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Rationale: The characterization of young adults who develop late-
onset diseases may augment the detection of novel genes and pro-
mote new pathogenic insights.
Methods: We analyzed data from 2,500 individuals of African and
European ancestry in the COPDGene Study. Subjects with severe,
early-onset chronic obstructive pulmonary disease (COPD) (n ¼ 70,
age, 55 yr, FEV1 , 50% predicted) were compared with older sub-
jects with COPD (n ¼ 306, age. 64 yr, FEV1 , 50% predicted).
Measurements and Main Results: Subjects with severe, early-onset
COPD were predominantly females (66%), P ¼ 0.0004. Propor-
tionally, early-onset COPD was seen in 42% (25 of 59) of African
Americans versus 14% (45 of 317) of non-Hispanic whites, P ,

0.0001. Other risk factors included current smoking (56 vs. 17%,
P , 0.0001) and self-report of asthma (39 vs. 25%, P ¼ 0.008). Ma-
ternal smoking (70 vs. 44%, P¼ 0.0001) and maternal COPD (23 vs.
12%,P¼0.03)were reportedmore commonly in subjectswith early-
onset COPD. Multivariable regression analysis found association
with African American race, odds ratio (OR), 7.5 (95% confidence
interval [CI], 2.3–24; P ¼ 0.0007); maternal COPD, OR, 4.7 (95% CI,
1.3–17;P¼ 0.02); female sex,OR, 3.1 (95%CI, 1.1–8.7; P¼0.03); and
each pack-year of smoking, OR, 0.98 (95% CI, 0.96–1.0; P ¼ 0.03).
Conclusions: These observations support the hypothesis that severe,
early-onset COPD is prevalent in females and is influencedbymater-
nal factors. Future genetic studies should evaluate (1) gene-by-sex
interactions to address sex-specific genetic contributions and (2)
gene-by-race interactions.
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Chronic obstructive pulmonary disease (COPD) is typically a dis-
ease that presents in late adulthood, often associated with ciga-
rette smoking (1, 2). Although the prevalence of COPD has
been changing, COPD is more prevalent in individuals older
than 65 years of age (3). Previously considered a disease affect-
ing primarily males, the prevalence of COPD in women and the
number of women dying from COPD have increased (4).
Maturity-onset diseases are complex; they may have multiple
causes with contributions from environmental exposures,
comorbidities, age-related degenerative changes, and genetic
factors. Diseases occurring at an earlier age than traditionally
expected may result from the interaction of inherited factors
and environmental exposures.

In 1998, a family-based cohort composed of 44 probands with
severe, early-onset COPD recruited from specialized programs
in lung transplantation, lung volume reduction surgery, and local
pulmonary clinics and 249 first- or second-degree relatives was
reported (5). Eligibility criteria for inclusion as a proband in-
cluded the following: (1) age not greater than 52 years, (2) the
absence of severe a1-antitrypsin deficiency, and (3) FEV1 less
than 40% predicted. This first report was notable for the high
percentage of female probands (80%). However, whether early-
onset COPD is a specific phenotype and whether it is a female
predominant disease have been questioned. No reports have
specifically focused on the characteristics of African American
subjects with severe, early-onset COPD. However, two single-
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Chronic obstructive pulmonary disease (COPD) has
evolved from a disorder primarily affecting males to one of
increased prevalence and mortality in females. Females and
African Americans may be more susceptible to the dele-
terious effects of smoking, as they have been shown to
exhibit similar severity of COPD despite less intense
smoking over shorter durations.

