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eMethods. Detailed Methods 

We used cross-sectional data from the initial COPDGene study visit (2007-2011).  The 

COPDGene study includes 10,300 subjects including self-described non-Hispanic, White or African 

American subjects, age 45-80 years, with at least a 10 pack-year smoking history; along with a 

comparison group of 108 never-smokers of a similar age range.  IRB approval was obtained for the 

project at each clinical center and all participants provided written informed consent to participate.  The 

details of the planned study design have been described previously 18.    Smokers were enrolled based 

on smoking history and classified using GOLD spirometric criteria based on post-bronchodilator 

spirometry17.  Participants were recruited at 21 medical centers and their surrounding 

communities; never-smokers were recruited from a subset of 13 of these clinical centers.  

Recruitment strategies for non-COPD smokers included outpatient clinics, word-of-mouth 

communication to friends and spouses of COPD subjects, advertisements, and outreach to 

community groups and churches. Clinical centers were instructed to not recruit non-COPD 

subjects from pulmonary clinics.  The never-smoker group was recruited to reflect a normal 

aging distribution for CT-based lung changes without any diagnosed lung disease and was 

permitted to have a variety of co-morbid conditions (n): BMI > 30 defined as obesity (34); 

cancer other than bronchogenic (8); coronary artery disease (CAD) (1); diabetes (10); and 

gastroesophageal reflux disease (GERD) (23). 

This report focuses on “GOLD 0” subjects, defined as current and former smokers with 

normal post-bronchodilator FEV1/FVC ratio >0·7 and FEV1 % predicted ≥80% (n = 4388 

subjects).  They were compared to: 1. never-smokers, 2. GOLD 1 subjects (FEV1/FVC ratio <0.7 

& FEV1 ≥80% predicted) (n = 794 subjects) and 3. COPD cases GOLD 2-4 (n= 3690).  

Preserved Ratio Impaired Spirometry (PRISm) subjects19,20 (FEV1/FVC ratio >0.7 & FEV1 

<80% predicted,) were not included in these analyses (n=1257).     
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Imaging 

 Whole-lung volumetric CT images were acquired using multi-detector CT scanners at full 

inspiration and at the end of normal expiration.  Detailed CT protocols for the COPDGene study have 

previously been published 15.  Quantitative analysis of emphysema severity and gas trapping was 

performed on segmented images using Slicer software (http://www.slicer.org). Percent emphysema was 

quantified as the percentage of lung volume with attenuation values <-950 Hounsfield Units (HU) on 

inspiratory images.  Percent gas trapping was quantified as the percent of lung with attenuation values <-

856 HU on expiratory images.  Segmental wall area percent (bronchial wall area as percentage of total 

bronchial area) was calculated using VIDA (VIDA Diagnostics, Coralville IA) software.  Emphysema, 

gas trapping or airway wall measurements were not available in some subjects due to technical 

limitations. 

Spirometry and other data collected 

 Each study subject had pre- and post-albuterol spirometry performed using a standardized 

protocol employing the EasyOne spirometer (ndd, Zurich, Switzerland).  FEV1 and FVC % predicted 

values were calculated according to the prediction equations by Hankinson et al. 16.  Information collected 

from each subject included medications, medical history,  St. George’s Respiratory Questionnaire 

(SGRQ), American Thoracic Society (ATS) Respiratory Epidemiology Questionnaire, demographic 

information, height, weight,  and oxygen saturation (on room air).  A standardized 6-minute walk test was 

done on each subject according to ATS standards 17. 

Variable definitions 

Pack-years were calculated by taking the average number of cigarettes smoked per day divided by 

20 and multiplied by the number of years smoked.  Bronchodilator responsiveness (BDR) was considered 

positive if the subject had a ≥ 12% change in FEV1 or FVC above pre-bronchodilator measurements and a 
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≥ 0.2L increase in FEV1 or FVC.  Chronic bronchitis was considered positive if the subject responded 

affirmatively to the questions: “Do you cough like this on most days, for 3 consecutive months or more 

during the year?” and “Do you usually bring up phlegm on most days for 3 consecutive months or more 

during the year?” for at least two years.  The Modified Medical Research Council (MMRC) dyspnea 

score 18 was calculated based on the subject’s response to five questions about dyspnea and ranged from 

