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METHODS 

 

Design and Population   

 

The Multi-Ethnic Study of Atherosclerosis (MESA) enrolled 6814 participants, ages 45 to 84 

years, who self-reported White, African-American, Hispanic or Asian race/ethnicity in 2000-02. 

Exclusion criteria were history of clinical cardiovascular disease, weight >136 kilograms, and 

impediments to long-term participation.1 The MESA Air study recruited 257 additional 

participants in 2006-7 using identical inclusion criteria.2 The study was approved by NHLBI as 

well as institutional review boards of all collaborating institutions. All participants gave written 

informed consent. 

 

The MESA-Lung Study enrolled MESA participants with measurement of endothelial function, 

consent for genetic analyses, and examination during the 2004-06 recruitment period.3 

Spirometry was performed in 2004-06 (“initial”) and 2010-12 (“follow-up”). Exclusion criteria 

for the present analysis were prevalent airflow limitation at the initial exam, defined as pre-

bronchodilator (BD) ratio of forced expiratory volume in one second (FEV1) to forced vital 

capacity (FVC)<0.70; or, lacking follow-up spirometry. 

 

Percent Emphysema 

 

All participants underwent cardiac CT in 2000-02 using highly standardized low-dose protocols 

on electron-beam or multidetector CT.4 For each participant, two cardiac CTs were performed at 
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full inspiration, imaging approximately 65% of the lung from the carina to the lung bases.5 

Reproducibility of lung density measures from paired cardiac CT scans was high (r=0.87-0.94).5 

The scan with higher air volume was used for analyses, except for when that scan had a low 

quality score.  

 

Image attenuation was assessed using a modified version of the Pulmonary Analysis Software 

Suite6 7 at a single center by trained readers without knowledge of other participant information. 

Attenuation was corrected to reflect air outside the chest as having attenuation of -1000 

Hounsfield units (HU).  

 

Percent emphysema was defined as lung voxels with attenuation <-950 HU divided by total 

imaged lung voxels x 100 based upon comparisons with pathology.8 9 Percent emphysema from 

cardiac scans correlated closely (r=0.93) with that from full-lung scans in the same participants.5  

 

The upper limit of normal (ULN) for percent emphysema was defined by reference equations 

derived in this cohort accounting for age, gender, race/ethnicity, height, weight, current smoking, 

and scanner parameters.10  

 

Measures 

 

Spirometry was performed in accordance with American Thoracic Society/European Respiratory 

Society (ATS/ERS) guidelines on dry rolling-seal spirometers (Occupational Marketing);11 12 

unacceptable maneuvers per ATS/ERS standards or volumes not repeatable within 200 milliliters 
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were excluded. Pre-BD spirometry was performed at both exams; at the follow-up exam only, 

post-BD measurements were attempted for participants with pre-BD FEV1/FVC <0.70 or <lower 

limit of normal (LLN).12   

 

Incident airflow limitation (FEV1/FVC <0.70) was defined on pre- and post-BD spirometry13 at 

the five-year follow-up spirometry exam. Annual change in FEV1 was calculated as difference 

between initial and follow-up pre-BD FEV1, divided by years elapsed. 

 

Age, sex, race/ethnicity, education, physician-diagnosed emphysema and asthma, environmental 

tobacco exposure, and smoking were self-reported at baseline. Exposure to fumes, dyspnea, 

cough, wheeze, and phlegm were assessed by questionnaire at the initial spirometry exam. 

Never-smokers were defined by lifetime smoking <100 cigarettes, and current smokers by 

smoking within the past 30 days. Seventy-eight participants (2%) who denied current smoking 

but had urinary cotinine levels >100 nanograms per milliliter were classified as current smokers. 

Pack-years were calculated as (cigarettes per day/20) x years-smoked. Height and weight were 

measured using standard techniques. Long-term outdoor concentrations of particulate matter 

<2.5 micrometers in diameter were estimated at each participant's home for the 2 years preceding 

the baseline exam using spatio-temporal models.14  

 

Statistical Approach 

 

Associations between percent emphysema and incident airflow limitation were examined in 

logistic models. Odds ratios (ORs) were reported for percent emphysema>ULN (dichotomous), 
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as well as per standard deviation (SD) of percent emphysema, which was log-transformed for 

normality. In a sensitivity analysis, we used a fixed threshold for percent emphysema (>5%).  