What This Study Adds to the Field

We provide evidence that female sex is significantly asso-
ciated with early-onset COPD in participants from the
Genetic Epidemiology of COPD (COPDGene) Study.
Also, African American race appears to be a risk factor for
severe early-onset COPD. Maternal history and maternal
respiratory disease are significantly associated with risk for
severe early-onset COPD.



center analyses (6, 7), and a retrospective study of participants
in the National Emphysema Treatment Trial (NETT) (8), noted
that African American subjects with COPD, with equally severe
COPD, tend to be younger than white subjects with COPD and
smoke less intensely. We hypothesized that female sex and ma-
ternal factors would be associated with early-onset COPD in
African American and white subjects in comparison with older
subjects with equally severe COPD. To determine the effect of
sex, maternal characteristics, and race on the risk for severe,
early-onset COPD, we analyzed data from the first 2,500 subjects
enrolled in the Genetic Epidemiology of COPD (COPDGene)
Study (15APR2010 dataset), a multicenter investigation focused
on identifying genes influencing COPD in non-Hispanic whites
and African Americans (9).

METHODS

Study Subject Eligibility

The study was approved by the institutional review boards of each clinical
center. Participants in the COPDGene Study were between the ages of 45
and 80 years with at least 10 pack-years of cigarette smoking. Ethnicity
was determined by self-report. Previous participants in the Boston
Early-onset COPD Study were not eligible to participate in COPDGene.

We defined severe, early-onset COPD as FEV1/FVC less than 0.70
and FEV1 percent predicted less than 50% on postbronchodilator spi-
rometry in subjects less than 55 years of age. Modification of the orig-
inal criteria used by Silverman and colleagues (5) resulted in a more
robust sample size. Individuals who met the previously published cri-
teria of Silverman and colleagues (FEV1 percent predicted , 40% and
age , 53 yr) are reported in the online supplement (5, 10). The com-
parison group for the primary analysis was composed of subjects with
COPD with a postbronchodilator FEV1 percent predicted value less
than 50%, FEV1/FVC less than 0.70, and age greater than 64 years.

Questionnaires

All subjects completed standardized questionnaires to assess respiratory
history and symptoms, respiratory medications, smoking history, family
history, and other medical history. The Respiratory Disease Question-
naire is a modified version of theAmerican Thoracic Society/Division of
Lung Diseases Respiratory Epidemiology Questionnaire (11). The spe-
cific family history questions used to generate the data presented in
Table 2 are included in Table E2 in the online supplement. Pack-years
were calculated as the average number of cigarettes smoked per day,
divided by 20, and multiplied by the number of years of smoking.
Subjects were queried about their age at initiation of smoking, current
smoking, history of pneumonia, age at first episode of pneumonia,
presence of a usual cough, number of years with a cough, number of
years with phlegm production, history of asthma, history of maternal
COPD, history of maternal smoking, history of paternal COPD, and
history of paternal smoking. In lieu of extensive socioeconomic data in
our cohort, we dichotomized education achieved as a high school de-
gree or equivalent versus more advanced education. In addition, we
constructed a composite COPD variable: a single variable composed of
reports of maternal (or paternal) chronic obstructive pulmonary dis-
ease, chronic bronchitis, and emphysema.

Spirometry

Spirometry was performed in a standardized manner with an Easy-One
spirometer (nddMedical Technologies, Andover,MA)with the subjects
seated and wearing nose clips. A central automated review of spirom-
etry was performed with manual review of cases not meeting American
Thoracic Society/European Respiratory Society criteria (12). After
prebronchodilator spirometry, two inhalations of albuterol were ad-
ministered via spacer, and postbronchodilator spirometry was per-
formed 15–40 minutes later. Spirometric reference values were based
on National Health and Nutrition Survey (NHANES) predicted spi-
rometry values (13).

Chest computed tomography (CT) scanning was performed on all
subjects using Siemens, Phillips, or General Electric Medical Systems

scanners. Image reconstruction slice thickness was standardized. Image
reconstruction kernels varied according to the scanner manufacturer.
An inspiratory chest CT scan was performed to assess airway wall thick-
ness and emphysema. An expiratory chest CT scan was performed to
assess air trapping. The lungs were segmented as previously described
(14, 15). Total percent emphysema and total percent air trapping were
determined by CT using SLICER software (www.slicer.org) (16, 17).
Emphysema was defined as the percentage of lung less than –950
Hounsfield units (HU) on the inspiratory CT scan. Air trapping was
defined as the percentage of lung less than –856 HU on the expiratory
scan. We used the following thresholds to distinguish scans with
and without lung pathology: at least 5% CT emphysema and at least
15% air trapping on CT. Airway analysis was performed using VIDA
Pulmonary Workstation 2 (VIDA Diagnostics, Coralville, IA; www.
vidadiagnostics.com). CT-based metrics of airway disease included
mean bronchial wall thickness calculated as an average of the six seg-
mental values for each subject and wall area percent (100 3 [wall area/
total bronchial area]).

