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ORIGINAL RESEARCH

Pneumothorax Risk Factors in Smokers with and without Chronic
Obstructive Pulmonary Disease
Brian D. Hobbs1,2, Marilyn G. Foreman3, Russell Bowler4, Francine Jacobson5, Barry J. Make4, Peter J. Castaldi1,6,
Raúl San José Estépar7, Edwin K. Silverman1,2, Craig P. Hersh1,2; and the COPDGene Investigators
1Channing Division of Network Medicine and 2Division of Pulmonary and Critical Care Medicine, Department of Medicine, Brigham and
Women’s Hospital and Harvard Medical School, Boston, Massachusetts; 3Division of Pulmonary and Critical Care Medicine, Department
of Internal Medicine, Morehouse School of Medicine, Atlanta, Georgia; 4Division of Pulmonary, Critical Care and Sleep Medicine,
Department of Medicine, National Jewish Health, Denver, Colorado; and 5Department of Radiology; 6Division of General Internal
Medicine and Primary Care, Department of Medicine, and 7Surgical Planning Laboratory, Department of Radiology, Brigham and
Women’s Hospital and Harvard Medical School, Boston, Massachusetts

Abstract

Rationale: The demographic, physiological, and computed
tomography (CT) features associated with pneumothorax in
smokers with and without chronic obstructive pulmonary disease
(COPD) are not clearly defined.

Objectives: We evaluated the hypothesis that pneumothorax
in smokers is associated with male sex, tall and thin stature,
airflow obstruction, and increased total and subpleural
emphysema.

Methods: The study included smokers with and without COPD
from the COPDGene Study, with quantitative chest CT analysis.
Pleural-based emphysema was assessed on the basis of local
histogram measures of emphysema. Pneumothorax history was
defined by subject self-report.

Measurements and Main Results: Pneumothorax was
reported in 286 (3.2%) of 9,062 participants. In all participants, risk
of prior pneumothorax was significantly higher in men (odds ratio
[OR], 1.55; 95% confidence interval [CI], 1.08–2.22) and

non-Hispanic white subjects (OR, 1.90; 95% CI, 1.34–2.69). Risk of
prior pneumothorax was associated with increased percent CT
emphysema in all participants and participants with COPD (OR,
1.04 for each 1% increase in emphysema; 95% CI, 1.03–1.06).
Increased pleural-based emphysema was independently associated
with risk of past pneumothorax in all participants (OR, 1.05 for
each 1% increase; 95% CI, 1.01–1.10). In smokers with normal
spirometry, risk of past pneumothorax was associated with
non-Hispanic white race and lifetime smoking intensity (OR,
1.20 for every 10 pack-years; 95% CI, 1.09–1.33).

Conclusions: Among smokers, pneumothorax is associated with
male sex, non-Hispanic white race, and increased percentage of
total and subpleural CT emphysema. Pneumothorax was not
independently associated with height or lung function, even in
participants with COPD.

Clinical trial registered with www.clinicaltrials.gov
(NCT00608764).

Keywords: pneumothorax; chronic obstructive pulmonary
disease; emphysema
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The epidemiology and mechanisms of
pneumothorax have been extensively
studied; however, the demographic and
quantitative computed tomography
(CT) imaging features associated with
pneumothorax are not well described,
particularly in smokers with chronic
obstructive pulmonary disease (COPD).
Previous research has focused on describing
pneumothorax within the traditional
classifications: primary spontaneous,
secondary spontaneous, or traumatic
(from either iatrogenic or noniatrogenic
causes) (1–3).

Primary spontaneous pneumothorax
(PSP) occurs in the absence of clinically
apparent lung disease (4, 5). PSP has been
associated with male sex, tall and thin
stature, tobacco smoking, and atmospheric
pressure changes (5–8). In two case–control
studies, the CT scans of persons with recent
PSP (including nonsmokers) were found to
have significantly more emphysema-like
changes in both studies as well as a lower
mean radiographic density of the lungs in
one of the studies (9, 10). A CT study and
multiple surgical studies have consistently
identified blebs and bullae in patients
suffering a spontaneous pneumothorax
(11–16). Secondary spontaneous
pneumothorax occurs in patients with
clinically apparent lung disease, which is
most commonly COPD (2, 17, 18). In
COPD, more severe disease with FEV1 less
than 1 L has been reported to be associated
with increased risk of developing secondary
spontaneous pneumothorax (1, 19). The
risk of iatrogenic pneumothorax has been
associated with the qualitative appearance
of emphysema on chest CT scans
(20, 21). The association of iatrogenic
pneumothorax with spirometry values is
not clear, as two studies have showed
inconsistent results (21, 22).

