.24) 

0.76 1.03 (0.8 - 

1.32) 

0.85 

BODE 
 

0.4 (0.29-

0.51) 

4.50E-

12 

0.61 (0.5-

0.72) 

3.00E-

27 

0.57 (0.39-

0.75) 

1.20E-

09 

0.26 

(0.12-0.4) 

0.00022 0.13 (-

0.086-0.35) 

0.23 0.2 (-

0.016-

0.42) 

0.068 

Dead BODE 1.14 (0.96 - 

1.36) 

0.12 1.31 (1.1 - 

1.54) 

0.0018 1.06 (0.71 - 

1.58) 

0.78 1.3 (0.96 - 

1.76) 

0.095 1.17 (0.94 - 

1.45) 

0.16 1.06 (0.85 

- 1.31) 

0.61 
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% LAA < -

950 HU 

CT 

scanner 

0.38 (0.3-

0.46) 

4.50E-

20 

0.34 

(0.26-

0.42) 

1.40E-

16 

0.32 (0.17-

0.47) 

4.20E-

05 

0.049 (-

0.065-

0.16) 

0.4 0.12 (0.01-

0.23) 

0.026 0.19 (0.08-

0.3) 

0.00082 

Perc15 CT 

scanner 

-6.2 (-7.7--

4.7) 

5.40E-

16 

-5.9 (-7.4-

-4.4) 

1.20E-

14 

-5.9 (-9.2--

2.6) 

0.00037 -1.6 (-4.1-

0.95) 

0.21 -2.6 (-5.5-

0.34) 

0.084 -4.4 (-7.3--

1.5) 

0.0028 

Pi10 CT 

scanner 

0.0093 

(0.0017-

0.017) 

0.016 0.026 

(0.019-

0.033) 

9.10E-

12 

-0.0071 (-

0.022-

0.0074) 

0.34 0.013 

(0.002-

0.024) 

0.021 -7.6e-05 (-

0.018-

0.017) 

0.99 -0.004 (-

0.021-

0.013) 

0.65 

WA % CT 

scanner 

0.37 (0.19-

0.55) 

6.50E-

05 

1.3 (1.1-

1.5) 

1.40E-

42 

0.31 (-0.062-

0.68) 

0.1 0.94 

(0.67-1.2) 

2.60E-

11 

0.18 (-0.25-

0.61) 

0.4 1.2 (0.77-

1.6) 

6.30E-

08 

Paraseptal 

emphysema 

CT 

scanner 

1.59 (1.18 - 

2.14) 

0.0021 2.04 (1.51 

- 2.76) 

3.00E-

06 

1.69 (1.05 - 

2.73) 

0.03 1.27 (0.85 

- 1.9) 

0.25 NA NA NA NA 

Bronchial 

airway 

disease 

CT 

scanner 

1.22 (0.85 - 

1.75) 

0.27 2.49 (1.76 

- 3.52) 

2.90E-

07 

0.77 (0.39 - 

1.5) 

0.44 1.69 (1.04 

- 2.75) 

0.034 NA NA NA NA 

Small airway 

disease 

CT 

scanner 

1.05 (0.7 - 

1.6) 

0.8 2.92 (1.99 

- 4.28) 

4.70E-

08 

1.7 (0.71 - 

4.12) 

0.24 1.01 (0.47 

- 2.16) 

0.99 NA NA NA NA 

Mild CLE CT 

scanner 

1.6 (1.24 - 

2.06) 

0.00032 1.79 (1.38 

- 2.33) 

1.40E-

05 

0.83 (0.48 - 

1.43) 

0.51 1.46 (0.97 

- 2.19) 

0.073 NA NA NA NA 

Upper lobe 

CLE 

CT 

scanner 

2.4 (1.5 - 

3.84) 

0.00028 2.75 (1.68 

- 4.5) 

5.30E-

05 

3.09 (1.01 - 

9.52) 

0.049 1.49 (0.51 

- 4.39) 

0.46 NA NA NA NA 

Lower lobe 

CLE 

CT 

scanner 

7.99 (2.26 - 

28.29) 

0.0013 7.05 (1.9 - 

26.15) 

0.0035 ** ** ** ** NA NA NA NA 

Diffuse CLE CT 

scanner 

2.38 (1.62 - 

3.5) 

1.10E-

05 

3.24 (2.19 

- 4.8) 

4.80E-

09 

0.91 (0.29 - 

2.86) 

0.87 1.02 (0.42 

- 2.46) 

0.97 NA NA NA NA 

Visual 

without 

quantitative 
emphysema 

CT 

scanner 

2.17 (1.42 - 

3.31) 

0.00034 2.78 (1.81 

- 4.25) 