 

Fully-adjusted models included anthropometry and a priori clinical risk factors for COPD: age, 

sex, race/ethnicity, height, weight, CT scanner type, smoking status, pack-years, urinary cotinine, 

and initial FEV1 percent-predicted. Adjustment for additional clinical factors and exposures and 

initial FEV1/FVC was explored. Models were repeated with exclusion of participants with 

asthma, respiratory symptoms, or restrictive pattern at initial spirometry (FVC <80% percent-

predicted). The analysis was also performed in the subset of participants reporting 30 or more 

pack-years of smoking – in other words, among those who could qualify for lung cancer 

screening.15 Effect measure modification was assessed by multiplicative interaction terms.  

 

For comparison with the main endpoints, pre-BD airflow limitation by LLN criteria (28) and 

incident COPD defined by post-BD airflow limitation plus symptoms 13 were tested in secondary 

analyses. Furthermore, post-bronchodilator spirometry was believed to be missing-at-random for 

a subset of persons with incident airflow limitation, hence, in a sensitivity analysis, multiple 

imputation was used. Additional incident COPD cases were imputed in 20 datasets based upon 

clinical factors and pre-BD spirometry; appropriate confidence intervals (CIs) were estimated by 

the MIANALYZE procedure.  

 

Generalized linear models were used to test associations with change in FEV1. 
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The threshold for statistical significance was set at P<0.05. Analyses were conducted in SAS 

(Version 9.3, Cary, NC). 

 

SUPPLEMENTARY RESULTS 

 

Participant selection 

 

Among 3877 participants with valid initial spirometry, 2993 (77.2%) did not have airflow 

limitation. Of this group, 68.3% had valid follow-up spirometry (73% of those alive) performed 

at a median interval of 4.8 years (interquartile range [IQR], 4.6 to 5.9) (see supplementary 

figure S1), of whom 97% had complete covariate data. Participants without follow-up 

spirometry were older, more likely African-American, and reported lower educational 

attainment; nonetheless, they demonstrated similar smoking history, respiratory symptoms, lung 

function, and percent emphysema compared to included participants (see supplementary table 

S1).  
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Table S1. Comparison of baseline characteristics for participants without airflow limitation in 2004-05 

who did versus did not have valid spirometry measures in 2010-12.*  

  Had valid repeat spirometry 

(study sample) 

Did not have valid repeat 

spirometry (lost to follow-up) 

Number of participants 2045 948 

Socio-demographics   

 Age, years 58 (9) 63 (10) 

 Male 940 (46.0%) 432 (45.6%) 

 Race/ethnicity   

 White 705 (34.5%) 289 (30.5%) 

 African-American 498 (24.4%) 266 (28.1%) 

 Hispanic/Latino 528 (25.8%) 214 (22.6%) 

 Asian 314 (15.4%) 179 (18.9%) 

 Educational attainment   

 Less than high school 296 (14.5%) 211 (22.3%) 

 High school 346 (16.9%) 193 (20.4%) 

 Some college/technical/associate degree 595 (29.1%) 251 (26.5%) 

 College or more 805 (39.4%) 293 (30.9%) 

 Height, centimeters 166 (10) 165 (10) 

 Weight, kilograms 79 (17) 78 (18) 

Smoking   

 Smoking status   

 Never 1037 (50.7%) 480 (50.6%) 

 Former 772 (37.8%) 348 (36.7%) 

 Current 236 (11.5%) 119 (12.6%) 

 Pack-years† 11 (2, 28) 12 (2, 31) 

 Environmental tobacco exposure, hours/week 4 (12) 4 (13) 

 Exposure to fumes 479 (23.4%) 192 (20.3%) 

Baseline symptoms   
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 Cough 158 (7.7%) 91 (9.6%) 

 Dyspnea on level ground 143 (7.0%) 87 (9.2%) 

 Phlegm 158 (7.7%) 92 (9.7%) 

 Wheeze 422 (20.6%) 204 (21.5%) 

Clinical History   

 Physician diagnosis of emphysema 11 (0.5%) 2 (0.2%) 

 Physician diagnosis of asthma 156 (7.6%) 66 (7.0%) 

Lung function at spirometry baseline   

 FEV1 percent-predicted 97 (15) 97 (18) 

 FEV1/FVC 0.78 (0.05) 0.78 (0.05) 

 Restrictive pattern 192 (9.4%) 119 (12.6%) 