We sought to explore the
epidemiologic, spirometric, and chest
CT imaging features associated with
pneumothorax within the COPD Genetic
Epidemiology (COPDGene) Study, a large
population of smokers with a broad range of
lung function values, to evaluate factors
associated with a history of pneumothorax,
particularly in smokers with COPD. A better
understanding of the difference in risk
factors associated with a history of
pneumothorax in patients with COPD
compared with persons with normal
spirometry is especially important given the
higher morbidity of pneumothorax in the

COPD population. We hypothesized that in
a population of smokers including patients
with COPD, a history of pneumothorax
would be associated with male sex, tall and
thin stature, increased smoking exposure,
more severe airflow obstruction, and
a greater percentage of emphysema on CT
scan. In addition, we hypothesized that
quantitative CT measures of pleural-based
emphysema would be associated with
a history of pneumothorax.

Methods

Subject Selection
The COPDGene Study is an observational
study that was developed to identify
the genetic and epidemiologic factors
contributing to the development of COPD
and its subtypes. The study was conducted
at 21 study centers across the United
States (ClinicalTrials.gov identifier
NCT00608764); institutional review board
approval was obtained at each center, and
participants provided written informed
consent. In brief, the study included non-
Hispanic white and African American
subjects between the ages of 45 and 80 years
with a minimal smoking history of 10 pack-
years. Individuals with a history of lung
disease other than COPD or asthma,
surgical excision of at least one lobe of the
lung, or lung volume reduction surgery
were excluded. Full details of the study
design including inclusion and exclusion
criteria have been previously described and
are available online at www.COPDGene.org
(23).

The March 12, 2013 COPDGene data
set was used (n = 10,192). After exclusions
for missing CT data (n = 1,130), we
included 9,062 individuals.

Chest CT Imaging
Quantitative analysis of inspiratory CT
scans was performed with 3D Slicer software
(http://airwayinspector.acil-bwh.org/) (24).
Percent emphysema on inspiratory CT
was defined as the fraction of lung with
attenuation below –950 Hounsfield
units (HU) (25). Expiratory scans were
performed in 7,094 participants; gas
trapping was quantified as the percentage
of lung on expiratory CT scan with
attenuation below –856 HU (26, 27).
Quantitative CT airway measurements
including square root of airway wall area
at hypothetical 10-mm internal diameter

airways (Pi10) and wall area percentage
of segmental airways were obtained with
VIDA software (VIDA Diagnostics, Inc,
Coralville, IA) (28, 29).

Additional quantitative CT analysis
included classification of emphysema
pattern based on local histogram
information; the method for generating
local histogram-based quantitative
emphysema patterns in the COPDGene
Study has been previously defined (30, 31).
On the basis of a set of expert-defined
training images, an algorithm was
developed to classify each lung region
into one of six categories according to
emphysema pattern: normal; mild,
moderate, or severe centrilobular
emphysema; panlobular emphysema; or
pleural-based emphysema. Pleural-based
emphysema was defined as emphysema
that abutted the chest wall. For each CT
scan, the six categories of local histogram
emphysema pattern are expressed as
a fraction of total lung volume represented
by each category of emphysema (30).

Spirometry
All COPDGene participants underwent
spirometry before and after inhaled
albuterol. COPD was defined by
postbronchodilator FEV1/FVC less than
0.7 and FEV1 less than 80% predicted,
corresponding to Global Initiative for
Chronic Obstructive Lung Disease (GOLD)
spirometry stages 2–4 (32).

Identification of Pneumothorax Cases
The study questionnaire asked, “Have you
ever been told by a physician that you have
pneumothorax (collapsed lung)?” The
answer was recorded as “no” if the subject
responded no or if they did not know.
The date and circumstances of the
pneumothorax were not captured in the
questionnaire. To validate patients’ reports
of pneumothorax, a medical record review
was performed at three COPDGene clinical
centers (Morehouse School of Medicine,
Atlanta, GA; National Jewish Health,
Denver, CO; and Brigham and Women’s
Hospital, Boston, MA).

