
A Multidimensional Diagnostic Approach
for Chronic Obstructive Pulmonary Disease
COPDGene 2025 Diagnosis Working Group and CanCOLD Investigators

IMPORTANCE Individuals at risk for chronic obstructive pulmonary disease (COPD) but
without spirometric airflow obstruction can have respiratory symptoms and structural lung
disease on chest computed tomography. Current guidelines recommend COPD diagnostic
schemas that do not incorporate imaging abnormalities.

OBJECTIVE To determine whether a multidimensional COPD diagnostic schema that includes
respiratory symptoms and computed tomographic imaging abnormalities identifies
additional individuals with disease.

DESIGN, SETTING, AND PARTICIPANTS This cohort study included 2 longitudinal cohorts: the
Genetic Epidemiology of COPD (COPDGene), which enrolled 10 305 participants between
November 9, 2007, and April 15, 2011, with longitudinal follow-up through August 31, 2022;
and the Canadian Cohort Obstructive Lung Disease (CanCOLD), which enrolled 1561
participants between November 26, 2009, and July 15, 2015, with follow-up through
December 31, 2023.

EXPOSURE Exposure included the new multidimensional COPD diagnostic schema, defined
by (1) major diagnostic category: presence of the major criterion (airflow obstruction based
on postbronchodilator forced expiratory volume in the first second of expiration
[FEV1]/forced vital capacity ratio <0.70) and at least 1 of 5 minor criteria (emphysema or
bronchial wall thickening on computed tomography, dyspnea, poor respiratory quality of life,
and chronic bronchitis); or (2) minor diagnostic category: presence of least 3 of 5 minor
criteria (which must include emphysema and bronchial wall thickening for individuals with
respiratory symptoms potentially due to other causes).

MAIN OUTCOMES AND MEASURES All-cause mortality, respiratory cause–specific mortality,
exacerbations, and annualized change in FEV1.

RESULTS Among 9416 adults in COPDGene (mean [SD] age at enrollment, 59.6 [9.0] years;
5035 [53.5%] were men; 3071 [32.6%] were Black; 6345 (67.4%) were White; 4943 [52.5%]
currently smoked), 811 of 5250 individuals (15.4%) without airflow obstruction were newly
classified as having COPD by minor diagnostic category, and 282 of 4166 individuals (6.8%)
with airflow obstruction were classified as not having COPD. Reclassified individuals with a
new COPD diagnosis had greater all-cause mortality (adjusted hazard ratio, 1.98; 95% CI,
1.67-2.35; P < .001) and respiratory-specific mortality (adjusted hazard ratio, 3.58; 95% CI,
1.56-8.20; P = .003), more exacerbations (adjusted incidence rate ratio, 2.09; 95% CI,
1.79-2.44; P < .001), and more rapid FEV1 decline (adjusted β = −7.7 mL/y; 95% CI, −13.2 to
−2.3; P = .006) compared with individuals classified as not having COPD. Among individuals
with airflow obstruction on spirometry, those no longer classified as having COPD based on
this new diagnostic schema had outcomes similar to those without airflow obstruction.
Among 1341 adults in CanCOLD, individuals newly classified as having COPD experienced
more exacerbations (adjusted incidence rate ratio, 2.09; 95% CI, 1.25-3.51; P < .001).

CONCLUSIONS AND RELEVANCE A new COPD diagnostic schema integrating respiratory
symptoms, respiratory quality of life, spirometry, and structural lung abnormalities on
computed tomographic imaging newly classified some individuals as having COPD. These
individuals had an increased risk of all-cause and respiratory-related death, frequent
exacerbations, and rapid lung function decline compared with individuals classified as not
having COPD. Some individuals with airflow obstruction without respiratory symptoms or
evidence of structural lung disease were no longer classified as having COPD.
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C hronic obstructive pulmonary disease (COPD) is a leading
cause of disability and death. Approximately 392 million
people globally, 16 million in the United States, are esti-

mated to have COPD.1 The current diagnostic recommendations
from global societies for COPD diagnosis require presence of air-
flow obstruction on postbronchodilator spirometry, with a forced
expiratory volume in the first second of expiration (FEV1)/forced
vital capacity (FVC) ratio less than 0.70 or below the lower limit
of normal in the appropriate clinical context for patients with re-
spiratory symptoms.2-4 Several studies have demonstrated that
spirometry is not sensitive to the structural changes associated
with COPD, which often occur before lung function decreases be-
low the thresholds recommended for defining airflow obstruc-
tion. Up to half of individuals with a history of cigarette smoking
have evidence of emphysema or airway wall thickening on chest
computed tomography (CT).5,6 Among individuals without air-
flow obstruction, the risk of developing it on spirometry within
5 years is 2-fold higher for those with airway wall thickening and
4-fold greater for those with emphysematous changes on chest
CT compared with those who do not have structural abnormali-
tiesonchestCT.7,8 Furthermore,50%ofindividualswhocurrently
smoke or formerly smoked and are without airflow obstruction
havesubstantialrespiratorysymptoms,6 whichmaybeattributed
to aging, weight gain, deconditioning, and smoking-induced
cough, and these symptoms often are unreported.