Bodymass indexwas calculated as [weight (kg)/height (cm2)]3 10,000.
Subjects completed a 6-minute walk test to assess exercise capacity in
accordance with American Thoracic Society guidelines (18). The BODE
(body mass index, airflow obstruction, dyspnea, and exercise capacity)
Index score was calculated for each subject (19). The modified Medical
Research Council (MMRC) dyspnea score was based on responses to
questions about perceived dyspnea at specific levels of exertion (20).

Statistical Methods

Continuous variables were compared by Student t test and are displayed
as means 6 standard deviation. Categorical values were compared by
chi square testing and are displayed as percentages of the total. We
used the amount of education attained as a proxy for socioeconomic
status in some of our multivariable models. To determine the maternal
contribution to the development of severe, early-onset COPD, we con-
structed a logistic regression model using a stepwise selection algorithm
with severe, early-onset COPD as the dependent variable and older
severe COPD as the comparison group, P ¼ 0.1 as the threshold for
inclusion, with race, sex, pack-years of smoking, maternal COPD, and
maternal smoking as the independent variables. In addition to our
main analysis, we employed an alternative study design. We divided
the cohort into tertiles based on age less than 55 years, 55–64 years, and
64 years or older. Covariates that were statistically significant in models
contrasting early-onset COPD versus older COPD were analyzed in
each age group with severe COPD, defined as FEV1 percent predicted
less than 50%, as the dependent variable. Logistic regression models
were also constructed for evaluation of paternal factors. As paternal
characteristics were not significant in any of our multivariable regres-
sion models, no paternal characteristics were included. Two interaction
terms, described as follows: (1) smoking-by-sex, in which pack-years
were used to represent smoking history, and (2) race-by-sex, were non-
significant and deleted from the model. Logistic regression analysis was
performed with SAS, version 9.2 (SAS Institute, Cary, NC).

RESULTS

Of the first 2,500 subjects enrolled in the COPDGene Study, 49%
(1,221 of 2,500) were female and 26% (640 of 2,500) were African
American. We excluded 227 individuals who could not be classi-
fied as control subjects or COPD cases (FEV1 , 80% predicted
and FEV1/FVC ratio $ 0.70). On the basis of the actual age at
study enrollment, there were 70 subjects with severe, early-onset
COPD. There were 306 subjects with COPD who met our criteria
as severe COPD at age greater than 64 years. The sex distribution
of all subjects with FEV1 less than 50% predicted, arrayed by
incremental age groups, is displayed in Figure 1.

Characteristics of Subjects with Severe, Early-Onset COPD

Of the 70 subjects with severe, early-onset COPD (2.8% of the
total 2,500 COPDGene subjects), the mean age was 51 years, 46
subjects were female (66%), and 24 were male (Table 1).
Twenty-five of the 70 subjects (36%) were African American
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and 16 of the African American subjects with early-onset
COPD were female. By comparison, African Americans repre-
sented 19% (198 of 1,061) of subjects who were classified as
GOLD (Global Initiative for Chronic Obstructive Lung Dis-
ease) stage 2–4 in the entire 2,500-subject study population.
Among subjects with early-onset COPD, African Americans
were significantly less likely to have advanced education after
high school, 10 versus 90%, P ¼ 0.0008. Although individuals
with advanced education smoked an average of 55 versus 60
pack-years for those with a high school degree or equivalent,
the difference was not statistically significant, P ¼ 0.09.

