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Association between Emphysema and Chronic
Obstructive Pulmonary Disease Outcomes in the
COPDGene and SPIROMICS Cohorts: A Post Hoc
Analysis of Two Clinical Trials

To the Editor:

The use of thoracic computed tomographic (CT) imaging in current
and former smokers is becoming increasingly more common
because of its widespread availability and utility in lung cancer
screening. Prior studies have demonstrated associations between CT
measures of emphysema and respiratory symptoms, exacerbations,
and mortality (1–5). However, thus far, practical guidance on
how to incorporate increasingly available quantitative imaging data
into clinical practice is lacking. In this analysis, we use data
from two large NIH-sponsored cohort studies, SPIROMICS
(Subpopulations and Intermediate Outcomes in COPD Study)
and COPDGene (COPD Genetic Epidemiology), to examine
the relationship between a readily available metric, CT-based
emphysema, and risk for important patient outcomes including
symptoms, exacerbations, and mortality. The goal of our analysis is
not to advocate for routine CT imaging in chronic obstructive
pulmonary disease (COPD) but, rather, to provide clinicians
with guidance on how to translate increasingly available
quantitative imaging data into information that can guide patient
decision-making.

We used data from COPDGene and SPIROMICS, both
NIH-funded multicenter cohort studies of smokers with and
without airflow obstruction. All subjects were age 40–80 years with
10 pack-years or more of exposure (6, 7). Exacerbations were
defined by use of an antibiotic and/or steroid, emergency room
visit, or hospital admission for a respiratory “flare-up” on the
American Thoracic Society Respiratory Disease questionnaire.
Exacerbation data for both cohorts were captured via longitudinal
follow-up protocols. For both studies, all participants underwent
spirometry before and after the administration of a short-acting
bronchodilator; postbronchodilator values were used in this

analysis. We analyzed lung parenchyma on volumetric CT scans
of the chest obtained at full inspiration, using VIDA software
(VIDA Diagnostics), with percentage emphysema defined by the
percentage of voxels less than 2950 Hounsfield units (7, 8).

Statistical analyses were performed in R version 3.1.3
(www.r-project.org). Analyses were performed first in the
COPDGene cohort, with validation conducted using the
SPIROMICS cohort. Plots for average event rates were created
using raw averages for event rates grouped by nearest
emphysema percentile. Overlaid are age-adjusted event rates
by emphysema percentile, estimated using linear splines.
Visual inspection of plots suggested 5% emphysema as a
significant threshold for several clinically important metrics.
The threshold of 5% is also roughly the 90th percentile value of
emphysema for normal individuals within the COPDGene
cohort (9). P value for average follow-up was based on
restricted mean test. The statistical analysis of event rates
(exacerbation rates and death) were conducted using quasi-
Poisson regression models unadjusted and adjusted for age.

We created plots of emphysema versus relevant outcomes in
COPD. In Figure 1, we examine mean prospective moderate and
severe exacerbations in linear splines (black) and smoothed splines
(red). A distinct increase in exacerbation frequency appears to
occur roughly at 5% of emphysema. We saw similar findings for
mean severe exacerbations (data not shown). In Figure 2, we
compare emphysema percentage against average death rates in
COPDGene and SPIROMICS. Again, a linear, positive association
between increasing emphysema and deaths also appears at roughly
5% emphysema. Similar associations were seen with increases in
St. George’s Respiratory Questionnaire beginning at approximately
5% emphysema (data not shown).

To confirm the visual findings, we split the cohort into
individuals above and below a 5% emphysema threshold. In
COPDGene, 5,366 subjects had less than 5% emphysema (72%
with FEV1/FVC> 0.7 and 28% with FEV1/FVC> 0.7) versus
2,601 with 5% or more emphysema (17% with FEV1/FVC> 0.7
and 83% with FEV1/FVC> 0.7). A similar breakdown was seen
in SPIROMICS. The 5% or more emphysema threshold was
significantly associated with greater risk and St. George’s
Respiratory Questionnaire score (35.1 vs. 22.4; P, 0.001) in
COPDGene and SPIROMICS (39.6 vs. 27.1; P, 0.001). We also
found significantly higher mean exacerbation frequency in those
with 5% or more emphysema (0.69 vs. 0.29 exacerbations/yr;
P = 0.03) in COPDGene and SPIROMICS (0.46 vs. 0.21
exacerbations/yr; P, 0.001). The 5% or more emphysema
threshold was also associated with greater mortality (3.18 vs. 0.98
deaths per 100 person-years; P, 0.001) compared with those with
emphysema ,5% in COPDGene, as well as SPIROMICS (2.66 vs.
0.89 deaths per 100 person-years; P = 0.01). Additional analyses,
however, stratified by presence of airflow obstruction,
demonstrated that these relationships were maintained in those
with airflow obstruction, but not in those without.