It is increasingly recognized that spirometry does not cap-
ture all aspects of this complex heterogeneous disease and there
is growing consensus in the respiratory community that a COPD
diagnosis should not be based on spirometry alone. The Ge-
netic Epidemiology of COPD (COPDGene) 2019 diagnostic cri-
teria were the first to highlight the importance of incorporat-
ing lung imaging.9 Those criteria were based on a 4-item scoring
system and gave equal weight to the presence of 1 or more of
the following: risk factors, symptoms, imaging, and impaired
spirometry. The requirement that all 4 diagnostic criteria be met
for a definite COPD diagnosis meant that some patients previ-
ously considered to have COPD no longer met criteria. The 2022
Lancet Commission on COPD also stated that the diagnosis
should be multidimensional, although it did not specify cut-
offs to operationalize the diagnostic recommendations.10 The
Global Initiative for Chronic Obstructive Lung Disease (GOLD)
2023 document stated that the presence of emphysema or air-
way abnormalities should raise clinical suspicion for COPD.
Chest imaging was not included in this diagnostic algorithm.2

This study aimed to evaluate patient reclassification using an
expanded diagnostic COPD schema by testing associations with
key clinical outcomes such as mortality and respiratory morbid-
ity and to identify individuals who would not receive a diagno-
sis with spirometry alone. We used data from 2 large multicenter
cohort studies to derive and evaluate the new COPD diagnostic
schema by testing associations with clinical outcomes.

Methods
Participants
The diagnostic categories were developed and tested in the
COPDGene study, a multicenter cohort of individuals who cur-

rently or formerly smoked, were aged 45 to 80 years, and were
enrolled between November 9, 2007, and April 15, 2011, at 21
sites in the United States, with a median 10.5 years (25th-75th
percentile, 5.3-12.3 years) of follow-up through August 31,
2022.11 We excluded a small number (n = 107) of healthy in-
dividuals who had never smoked and were enrolled in the first
phase of COPDGene. For replication, we analyzed data from
the Canadian Cohort Obstructive Lung Disease (CanCOLD)
study, which included individuals who had never smoked, were
aged 40 years or older, and were enrolled between November
26, 2009, and July 15, 2015, at 9 sites across Canada, with a
median 10.0 years (25th-75th percentile, 6.1-11.2 years) of
follow-up through December 31, 2023.12 The details of these
cohorts have been previously published and major eligibility
criteria are listed in eTable 1 in Supplement 1.11,12 Age and sex
were self-reported by participants at enrollment. Race and eth-
nicity were self-reported according to fixed categories. In both
cohorts, all participants provided written informed consent be-
fore enrollment and the research activities were approved by
the institutional review boards of all participating centers. The
study followed STROBE reporting guidelines.

Measurements
Prebronchodilator and postbronchodilator spirometry mea-
surements were acquired at enrollment. Airflow obstruction
was defined primarily by the fixed ratio of FEV1 to FVC of
less than 0.70.2,13 Participants with a normal ratio and FEV1

percentage predicted of greater than or equal to 80% were
categorized as GOLD stage 0, and participants with a normal
FEV1/FVC ratio and FEV1 percentage predicted of less than
80% were categorized as having preserved ratio impaired
spirometry.14 In sensitivity analyses, we evaluated defining
airflow obstruction by FEV1/FVC below the lower limit of
normal using the Global Lung Function Initiative global ref-
erence equations.15 Volumetric thin-section chest CT scans
were acquired at total lung capacity. Repeat spirometry and
imaging assessments at 5 years in COPDGene and at 3 years
in CanCOLD were included in the analyses. All imaging and

Key Points
Question Does incorporating chest computed tomographic
imaging abnormalities and respiratory symptoms into the chronic
obstructive pulmonary disease (COPD) diagnostic schema improve
identification of individuals with poor respiratory outcomes?

Findings Among 9416 participants enrolled in a multicenter
cohort study, those with newly diagnosed COPD had greater
all-cause and respiratory-specific mortality, more frequent
exacerbations, and faster decline of forced expiratory volume in
the first second of expiration compared with individuals classified
as not having COPD based on the new classification schema.
Application of this new COPD diagnostic schema included
additional individuals with high respiratory morbidity and
excluded those with airflow obstruction who had no symptoms or
evidence of structural lung disease.

Meaning This new COPD diagnostic schema, which includes chest
imaging, respiratory symptoms, and spirometry, identified
additional individuals at risk for poor respiratory outcomes.
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spirometry results were checked for quality according to
standard procedures.

Respiratory quality of life was measured with the St
George’s Respiratory Questionnaire (SGRQ) in COPDGene16 and
the COPD Assessment Test score in CanCOLD.17 Total SGRQ
score greater than or equal to 25 was used as the threshold for
poor quality of life in COPDGene.18 In CanCOLD, the negative
effect of COPD on quality of life was considered high if the COPD
Assessment Test score was greater than or equal to 10.2 Dys-
pnea was quantified with the modified Medical Research Coun-
cil dyspnea scale,19 and a score greater than or equal to 2 was
deemed high.2 Chronic bronchitis was defined by the pres-
ence of cough with sputum production on most days for at least
3 months in 2 consecutive years.