“no dyspnea – 0, to mild -1, moderate - 2, severe -3 and very severe – 4”.  A severe exacerbation was 

considered positive if the subject answered yes to the question, “In the past year, have you been to the 

emergency room or hospitalized for lung problems?”.  Quality of life was assessed with a generic 

measure, the Medical Outcomes Study Short Form 36 version 2 (MOS SF-36 v2), and a disease-specific 

measure, the SGRQ 19.  Coronary artery disease (CAD) was inferred from self-reports of any of the 

following: heart attack, coronary artery bypass graft surgery, coronary angioplasty, physician diagnosis of 

coronary artery disease, or angina.  Gastro-Esophageal Reflux Disorder (GERD) was based on self-report 

of physician diagnosis. 

Visual Scoring of Chest CT scans 

CT scans were randomly selected for visual scoring in a subset of subjects (n=300 for GOLD 0 

and 100 each for non-smokers and GOLD 1.  The scans were read independently in a blinded fashion by 

up to five readers, and scans with divergent readings were re-read for a consensus score.  The visual 

reading consisted of identifying the presence of emphysema and defining type (centrilobular, panlobular, 

mixed and paraseptal as present with or without another type), and also identifying definite airway 

thickening20 .  

Impairments in Smokers 

We defined seven characteristics of impairment to identify subjects in the GOLD 0 group who 

were negatively affected by smoking-related conditions.  These were: chronic bronchitis, history of 
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respiratory exacerbations, dyspnea (MMRC score ≥2), quantitative emphysema score >5%, quantitative 

gas trapping score >20%, and SGRQ total score >25 (based on GOLD alternate to CAT classification for 

symptomatic disease 21), and six minute walk (6MW) distance <1150 feet (350 meters).   

Medication Use  

Respiratory medication use in the group was compared between subjects with and without any 

impairment by category (beta agonists, inhaled corticosteroids, and inhaled anti-cholinergics). 

National Health and Nutrition Examination Survey (NHANES) cohort 

We identified subjects from the 2007 – 2010 NHANES dataset who were either: 1. never-

smokers or 2. had similar smoking exposure to the COPDGene subjects (minimum of 10 pack 

years smoking).  The selected NHANES subjects were those having recorded pre-bronchodilator 

spirometry values.    Chest CT scans were not available for the NHANES group and therefore no 

assessment of emphysema, gas trapping or visual scoring could be done. The NHANES subjects 

were selected from a total of 20,686 enrolled subjects.  To assess only NHANES subjects similar 

to COPDGene subjects, we excluded the following groups: subjects under age 45 and over age 

80 (-14,421); Hispanic or mixed race subjects (-1997); never smokers with abnormal spirometry 

(-711); any subject with missing spirometry (-541); smokers whose spirometry was classified as 

PRISm 19,20; and smokers with <10 pack years of smoking history (-364).  The final NHANES 

group for analysis was 2455 subjects.   

Statistical Analysis 

Analysis was done using JMP version 10 and SAS version 9.2 (both SAS, Cary, NC).  

Univariate comparisons were made using Chi Square and Fisher’s exact test for dichotomous 

data; for continuous data, we used Student’s t-test and Wilcoxon rank-sum test for normal and 
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non-normal data, respectively.  An α <0.05 was considered significant.  We estimated least 

square means for continuous variables after adjusting for age, gender, race and group in the basic 

description of the cohort in Table 1 as noted.  We used multivariable regression to assess the 

factors predicting respiratory quality of life, as measured by the SGRQ Total score, among 

smokers with normal spirometry.  Variables were selected for this model from univariate 

analyses showing significant differences between the study groups.  Backwards stepwise 

selection was used to eliminate non-significant covariates from the model. 
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eFigure 1. Distribution of COPDGene subjects by age group and GOLD stages.  

(Panel A. Non-smokers, Panel B. GOLD 0, Panel C. GOLD 1, Panel D. GOLD 2-4) 

Subjects were recruited as smokers with a minimum of 10 pack-years smoking and then 

classified by spirometry.  No attempt was made to balance recruitment by age.  Within the 

COPDGene cohort, younger age groups make up a greater proportion of subjects in the 

smokers with normal spirometry group that is the focus of this report.   



  © 2015 American Medical Association. All rights reserved. 
 

