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Background: The hallmark of COPD is airflow obstruction, but this can develop on the basis of
airway disease, emphysema, or both. There are gender differences in the natural history of
COPD, and these may in part be explained by differences in the pathophysiology of airflow
obstruction. We aimed to determine if there are gender differences in the severity of CT
emphysema among COPD patients.

Methods: Current and former smokers enrolled in the National Lung Screening Trial (NLST) at
the University of Alabama at Birmingham were recruited at the time of an annual screening CT
examination. We recorded demographics and smoking history, and subjects performed spirom-
etry. Subjects were classified into modified (prebronchodilator) Global Initiative for Chronic
Obstructive Lung Disease stages, and their CT scans were analyzed to determine regional and
total emphysema (defined as the percentage of low attenuation areas [LAA%]; < — 950
Hounsfield units). Differences between genders were examined, and univariate and multivariate
predictors of LAA% were determined.

Results: A total of 396 subjects participated. Men had more regional and total CT emphysema at
all stages of COPD than women (stage 0, 3.9% vs 2.4%, p = 0.001; stage I, 7.0% vs 3.7%,
p = 0.015; stage II, 7.8% vs 5.5%, p = 0.063; stages III/IV, 15.8% vs 8.7%, p = 0.024). In
multivariate regression analysis, only gender (p < 0.001) and FEV,/FVC ratio (p < 0.001)
predicted total LAA%.

Conclusions: At all stages of COPD severity, men have more CT emphysema than women. This
difference in radiologic expression may in part explain gender differences in the presentation and
natural history of COPD. The NLST (NCT00047385) is registered at www.clinicaltrials.gov.

Registered at www.clinicaltrials.gov; no.NCT00047835
(CHEST 2007; 132:464-470)
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Abbreviations: GOLD = Global Initiative for Chronic Obstructive Lung Disease; LAA = low attenuation areas;
LAA% = percentage of low attenuation areas; NLST = National Lung Screening Trial

OPD has long been considered a disease of
white men, but since 1980 mortality rates have
risen faster in African Americans and women.! This
is almost certainly explained in part by temporal
changes in smoking habits, although some authors?-6

have suggested that these groups may be more
susceptible to the damaging effects of tobacco
smoke. This concept of differential susceptibility
remains controversial,” but it is becoming clear that
there are important differences between men and

*From the University of Alabama at Birmingham (Drs. Bailey and
Dransfield), Birmingham, AL; and Harvard Medical School (Drs.
Washko, Foreman, Estepar, and Reilly), Brigham and Women’s
Hospital, Boston, MA.

This work was supported by a grant from the Morehouse/UAB
Cancer Center Partnership‘

The authors have no personal or financial conflicts of interest to
declare.

464

Manuscript received April 6, 2007; revision accepted April 26,
2007.

Reproduction of this article is prohibited without written permission
from the American College of Chest Physicians (www.chestjournal.
org/misc/reprints.shtml).

Correspondence to: Mark Dransfield, MD, 215 THT 1900 Uni-
versity Blod, Birmingham, AL 35294; e-mail: mdrans99@uab.edu
DOI: 10.1378/chest.07-0863

Original Research

Downloaded From: http://journal.publications.chestnet.org/ by a Francis A Countway User on 10/14/2013



women in the presentation and course of COPD.5-14
de Torres et al® reported that although women had
better gas exchange and less comorbidity than men,
they also had worse quality of life, more dyspnea and
exacerbations, and less exercise tolerance. Studies of
patients with moderate-to-severe COPD also suggest
that women are less likely to benefit from long-term
exercise training than men,® and have a higher risk of
death while receiving long-term oxygen therapy.”

In recent years, it has also become apparent that
COPD is a heterogeneous disease and that there are
wide variations in the rate of decline of lung func-
tion, frequency of acute exacerbation, and degree of
systemic involvement among sufferers.!'> These phe-
notypic differences are important because they may
have independent genetic or environmental deter-
minants and treatment implications.'>16 Although
airflow obstruction is the hallmark of COPD, this can
develop on the basis of airways disease, emphysema,
or both. These two processes can clearly coexist in a
given patient but represent additional COPD phe-
notypes. It is possible that differences in the patho-
physiology of airflow obstruction between the sexes
could partly explain the gender differences in the
natural history of COPD.

The development of multichannel CT scanning
allows for the quantitative assessment of both the
airway and parenchymal processes.'®'” We hypoth-
esized that there would be gender differences in the
degree of CT emphysema among patients with
COPD. Some of the results of this study have been
previously reported in the form of an abstract.'