Subjects with severe, early-onset COPD did not significantly
differ in severity of lung function in comparison with older sub-
jects with COPD (FEV1 percent predicted, 34 6 11 vs. 34 6 10,
P ¼ 0.9). However, the subjects with early-onset COPD started
smoking earlier, 16 versus 17 years (P ¼ 0.003), smoked signif-
icantly less intensely, 42 versus 61 pack-years (P , 0.0001), and

were more likely to currently smoke, 56 versus 17% (P ,
0.0001). These subjects with COPD also experienced their first
episode of pneumonia earlier, 35 versus 46 years (mean), P ¼
0.0001. The subjects with early-onset COPD displayed less per-
cent emphysema, 17 versus 23% (P ¼ 0.001), and less air trap-
ping, 48 versus 56% (P ¼ 0.003), determined radiographically
by computed tomography (Figures 2A and 2B, respectively).
Wall area percentage measurements were available for a subset
of our cohort: 58 subjects with early-onset COPD and 242 older
subjects with COPD. Segmental wall area percentage in sub-
jects with early-onset COPD was 64 6 3 versus 63 6 3% in
older subjects with COPD, P ¼ 0.04. Subsegmental wall area
percentage in subjects with early-onset COPD was 67 6 2.3
versus 66 6 2.1%, P ¼ 0.01.

Maternal respiratory history factored prominently in these sub-
jects with early-onset COPD (Table 1). Maternal smoking (70 vs.
44%, P ¼ 0.0001) and maternal COPD (23 vs. 12%, P ¼ 0.03)
were reported more frequently in subjects with early-onset COPD.
In addition, our data suggested that subjects with early-onset
COPD were more likely to report a history of maternal lung can-
cer, 10 versus 4% (P ¼ 0.045). No paternal factors were associated
with risk for severe, early-onset COPD (P . 0.1 for all tests).

Regression Models

Female characteristics were significantly associated with early-
onset COPD and included female sex (odds ratio [OR], 2.6;
95% confidence interval [CI], 1.5–4.5; P ¼ 0.0006), maternal
smoking (OR, 2.9; 95% CI, 1.7–5.1; P ¼ 0.0002), and maternal
COPD (OR, 2.2; 95% CI, 1.1–4.5; P ¼ 0.03). In a multivariable
logistic regression model analyzing maternal respiratory factors,
including sex, race, pack-years of smoking, maternal COPD,
maternal smoking, and clinical center, only female sex (OR,
3.1; 95% CI, 1.2–8.7; P ¼ 0.03), maternal COPD (OR, 4.7;
95% CI, 1.3–17; P ¼ 0.02), African American race (OR, 7.5;
95% CI, 2.3–24; P ¼ 0.0007), and pack-years of smoking (OR,
0.98; 95% CI, 0.96–1.0; P ¼ 0.03) retained significance (Hosmer-
Lemeshow P ¼ 0.8) (Table 2). Additional logistic regression
models for severe, early-onset COPD are displayed in the
online supplement, analyzing smoking intensity (Table E3, part

Figure 1. In the first 2,500 subjects from the Genetic Epidemiology of

COPD (COPDGene) Study with severe chronic obstructive pulmonary

disease (COPD) (n ¼ 532), females predominated at both ends of the

age spectrum: ages 45–54 and 75–80 years. Calculations: [(females
with FEV1 , 50% predicted/total females) 3 100] and [(males with

FEV1 , 50% predicted/total males) 3 100].

TABLE 1. DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF SUBJECTS WITH SEVERE,
EARLY-ONSET CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD) AND OLDER
SUBJECTS WITH SEVERE COPD: THE COPDGENE STUDY