  



  © 2015 American Medical Association. All rights reserved. 
 

 

eFigure 2. Examples of CT Images in GOLD 0 Subjects 

Panels A and B: Extensive emphysema in a former smoker.   

These axial and coronal CT images are from a 79 year old female non-Hispanic white subject who is a former 

smoker with 53 pack years smoking history.  She has significant dyspnea with MMRC score of 3 indicating 

shortness of breath with walking short distances, no history of chronic bronchitis or exacerbations and takes no 

respiratory medications.  Six minute walk is reduced at 361 meters, BMI is 30, FEV1% Predicted = 100.2, FVC 

% predicted = 107.2, FEV1/FVC = 0.7.  There is significant impairment in quality of life with SGRQ Total score 

of 46.4.  LAA% -950 is 9% suggesting mild emphysema, contrasting with the visual appearance of diffuse 

emphysema. 

 

Panels C and D:  Airway disease in a current smoker. 

These axial and coronal CT images from a 60 year old African-American man and current smoker show 

definite airway disease on visual scoring.    He has a six minute walk distance of 270 meters.  Smoking 

exposure is 12.6 pack years.   He denies chronic bronchitis symptoms, respiratory exacerbations or dyspnea.  

FEV1 % predicted = 124%. MMRC= 0    SGRQ Total score is 1.96. He is taking no respiratory medications.  

Airway Wall Area Percent at the segmental airway level is 63·8 (90th percentile for GOLD 0 group) and at the 

sub-segmental airway level is 68.5 (98th percentile for GOLD 0) 
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eFigure 3 Current smoking declines in older age group 
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eTable 1.  The COPDGene Cohort and Effect of Current Smoking	

 Never- 
Smoker 

“GOLD 0” GOLD 1 Subjects GOLD 2-4 

 
 Current 

Smoker 
Former 
Smoker 

Current 
Smoker 

Former 
Smoker 

Current 
Smoker 

Former 
Smoker 

Number  108 2619 1769 443 351 1501 2189 
Age 62.1 (9.2) 53.4 (6.3) 61.6 (8.7)* 58 (8) 66.4 (7.9)* 58.7 (7.7) 66.6 (7.6)* 
Gender (% male) 31.5% 56.4 % 47.7 % * 59.4 % 55.3 %  57 % 54.5 %  
Race (% NHW) 92.6% 39.6 % 87.2 % * 65 % 93 % * 66 % 85 % * 
Pack Years 0 38.3 (19.7) 35.6 (20.9)*  44.3 (23) 45.9 (26)  51 (26.7) 54.3 (28)  
Education (% some college or >) 91% 51.7 % 79 % * 60 % 78 % * 51.9 % 62.8 %* 
BMI 28.2 (5.1) 28.4 (5.8) 29.6 (5.7)*  26.2 (4.8) 28.2 (5.2)*  27.3 (6.2) 28.5 (6.3)*  
Obesity (BMI > 30) 31.5% 34 % 40 % * 17.8 % 30.2 % * 29 % 36 % * 
FEV1 % predicted 103.3 (13.8) 97.4 (11.7) 97.5 (11.3)  91 (8.8) 90.5 (9.2)  55.4 (16.6) 46.7 (18)*  
FVC % predicted 98.96 (12.3) 97.3 (12.2) 95.5 (11.4)*  109 (12.5) 106 (12)  79.2 (16.4) 74.4 (17.6)*  
FEV1/FVC 0.799 (0.05) 0.79 (0.05) 0.78 (0.05) * 0.65 (0.04) 0.64 (0.05)  0.54 (0.17) 0.47 (0.13)* 
Oxygen Saturation 97.0 (1.5) 96.8 (1.9)  97.3 (2.1) * 96.2 (2.6) 97.1 (1.8) * 95.5 (3.0) 94.1 (3.8)* 