Diagnostic Criteria
The proposed diagnostic schema include major and minor cri-
teria (Figure 1). The major criterion is airflow obstruction de-
fined by a postbronchodilator FEV1/FVC ratio less than 0.7 for
the primary analyses and below the lower limit of normal in
sensitivity analyses. The 5 minor criteria include 2 imaging cri-
teria (emphysema and thickened airway walls based on vi-
sual analyses of chest CT scans and 3 symptom-based criteria
[dyspnea, respiratory quality of life, and chronic bronchitis]).
Sensitivity analyses include using the lower limit of normal for
the FEV1/FVC ratio instead of the fixed ratio, varying thresh-
olds to define significant visual emphysema, and using quan-
titative measures of emphysema and bronchial wall thicken-

ing instead of the visual estimates on CT typically used in
clinical practice. Subgroup analyses also evaluate associa-
tions by age, race, and ethnic groups. More details are pro-
vided in the eMethods in Supplement 1, including derivation
of the diagnostic schema (eFigure 1 in Supplement 1).

Diagnostic Categories
Figure 1 and eFigure 2 in Supplement 1 show the diagnostic
schema. Individuals are classified as having COPD if they have
the major criterion and at least 1 minor criterion (major diag-
nostic category), which is an expansion of the current diag-
nostic paradigm that requires airflow obstruction and the pres-
ence of symptoms because prior statements and guidelines do
not provide cutoffs for symptoms and do not include
imaging.2-4 When airflow obstruction is not present or spi-
rometry is not available, individuals can be categorized as hav-
ing COPD if at least 3 of the 5 minor criteria are met (minor di-
agnostic category). To increase certainty that respiratory
symptoms are not due to other coexistent diseases such as coro-
nary artery disease or congestive heart failure, 2 of the 3 mi-
nor COPD diagnostic criteria should be imaging based when
the clinician attributes respiratory symptoms to other causes
as much as or more than to COPD.

Reclassification and Clinical Outcomes
The classification of individuals as having COPD based on
the new diagnostic schema was compared with COPD
defined solely by the presence of postbronchodilator airflow
obstruction. To account for a lack of symptom thresholds,
we assessed reclassification of individuals by the new
schema compared with airflow obstruction in the presence
of a range of symptom severity to simulate the GOLD recom-
mendations. The diagnostic categories of the new schema
were tested against 4 important clinical outcomes: (1) all-
cause mortality, (2) respiratory-specific mortality, (3) COPD
exacerbations, and (4) disease progression as quantified by
the annualized change in FEV1 between baseline and
follow-up visits.

Statistical Analysis
The clinical significance of each major and minor criterion was
evaluated by testing its association with each clinical out-
come, with minor criteria additionally adjusted for the pres-
ence of airflow obstruction. We also evaluated the effect of low-
ering symptom thresholds on COPD diagnosis. Associations
between the new COPD diagnostic categories and longitudi-
nal outcomes were tested in multivariable models. Cox pro-
portional hazards models were created with mortality as the
dependent variable and age, sex, race, body mass index (cal-
culated as weight in kilograms divided by height in meters
squared), smoking status, and pack-years of smoking as co-
variates. Competing risk models were created for cause-
specific mortality. Exacerbation frequency was evaluated using
negative binomial regression with adjustment for the covari-
ates mentioned earlier and additionally for the number of ex-
acerbations in the previous year, with the natural logarithm
of years of follow-up as the offset variable. Generalized linear
models were used to evaluate FEV1 change, with adjustment

Figure 1. Diagnostic Schema for Chronic Obstructive Pulmonary Disease
(COPD) Using Major and Minor Criteria

Major Minor: imaging Minor: symptoms
Airflow obstruction
FEV1/FVC <0.70 
or
FEV1/FVC <LLN

Emphysema
≥Mild visual emphysema
Bronchial wall
thickening

Dyspnea
mMRC score ≥2
Quality of life
SGRQ  score ≥25 
or
CAT score ≥10
Chronic bronchitis

Minor diagnostic category
≥3 Minor criteria
If symptoms are explained by 
other diseases, both imaging 
criteria should be met.

Chronic obstructive pulmonary disease
Major diagnostic category
Major criterion 
plus
≥1 Minor criterion

D I A G N O S T I C  C R I T E R I A

D I A G N O S I S

Diagnostic criteria indicate individual measures whose presence points toward a
diagnosis. Diagnostic category indicates a broader classification or grouping of
these individual criteria. Diagnosis is made when the conditions for either the
major or the minor diagnostic category are met. Visual emphysema was defined
by the presence of at least mild emphysema and bronchial wall thickness
defined when read as definite thickening according to the Fleischner Society
criteria. The modified Medical Research Council (mMRC) dyspnea scale ranges
from 0 to 4, with a higher score indicating greater dyspnea. CAT indicates COPD
Assessment Test, a measure of the effect of COPD on respiratory quality of life
(range, 0-40, with higher scores indicating worse quality of life); FEV1, forced
expiratory volume in the first second of expiration; FVC, forced vital capacity;
LLN, lower limit of normal; and SGRQ, St George’s Respiratory Questionnaire,
a measure of respiratory quality of life (range, 0-100, with higher scores
indicating worse quality of life).
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for age, sex, race, body mass index, smoking status, pack-
years of smoking, and baseline postbronchodilator FEV1. Par-
ticipants without COPD by the new criteria were treated as the
reference group for all comparisons between classes. All analy-
ses were performed with R version 4.2.2 (R Foundation for Sta-
tistical Computing). Two-sided α = .05 was deemed statisti-
cally significant.