Statistical Analysis
All analyses were conducted in R version
3.1.1 (33). Univariate analysis used chi-
squared tests, two-tailed t tests, and
Wilcoxon rank-sum tests. A multivariable
logistic regression model was constructed
with history of pneumothorax as the
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outcome variable. Covariates included
sex, race, height, weight, age of study
enrollment, pack-years of smoking, FEV1,
percent emphysema on CT, ratio of
upper to lower one-third lung percent
emphysema on CT, and TLC calculated by
CT. Regression analysis using the above-
cited models was performed in all subjects
and in two subgroups including study
participants with normal spirometry
(FEV1/FVC ratio . 0.7 and FEV1 > 80%
predicted) as well as study participants with
COPD (GOLD spirometry stages 2–4).
Additional regression models were
constructed with local histogram pleural-
based emphysema and with gas-trapping
independently added to the above-cited
model. Regression diagnostics are described
in the online supplement.

Some of the results of this study have
been previously reported in the form of an
abstract at the American Thoracic Society
2014 International Conference (34).

Results

Of the 9,062 participants, 286 (3.2%)
reported a history of pneumothorax. In
validating patient reports of pneumothorax,
a medical record review at three study
centers confirmed a pneumothorax was
documented in the medical record for
25 (74%) of 34 participants. Compared
with participants without a history of
pneumothorax, the 286 participants
reporting a history of pneumothorax were
more commonly male (61.5% vs. 54.0%),
more commonly non-Hispanic white
(79.4% vs. 66.9%), had a higher average
pack-year smoking history, started smoking
at a younger age, and had significantly lower
values of FEV1 percent predicted, FVC
percent predicted, and FEV1/FVC ratio
(Table 1). Corresponding to the lower
average FEV1 levels, the participants
reporting a history of pneumothorax more
often had a diagnosis of COPD by GOLD
criteria. Moreover, a higher percentage of
participants with severe to very severe
COPD (GOLD spirometry stage 3 or 4)
reported a history of pneumothorax
compared with participants with mild to
moderate COPD (GOLD spirometry stage
1 or 2) (6.0% vs. 4.1%; P = 0.006). A higher
proportion of participants without a history
of pneumothorax had normal spirometry
(44.7% vs. 24.1%) or preserved ratio with
impaired spirometry (PRISm), defined as

FEV1/FVC ratio of at least 0.7 with reduced
FEV1 and/or FVC less than 80% predicted
(12.2% vs. 9.1%) (35). Characteristics of study
participants with normal spirometry and
with COPD are shown in Tables E1 and
E2 in the online supplement.

Participants who reported a history of
pneumothorax had a significantly higher
percentage of emphysema on chest CT scan
(11.5% vs. 5.9%; Table 2). In addition,
participants reporting a history of
pneumothorax had an increased ratio of
percent emphysema in the upper one-third
of the lungs compared with the lower
one-third of the lungs on CT scan
(Table 2). Participants with a history of
pneumothorax had larger CT-calculated
TLC (5.9 L vs. 5.5 L). There was no
difference between participants with and
without a history of pneumothorax when
comparing airway wall thickness measured
at Pi10 or the wall area percentage of
segmental airways.

Multivariable logistic regression
analysis was employed on the entire study
population as well as two subgroups:

participants with normal spirometry and
participants with COPD (Table 3). In all
participants, risk of prior pneumothorax
was significantly higher in men (odds ratio
[OR], 1.55; 95% confidence interval [CI],
1.08–2.22) and non-Hispanic white subjects
(OR, 1.90; 95% CI, 1.34–2.69). Past
pneumothorax risk was associated with
increased percent emphysema on CT
scan (OR, 1.04 for each 1% increase in
emphysema; 95% CI, 1.03–1.06) and was
inversely associated with TLC (OR, 0.87 for
each 1-L increase; 95% CI, 0.76–1.00).