We also noted that in COPDGene, of the individuals with 5%
or more emphysema and FEV1/FVC, 0.70, 26% had no prior
diagnosis of COPD. In SPIROMICS, of 994 individuals with 5% or
more emphysema and FEV1/FVC, 0.70, 15% similarly had no prior
diagnosis of COPD. Furthermore, among these participants meeting
criteria for FEV1/FVC, 0.70 and 5% or more emphysema, 33.9%
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(COPDGene) and 33.0% (SPIROMICS) were receiving no inhaled
maintenance therapy for COPD (long-acting b agonist, long-acting
b agonist/inhaled corticosteroid combination, or long-acting
muscarinic antagonist).

Conversely, it is interesting to note that we did not see greater
symptoms or exacerbations in those with emphysema less than 5%.
It may be that in such subjects, the CT features capturing symptoms
are actually more related to airways disease, which has been
suggested in prior analyses (10).

These results have significant advantages over previously
published algorithms using CT data and clinical variables to

determine their predictive value in identifying COPD. One is that
our proposed approach uses percentage emphysema, which
can be obtained via software readily available on the majority of
commercial CT scanners. We have also intentionally chosen to use a
simplified approach, reporting a single threshold that can be used by
clinicians as a guidepost to point toward the need for additional
testing and/or treatment. Importantly, we found that the strongest
signal for all-cause mortality occurs in those with airflow
obstruction.

The clinical implication is that a combination of CT and
spirometric criteria identify individuals at highest risk for
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Figure 1. Plot of mean exacerbations per year by percentage emphysema in COPDGene (COPD Genetic Epidemiology; left) and SPIROMICS
(Subpopulations and Intermediate Outcomes in COPD Study; right). Black dots represent raw averages for exacerbation rates grouped by nearest
emphysema percentile. Age-adjusted estimates for average exacerbations per year shown via linear splines in black (using every percentile of
emphysema) and smoothed splines in red. Mean follow-up time was 4.06 years.
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Figure 2. Plot of average deaths per 100 person-years by percentage emphysema in COPDGene (COPD Genetic Epidemiology; left) and SPIROMICS
(Subpopulations and Intermediate Outcomes in COPD Study; right). Black dots represent raw averages for death rates grouped by nearest emphysema
percentile. Age-adjusted estimates for average deaths per 100 person-years are shown via linear splines in black (using every percentile of emphysema)
and smoothed splines in red. The y-axis of each graph is truncated at 10 average deaths per 100 person-years to allow better visual comparison of both
cohorts.
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symptoms, future risk for exacerbations, and death. These data
suggest that for individuals with known COPD, a CT with 5% or
more emphysema should signal the clinician that this individual
is at greater risk for poor outcomes, and directed therapy
would be indicated if it has not already been initiated. For
individuals without a prior COPD diagnosis, the presence of 5%
or more emphysema suggests spirometry should be
considered, as presence of airflow obstruction identifies a
subgroup of patients with COPD at higher risk for poor
outcomes. n
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Trajectories and Early Determinants of Circulating
CC16 from Birth to Age 32 Years

To the Editor:

The club cell secretory protein CC16 is a pneumoprotein present in
circulation but mainly produced by club cells and other nonciliated
airway epithelial cells (1–3). Its biological functions have not been
conclusively elucidated, but findings from in vitro studies (4) and
mouse models (5) support antiinflammatory and antitoxicant
properties of CC16 in the lung.

In line with this scenario, CC16 deficits in blood and airways
have been associated with asthma (6), chronic obstructive
pulmonary disease (7), impaired growth of FEV1 in children
(8), and accelerated FEV1 decline in adults (8). Whether
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