2.60E-

06 

1.28 (0.63 - 

2.63) 

0.5 1.54 (0.82 

- 2.89) 

0.18 NA NA NA NA 

Quantitative 

without 

visual 

emphysema 

CT 

scanner 

1.74 (0.91 - 

3.31) 

0.094 1.71 (0.89 

- 3.3) 

0.11 ** ** ** ** NA NA NA NA 
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Table S8: P-values comparing AUCs of models trained for binary outcomes.  Model 1 (Outcome ~ Family history + covariates); 

Model 2 (Outcome ~ PRS + covariates); Model 3 (Outcome ~ family history + PRS + covariates). “*” indicates p-values less than 

Bonferroni-adjusted levels of significance. 

 

          

cohort outcome P (Model 2 vs Model 1) P (Model 3 vs Model 2) P (Model 3 vs Model 1) 

COPDGene AA Moderate-to-severe COPD 0.00025* 0.12 1e-06* 

COPDGene AA Frequent Exacerbations (>1/year) 0.24 0.25 0.058 

COPDGene AA Severe Exacerbations 0.63 0.15 0.099 

COPDGene AA Vital Status 0.13 0.99 0.13 

COPDGene NHW Moderate-to-severe COPD 8.4e-21* 0.00035* 6.1e-29* 

COPDGene NHW Frequent Exacerbations (>1/year) 0.45 0.021 0.065 

COPDGene NHW Severe Exacerbations 0.51 0.089 0.077 

COPDGene NHW Vital Status 0.093 0.44 0.032 

ECLIPSE Moderate-to-severe COPD 4.1e-06* 0.97 3.3e-06* 

ECLIPSE Vital Status 0.082 0.48 0.03 

ECLIPSE Frequent Exacerbations (>1/year) 0.0042* 0.17 2.7e-05* 

ECLIPSE Severe Exacerbations 0.0028* 0.84 0.0013* 
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Table S9:  Scaled Brier scores5,6 comparing models trained for binary outcomes in each cohort. Model 1 (Outcome ~ Family history + 

covariates); Model 2 (Outcome ~ PRS + covariates); Model 3 (Outcome ~ family history + PRS + covariates). A higher scaled Brier 

score indicates a better model fit and greater variance explained. 

 

 

          

Outcome Cohort Model 1 Model 2 Model 3 

Moderate-to-severe COPD COPDGene AA 0.157 0.181 0.188 

Moderate-to-severe COPD COPDGene NHW 0.185 0.264 0.272 

Moderate-to-severe COPD ECLIPSE 0.148 0.212 0.223 

Frequent Exacerbations (>1/year) COPDGene AA 0.0101 0.0247 0.0299 

Frequent Exacerbations (>1/year) COPDGene NHW 0.0179 0.0138 0.0224 

Frequent Exacerbations (>1/year) ECLIPSE 0.0264 0.0492 0.0537 

Severe Exacerbations COPDGene AA 0.0181 0.0244 0.0289 

Severe Exacerbations COPDGene NHW 0.017 0.0235 0.025 

Severe Exacerbations ECLIPSE 0.00882 0.0211 0.0215 

Dead COPDGene AA 0.061 0.07 0.0703 

Dead COPDGene NHW 0.0738 0.0767 0.0774 

Dead ECLIPSE 0.0507 0.0592 0.0601 
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Table S10: Measures of model fit for continuous outcomes in COPDGene and ECLIPSE, including adjusted R2 and means squared 

error (MSE).  Model 1 (Outcome ~ Family history + covariates); Model 2 (Outcome ~ PRS + covariates); Model 3 (Outcome ~ family 

history + PRS + covariates). A higher adjusted R2 indicates more variance explained, and lower mean squared error indicates a better 

model fit. The PRS was treated as a continuous variable.  Abbreviations are the same as listed in caption for Table S3. AA = “African 

Americans”. NHW = “non-Hispanic whites”. 

 

         