Functional Measures        
Six Minute Walk (meters) 510.5 (99.8) 436.2 (106.7) 481.6 (101.5)* 451.4 (104.2) 464 (106.7) 375.5 (117.7) 346 (60.9)* 
MMRC Dyspnea (% score ≥2) 3.7% 30 %  13.6 %* 23.5 % 20 %  71 % 60 % * 
SGRQ Total 3.8 (6.8) 20.9 (19 ) 11.2 (13.9)* 20.2 (19) 15.8 (16)  40.8 (23.1) 41.0 (21.1) 
SGRQ Impact 1.5 (3.9) 13.4 (17)  6.2 (11)* 13 (17) 9.5 (14)  30.5 (22.8) 26.7 (20.7) 
SGRQ Symptom 3.7 (7.1) 27 (23)  14.6 (18)* 30.9 (24) 20.6(20.8)* 51.2 (25.4) 42.4 (24.1)*  
SGRQ Activity 7.8 (14.1) 30.9 (27)  18 (21)* 27.5 (25) 24.3 (23)  53.3 (28) 59.9 (26.5)* 

Symptoms        
Chronic Bronchitis (% yes) 0 16.9 %  6.2 % * 21.7 % 8.3 % * 39.6 %  20.3 % * 
Severe Exacerbation (% yes) 0 5.4 %  2.8 % * 5.9 % 3.7 % NS 21.6 %  23.4 %  
Bronchodilator Responsiveness 4.6% 11 % 8.6 %  26.8 % 25 % NS 36.4 %  36.7 %  
Coronary Artery Disease 1% 5.4 % 10.7 %* 9.7 % 15.7 % 12.7% 19.0 %* 
Comorbidity Score 0.79 (0.95) 0.8 (1.0) 1.2 (1.1)*  0.87 (1.1) 1.35 (1.2)* 1.3 (1.2) 1.7 (1.3)* 

Imaging        
LAA % at -950 HU (Emphysema) 1.88 (2.4) 1.4 (1.9) 2.8 (3.1)* 3.8 (4.5) 7.0 (6.4)* 7.7 (9.6)  16.6 (13.4)* 
Proportion with Emphysema >5% 8.3% 5.1 % 18.1 % * 25.1 % 49.3 % * 42.3 %  74.4 % * 
LAA % at -856 HU on 
Exp. Scan (Gas Trapping) 

10.2 (9.1) 9.9 (9.6) 12.5 ( 9.7)* 18.0 (12.5) 23.2 (11.3)* 31.0 (19.4) 44.6 (19.9)* 

Proportion with Gas Trapping > 
20% 

10.5% 12.7 % 17 % 36.9 % 59.9 % * 64.3 % 86.3 % * 

Wall Area % Segmental 58.4 (2.1) 60.5 (2.95) 59.4 (2.6)* 60.6 (2.9) 59.9 (2.6)  63.5 (3.2)  62.5 (2.9)*  
FRC by CT scan (liters) 2.6 (0.5) 2.8 (0.8) 2.7 (0.7)* 3.3 (0.9) 3.2 (0.8)  3.9 (1.2)  4.1 (1.3)  
TLC by CT scan (liters) 5.3 (1.2) 5.2 (1.3) 5.47 (1.3)* 6.0 (1.5) 6.1 (1.4)  5.9 (1.4)  6.1 (1.5)  
               
 Mean (SD), BOLD = p<0.05 compared to current smoker within each Group, * = p<0.001 compared to the Nonsmoker group 
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eTable 2. African American Subjects 

 Non Smokers GOLD 0 GOLD 1 Subjects 
  Current Smoker Former Smoker Current Smoker Former Smoker 
      
Number  8 1581 226 157 23 
Age* 52.9 (5.2) 52.2 (5.2) 56.9 (8.6) 56 (7.2)‡ 62.6 (11.3) 
Gender (% male) 25% 58.5% 49.1% 56.7% 34.8% 
Pack Years* 0 36.6 (20) 34 (20.7) 41.7(25.5)‡ 36.2(27.2) 
Education (% some college or >) 100 42.4% 69.6% 43.3% 62.4% 
BMI* 31.5(5.3) 28.7 (6) 30.8 (6.4) 27 (5.7)‡ 29.5 (7) 
Obesity (BMI > 30) 50% 36.9% 51.8% 24.2% 26.1% 
FEV1 % predicted* 108(13.8) 98.5(12.2) 98(11.9) 90.7 (8.6) 91.7(10.8) 
FVC % predicted* 99.1(10.2) 98.4(12.8) 97.3(12.7) 109.5(12.5) 113.4(14.8) 
FEV1/FVC* 0.87 (0.04) 0.8 (0.05) 0.8 (0.05) 0.65 (0.04) 0.63 (0.04) 
O2 Saturation 98.6 (0.7) 97.5 (2) 97.5 (1.8) 97.5 (1.9) 96.4 (3) 
      