In participants with normal
spirometry, risk of past pneumothorax was
associated with increased smoking history
(OR, 1.20 for every 10 pack-year increase in
smoking; 95% CI, 1.09–1.33) and non-
Hispanic white race (OR, 2.12; 95% CI,
1.10–4.09). In contrast, in participants with
COPD, risk of previous pneumothorax
was associated with increased percent
emphysema on CT scan (OR, 1.04 for each
1% increase; 95% CI, 1.03–1.06) and was
inversely associated with TLC (OR, 0.72
for each 1-L increase in TLC; 95% CI,

Table 1. Clinical and demographic features of COPDGene Study participants with and
without a history of self-reported pneumothorax

Subject Characteristic History of Pneumothorax?

Yes (n = 286) No (n = 8,776) P Value*

Males, % 176 (61.5) 4,737 (54) 0.01
Age at enrollment, yr 61.5 6 8.8 59.5 6 9.0 0.0002
Non-Hispanic white, % 227 (79.4) 5,869 (66.9) —
African American, % 59 (20.6) 2,907 (33.1) —

— — ,0.0001†

Height, cm 171 6 9.6 170 6 9.5 0.4
Weight, kg 82.6 6 20.2 83.6 6 19.5 0.4
Pack-years smoking 50.7 6 25.7 44.1 6 24.8 ,0.0001
Age started smoking 16 6 4.3 16.9 6 4.7 0.0003
Education, some college vs. no college, % 172 (60.1) 5,371 (61.2) 0.8
PRISm,‡ % 26 (9.1) 1,073 (12.2) —
Normal spirometry,x % 69 (24.1) 3,920 (44.7) —
GOLD 1, % 36 (12.6) 699 (8.0) —
GOLD 2, % 64 (22.4) 1,666 (19.0) —
GOLD 3, % 59 (20.6) 956 (10.9) —
GOLD 4, % 32 (11.2) 462 (5.3) —

— — ,0.0001jj

FEV1, % predicted 67 6 28 77 6 25 ,0.0001
FVC, % predicted 85 6 21 88 6 18 0.03
FEV1/FVC 0.59 6 0.18 0.67 6 0.16 ,0.0001

Definition of abbreviations: COPDGene = COPD Genetic Epidemiology; GOLD = Global Initiative for
Chronic Obstructive Lung Disease.
Data are shown as number (%) or mean 6 standard deviation.
*t test for quantitative variables. Chi-squared test for categorical variables.
†Probability value refers to race data.
‡PRISm = preserved ratio impaired spirometry, that is, FEV1/FVC ratio> 0.7, with reduced FEV1 and/
or FVC , 80% (35).
xFEV1/FVC ratio > 0.7 and FEV1 > 80% predicted.
jjProbability value refers to PRISm, spirometry, and GOLD data.
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0.59–0.87). We examined the interaction
term between emphysema and TLC and
this was not significant when added to our
multivariable model. Figure 1 illustrates the
increase in the percentage of participants
with COPD who reported a history of
pneumothorax, when participants are
divided into groups according to percent
emphysema on CT scan.

Because different models of CT
scanners were used at different COPDGene
study centers, we adjusted for CT scanner
type without significant improvement in the
logistic regression model performance, so

the reported results do not include CT
scanner type as a covariate.

When a local histogram-based measure
of subpleural emphysema was added to our
regression model, subpleural emphysema
was significantly associated with
pneumothorax (OR, 1.05 for each 1%
increase in subpleural emphysema; 95% CI,
1.01–1.1), even after accounting for total
CT emphysema as quantified by the
percentage of lung area with attenuation
less than –950 HU (%LAA –950). The
local histogram measure of subpleural
emphysema was not associated with

pneumothorax in participants with normal
spirometry or COPD (Table 4).

Several authors have proposed that gas
trapping and local hyperinflation may lead
to regional pressure differences in the distal
alveoli with subsequent lung parenchymal
disruption resulting in pneumothorax (36,
37). We built a separate logistic regression
model using the subgroup of 7,094
participants with expiratory CT scans
available. When added as a covariate to the
regression models displayed in Table 3,
percent gas trapping was not independently
associated with the occurrence of
pneumothorax.