MATERIALS AND METHODS

The study received approval from the National Cancer Insti-
tute as well as the University of Alabama at Birmingham and
Partners Health Care Institutional Review Boards.

Patient Population

Subjects participating in the National Lung Screening Trial
(NLST) at our institution were eligible for the study. The NLST
is sponsored by the National Cancer Institute and was designed
to compare annual chest radiographs with low-dose CT for the
early detection of lung cancer.'® The primary outcome of that
study is lung cancer mortality, and approximately 50,000 subjects
were recruited from 2002 to 2004. The NLST protocol calls for
annual screening for 3 consecutive years and follow-up through
2009. Participants are men and women aged 55 to 74 years with
a minimum 30—pack-year history of cigarette smoking. Exclusion
criteria included prior lung cancer or pulmonary resection and
acute respiratory infection requiring treatment with antibiotics in
the previous 12 weeks. We recruited NLST participants assigned
to the CT arm of the study at one of their three annual
screenings.

Study Procedures

After undergoing their annual CT screening, subjects signed
informed consent and their demographic and medical informa-
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tion was recorded. A smoking history was obtained, and cumu-
lative pack-years of exposure were calculated. Subjects then
performed spirometry according to American Thoracic Society
standards,?® and were classified in to modified (prebronchodila-
tor) Global Initiative for Chronic Obstructive Lung Disease
(GOLD) stages.?! Subjects with an FEV /FVC ratio > 0.70 but
reduced FEV, and FVC (< 80% of predicted) were classified as
restricted. Predicted values for African Americans were adjusted
by multiplying those for whites by 0.88.22

CT Analysis

NLST screening CT scans were obtained with a multichannel
helical CT scanner at 120 kilovolt peak, 40 to 60 mA, and a 1-s
scan time using 2.5-mm collimation and contiguous reconstruc-
tions. Quantitative densitometric analysis was performed, and
areas of CT emphysema were defined as low attenuation areas
(LAA) [<— 950 Hounsfield units]. The percentage of LAA
(LAA%) was then determined for the entire lung as well as for
equal volumes of the upper, middle, and lower thirds of the
lungs. This was done with free open-source software (3D Slicer;
Brigham and Women’s Hospital; Boston, MA) [www. slicer.org]
using techniques developed in the Surgical Planning Laboratory
at Brigham and Women’s Hospital and described previously.?

Statistical Analysis

Differences in demographics, smoking history, lung function,
and LAA% between men and women were compared using ¢
tests for continuous variables and x? tests for categorical vari-
ables. Univariate and multivariate regression analysis was used to
determine predictors of LAA%. Correlation coefficients were
compared using Fisher R to Z transformation. Data are recorded
as mean and SD or SE. Statistical software (SPSS, version 15.0;
SPSS; Chicago, IL) was used for analysis.

RESULTS

Demographics, smoking history, lung function,
and CT emphysema (LAA%) for the 396 subjects
who participated in the study are shown in Table 1.
Enrollees were predominantly white and had a heavy
smoking history. Although baseline demographic
data and smoking history for the overall NLST
population has not yet been published, subjects in

Table 1—Subject Characteristics*

Men Women

Characteristics (n = 246) (n = 150) p Value
Age, yr 629 +5.3 61.2 + 46 0.001
White race, % 87.4 94.7 0.019
Pack—years, No. 57 = 30 45 = 24 < 0.001
Current smokers, % 53.2 60.0 0.23
FEV,/FVC ratio 0.66 = 0.11 0.68 = 0.12 0.23
FEV,, % predicted 72+ 17 76 £ 20 0.062
LAA% upper third 76+ 88 49*+6.8 0.002
LAA% middle third 6.2 £ 6.6 40=x41 < 0.001
LAA% lower third 64 *59 3.7+t 4.1 < 0.001
LAA% total 6.7+ 6.6 42+ 44 < 0.001

*Data are reported as mean = SD unless otherwise indicated.
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the current study were comparable to those enrolled
in the Lung Screening Study, which was conducted
by the National Cancer Institute to determine the
feasibility of performing a randomized trial of lung
cancer screening in asymptomatic individuals.2* The
Lung Screening Study and NLST have similar inclu-
sion and exclusion criteria. Mean pulmonary func-
tion results were consistent with GOLD stage 1I
disease. There were significant gender differences in
the population with men being older, less often
white, and heavier smokers than women. In univar-
iate analysis, men also had more CT emphysema
than women in all lung regions and in total. These
results were not different when LAA were defined
using Hounsfield units < — 910.