Cardiac CT measures at baseline   

 Percent emphysema 2.65 (1.17, 4.99) 2.35 (0.96, 4.66) 

 >ULN‡ 110 (5.4%) 40 (4.2%) 

 Upper-lobe percent emphysema 2.22 (0.89, 4.54) 1.87 (0.70, 4.21) 

 Lower-lobe percent emphysema 2.90 (1.27, 5.76) 2.67 (0.99, 5.37) 

 Coronary artery calcium score 0 (0, 28) 1 (0, 85) 

 Electron beam CT scanner 1254 (61.3%) 576 (60.8%) 

*Numbers expressed as mean (standard deviation), median (interquartile range), or number (percent); percents may not sum to 100% 

due to rounding. 
†In ever-smokers. 

‡Percent emphysema greater than the upper limit of normal (ULN) on cardiac CT classified according to reference equations 

developed in the same cohort (1).  

Abbreviations: CT = computed tomography.  FEV1 = forced expiratory volume in one second. FVC = forced vital capacity.  
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Participant characteristics 

 

Mean age of participants was 58.4 years at baseline, 54.0% were female, and 75.5% were non-

White. Half of participants were never-smokers. Among smokers, 47.7% reported <10 pack-

years, and 11.3% reported more than 30 pack-years.  

 

Eleven percent (N=224) developed incident pre-BD airflow limitation. These participants were 

older, weighed less, and had lower initial lung function compared to those who did not; 12.1% 

had a prior diagnosis of asthma, and 43.8% were never-smokers (supplementary table S2). 

Participants with incident pre-BD airflow limitation were similar to participants with incident 

post-BD airflow limitation (see online supplementary table S3), of which two-thirds were 

consistent with spirometry-defined GOLD Stage 1 (29).  The annual FEV1 decline in 

participants with incident airflow limitation was -41 mL (interquartile range [IQR], -15, -68) 

compared to -24 mL (IQR, -3, -48) in those without.   

 

 

Median percent emphysema was 2.65% (IQR 1.17, 4.99) and the prevalence of percent 

emphysema>ULN was 5.4%. Five-year cumulative incidences of airflow limitation were 10.7% 

in those with percent emphysema within normal limits and 18.2% in those with percent 

emphysema>ULN, respectively.  
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Table S2. Baseline characteristics according to pre-bronchodilator (BD) airflow limitation at 5-year 

follow-up. 

  No pre-BD airflow 

limitation* 

Incident pre-BD airflow 

limitation* 

Number of participants 1821 224 

Socio-demographics   

Age, mean (SD), years 58 (9) 64 (9) 

Male, No. (%) 818 (44.9%) 122 (54.5%) 

Race/ethnicity, No. (%)   

 White 605 (33.2%) 100 (44.6%) 

 African-American 453 (24.9%) 45 (20%) 

 Hispanic/Latino 483 (26.5%) 45 (20.1%) 

 Asian 280 (15.4%) 34 (15.2%) 

Educational attainment, No. (%)   

 Less than high school 267 (14.7%) 29 (12.9%) 

 High school 297 (16.3%) 49 (21.9%) 

 Some college/technical/associate degree 542 (29.8%) 51 (22.8%) 

 College or more 710 (39.0%) 94 (42.0%) 

Height, mean (SD), centimeters 166 (10) 167 (10) 

Weight, mean (SD), kilograms 79 (18) 77 (17) 

Smoking   

Smoking status, No. (%)   

 Never 939 (51.6%) 98 (43.8%) 

 Former 680 (37.3%) 92 (41.1%) 

 Current 202 (11.1%) 34 (15.2%) 

Pack-years, median (IQR) ┼ 11 (2, 27) 14 (3, 34) 

Cigarettes per day median (IQR) ┼ 10 (5, 20) 10 (5, 20) 

Environmental tobacco exposure, mean (SD), hrs/week 3.7 (12.2) 3.3 (11.2) 

Exposure to fumes, No. (%) 426 (23.4%) 53 (23.7%) 
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Clinical History, No. (%)   

Physician diagnosis of emphysema 9 (0.5%) 2 (0.9%) 

Physician diagnosis of asthma 129 (7.1%) 27 (12.1%) 

Symptoms at spirometry baseline, No. (%)   

Cough on most days for 3+ months per year 137 (7.5%) 21 (9.4%) 