Subjects with Early-onset COPD Older Subjects with COPD

(n ¼ 70) (n ¼ 306) P Value

Age, yr* 51 6 3 71 6 4 ,0.0001

Age at smoking initiation, yr* 16 6 4 17 6 5 0.003

Sex, % female 66 43 0.0004

Race

White, % 64 89

African American, % 36 11 ,0.0001

Maternal COPD, % 23 12 0.03

Maternal smoking, % 70 44 0.0001

Maternal lung cancer, % 13 4 0.02

Paternal COPD, % 21 13 0.2

Paternal smoking, % 78 77 0.9

Pack-years of smoking* 42 6 24 61 6 30 ,0.0001

FEV1 percent predicted* 34 6 11 34 6 10 0.9

BMI* 28 6 9 27 6 6 0.2

BODE Index score* 4.7 6 1.5 4.6 6 1.6 0.5

CT scan percent emphysema* 17 6 14 23 6 14 0.001

CT scan percent gas trapping* 48 6 20 56 6 16 0.003

Bronchodilator responsiveness, % FEV1* 9.0 6 15 10 6 14 0.7

Current smoking, % 56 17 ,0.0001

Definition of abbreviations: BMI ¼ body mass index; BODE ¼ BMI, airflow obstruction, dyspnea, and exercise

capacity; COPD ¼ chronic obstructive pulmonary disease; CT ¼ computed tomography.

*Mean 6 SD.
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A) or a composite COPD variable for maternal COPD, emphy-
sema, and chronic bronchitis (Table E3, part B).

Of the 2,500 study subjects in the COPDGene Study, 532
(21%) exhibited severe COPD defined as postbronchodilator
FEV1 percent predicted less than 50%. Using the alternative
study design with data parsed by age tertiles (Table E4), maternal
COPD and pack-years of smoking were associated with severe
COPD in all three age groups. Support for the association of
female sex with severe COPD was seen with the younger age
group and suggested for male sex with the older age group (Table
E4). The importance of family history is similar to the findings
reported by Hersh and colleagues (21). These results for charac-
teristics associated with severe COPD, parsed by age group, add
substantiation to the contribution of female sex for history of
early-onset COPD and history of maternal COPD for severe
COPD. Race, however, was not significant in these models.

DISCUSSION

Severe, early-onset COPD is rare and only a small percentage of
subjects with COPD from the COPDGene Studymet our criteria

for severe, early-onset COPD at presentation for study enroll-
ment. Nonetheless, early-onset COPD has the potential to pro-
vide important insight into COPD risk factors. Our findings from
the first 2,500 subjects enrolled in the COPDGene Study are con-
sistent with and support the hypothesis that female sex is impor-
tant in the development of severe, early-onset COPD as female
sex predominated with our case definition, the case definition
used by Silverman and colleagues, and others (5, 10, 22). In
comparison with older subjects with COPD, subjects with
early-onset COPD had significantly less tobacco exposure in
terms of pack-years of smoking. This implies that the magnitude
of tobacco exposure is not the primary factor in the develop-
ment of early-onset COPD, suggesting that additional factors,
such as genetic determinants, maternal factors, and their inter-
actions, may be more important. Although we strongly believe
that further elucidation of these additional factors is of para-
mount importance, an alternative explanation for the reduced
risk for pack-years of smoking in the early-onset COPDGene
subjects [OR, 0.98; 95% CI, 0.96–1.0; P ¼ 0.03] is that subjects
with early-onset COPD are significantly younger than the older
subjects with severe COPD and have had less time to accumulate

Figure 2. (A) Percent emphysema from computed to-

mography, calculated from the histogram percentage

of voxels at –950 Hounsfield units or less, using SLICER

software. Mean percent emphysema in the subjects
with early-onset chronic obstructive pulmonary disease

(EOCOPD) was 17% compared with 23% in older sub-

jects with COPD. (B) Air trapping determined as the

percentage of lung less than –856 Hounsfield units
on the expiratory computed tomography (CT) scan

using SLICER software. Mean percent air trapping in

the subjects with EOCOPD was 48 versus 56% in the
older subjects with COPD.
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additional pack-years of smoking. The presence of maternal
respiratory disease may be among these additional factors that
promote acceleration of lung function loss due to smoking in
these susceptible individuals. These findings support the impor-
tance of investigating specific contributions from mitochondrial
and X chromosome genes as well as gene-by-sex interactions.