Results

Participants
Table 1 and eTable 2 in Supplement 1 display the participant
characteristics at enrollment. Of 10 305 participants enrolled
in COPDGene, we excluded 107 who never smoked, 66 with

Table 1. Clinical and Imaging Characteristics of Participants in COPDGene by Reclassification Status

Reclassification overall (N = 9416)

COPD by both
old and new
diagnostic
schemas
(n = 3884)

No airflow
obstruction
but COPD present
according to new
diagnostic
schema (n = 811)

Airflow
obstruction
but no COPD
according to new
diagnostic
schema (n = 282)

No COPD by both
old and new
diagnostic
schemas
(n = 4439)

Demographics

Age, mean (SD), y 63.2 (8.6) 55.0 (7.4) 61.9 (8.9) 57.1 (8.5)

Sex, No. (%)

Male 2184 (56.2) 365 (45.0) 161 (57.1) 2325 (52.4)

Female 1700 (43.8) 446 (55.0) 121 (42.9) 2114 (47.6)

Race and ethnicity, No. (%)a

Non-Hispanic Black 865 (22.3) 429 (52.9) 46 (16.3) 1731 (39.0)

Non-Hispanic White 3019 (77.7) 382 (47.1) 236 (83.7) 2708 (61.0)

BMI, mean (SD) 27.8 (6.1) 30.5 (7.0) 28.4 (5.1) 29.4 (6.1)

Underweight (BMI <18.5),
No. (%)

113 (2.9) 11 (1.4) 0 25 (0.6)

Healthy weight (BMI
18.5-24.9), No. (%)

1277 (32.9) 177 (21.8) 81 (28.7) 1057 (23.8)

Overweight (BMI 25.0-29.9),
No. (%)

1295 (33.3) 234 (28.9) 106 (37.6) 1599 (36.0)

Obese (BMI ≥30), No. (%) 1199 (30.9) 389 (48.0) 95 (33.7) 1758 (39.6)

Pack-years of smoking, mean (SD) 52.7 (27.2) 46.0 (25.3) 36.6 (20.3) 37.0 (20.0)

Medications, No. (%)

ICS/LABA 1462 (37.6) 131 (16.2) 18 (6.4) 181 (4.1)

LABA 299 (7.7) 11 (1.4) 0 15 (0.3)

LAMA 1360 (35.0) 77 (9.5) 4 (1.4) 87 (2.0)

Comorbidities, No. (%)

Coronary artery diseasea 358 (9.2) 8 (1.0) 17 (6.0) 241 (5.4)

Congestive heart failurea 173 (4.5) 10 (1.2) 4 (1.4) 100 (2.3)

Lung function, mean (SD)

FEV1 % predicted 56.1 (22.2) 85.2 (16.4) 81.3 (14.9) 92.8 (15.0)

Questionnaires

Chronic bronchitis, No. (%) 1073 (27.6) 410 (50.6) 0 306 (6.9)

mMRC dyspnea score,
mean (SD)b

2.0 (1.4) 2.5 (1.1) 0.2 (0.4) 0.6 (1.1)

mMRC dyspnea score ≥2,
No. (%)b

2412 (62.1) 690 (85.1) 0 772 (17.4)

SGRQ total score, mean (SD) 38.4 (22.3) 46.7 (17.1) 8.6 (7.1) 14.5 (15.7)

SGRQ score ≥25, No. (%) 2705 (69.6) 765 (94.3) 0 863 (19.4)

Frequent exacerbations, No. (%) 640 (16.5) 87 (10.7) 5 (1.8) 110 (2.5)

Imaging visual estimates, No. (%)

Emphysema (≥mild)c 3150 (81.1) 449 (55.4) 0 946 (21.3)

Bronchial wall thickeningc 2757 (71.0) 416 (51.3) 0 572 (12.9)

Imaging quantitative estimates,
mean (SD)

Emphysema, % <−950 HU 12.5 (12.5) 1.6 (2.6) 3.8 (4.2) 1.9 (2.7)

Pi10, mm 2.68 (0.59) 2.48 (0.63) 2.12 (0.41) 2.06 (0.47)

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
COPD, chronic obstructive pulmonary
disease; COPDGene, Genetic
Epidemiology of COPD; FEV1, forced
expiratory volume in the first second
of expiration; GOLD, Global Initiative
for Chronic Obstructive Lung Disease;
HU, Hounsfield units; ICS, inhaled
corticosteroid; LABA, long-acting
β-agonist; LAMA, long-acting
muscarinic antagonist; mMRC,
modified Medical Research Council;
Pi10, square root of the wall area of
a hypothetical internal luminal
perimeter of 10 mm; SGRQ, St
George’s Respiratory Questionnaire, a
measure of respiratory quality of life
(range, 0-100, with higher scores
indicating worse quality of life).
a Self-reported.
b The mMRC dyspnea scale ranges

from 0 to 4, with higher scores
indicating greater dyspnea.

c Visual emphysema was defined by
the presence of at least mild
emphysema and bronchial wall
thickness defined when read as
definite thickening according to the
Fleischner Society criteria.
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unacceptable spirometry result,20 and 716 with CT scans that
did not pass quality control. Of the remaining 9416 partici-
pants, 4108 (43.6%), 748 (7.9%), 1805 (19.2%), 1072 (11.4%),
and 541 (5.7%) participants had GOLD disease severity grades
0 through 4, respectively; 1142 (12.1%) had preserved ratio im-
paired spirometry. The mean (SD) age of the cohort was 59.6
(9.0) years, 5035 (53.5%) were men, 4381 (46.5%) were women,
3071 (32.6%) were Black, and 6345 (67.4%) were White.