    Adjusted R2 MSE 

cohort outcome Model 1 Model 2  Model 3  Model 1  Model 2  Model 3  

COPDGene AA 6MWD 0.12 0.13 0.13 140000 140000 130000 

COPDGene NHW 6MWD 0.15 0.16 0.16 140000 140000 140000 

ECLIPSE 6MWD 0.025 0.063 0.064 120000 120000 120000 

COPDGene AA BODE 0.14 0.14 0.15 4 4 3.9 

COPDGene NHW BODE 0.13 0.16 0.16 4.9 4.8 4.7 

ECLIPSE BODE 0.00065 0.0069 0.0071 4.5 4.5 4.5 

COPDGene AA % LAA < -950 HU 0.16 0.16 0.17 2.1 2.1 2.1 

COPDGene NHW % LAA < -950 HU 0.18 0.19 0.2 2.1 2.1 2 

ECLIPSE % LAA < -950 HU 0.034 0.047 0.049 1.1 1.1 1.1 

COPDGene AA Perc15 0.16 0.15 0.16 890 890 890 

COPDGene NHW Perc15 0.14 0.15 0.16 690 680 670 

ECLIPSE Perc15 0.061 0.076 0.081 780 760 760 

COPDGene AA Pi10 0.048 0.051 0.051 0.016 0.016 0.016 

COPDGene NHW Pi10 0.051 0.065 0.066 0.016 0.016 0.016 

ECLIPSE Pi10 0.25 0.28 0.28 0.03 0.028 0.028 

COPDGene AA SGRQ 0.08 0.069 0.082 1.3 1.4 1.3 

COPDGene NHW SGRQ 0.11 0.12 0.13 1.1 1.1 1.1 

ECLIPSE SGRQ 0.013 0.03 0.035 480 470 470 

COPDGene AA WA % 0.03 0.056 0.057 11 11 11 

COPDGene NHW WA % 0.048 0.11 0.11 10 9.3 9.3 

ECLIPSE WA % 0.0064 0.063 0.063 17 16 16 
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Table S11: Joint analyses of family history and a low versus high PRS.  A categorical variable was derived comparing each of the 

groups to the reference group of “no family history, low PRS”. Adjusted models included age, sex, pack-years of cigarette smoking, 

and principal components of genetic ancestry. 

 

 

Unadjusted 

  PRS (lowest tertiles) PRS (highest tertile) 

COPDGene AA OR (95% CI)  p  OR (95% CI)  p  

No family history 1 (ref) 0 1.58 (1.31 - 1.91) 

1.70E-

06 

Family history 1.69 (1.29 - 2.22) 0.00017 2.65 (1.86 - 3.77) 
6.20E-

08 

     
COPDGene 

NHW OR (95% CI)  p  OR (95% CI)  p  

No family history 1 (ref) 0 2.7 (2.31 - 3.16) 

8.80E-

36 

Family history 1.47 (1.27 - 1.7) 

2.10E-

07 4.35 (3.52 - 5.37) 

2.40E-

42 

     

ECLIPSE OR (95% CI)  p  OR (95% CI)  p  

No family history 1 (ref) 0 3.69 (1.99 - 6.86) 

3.50E-

05 

Family history 1.49 (1.01 - 2.22) 0.046 2.96 (1.55 - 5.65) 0.00096 

     

     

Adjusted 

  PRS (lowest tertiles) PRS (highest tertile) 

COPDGene AA OR (95% CI)  p  OR (95% CI)  p  

No family history 1 (ref) 0 1.83 (1.49 - 2.25) 

9.60E-

09 

Family history 1.78 (1.32 - 2.41) 0.00017 3.04 (2.07 - 4.47) 

1.50E-

08 
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COPDGene 

NHW OR (95% CI)  p  OR (95% CI)  p  

No family history 1 (ref) 0 3.36 (2.82 - 4) 
1.10E-

42 

Family history 1.66 (1.41 - 1.96) 

1.70E-

09 5.64 (4.48 - 7.1) 

6.30E-

49 

     

ECLIPSE OR (95% CI)  p  OR (95% CI)  p  

No family history 1 (ref) 0 3.97 (2.07 - 7.62) 

3.40E-

05 

Family history 1.93 (1.24 - 3.02) 0.0036 4.05 (2.03 - 8.09) 

7.30E-

05 
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Table S12: Stratified analyses of family history and the dichotomized PRS. 

 

              

cohort stratum predictor OR (95% CI) [unadjusted) 

p 

[unadjusted] OR (95% CI) [adjusted] 

p 

[adjusted] 

COPDGene AA PRS lowest tertiles Family history 1.69 (1.29 - 2.22) 0.00017 1.79 (1.32 - 2.43) 0.00017 

COPDGene AA PRS highest tertile Family history 1.68 (1.16 - 2.42) 0.0056 1.67 (1.12 - 2.49) 0.011 

COPDGene AA No family history PRS top tertile 1.58 (1.31 - 1.91) 1.70E-06 1.82 (1.48 - 2.24) 1.10E-08 

COPDGene AA Family history present PRS top tertile 1.57 (1.03 - 2.38) 0.034 1.73 (1.09 - 2.76) 0.021 

COPDGene NHW PRS lowest tertiles Family history 1.47 (1.27 - 1.7) 2.10E-07 1.69 (1.43 - 1.99) 8.20E-10 