Phlegm on most days for 3+ months per year 138 (7.6%) 20 (8.9%) 

Dyspnea on level ground 126 (6.9%) 17 (7.6%) 

Wheezing in the past 12 months 182 (10.0%) 28 (12.5%) 

Lung function at spirometry baseline   

 FEV1 percent-predicted, mean (SD), percent 98 (15) 94 (15) 

 FEV1/FVC, mean (SD) 0.79 (0.05) 0.74 (0.04) 

 Restrictive pattern, No. (%) 167 (9.2%) 25 (11.2%) 

Cardiac computed tomography measures at baseline   

Percent emphysema, median (IQR), percent 2.5 (1.1, 4.8) 3.7 (2.0, 6.8) 

 >ULN, No. (%)‡ 90 (4.9%) 20 (8.9%) 

Coronary artery calcium score, median (IQR) 0 (0, 22) 5 (0, 97) 

Electron-beam CT scanner type, No. (%) 1117 (61.3%) 137 (61.2%) 

Numbers expressed as mean (standard deviation), median (interquartile range), or number (percent). 

*Incident airflow limitation defined as pre-bronchodilator FEV1/FVC ratio <0.70 at the follow-up spirometry exam in 2010-12. All 

participants with airflow limitation at the initial spirometry exam in 2004-06 were excluded from the sample. 

┼In ever-smokers. 
‡Percent emphysema greater than the upper limit of normal (ULN) on cardiac CT was classified according to reference equations 

developed in the same cohort.{Hoffman, 2014 #31}  

Abbreviations: Hrs = hours; No. = Number; SD = standard deviation; IQR = interquartile range.  ULN = upper limit of normal.
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Table S3. Baseline characteristics by incidence of post-bronchodilator (BD) airflow limitation at 5 years 

of follow-up.*  

  No post-BD 

airflow 

limitation† 

Incident post-BD 

airflow limitation† 

Number of participants 1862 53 

Socio-demographics   

 Age, years 58 (9) 63 (9) 

 Male 844 (45.3%) 28 (52.8%) 

 Race/ethnicity   

 White 622 (33.4%) 23 (43.4%) 

 African-American 459 (24.7%) 15 (28.3%) 

 Hispanic/Latino 497 (26.7%) 9 (17.0%) 

 Asian 284 (15.3%) 6 (11.3%) 

 Educational attainment   

 Less than high school 270 (14.5%) 8 (15.1%) 

 High school 304 (16.3%) 10 (18.9%) 

 Some college/technical/associate degree 553 (29.7%) 16 (30.2%) 

 College or more 732 (39.3%) 19 (35.8%) 

 Height, centimeters 166 (10) 167 (39) 

 Weight, kilograms 79 (17) 75 (18) 

Smoking   

 Smoking status   

 Never 956 (51.3%) 22 (41.5%) 

 Former 702 (37.7%) 19 (35.8%) 

 Current 204 (11.0%) 12 (22.6%) 

 Pack-years‡ 11 (2, 27) 24 (11, 45) 

 Cigarettes per day‡ 10 (5, 20) 20 (6, 20) 

 Environmental tobacco exposure, hours/week 4 (12) 2 (6) 
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 Exposure to fumes 434 (23.3%) 18 (34.0%) 

Baseline symptoms   

 Cough 141 (7.6%) 7 (13.2%) 

 Dyspnea on level ground 127 (6.8%) 4 (7.5%) 

 Phlegm 139 (7.5%) 6 (11.3%) 

 Wheeze 370 (19.9%) 21 (39.6%) 

Clinical History   

 Physician diagnosis of emphysema 8 (0.4%) 1 (1.9%) 

 Physician diagnosis of asthma 131 (7.0%) 11 (20.8%) 

Lung function at spirometry baseline   

 FEV1 percent-predicted 98 (15) 89 (16) 

 FEV1/FVC 0.79 (0.05) 0.74 (0.05) 

 Restrictive pattern 171 (9.2%) 7 (13.2%) 

Cardiac CT measures at baseline   

 Percent emphysema 2.6 (1.1, 4.8) 4.9 (2.5, 8.3) 

 >ULN, No. (%)§ 93 (5.0%) 6 (11.3%) 

 Upper-lobe percent emphysema 2.1 (0.8, 4.4) 4.7 (1.4, 7.8) 

 Lower-lobe percent emphysema 2.8 (1.2, 5.6) 5.4 (2.5, 10.2) 

 Coronary artery calcium score 0 (0, 26) 5 (0, 83) 

 Electron beam CT scanner 1148 (61.7%) 39 (73.6%) 

*Numbers expressed as mean (standard deviation), median (interquartile range), or number (percent); percents may not sum to 100% 

due to rounding. 
†Defined as post-bronchodilator FEV1/FVC ratio <0.70. 