Discussion

Pneumothorax is a clinically important
condition, often leading to hospitalization
(38). Persons with COPD suffering
a spontaneous pneumothorax are at risk
for increased morbidity compared with
persons without COPD (1, 2). Among all
smokers, the present study noted increased
risk of previous pneumothorax to be
associated with male sex, non-Hispanic
white race, increased percent emphysema,
and smaller TLC in a multivariable model.
The current study is novel regarding the
large sample size with inclusion of a
large percentage of African American
participants.

Table 2. Chest computed tomography variables in COPDGene Study participants with
and without pneumothorax: univariate analysis

CT Variable History of Pneumothorax?

Yes (n = 286) No (n = 8,776) P Value*

Percent emphysema (%LAA –950 HU)† 11.5 6 13.7 5.9 6 9.3 ,0.0001
Ratio of percent emphysema in upper
one-third to lower one-third of lungs
on CT scan

2.9 6 7.5 2.0 6 8.9 ,0.0001

Total lung capacity (L) by CT scan 5.9 6 1.5 5.5 6 1.4 ,0.0001
Square root airway wall area at Pi10 3.7 6 0.1 3.7 6 0.1 0.2
Wall area percent for segmental airways 61.6 6 3.2 61.4 6 3.2 0.3

Definition of abbreviations: CT = computed tomography; HU = Hounsfield units; LAA = lung area with
attenuation; Pi10 = 10-mm internal diameter airway.
Data represent means 6 standard deviation.
*P values were determined using t tests for normally distributed data and Wilcoxon rank-sum tests for
nonparametric data.
†%LAA –950 HU, the percentage of lung area with attenuation less than –950 HU.

Table 3. Logistic regression predictors of pneumothorax in all study participants, participants with normal spirometry, and
participants with chronic obstructive pulmonary disease

Multivariable Predictor All Participants
(PTX = 286, without

PTX = 8,776)

Participants with Normal
Spirometry (PTX = 69,
without PTX = 3,920)

Participants with
COPD* (PTX = 155,
without PTX = 3,084)

Odds
Ratio 95% CI P Value

Odds
Ratio 95% CI P Value

Odds
Ratio 95% CI P Value

Sex, male 1.55 1.08–2.22 0.02 1.10 0.52–2.34 0.8 1.64 1.00–2.71 0.052
Race, non-Hispanic white 1.90 1.34–2.69 0.0003 2.12 1.10–4.09 0.03 1.62 0.99–2.64 0.054
Weight, kg 1.00 0.99–1.01 0.6 0.99 0.98–1.01 0.4 1.00 0.99–1.01 0.7
Height, cm 1.00 0.98–1.03 0.7 1.02 0.97–1.07 0.5 1.02 0.99–1.05 0.3
Age at enrollment 0.99 0.98–1.01 0.4 0.97 0.93–1.01 0.09 0.99 0.97–1.01 0.2
Smoking history, per 10 pack-years 1.05 1.00–1.09 0.06 1.20 1.09–1.33 0.0002 1.00 0.94–1.06 1.0
FEV1, L 0.92 0.75–1.12 0.4 0.99 0.46–2.13 1.0 0.94 0.65–1.37 0.8
Percent emphysema on CT scan 1.04 1.03–1.06 <0.0001 1.02 0.93–1.12 0.6 1.04 1.03–1.06 <0.0001
Ratio of percent emphysema in upper
one-third to lower one-third of lungs
on CT scan

1.00 1.00–1.01 0.2 1.00 0.98–1.02 1.0 1.01 1.00–1.01 0.3

Total lung capacity (L) by CT scan 0.87 0.76–1.00 0.04 0.98 0.71–1.35 0.9 0.72 0.59–0.87 0.001

Definition of abbreviations: CI = confidence interval; COPD = chronic obstructive pulmonary disease; CT = computed tomography; PTX = pneumothorax.
Statistically significant predictors are shown in boldface.
*FEV1/FVC ratio , 0.7 and FEV1 , 80% predicted (GOLD stages 2–4).
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Although the association of
pneumothorax with male sex has been
previously described, previous studies have
not identified non-Hispanic white race to be
associated with pneumothorax (6). The
association of pneumothorax history with
non-Hispanic white race was significant

among all participants and smokers with
normal spirometry. The association of
pneumothorax with non-Hispanic white
race approached significance in the study
participants with COPD. The association
of non-Hispanic white race with
pneumothorax might be attributed to