COPDGene NHW PRS highest tertile Family history 1.61 (1.27 - 2.04) 8.30E-05 1.66 (1.28 - 2.15) 0.00012 

COPDGene NHW No family history PRS top tertile 2.7 (2.31 - 3.16) 8.80E-36 3.35 (2.82 - 3.99) 3.40E-42 

COPDGene NHW Family history present PRS top tertile 2.96 (2.35 - 3.72) 3.00E-20 3.41 (2.65 - 4.39) 2.70E-21 

ECLIPSE PRS lowest tertiles Family history 1.49 (1.01 - 2.22) 0.046 1.89 (1.21 - 2.95) 0.0051 

ECLIPSE PRS highest tertile Family history 0.8 (0.35 - 1.85) 0.6 0.96 (0.38 - 2.45) 0.94 

ECLIPSE No family history PRS top tertile 3.69 (1.99 - 6.86) 3.50E-05 4.1 (2.11 - 7.97) 3.10E-05 

ECLIPSE Family history present PRS top tertile 1.98 (1 - 3.93) 0.05 2.02 (0.98 - 4.13) 0.056 
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Supplementary Figures 

 

Figure S1: Distribution of PRS values in individuals with (NHW: n=1,701, AA: n=392) and without (NHW: n=3,473, AA: 2,074) a 

family history of COPD in the COPDGene study. 

 

A) Boxplot - the box represents the interquartile range, with the horizontal line in the middle representing the medial. The lines 

represent 1.5 times the interquartile range 
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Family history
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n (no family history) = 2074
n (family history) = 392
p = 0.47
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B) Density plots – COPDGene AA (left) and NHW (right) 
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Figure S2: A) COPDGene NHW: Predictive performance (adjusted R2) of three linear regression models for outcomes shown on the 

x-axis.  For each outcome, three models were trained: Model 1 (Outcome ~ family history + age + sex + pack-years), Model 2 

(Outcome ~ PRS + age + sex + pack-years), and Model 3 (Outcome ~ family history + PRS + age + sex + pack-years).  B) 

COPDGene AA adjusted R2 analyses. Abbreviations are as listed in caption for Table S7. The PRS was treated as a continuous 

variable. 
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B) COPDGene AA 
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Figure S3: Predictive performance (AUC) of three logistic regression models for the discrimination of outcomes shown on the x-axis 

in the COPDGene study.  The PRS was dichotomized (top versus bottom 2 tertiles).  For each outcome, three models were trained: 

Model 1 (Outcome ~ family history + age + sex + pack-years), Model 2 (Outcome ~ PRS + age + sex + pack-years), and Model 3 

(Outcome ~ family history + PRS + age + sex + pack-years).  Abbreviations are as listed in caption for Table S7. 

A: AUC analysis in COPDGene NHW 
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B: AUC analysis in COPDGene AA 
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Figure S4: ECLIPSE AUC and R2 with PRS treated as continuous variable. 

 

A) Predictive performance (AUC) of three logistic regression models for the discrimination of outcomes shown on the x-axis in 

the ECLIPSE study.  The PRS was analyzed as a continuous variable.  For each outcome, three models were trained: Model 1 

(Outcome ~ family history + age + sex + pack-years), Model 2 (Outcome ~ PRS + age + sex + pack-years), and Model 3 

(Outcome ~ family history + PRS + age + sex + pack-years).  Abbreviations are as listed in caption for Table S7.  
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Figure S5: ECLIPSE AUC and R2 with PRS dichotomized (top versus bottom 2 tertiles). 

 

A) Predictive performance (AUC) of three logistic regression models for the discrimination of outcomes shown on the x-axis in 

the ECLIPSE study.  For each outcome, three models were trained: Model 1 (Outcome ~ family history + age + sex + pack-

years), Model 2 (Outcome ~ PRS + age + sex + pack-years), and Model 3 (Outcome ~ family history + PRS + age + sex + 

pack-years).  “*” indicates that the p-value comparing model P-values comparing model AUCs were considered significant if 

less than Bonferroni-corrected level of significance (p < 0.05/4 = 0.013). Abbreviations are as listed in caption for Table S7. 
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B) Imaging outcomes 
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Figure S7: Meta-analyses of binary outcomes with a dichotomized PRS (top versus bottom 2 tertiles).  COPDGene and ECLIPSE 

studies were meta-analyzed, and fixed effects odds ratios with 95% confidence are shown for family history and PRS for each 

outcome.  Odds ratios for the PRS indicate the odds ratio for the listed outcome for every standard deviation increase in the PRS. P-

values were considered significant if less than Bonferroni-corrected level of significance (0.05/11 = 0.0045 (includes 7 continuous 

outcomes). 
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B) Imaging outcomes 
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