Associations of Criteria With Clinical Outcomes
eTable 3 in Supplement 1 shows significant associations be-
tween each of the individual major and minor diagnostic cri-
teria and each clinical outcome in COPDGene. These associa-
tions remained significant even when the models for minor
criteria were adjusted for airflow obstruction, demonstrating
their added value over spirometry alone.

Reclassification
In COPDGene, 3884 of 4166 individuals (93.2%) with airflow
obstruction were classified as having COPD with the new di-

agnostic schema. The new schema classified 811 of 5250 indi-
viduals (15.4%) without airflow obstruction as having COPD
and 282 of 4166 individuals (6.8%) with airflow obstruction
as no longer meeting COPD diagnostic categories (Figure 2;
eTable 4 and eFigure 3 in Supplement 1). eFigures 4 and 5
in Supplement 1 demonstrate how participants met diagnos-
tic criteria.

Participants newly classified as not having COPD accord-
ing to the new diagnostic schema had normal lung function
and minimal symptoms, and a very small proportion of par-
ticipants were taking long-acting inhaled controller therapies
(Table 1; eTable 5 in Supplement 1). Current spirometry-
based guidelines for COPD require that patients have respira-
tory symptoms but do not specify how they should be quan-
tified. When COPD was defined based on airflow obstruction
and the presence of symptoms according to varying thresh-
olds of the modified Medical Research Council and SGRQ
scores, the new diagnostic schema did not miss a single indi-
vidual regardless of how minimum symptoms were defined
(eTable 6 in Supplement 1). Application of the new diagnostic

Figure 2. Reclassification of Participants by New Diagnostic Schema by Global Initiative for Chronic Obstructive
Lung Disease (GOLD) Stage

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

FE
V 1/

FV
C

 FEV1 percentage predicted
16012080503020

GOLD 4 GOLD 3 GOLD 2 GOLD 1

PRISm GOLD 0

COPD by major diagnostic category
Diagnosis

COPD by minor diagnostic category
No COPD

GOLD stages 0 through 4 were
defined using percentage predicted
in accordance with the Global Lung
Function Initiative global equations as
greater than or equal to 80, greater
than or equal to 50 to less than 80,
greater than or equal to 30 to less
than 50, and less than 30,
respectively (vertical dashed lines).
COPD indicates chronic obstructive
pulmonary disease; FEV1, forced
expiratory volume in the first second
of expiration; FVC, forced vital
capacity; and PRISm, preserved ratio
impaired spirometry (defined by
FEV1/FVC ratio �0.70 [horizontal
dashed line] and FEV1 percentage
predicted <80).
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schema resulted in a diagnosis of COPD for more women (169
of 4723, 3.6%) and Black individuals (276 of 3366, 8.2%). In-
dividuals with a diagnosis of COPD based on minor diagnos-
tic category had a higher proportion of frequent exacerba-
tions and were more symptomatic than those without COPD
(Table 1).

Table 2 shows characteristics of participants who were re-
classified from preserved ratio impaired spirometry or GOLD

stage 0 as having COPD and those who were not reclassified
and remained in their original diagnostic groups; 302 of 1142
participants (26.4%) were reclassified from preserved ratio im-
paired spirometry to COPD and 509 of 4108 (12.4%) were re-
classified from GOLD stage 0 to COPD. Compared with indi-
viduals who remained in their original diagnostic group,
participants who were reclassified as having COPD were more
symptomatic, had a higher prevalence of chronic bronchitis,

Table 2. Clinical and Imaging Characteristics of Participants Without Airflow Obstruction in COPDGene
by Reclassification Status

Reclassification within PRISm
(n = 1142)

Reclassification within GOLD stage 0
(n = 4108)

No COPD according
to new diagnostic
schema (n = 840)

COPD by new
diagnostic
schema (n = 302)

No COPD according
to new diagnostic
schema (n = 3599)

COPD per new
diagnostic
schema (n = 509)

Demographics

Age, mean (SD), y 57.6 (8.3) 56.2 (8.2) 57.0 (8.5) 54.4 (6.8)

Sex, No. (%)

Male 398 (47.4) 124 (41.1) 1927 (53.5) 241 (47.3)

Female 442 (52.6) 178 (58.9) 1672 (46.5) 268 (52.7)

Race and ethnicity, No. (%)a

Non-Hispanic Black 342 (40.7) 138 (45.7) 1389 (38.6) 291 (57.2)

Non-Hispanic White 498 (59.3) 164 (54.3) 2210 (61.4) 218 (42.8)

BMI, mean (SD) 31.7 (7.2) 32.1 (7.6) 28.9 (5.7) 29.5 (6.4)

Underweight (BMI <18.5),
No. (%)

3 (0.4) 5 (1.7) 22 (0.6) 6 (1.2)

Healthy weight (BMI
18.5-24.9), No. (%)

142 (16.9) 48 (15.9) 915 (25.4) 129 (25.3)

Overweight (BMI 25.0-29.9),
No. (%)

230 (27.4) 82 (27.2) 1369 (38.0) 152 (29.9)

Obese (BMI ≥30), No. (%) 465 (55.4) 167 (55.3) 1293 (35.9) 222 (43.6)

Pack-years of smoking,
mean (SD)

40.6 (22.2) 47.7 (27.8) 36.1 (19.3) 45.0 (23.7)

Medications, No. (%)