Table 2 displays the correlations between regional
and total LAA% and measures of pulmonary func-
tion. All correlations were statistically significant.
Although the correlations between LAA% and
FEV,/FVC were better than between LAA% and
FEV, (percentage of predicted), these differences
were not statistically significant. There were also no
differences in the correlation coefficients between
genders.

The univariate and multivariate regression analy-
ses of predictors of total LAA% are shown in Table 3.
In the univariate analysis, age, FEV, (percentage of
predicted), FEV,/FVC ratio, and gender signifi-
cantly correlated with LAA%. However, only FEV,/
FVC ratio (p <0.001) and gender (p < 0.001) re-
mained significant when multivariate regression was
performed. Gender and FEV,/FVC ratio accounted
for 37% of the variability in total LAA%. Similar
results were found when only white subjects were
included in the multivariate regression analysis.

Table 4 shows subject characteristics by GOLD
stage including the restricted category. There were
few differences in demographics, smoking history,
and lung function between genders, except that men
with stage 0 and 2 disease had heavier smoking
histories than women, while women with stage 3 or
4 disease were younger than men. There were no
differences in demographics, lung function, or total
LAA% between men and women within the re-
stricted category. Multivariate regression analysis

within each GOLD stage confirmed that only gender
and FEV /FVC ratio were predictive of total LAA%
(analyses not shown).

As shown in Table 4 and in Figure 1, men had
higher total LAA% than women across the GOLD
stages, although this was not statistically significant
for GOLD stage 2 subjects (p = 0.063). Men and
women in the restricted category had similar degrees
of CT emphysema. A test for linear trend between
GOLD stages 0 and 3/4 was significant among
women (p < 0.05) but not men.

DISCUSSION

Emerging data strongly suggest that COPD is a
heterogeneous disease with varying clinical pheno-
types.!5 Although airflow limitation is the defining
feature of COPD, there are many differences in
disease expression including symptoms, systemic in-
volvement, and radiologic features. These differing
phenotypes may have various environmental or ge-
netic determinants, including gender, and may have
different pathophysiologic and treatment implica-
tions. We have found that at all levels of disease
severity, current and former male smokers with
COPD have more extensive CT emphysema than
women. To our knowledge, this has not been previ-
ously reported. We believe that this gender differ-
ence in radiologic expression could represent an
important difference in the pathophysiology of air-
flow obstruction between the sexes and that in part
this may explain gender differences in the presenta-
tion and natural history of COPD.

Other investigators?>-2” have found that CT phe-
notypes correlate with clinical characteristics, pul-
monary inflammation, and outcomes in patients with
COPD. Fujimoto et al*> studied 172 patients with
stable COPD who underwent high-resolution CT
and classified them into three categories based on
visual analysis: little to no emphysema with or with-
out bronchial wall thickening (airway phenotype),
emphysema without bronchial wall thickening (em-
physema phenotype), and emphysema with bron-
chial wall thickening (mixed phenotype). Subjects

Table 2—Correlation Coefficients Between Regional and Total LAA% and Spirometry Measures*

All Men Women
T | | |
LAA% FEV,/FVC Ratio FEV,, % Predicted FEV,/FVC Ratio FEV,, % Predicted FEV,/FVC Ratio =~ FEV,, % Predicted
Upper third - 0.52 - 0.38 - 0.57 —0.39 —0.42 - 0.35
Middle third - 0.57 —0.43 —0.61 —0.42 - 0.53 —0.48
Lower third - 0.52 —0.41 - 0.54 - 0.35 - 0.51 - 0.51
Total - 0.58 —0.44 —0.62 —0.42 - 0.55 —0.49

*All correlations are statistically significant (p < 0.001).

466 Original Research

Downloaded From: http://journal.publications.chestnet.org/ by a Francis A Countway User on 10/14/2013



Table 3—Univariate and Multivariate Regression Analysis of Predictors of Total LAA%

Univariate Analysis

Multivariate Analysis

Estimate Estimate

Variables (95% Confidence Interval) p Value (95% Confidence Interval) p Value
Age 0.24 (0.12 t0 0.35) < 0.001 0.09 (—0.01 to 0.18) 0.08
Male gender 2.51 (1.32 to 3.70) < 0.001 2.18 (1.17 to 3.19) < 0.001
White race 1.08 (—0.90 to 3.05) 0.29 1.12 (—0.47 to 2.71) 0.17
Pack-years 0.01 (—=0.01 to 0.04) 0.18 —0.01 (=0.03 to 0.01) 0.20
Current smoking 0.25 (—0.94 to 1.44) 0.68 —0.15(—1.13 to0 0.82) 0.76
FEV,, % predicted —0.13(=0.16 to —0.10) < 0.001 0.02 (—0.02 to 0.05) 0.39
FEV,/FVC ratio —29.4 (—33.5t0 —25.4) < 0.001 —30.2 (—35.8to —24.7) < 0.001

with the airway phenotype were more often never-
smokers, had higher body mass index and diffusing
capacity, less hyperinflation, and greater reversibility
to bronchodilator than those with the emphysema
phenotype. In that report,?> no correlation between
the severity of airflow limitation and the distribution
of CT phenotypes was provided and there were no
differences in the distribution of CT phenotypes