differences in overall severity of airflow
obstruction and emphysema in non-
Hispanic white individuals compared with
African Americans in the COPDGene
Study; however, the persistent association
of non-Hispanic white race with
pneumothorax in the subgroup of smokers
with normal spirometry illustrates that the
racial differences in pneumothorax history
are unlikely to be solely due to differences
in airflow obstruction and emphysema.
The association of pneumothorax with
non-Hispanic white race may reflect
unmeasured confounders, such as
differences in socioeconomic status and
health care access. However, unlike chronic,
largely asymptomatic diseases such
as hypertension or type 2 diabetes,
pneumothorax is an emergency condition
often leading to invasive procedures, and
is unlikely to be overlooked due to health
care access. Or the racial differences in
pneumothorax development may be
potentially explained by genetic differences.
Unfortunately, our study is underpowered
to appropriately evaluate genetic
associations with pneumothorax. Further
study regarding racial differences in
pneumothorax is warranted.

In the subgroup of smokers with
normal spirometry, aside from non-
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Figure 1. Percentage of participants with chronic obstructive pulmonary disease reporting history of
pneumothorax, separated by percent emphysema on computed tomography (CT) scan.

Table 4. Logistic regression predictors of pneumothorax with inclusion of local histogram measure of subpleural emphysema
with analysis performed in all study participants, participants with normal spirometry, and participants with chronic obstructive
pulmonary disease

Multivariable Predictor All Participants
(PTX = 286, without

PTX = 8,776)

Participants with Normal
Spirometry (PTX = 69,
without PTX = 3,920)

Participants with COPD*
(PTX = 155, without

PTX = 3,084)

Odds
Ratio 95% CI P Value

Odds
Ratio 95% CI P Value

Odds
Ratio 95% CI P Value

Sex, male 1.49 1.04–2.14 0.03 1.09 0.51–2.32 0.8 1.57 0.95–2.60 0.08
Race, non-Hispanic white 1.92 1.35–2.73 0.0003 2.11 1.09–4.09 0.03 1.67 1.02–2.73 0.04
Weight, kg 1.00 0.99–1.01 1.0 0.99 0.98–1.01 0.3 1.00 0.99–1.01 1.0
Height, cm 1.00 0.98–1.03 0.7 1.02 0.97–1.07 0.5 1.02 0.99–1.05 0.3
Age at enrollment 0.99 0.97–1.01 0.3 0.97 0.93–1.01 0.08 0.99 0.96–1.01 0.2
Smoking history, per 10 pack-years 1.04 1.00–1.09 0.07 1.20 1.09–1.33 0.0002 1.00 0.94–1.06 0.9
FEV1, L 0.92 0.76–1.13 0.4 1.00 0.46–2.15 1.0 0.95 0.65–1.38 0.8
Percent emphysema on CT scan 1.03 1.01–1.05 0.01 1.00 0.88–1.14 1.0 1.03 1.01–1.06 0.01
Ratio of percent emphysema in upper
one-third to lower one-third of lungs
on CT scan

1.00 1.00–1.01 0.2 1.00 0.98–1.02 1.0 1.01 1.00–1.01 0.3

Total lung capacity (L) by CT scan 0.89 0.77–1.02 0.1 0.99 0.71–1.37 1.0 0.74 0.61–0.91 0.003
Local histogram emphysema – percent
subpleural emphysema

1.05 1.01–1.10 0.01 1.03 0.89–1.19 0.7 1.04 0.99–1.11 0.1

Definition of abbreviations: CI = confidence interval; COPD = chronic obstructive pulmonary disease; CT = computed tomography; PTX = pneumothorax.
Statistically significant predictors are shown in boldface.
*FEV1/FVC ratio , 0.7 and FEV1 , 80% predicted (GOLD stages 2–4).
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Hispanic white race, pack-years of cigarette
smoking was associated with a history of
pneumothorax. Previous work from Bense
and colleagues has demonstrated this
relationship and our study supports these
earlier findings (5).