ICS/LABA 71 (8.5) 70 (23.2) 110 (3.1) 62 (12.2)

LABA 7 (0.8) 6 (2.0) 8 (0.2) 5 (1.0)

LAMA 36 (4.3) 48 (15.9) 51 (1.4) 29 (5.7)

Comorbidities, No. (%)

Coronary artery diseasea 79 (9.4) 3 (1.0) 162 (4.5) 5 (1.0)

Congestive heart failurea 44 (5.2) 9 (3.0) 56 (1.6) 1 (0.2)

Lung function, mean (SD)

FEV1 % predicted 71.2 (7.3) 68.7 (9.4) 97.9 (11.5) 95.0 (11.0)

Questionnaires

Chronic bronchitis, No. (%) 58 (6.9) 145 (48.0) 248 (6.9) 265 (52.1)

mMRC dyspnea score,
mean (SD)b

1.0 (1.3) 2.7 (1.1) 0.5 (1.0) 2.4 (1.1)

mMRC dyspnea score ≥2,
No. (%)b

251 (29.9) 266 (88.1) 521 (14.5) 424 (83.3)

SGRQ total score, mean (SD) 21.6 (19.2) 50.5 (18.1) 12.9 (14.3) 44.4 (16.0)

SGRQ score ≥25, No. (%) 286 (34.0) 287 (95.0) 577 (16.0) 478 (93.9)

Frequent exacerbations,
No. (%)

44 (5.2) 45 (14.9) 66 (1.8) 42 (8.3)

Imaging visual estimates,
No. (%)

Emphysema (≥mild)c 169 (20.1) 156 (51.7) 777 (21.6) 293 (57.6)

Bronchial wall thickeningc 186 (22.1) 180 (59.6) 386 (10.7) 236 (46.4)

Imaging quantitative estimates,
mean (SD)

Emphysema, % <−950 HU 1.4 (2.5) 1.5 (2.6) 2.0 (2.7) 1.7 (2.5)

Pi10, mm 2.39 (0.52) 2.74 (0.63) 1.98 (0.42) 2.32 (0.57)

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
COPD, chronic obstructive pulmonary
disease; COPDGene, Genetic
Epidemiology of COPD; FEV1, forced
expiratory volume in the first second
of expiration; GOLD, Global Initiative
for Chronic Obstructive Lung Disease;
HU, Hounsfield units; ICS, inhaled
corticosteroid; LABA, long-acting
β-agonist; LAMA, long-acting
muscarinic antagonist; mMRC,
modified Medical Research Council;
Pi10, square root of the wall area of
a hypothetical internal luminal
perimeter of 10 mm; PRISm,
preserved ratio impaired spirometry;
SGRQ, St George’s Respiratory
Questionnaire, a measure of
respiratory quality of life (range,
0-100, with higher scores indicating
worse quality of life).
a Self-reported.
b The mMRC dyspnea scale ranges

from 0 to 4, with higher scores
indicating greater dyspnea.

c Visual emphysema was defined by
the presence of at least mild
emphysema and bronchial wall
thickness defined when read as
definite thickening according to the
Fleischner Society criteria.
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and had a higher frequency of exacerbations. Both groups with
a new diagnosis were more likely to be receiving inhaled con-
troller therapies.

Associations With Clinical Outcomes
During a median follow-up of 10.5 years (25th-75th percen-
tile, 5.3-12.3 years) in COPDGene, 2681 of 9416 participants
(28.5%) died. On multivariable analyses, with the new diag-
nostic schema, individuals identified as having COPD had
greater all-cause mortality (46.9 vs 14.6 deaths per 1000 per-
son-years; adjusted hazard ratio [HR], 2.58; 95% CI, 2.35-
2.84), higher exacerbation frequency (53 vs 14 events per 100
person-years; adjusted incidence rate ratio, 3.23; 95% CI, 2.96-
3.53), and a faster decline in FEV1 (16.1 mL/y) compared with
those without COPD (Figure 3). In adjusted analyses, partici-

pants who received a diagnosis of COPD solely by meeting the
minor diagnostic category had greater all-cause mortality (27.4
vs 14.6 deaths per 1000 person-years; HR, 1.98; 95% CI, 1.67-
2.35; P < .001), higher exacerbation frequency (41 vs 14 events
per 100 person-years; adjusted incidence rate ratio, 2.09; 95%
CI, 1.79-2.44; P < .001), and faster FEV1 decline (7.7 mL/y; 95%
CI, −13.2 to −2.3; P = .006) compared with participants with-
out COPD (Figure 3).

Cause-specific mortality data in COPDGene were avail-
able until October 2017. During a median follow-up of 8.5
years (25th-75th percentile, 5.5-9.5 years), 1865 of 9416
individuals (19.8%) died and had mortality adjudication
available. The respiratory cause–specific mortality rate was
0.5, 18.9, 1.5, and 22.3 per 1000 person-years in individuals
without COPD, with COPD by new diagnostic schema, with

Figure 3. Associations Between Clinical Outcomes and Chronic Obstructive Pulmonary Disease (COPD) Status by New Diagnostic Schema
in Genetic Epidemiology of COPD
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By major diagnostic category
By minor diagnostic category

No COPD

Adjusted hazard ratio for all-cause
mortality by COPD category

B

0.5 41 2
Adjusted hazard ratio (95% CI)

Adjusted hazard
ratio (95% CI)