Functional Measures      
Six Minute Walk*(feet) 1386(225) 1372(351) 1379(348) 1375.3(376) 1245(435) 
MMRC Dyspnea (% score ≥2) 0 34.9% 31.4% 33.0% 34.8% 
SGRQ Total* 8.1 (10.9) 21.7 (20.2) 19.8 (19) 21.5 (19.4) 25.5 (21.9) 
SGRQ Impact* 5.2 98.60 14 (18) 12.4 (16.80 13.9 (17.8) 18.1 (21.6) 
SGRQ Symptom* 7.3 (7.4) 25.7 (22.9) 22.2 (22.1) 27.2 922.5) 28.7 (21.8) 
SGRQ Activity* 13.6 (18.4) 33.2 (28.6) 31.5 (27.5) 32(27.4) 36.8 (27.7) 
      

Symptoms      
Chronic Bronchitis (% yes) 0 13% 10.2% 13.4% 21.7% 
Severe Exacerbation (% yes) 0 6.0% 7.1% 5.1% 13% 
Bronchodilator Responsiveness 0 11.9% 12.7% 33.1%‡ 31.8% 
      
* Mean (SD),  
† Significantly different from non-smoker (p<0.05), 
¥ Significantly different from current smoker (p<0.05) 
‡ Significantly different from smoker control (p<0.05) 
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eTable 3. Non-Hispanic White Subjects 

 Non Smokers GOLD 0 GOLD 1 Subjects 
  Current Smoker Former Smoker Current Smoker Former Smoker 
Number  100 1038 1543 286 328 
Age* 62.8 (9.1) 55.1 (7.2) 62.2 (8.5) 59.2 (8.3) 66.7 (7.6) 
Gender (% male) 32% 53.2% 47.4% 60.8% 56.7% 
Pack Years* 0 40.9(18.9) 34(20.7) 41.7(25.5) 36.2(27.2) 
Education (% some college or >) 90 65.9% 81.9% 69.2% 78.3% 
BMI* 28 (5.0) 28.7 (6) 29.4 (5.6) 27 (5.7) 28.1 (5.1) 
Obesity (BMI > 30) 30% 30.5% 30.5% 14.3% 38.8% 
FEV1 % predicted* 102.9(13.8)  95.7(10.6) 97.5(11.2)  91.2(8.9) 90.4(9.1) 
FVC % predicted* 99.0(12.5)  95.7(11) 95.3(11.2)  108.3(12.5) 105.7(11.9) 
FEV1/FVC* 0.79 (0.05)  0.78(0.05) 0.78 (0.05)  0.65(0.04) 0.64 (0.05) 
O2 Saturation 96.9 (1.5)  97.0(2.1) 96.7 (1.85)  96.9(1.7) 96.2 (2.6)‡† 
      

Functional Measures      
Six Minute Walk*(feet) 1698(324) 1521(328) 1611(320) 1538.5(308) 1543(336) 
MMRC Dyspnea (% score ≥2) 4% 22.7% 11.0% 18.2% 19.2% 
SGRQ Total* 3.4 (6.3)  12.3(15.7) 9.9 (12.5)  12.6(16.6) 15.1 (15.5) 
SGRQ Impact* 1.2 (3.3) 19.6(17.9) 5.3 (9.8)  19.5(18.5) 8.9 (12.9) 
SGRQ Symptom* 3.4 (7.0)  29.5(22.5) 13.5 (17.1) 32.9(24.4) 20.1 (20.6) 
SGRQ Activity* 7.3 (13.7)  27.3(24.7) 16.3 (19.6)  25.0(23.7) 23.4 (22.7) 
      

Symptoms      
Chronic Bronchitis (% yes) 0 22.8% 5.6% 26.2% 21.8% 
Severe Exacerbation (% yes) 0 4.4% 2.2% 6.3% 3.1% 
Bronchodilator Responsiveness 5% 9.6% 8.0% 23.3% 24.7% 
           
* Mean (SD), 
† Significantly different from non-smoker (p<0.05) 
¥ Significantly different from current smoker (p<0.05) 
‡ Significantly different from smoker control (p<0.05) 
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eTable 4. Impairments in in COPDGene non-asthmatic subjects 
 Non-Smoker GOLD 0 GOLD 1 