Quantitative CT measurements
have not been widely used in previous
pneumothorax research. The association
between CT emphysema and history of
pneumothorax in participants with COPD is
consistent with prior work describing an
increased appearance of emphysema-like
changes on chest CT scans of patients with
spontaneous pneumothorax (9, 10). Our
study differs from previous data regarding
emphysema and pneumothorax, as we
identified an association between increased
percent emphysema and pneumothorax
in participants with COPD, but not in
smokers without COPD. Previous research
on risk factors for pneumothorax in
patients with COPD has identified FEV1

less than 1 L to be associated with increased
risk of pneumothorax; however, these
studies did not clearly evaluate FEV1 effects
independent of emphysema (1, 19). COPD
is a heterogeneous disease composed of
both emphysema and airway disease, which
are present to a variable degree across
similar levels of lung function. Our finding
of pneumothorax association with
emphysema, but not with FEV1 or
airway wall phenotypes, suggests that
pneumothorax is more likely to be related
to emphysematous subtypes of COPD
rather than airway-predominant subtypes
of COPD.

The association of pneumothorax with
smaller TLC in multivariable models
including all participants and in participants
with COPD was a surprising finding,
because univariate analysis revealed the
opposite relationship. It is possible that
smaller CT-measured TLC reflects the
presence of early interstitial lung
disease, which has previously been noted at
a 5–10% prevalence rate in a subset of
smokers from the COPDGene Study and
has been associated with reduced TLC
(39, 40). A study by Lippert and colleagues
noted that the presence of pulmonary
fibrosis on chest X-ray was the single
greatest independent risk factor for
predicting recurrence after a first episode
of PSP (41).

Castaldi and colleagues reported that
local histogram measures of emphysema
(including centrilobular, panlobular, and

pleural-based emphysema patterns) provide
novel information relating to respiratory
symptoms, complications, and physiology
in participants with COPD (31). Given
the CT and surgical studies reporting an
excess of subpleural blebs and bullae in
participants suffering a pneumothorax,
we sought a tool for an automated and
quantified evaluation of subpleural lung
abnormalities. In the entire study
population, pleural-based local histogram
emphysema was independently associated
with pneumothorax and may be picking
up a signal of excess peripheral lung
field abnormalities contributing to
pneumothorax pathogenesis. Visual
assessment of all CT scans with scoring of
not only the severity of both paraseptal and
subpleural emphysema, but also the severity
and location of blebs and bullae, would be
the most ideal information for detection of
differences between participants with and
without a history of pneumothorax, but
those data are not currently available in
COPDGene. However, our current study
highlights the ability of local histogram
measures of emphysema to provide unique
physiological information.

The observational study design has
several potential limitations. COPDGene
relied on subject recall in reporting
past medical history events such as
pneumothorax. Therefore, we performed
a medical record review in a subset of
participants and confirmed that a majority
of these participants had a history of
pneumothorax confirmed in the medical
record. The imperfect medical record
validation of patient report of
pneumothorax suggests the possibility
of misclassification bias. However, one
would not expect misclassification of
pneumothorax to be related to CT
parameters. Such nondifferential
misclassification would bias toward the null.
Despite this, we were still able to discover
statistically significant associations with
a history of pneumothorax. An additional
limitation of our study is the lack of detailed
information regarding the timing and
etiology of the reported pneumothorax. The
lack of temporal information prevents
an exact determination of a subject’s
cumulative tobacco exposure, current
smoking status, burden of emphysema,
and COPD diagnosis at the time of their
pneumothorax. Because of this limitation,
we did not make a distinction between
primary and secondary pneumothorax in

our study. Despite these limitations, we
were able to identify demographic as well
as CT imaging features associated with
a history of pneumothorax in a population
of smokers, including persons with COPD.

The results from this study indicate that
in all smokers, there is an association
between pneumothorax and non-Hispanic
white race, male sex, and increased quantity
of CT emphysema. In smokers with normal
spirometry, the risk of prior pneumothorax
increased in a dose-dependent manner
with lifetime cigarette smoking history.
This study also highlights the association
between pneumothorax and increased
quantity of CT emphysema in participants
with COPD. This is a novel finding, with
past research pointing to decreased FEV1

as the predominant risk factor for
pneumothorax among patients with COPD.
Pleural-based emphysema is independently
associated with history of pneumothorax.
The identification of the above associations
may help to heighten awareness of
pneumothorax in similar populations
of patients. n
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