Table 4—Subject Characteristics by GOLD Stage

p

Characteristics Men Women Value

Stage 0 (55 men, 54 women)

Age. yr 61+5 605 024
Pack-yr, No. 46 = 19 37+ 20 0.01
FEV,/FVC ratio 0.77 2 0.05 077 +£0.05 0.56
FEV,, % predicted 92 9 94*9 0.23
LAA total, % 39+25 24+25 0.001
Stage 1 (33 men, 19 women)
Age. yr 63+5 615 022
Pack-yr, No. 62 = 37 49 =27 0.18
FEV,/FVC ratio 064 £0.04 0.66*+0.04 0.21
FEV,, % predicted 87 £ 6 89 =7 0.34
LAA total, % 70*+52 3.7+3.1 0.015
Stage 2 (84 men, 32 women)
Age. yr 63+5 634 078
Pack-yr, No. 61 = 33 43+ 15 0.01
FEV,/FVC ratio 0.61 = 0.07 061 =0.07 0.66
FEV,, % predicted 64 =8 67 =8 0.10
LAA total, % 7.8 6.0 55+ 4.8 0.063
Stage 3 or 4 (22 men, 20
women)
Age, yr 66 = 6 614 0002
Pack—yr, No. 62 + 31 59 + 26 0.69
FEV,/FVC ratio 044 +0.12 046 £0.09 0.74
FEV,, % predicted 41 =7 41 £ 6 0.99
LAA total, % 15.8 + 12.3 87+58 0.024
Restricted (52 men, 25
women)
Age, yr 63+5 62+5 034
Pack-yr, No. 55 *+ 24 52 = 31 0.68
FEV,/FVC ratio 0.75£0.04 0.75*0.04 0.87
FEV,, % predicted 70 8 67 =7 0.17
LAA total, % 3.9+ 3.0 3.2*+39 0.39

*Data are reported as mean * SD.
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based on gender. Boschetto et al26 recently com-
pared physiologic measures and sputum characteris-
tics between COPD patients with significant emphy-
sema (mean LAA, 27%; n = 11) and those without
(mean LAA, 4.7%; n = 15). The study was too small
to address gender differences, but subjects with
more advanced emphysema had higher sputum lev-
els of matrix metalloproteinase-9 and higher matrix
metalloproteinase-9/tissue inhibitor of metallopro-
teinase ratios, suggesting more active pulmonary
inflammation. In addition, emphysematous subjects
had lower FEV, and diffusing capacities as well as
higher BODE (body mass index, airflow obstruction,
dyspnea, and exercise capacity in COPD) scores and
lower inspiratory capacity/total lung capacity ratios.
The latter two findings suggest that emphysema may
be a predictor of mortality; indeed, in an analysis of
data from the National Emphysema Treatment Trial,
Martinez et al®” showed that a greater proportion of
CT emphysema in the lower lung zones vs the upper
predicts death in patients with severe airflow limita-
tion.

Other reports have suggested that in fact there
may be differences in the extent of airway disease
and emphysema between genders and this may have
implications for COPD management. As part of a
lung cancer screening protocol in Japan, Wang et al*
found that the prevalence of emphysema was higher
in men than in women (5.0% vs 0.5%, p < 0.01) and
that when present it was more severe among men. In
both sexes, the rates of CT emphysema were quite
low, but this likely reflects the fact that participants
were aged 19 to 92 years and many were nonsmok-
ers. In a study of 1,438 COPD patients by Tatsumi et
al,?® men were more likely than women to have an
emphysema-predominant phenotype (LAA > 50%),
while airway-predominant disease (LAA < 25%) was
more common among women.? The airway pheno-
type was also more common among nonsmokers and
more often accompanied by bronchodilator revers-
ibility (35% vs 21%, p < 0.01), an elevated eosino-
phil count, and less overall lung function impair-
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FIGURE 1. Gender differences in CT emphysema (LAA%) by GOLD stage. Shown is the mean total
LAA% by GOLD stage including those with restrictive pulmonary function (FEV/FVC > 0.70 and
FEV, < 80% of predicted). LAA% increased with GOLD stage in both men and women, but men had
more emphysema regardless of COPD severity. There was no gender difference in LAA% in the

restricted group. Error bars denote SE.