Individual Scores    
Chronic Bronchitis (by criteria) 0 449 (12%) 104 (15%) 
History of Severe Exacerbation ≥ 1  0 120 (3%) 27 (4%) 
SGRQ: Total >25 4 (4%) 887 (23%) 181 (26%) 
Six Min Walk < 1150 feet (350 m) 4 (4%) 577 (15%) 87(13%) 
MMRC Dyspnea Score ≥ 2 4 (4%) 802 (21%) 139 (20%) 
Emphysema > 5% 8 (8%) 394 (11%) 234 (35%) 
Gas Trapping >20%  10 (10%) 483 (15%) 276 (47%) 
    
 N= 107 N= 3888 N= 687 

Sums    
Any Impairment 25 (23%) 2052 (53%) 499 (73%) 
6 Impairments 0 6 5 
5 Impairments 0 21 15 
4 Impairments 0 107 46 
3 Impairments 1 317 76 
2 Impairments 3 591 174 
1 Impairment 21 1010 183 
No Impairment 82 (77%) 1836 (47%) 188 (27%) 
    
Number of Subjects (Percent) 
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eTable 5. 2007-2010 NHANES Cohort Demographics  

   
 Never Smokers GOLD 0 GOLD 1 GOLD 2-4# 
Number  1176 748 233 295 
Age 60.1 (10.0) 58.0 (9.2) 63.9 (9.4) 63.3 (9.7) 
Gender (% male) 41.1% 55.4% 73.4% 60.9% 
Race (% NHW) 70.6% 67.8% 76.7% 78.6% 
Pack Years 0 34.2 (26.6) 37.7 (23.6) 50.3 (32.5) 
Current Smoking % N/A 48.8% 45.5% 60.5% 
Education (% some college or >) 60.0% 48.0% 42.9% 31.3% 
BMI 30.2 (6.6) 29.7 (6.6) 26.7 (5.0) 27.7 (6.5) 
     
FEV1 % predicted 102.7 (13.1)† 99.0 (12.2)† 93.0 (9.6) 63.6 (12.6) 
FVC % predicted 100.7 (13.0) 98.8 (12.2) 107.9 (11.8) 83.6 (13.2) 
FEV1/FVC 0.79 (0.05) 0.77 (0.05) 0.65 (0.04) 0.57(0.09)
     
Chronic Bronchitis‡  2.3% 7.0% 6.4% 18.4% 
Obesity 44.6% 41.2% 22% 30.5% 
Any cancer‡ 13.1% 14.4% 20.8% 22.0% 
CAD‡ 5.7% 9.9% 12.1% 21.2% 
CHF‡ 1.7% 4.2% 3.8% 6.6% 
     
Values are Mean (SD) except where percent is noted 
# GOLD 2= 247 subjects, GOLD 3= 47 subjects, GOLD 4 = 1 subject 
† p<0.001 
‡ p<0.001 across groups 
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eTable 6. Predictors of Quality of Life by St George’s Respiratory Score in 
COPDGene “GOLD 0” Subjects* 

Term Scaled Parameter Estimate P value 

R2 = 0.65   

Age -2.42 <0.001 

BMI 1.60 p=0.023 

Current Smoker 1.37 <0.001 

Pack years smoking 3.8 <0.001 

≥1 Severe Exacerbations 2.99 <0.001 

Has Chronic Bronchitis 4.64 <0.001 

FEV1 Percent Predicted -0.99 p=0.087 

Has history of "chest trouble flare-up" 3.03 <0.001 

Has one or more diagnoses related to CAD 1.04 0.001 

Has history of Gastro-esophageal reflux disorder 1.27 <0.001 

Six Minute Walk Distance (feet) -5.60 <0.001 

MMRC Dyspnea Score 17.9 <0.001 

 

*Multiple Regression Model for SRGQ Total Score 
Race, Bronchodilator Responsiveness and Gender were tested and found non-significant in the model.  
 
Positive numbers indicate higher (worse) SGRQ Total Score for categorical variables.   
For continuous variables (age, six minute walk distance, pack years) a larger parameter estimate relates to the magnitude and 
direction (+/-) of the impact on SGRQ Total score. 

 

	
 