‡In ever-smokers. 
§Upper limit of normal for percent emphysema on cardiac CT according to reference equations developed in the same cohort (1).  

 ǁDetermined by previously published protocols (5) on 2010-2012 follow-up full-lung CT (total N=1570). 

Abbreviations: FEV1 = forced expiratory volume in one second. FVC = forced vital capacity. Restrictive pattern defined as a 

ratio>=0.70 with a FVC percent-predicted less than 80%. 
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FEV1 decline 

 

The annual FEV1 decline in participants with incident pre-BD airflow limitation was -41 mL (interquartile 

range [IQR], -15, -68) compared to -24 mL (IQR, -3, -48) in those without. 

 

In contrast to findings for incident disease, there were no significant associations between percent emphysema 

or percent emphysema>ULN and decline in lung function averaged across the whole sample. In stratified 

analyses, percent emphysema>ULN was associated with significantly greater FEV1 decline in former smokers 

only (see supplementary table S4). 
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Table S4. Predicted annual decline in FEV1 (95% CI)* in persons without airflow limitation, stratified by smoking status. 

 Never-smokers (N=1010) Former-smokers (N=738) Current smokers (N=229) 

Percent emphysema -0.59 (-3.36, 2.19), P =0.68 -5.28 (-9.13, -1.43), P =0.007 0.75 (-6.15, 7.64), P =0.83 

Percent emphysema>ULN† 5.06 (-6.70, 16.81), P =0.40 -15.70 (-28.35, -3.05), P =0.015 4.84 (-16.20, 25.88), P =0.65 

*Generalized linear regression models for annualized absolute change in FEV1 were adjusted for study baseline age, sex, race/ethnicity, height, weight, CT type, smoking status, 

pack-years, urinary cotinine, and FEV1/FVC ratio at the baseline spirometry exam. Analyses stratified for smoking status at the baseline exam. Predicted change in FEV1 per year 

reported per category or standard deviation of log-transformed continuous measures. 
†Percent emphysema greater than the upper limit of normal on cardiac CT was defined according to reference equations developed in the same cohort (1). 
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Fixed threshold for percent emphysema 

Results were similar using a fixed (>5%) threshold for elevated percent emphysema (table S5). 
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Table S5. Percent emphysema >5% and incidence of airflow limitation at 5-year follow-up. 

  

Percent emphysema > 5% 

(Dichotomous) 

Model* Cases/At Risk 
OR┼  

(95% CI)  
P-value 

Incident pre-bronchodilator 

airflow limitation‡ 
224/2045   

Unadjusted  1.87 (1.40, 2.51) <0.001 

Minimally-adjusted 

+ age, sex, race/ethnicity 
 

1.49 (1.08, 2.05) 0.015 

Fully-adjusted 

+ height, weight, CT 

scanner, smoking history, 

initial FEV1 

 

1.98 (1.38, 2.83) <0.001 

Extended 

+ initial FEV1/FVC 
 

1.53 (1.04, 2.24) 0.032 

    

Incident post-bronchodilator 

airflow limitation‡ 
53/1915   

Unadjusted  2.83 (1.64, 4.91) <0.001 

Minimally-adjusted 

+ age, sex, race/ethnicity 
 

2.46 (1.36, 4.46) 0.003 

Fully-adjusted 

+ height, weight, CT 

scanner, smoking history, 

initial FEV1 

 

3.62 (1.82, 7.20) <0.001 

Extended 

+ initial FEV1/FVC 
 

3.25 (1.58, 6.68) 0.001 

*Logistic regression models were sequentially adjusted. The minimally-adjusted model includes study baseline age, sex, and 

race/ethnicity. The fully-adjusted model additionally includes height, weight, CT type, smoking status, pack-years, urinary 
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cotinine, and FEV1 percent-predicted at the initial spirometry exam. The extended model also includes initial FEV1/FVC 

ratio. 
┼Odds ratios (ORs) reported for presence versus absence of percent emphysema>ULN or per standard deviation (SD, 3.1%) 

of log-transformed percent emphysema, with 95% confidence intervals (CI).  
‡Airflow limitation was defined as FEV1/FVC<0.70.9 