ment. Interpretation of these studies is significantly
limited because emphysema was quantified visually
and spirometry was not performed®® or gender-
specific lung function data not reported.?® As a
result, conclusions about gender differences in CT
emphysema are confounded by the absence of infor-
mation about disease severity. Kanner et al'® has also
reported that airways disease as measured by metha-
choline reactivity was more common among women
in the Lung Health Study than among men and that
this reflected the fact that their airway caliber was
smaller. This methacholine reactivity was also more
strongly related to the subsequent rate of lung
function decline in women (p < 0.0001). In addition,
women who were sustained quitters gained more
lung function (percentage of predicted FEV,) than
men, suggesting that women may be more respon-
sive to smoking cessation.!! Smaller airway size in
women may also place them at greater risk for
airways disease because toxic particulates may be
more likely to deposit prior to reaching the alveoli.>

The results of these prior studies and our report
suggest that CT phenotypes do correlate with clinical
characteristics in patients with COPD and that men
are more likely to have emphysema-predominant
CPD and women to have airway-predominant
COPD. However, we are unaware of any prior report
that has examined gender differences in the quanti-
tative extent of emphysema (either radiographic or
pathologic) based on COPD severity. Our results
argue more strongly that the pathophysiology of
COPD-associated airflow limitation may truly be
different between men and women and that these
differences manifest early in the development of the
disease.

468

We found no correlation between pack-years of
cigarette smoking and the severity of CT emphy-
sema. This appears counterintuitive because ciga-
rette smoking is clearly the major risk factor for the
development of COPD; however, other investigators
have reported the same result. Although Wang et al2s
found a distinct correlation between smoking and
the prevalence of emphysema, indexes of smoke
exposure did not correlate with the extent of CT
abnormalities. Gillooly and Lamb?! also reported no
correlation between smoking habits and the extent of
microscopic emphysema.

The advent of multichannel CT scanning has
allowed for greater definition of both parenchymal
and airway abnormalities in COPD.!6 Although ef-
fort has been made to correlate measurements of
regional and total CT emphysema as well as airway
abnormalities with pulmonary function, the correla-
tions with spirometry are moderate at best as they
were in our study.!”-32 Although these simple spiro-
metric correlations have been disappointing, Cerveri
et al>2 showed that a multivariate model of prebron-
chodilator and postbronchodilator physiologic mea-
sures is a better predictor of emphysema as mea-
sured by high-resolution CT scans explaining 71% of
the variability in its extent. In addition, emerging
data suggest that CT localization of emphysema can
be used to predict the response to lung volume
reduction surgery®> and to help select candidates for
the procedure.*

Our study has several limitations. First, only pre-
bronchodilator spirometry was available, and as a
result we were unable to stage COPD severity using
postbronchodilator lung function as is recommended
by the GOLD guidelines. Indeed, there is evidence
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that between 20% and 30% of subjects meeting
criteria for obstruction prebronchodilator will not
meet these criteria after the administration of an
inhaled bronchodilator.?> However, this approach
has been used by other investigators and prebron-
chodilator staging has been shown to predict COPD-
related hospitalization and death.?¢ It could be ar-
gued that the use of prebronchodilator spirometry
may have also led to misclassification of the GOLD
stage of women in the study. If women are truly more
likely than men to have airway abnormalities, they may
be more likely to respond to bronchodilators. As a
result, prebronchodilator spirometry may overestimate
the GOLD stage in women and artificially separate the
difference in LAA% between genders. This phenome-
non seems less likely, however, because preliminary
results from a large randomized trial®” of tiotropium in
COPD suggest that women respond less well to bron-
chodilators than do men. Second, the observed gender
differences in CT emphysema could also be the result
of men having more emphysema even in the absence of
smoking or COPD. This is unlikely because Gevenois
et al®® has shown that healthy nonsmoking men and
women have comparable mean lung density.

In conclusion, these data argue that CT emphy-
sema develops more quickly in men than in women
and that smoking alone does not explain the discrep-
ancy. It is possible that this gender difference in
radiologic expression of COPD may in part explain
the differences between men and women in the
natural history of the disease. Gender differences in
the pathophysiology and treatment of COPD war-
rant additional study.
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