In the initial, family-based report of early-onset COPD by Sil-
verman and colleagues (5), first-degree relatives who actively
smoked had significantly lower lung function compared with
currently smoking or ex-smoking control subjects, suggesting
that susceptibility to lung impairment was not explained solely
by tobacco smoking. Relatives of probands were 58% more
likely to report parental COPD (OR, 4.4; 95% CI, 1.5–12.4)
and chronic bronchitis. A subsequent report from this cohort
has determined that current or formerly smoking first-degree
relatives have more bronchodilator responsiveness (23). Further
data suggesting a genetic predisposition to early-onset COPD
have been supported by the finding of familial aggregation in
nonsmokers for a spirometric phenotype, FEF25–75 (forced ex-
piratory flow, midexpiratory phase) (24). This cohort was also
the subject of the first and subsequent linkage analyses for
COPD-related phenotypes (25–28). These findings and our data
suggest the excellent potential for investigating early-onset
COPD to provide clues to COPD pathogenesis.

Lung growth and development differ by sex. Airway and pa-
renchymal growth are proportional in females in contrast to the
dysynapsis that occurs in males, where parenchymal growth
exceeds that of the airways. Female lung function growth peaks
before that of males. Studies have demonstrated that growth in
FEV1 peaks at age 13 in girls (300 ml/yr) and plateaus at age 16,
whereas growth in FEV1 peaks at age 14 in boys (400 ml/yr) and
plateaus after age 18 (29). Other factors that affect maximal
lung function include height and thoracic width, which are
smaller in females. Current or former smoking female first-
degree relatives of subjects in the original Boston Early-onset
COPD Study were demonstrated to have significantly more
bronchodilator responsiveness compared with current or for-
merly smoking control subjects, defined as the percentage in-
crease from baseline FEV1 (5.8 6 8.1 vs. 2.9 6 5.1%, P , 0.01)
(10). In addition, women with mild COPD in the Lung Health
Study were demonstrated to have significantly more bronchial
hyperreactivity in response to methacholine challenge (30),
a factor that predicted greater loss in lung function over time
(31). It has been articulated that COPD should be considered
a pediatric disease as prenatal and early life exposures in con-
cert with maternal smoking, maternal atopy, and maternal ge-
notype result in alterations in childhood lung health leading to
susceptibility to develop COPD in adulthood (32). Our results
are similar to those of Svanes and colleagues, where maternal
asthma and maternal smoking were associated with reduced

lung function in a population-based study of young adults
(33). Exposure to maternal smoking in utero has also been dem-
onstrated to affect maximally attainable lung function and air-
way development (29, 34–37), with greatest effect among
children with asthma (38). Although we did not fully evaluate
the impact of maternal smoking during pregnancy in our cohort,
the problem is not trivial. It has been reported that 10% of
pregnant African American women and 16% of pregnant white
women report smoking during pregnancy (39). Early life expo-
sure to tobacco smoke has also been postulated to affect alter-
ations in immune function with increased susceptibility to
respiratory disease (40). Therefore, severe, early-onset COPD
may potentially develop in susceptible females because of the
intricate interaction of early or decreased attainment of maxi-
mal lung function or reduction in lung growth potentiated by
maternal behaviors and maternal respiratory history, tobacco
smoking, asthma, genetic factors, or hormonal influences.

Our data are unique in the inclusion and evaluation of Afri-
can American subjects with COPD for the clinical characteristics
associated with severe, early-onset COPD. The reason why
COPD develops in African Americans at younger ages and with
less intense smoking, in comparison with white subjects with
COPD, is unknown. There may be multiple potential mecha-
nisms influencing this varied susceptibility to the adverse conse-
quences of cigarette smoking. There are known differences in the
pharmacokinetics of nicotine; AfricanAmericans have higher se-
rum cotinine levels per cigarette smoked, lower renal clearance
of cotinine, higher intake of nicotine per cigarette smoked (41),
and more loss of lung function per cigarette smoked (7). There
is a high prevalence of asthma in African Americans and differ-
ences in airway reactivity that when compounded by tobacco
smoking could result in disproportionately increased risk for
airflow obstruction (42). Significant differences in occupational
and environmental exposures may also potentially exist. The ex-
planation for the early development of COPD in African Amer-
icans is likely complex and multifactorial with interactions
between social, environmental, and genetic risk factors. The air-
way wall findings and the lesser degree of CT emphysema in our
subjects with severe, early-onset COPD are suggestive that early-
onset COPD may be an airway wall–predominant disorder.