Overall COPD by new
diagnostic schema

2.58 (2.35-2.84)

COPD by major
diagnostic category

2.70 (2.45-2.97)

COPD by minor
diagnostic category

1.98 (1.67-2.35)

COPD per GOLD criteria 2.24 (2.05-2.44)

3

Adjusted incidence rate ratio
for exacerbations

C

1 2 2.51.5 3 43.5
Adjusted incidence
rate ratio (95% CI)

Adjusted incidence
rate ratio (95% CI)

Overall COPD by new
diagnostic schema

3.23 (2.96-3.53)

COPD by major
diagnostic category

3.57 (3.25-3.92)

COPD by minor
diagnostic category

2.09 (1.79-2.44)

COPD per GOLD criteria 2.93 (2.68-3.20)

Adjusted annualized change in FEV1D
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Adjusted annualized FEV1

change, mL/y (95% CI)

Adjusted annualized
FEV1 change, mL/y
(95% CI)

Overall COPD by new
diagnostic schema

–16.1 (–19.5 to –12.7)

COPD by major
diagnostic category

–19.5 (–23.3 to –15.6)

COPD by minor
diagnostic category

–7.7 (–13.2 to –2.3)

COPD per GOLD criteria –15.4 (–18.9 to –11.9)

A, The median (25th-75th percentile) duration of observation was 11.4 (6.3-12.5)
years for no COPD, 9.2 (4.9-12.1) years for the major diagnostic category, and 8.8
(3.8-12.0) years for the minor diagnostic category. B, Covariates in the Cox
proportional hazards models included age, sex, race, body mass index
(calculated as weight in kilograms divided by height in meters squared),
smoking status, and pack-years of smoking. C, Covariates in the negative
binomial regression models included age, sex, race, body mass index, smoking
status, pack-years of smoking, and number of exacerbations in the previous 12
months. D, Covariates included in the generalized linear regression model

included age, sex, race, body mass index, smoking status, pack-years of
smoking, and baseline postbronchodilator FEV1. Vertical dashed lines indicate
reference value of 1 (B and C) or zero (D). For the new schema, no COPD by new
schema was considered the reference category. For GOLD COPD, no airflow
obstruction, which is defined by FEV1/FVC ratio greater than or equal to 0.70,
was considered the reference category and COPD was defined by FEV1/FVC
ratio less than 0.70. FEV1 indicates forced expiratory volume in the first second
of expiration; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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COPD by minor diagnostic category, and with COPD by
major diagnostic category, respectively. Compared with par-
ticipants without COPD, after adjusting for age, sex, race,
body mass index, smoking status, and pack-years of smok-
ing, the adjusted HR for respiratory mortality for individuals
meeting the major diagnostic category was 29.4 (95% CI,
16.0-53.8; P < .001) and adjusted HR for individuals meeting
the minor diagnostic category was 3.58 (95% CI, 1.56-8.20;
P = .003).

The clinical outcomes for individuals with airflow obstruc-
tion without respiratory symptoms or CT findings character-
istic of COPD and who were therefore not classified as having
COPD were similar for survival, exacerbation frequency, and
lung function change compared with clinical outcomes for
those without airflow obstruction (Figure 4 and eTable 7 in
Supplement 1).

Results of sensitivity analyses using alternative diagnos-
tic criteria, use of the lower limit of normal for FEV1/FVC,
and changing CT and symptoms thresholds are shown in
eTables 8 through 18 and eFigures 6 through 8 in Supple-
ment 1. The use of the lower limit of normal for the FEV1/
FVC ratio instead of the fixed ratio resulted in fewer partici-
pants who met COPD diagnosis by major diagnostic category
(3425 of 9416 [36.4%] with lower limit of normal vs 3884
[41.2%] with fixed ratio) and more participants who met the
minor diagnostic category (945 [10.0%] vs 811 [8.6%]), but
point estimates for associations with clinical outcomes were
similar. Use of moderate emphysema or trace emphysema as
the emphysema imaging criterion on CT instead of mild
emphysema as the criterion resulted in a lower (622 [6.6%;
eTable 12 in Supplement 1] with use of moderate vs 811
[8.6%] with use of mild emphysema criteria) or higher (1018
[10.8%; eTable 13 in Supplement 1] with trace vs 811 [8.6%]
with mild) number of participants meeting the minor diag-
nostic category, respectively. Changing the symptom thresh-
olds to lower than the GOLD-recommended treatment
thresholds of SGRQ score greater than or equal to 25 or
modified Medical Research Council score greater than or
equal to 2 resulted in a higher number of participants who
met the minor diagnostic category. eTable 19 in Supplement 1
shows that whether participants met major or minor diag-
nostic categories by imaging criteria, symptoms criteria, or
both did not result in significant differences in associations
with all-cause mortality, exacerbations, and FEV1 change.
eTable 20 in Supplement 1 shows that point estimates for
clinical associations with all-cause mortality, exacerbations,
and FEV1 change were similar for each diagnostic category
by subgroups of age, sex, and race. eTable 21 in Supplement 1
shows that the minor diagnostic category contained a high
proportion of GOLD symptom groups B (high symptoms, 705
of 811 [86.9%] vs 1041 of 4026 [25.9%]) and E (high exacer-
bations, 87 of 811 [10.7%] vs 115 of 4812 [2.4%]) compared
with individuals without COPD.