Abbreviations: CI = confidence interval. COPD = chronic obstructive pulmonary disease. CT = computed tomography. FEV1 

= forced expiratory volume in one second. FVC = forced vital capacity. OR = odds ratio. SD = standard deviation. 
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Stratification by smoking status 

 

 

Results were similar and statistically significant in both ever- and never-smokers (supplementary table S6).
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Table S6. Smoking-stratified analyses of emphysema-like lung on computed tomography and incidence of 

airflow limitation at 5-year follow-up. 

  

Percent emphysema  

> upper limit of normal 

(Dichotomous)* 

Percent emphysema 

Log-transformed 

(Continuous) 

Model┼ Cases/At Risk 

OR  

(95% CI) ‡ P-value 

OR per SD  

(95% CI) ‡ P-value 

Never smokers      

Incident pre-bronchodilator 

airflow limitation § 
98/1037     

Unadjusted  1.28 (0.49, 3.34) 0.61 1.68 (1.31, 2.15) <0.001 

      

Fully-adjusted  1.87 (0.68, 5.17) 0.23 1.77 (1.29, 2.42) <0.001 

      

Incident post-

bronchodilator airflow 

limitation§ 

22/978     

Unadjusted  5.41 (1.74, 16.77) 0.004 1.96 (1.16, 3.33) 0.013 

      

Fully-adjusted  11.01 (3.04, 39.90) <0.001 2.15 (1.13, 4.12) 0.021 

      

Ever-smokers      

Incident pre-bronchodilator 

airflow limitation § 
126/1008     

Unadjusted  2.10 (1.14, 3.86) 0.017 1.57 (1.26, 1.97) <0.001 

      

Fully-adjusted  3.24 (1.58, 6.67) 0.001 2.12 (1.56, 2.86) <0.001 

      

Incident post-

bronchodilator airflow 

limitation§ 

31/937     
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Unadjusted  1.09 (0.25, 4.69) 0.91 1.81 (1.15, 2.87) 0.011 

      

Fully-adjusted  1.57 (0.25, 9.86) 0.63 3.46 (1.76, 6.81) <0.001 

*The upper limit of normal (ULN) for percent emphysema on cardiac CT was defined according to reference equations developed in 

the same cohort accounting for age, gender, race/ethnicity, height, weight, current smoking, and scanner parameters.10  
┼Fully-adjusted logistic regression models were adjusted for study baseline age, sex, race/ethnicity, height, weight, CT scanner type, 

smoking status, pack-years, urinary cotinine, and FEV1 percent-predicted at the initial spirometry exam.  
‡Odds ratios (ORs) reported for presence versus absence of emphysema on CT or per standard deviation (SD, 3.1%) of log-

transformed percent emphysema, with 95% confidence intervals (CI).  
§Airflow limitation was defined as FEV1/FVC<0.70. 

Abbreviations: CI = confidence interval. COPD = chronic obstructive pulmonary disease. CT = computed tomography. FEV1 = forced 

expiratory volume in one second. FVC = forced vital capacity. OR = odds ratio. SD = standard deviation.  
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Supplementary Figures 

 

Figure S1. CONSORT diagram of MESA Lung participants included in the study sample and lost to 

follow-up.  

FEV1 = forced expiratory volume in one second. FVC = forced vital capacity. 

 

Figure S2. Sensitivity analyses for percent emphysema on CT and odds of incident airflow limitation.  

Percent emphysema greater than the upper limit of normal on cardiac CT was classified according to reference 

equations developed in the same cohort.7 

Additional clinical factors were education, site, self-reported emphysema and asthma, environmental tobacco 

smoke, exposure to fumes, and coronary artery calcium score. Baseline symptoms were dyspnea, cough, 

phlegm, and wheeze. PM 2.5 is a measure of fine particulate matter pollution. Restrictive pattern defined as a 

ratio>=0.70 with a FVC percent-predicted less than 80%. 

Abbreviations: CT = computed tomography. FEV1 = forced expiratory volume in one second. FVC = forced 

vital capacity. LLN = lower limit of normal. OR = odds ratio. PM 2.5 = particulate matter less than 2.5 

micrometers in diameter. ULN = upper limit of normal. 
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