Limitations to our study include that the COPDGene Study is
not population based and differences in recruitment could have
contributed to our findings. Our cross-sectional study design and
study questionnaires do not allow us to exclude the possibility
that a proportion of the older subjects in the cohort may have
initially had early-onset COPD. In fact, 38 (12%) of the older
COPD group self-reported a diagnosis of COPD at an age less
than 55 years. Seventeen were male (6%) and 21 were female
(7%). As a result, our effect estimates are likely underestima-
tions. Thus, the definition of severe early-onset COPD in

TABLE 2. MULTIVARIABLE LOGISTIC REGRESSION MODELS FOR PREDICTION OF EARLY-ONSET COPD IN
THE COPDGENE STUDY

Univariate Analyses Multivariable Model

Characteristic (%) OR (95% CI) P Value OR (95% CI) P Value

Female sex (47) 2.6 (1.5–4.5) 0.0006 3.1 (1.1–8.7) 0.03

AA race (16) 4.4 (2.4–8.1) ,0.0001 7.5 (2.3–24) 0.0007

Pack-years of smoking 0.97 (0.96–0.98) ,0.0001 0.98 (0.96–1.0) 0.03

Maternal smoking (49) 2.9 (1.7–5.1) 0.0002 1.7 (0.6–4.7) 0.3

Maternal COPD (14) 2.2 (1.1–4.5) 0.03 4.7 (1.3–17) 0.02

Definition of abbreviations: AA ¼ African American; CI ¼ confidence interval; COPD ¼ chronic obstructive pulmonary disease;

OR ¼ odds ratio.

Note: Clinical center, nonsignificant in the stepwise selection, is not reported here.

Dependent variable: severe COPD , age 55 years versus severe COPD . 64 years.

Hosmer-Lemeshow goodness of fit test ¼ 0.8.
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subjects less than 55 years of age can be definitively applied only
to the younger portion of our cohort. Although our sample size
of subjects with severe, early-onset COPD is small, we nonethe-
less found differences by race and sex. Our finding that African
American race may also be associated with the development of
severe, early-onset COPD is plausible as it has been reported
that this group may develop COPD at earlier ages and with
shorter durations of smoking (6, 8, 43). In contrast to the report
by Chatila and colleagues (8), where 42 (3.4%) African Amer-
ican subjects out of the 1,218 total subjects enrolled in the
NETT Study were analyzed, our study enrolled 640 (26%) Af-
rican Americans. We do recognize that overrepresentation of
younger African Americans could also impact our findings;
however, the prevalence of COPD in African Americans may
be influenced by early mortality from other smoking-related
disorders (44). We acknowledge that recall bias for maternal
factors such as smoking and lung disease might differ in early-
onset compared with later-onset COPD. Importantly, maternal
COPD history was associated across all age strata, suggesting
maternal history may be a susceptibility marker for severe
COPD. In addition, our study does not thoroughly address
the role of socioeconomic factors in explaining the occurrence
of severe early-onset COPD in African American or white sub-
jects. Last, although known a1-antitrypsin (AAT)–deficient sub-
jects were not eligible for COPDGene, it is possible that some
undiagnosed subjects with AAT deficiency have been included.

Changes in the epidemiology of COPD have shifted the focus
from a male-predominant disease to one in which the prevalence
and adverse consequences are increasingly affecting females.
Our findings in the COPDGene Study support the recommenda-
tion that future genetic and molecular studies of COPD should
include particular attention to the contribution of maternally
inherited factors such as mitochondrial and X chromosome
genes, as well as gene-by-sex interactions and gene-by-race inter-
actions.
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