Evaluation in CanCOLD
Of 1561 participants enrolled in CanCOLD, we excluded 40
with no available spirometry and 180 with unavailable CT
scans, resulting in 1341 participants. Application of the new

diagnostic schema also resulted in substantial reclassifica-
tion of participants in the CanCOLD cohort, which included
a high proportion of individuals who never smoked (554
of 1341 [41.3%]) (eTables 2 and 22 in Supplement 1). In
CanCOLD, 48 of 685 individuals (7.0%) without airflow
obstruction were newly classified as having COPD and 105 of
656 individuals (16.0%) with airflow obstruction were
reclassified as no longer having COPD (eTables 23 and 24 in
Supplement 1). Associations with outcomes are shown in
eTable 25 and eFigure 9 in Supplement 1. The mortality rate
was low in this cohort (98 of 1341, 7.3%) and FEV1 change
was also low, and there were no statistically significant asso-
ciations between the minor diagnostic category and all-
cause mortality. Compared with individuals without COPD,
for those with COPD there were no statistically significant
associations between the major diagnostic category (10.5 vs
7.3 events per 1000 person-years; adjusted HR, 1.04; 95% CI,
0.67-1.63) and the minor diagnostic category (16.8 vs 7.3
deaths per 1000 person-years; adjusted HR, 1.36; 95% CI,
0.48-3.84) and all-cause mortality. Only the major diagnostic
category was associated with FEV1 decline (adjusted regres-
sion coefficient, −8.43 mL/y; 95% CI, −16.45 to −0.40). Com-
pared with those without COPD, individuals classified as
having COPD by the new schema and individuals classified
using minor diagnostic category alone had higher exacerba-
tion risk, 17.5 vs 6.7 events per 100 person-years (adjusted
incidence rate ratio, 2.50; 95% CI, 2.02 to 3.11) and 16.1 vs 6.7
events per 100 person-years (adjusted incidence rate ratio,
2.09; 95% CI, 1.25-3.51; P < .001), respectively (eTable 25 in
Supplement 1).

Figure 4. Associations Between the Category Excluded From Chronic
Obstructive Pulmonary Disease (COPD) Diagnosis and Clinical Outcomes
in the Genetic Epidemiology of COPD Studya
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Discussion

Using 2 large multicenter longitudinal cohorts of adults with
varying risk of COPD, this study demonstrated that, com-
pared with use of the GOLD diagnostic criteria for COPD, ap-
plication of a new multidimensional COPD diagnostic schema
resulted in inclusion of additional individuals with high mor-
tality and respiratory morbidity and exclusion of individuals
with airflow obstruction on spirometry without symptoms or
evidence of structural lung disease. This new schema an-
chors the diagnosis of COPD to spirometry, if available, and in-
cludes additional elements (dyspnea, respiratory quality of life,
and CT findings) to meet criteria for a COPD diagnosis. We used
visual CT assessments as the primary criteria because these can
be easily acquired in clinical practice; in contrast, quantita-
tive imaging is not widely available and some measures, such
as bronchial wall thickening, vary widely by the analytic soft-
ware used. We also made allowance for symptoms to be ap-
portioned to other diseases, such as cardiac disease, that could
explain their presence as well as or better than the presence
of COPD, in contrast to prior diagnostic schema that have
stressed ruling out other diseases that may explain symp-
toms. The rule-out requirement can result in underdiagnosis
because COPD often coexists with other diseases that cause
similar respiratory symptoms.

The new diagnostic schema has implications for several
existing diagnostic categories. Preserved ratio impaired spi-
rometry has multiple causes, and a high proportion of indi-
viduals with preserved ratio impaired spirometry have sub-
stantial bronchial wall thickening on CT scans without meeting
criteria for airflow limitation based on spirometry. Similarly,
symptomatic individuals who smoke, are without airflow limi-
tation, and meet criteria for GOLD stage 0 often have evi-
dence of emphysema or bronchial wall thickening on chest CT.
Recently, a new category, pre-COPD, was introduced for indi-
viduals without airflow obstruction and with structural ab-
normalities on chest CT that are not primarily attributed to
other airways diseases such as asthma.2 Some of these indi-
viduals will now be reclassified as having COPD according to
the new diagnostic schema. Future studies should evaluate
whether some of the imaging criteria can be substituted with
other more easily available modalities such as chest radiogra-
phy, which may detect severe emphysema.

Using the new diagnostic schema, this study found that
a larger proportion of Black individuals were newly classified
as having COPD compared with White individuals. This find-
ing is consistent with previous findings of the higher preva-
lence of emphysema in Black individuals without airflow
obstruction.21 A small proportion of individuals with airflow
limitation on spirometry (282 of 4166 [6.8%] in COPDGene and
105 of 656 [16.0%] in CanCOLD) were reclassified as having no
COPD. In the absence of CT findings of emphysema or bron-
chial wall thickening and without substantial respiratory symp-
toms, these individuals may have other causes of airflow limi-
tation, including age-related reductions in FEV1/FVC or
unreported asthma. The new schema did not miss a single in-
dividual who would have been classified as having COPD ac-

cording to the GOLD recommendations regardless of how mini-
mal symptoms were defined. Although spirometry continues
to be a primary component in the diagnosis of COPD, the new
schema allows a COPD diagnosis if spirometry is not avail-
able. For individuals who meet the diagnosis of COPD accord-
ing to minor criteria alone, their current spirometry measure-
ments may reflect a significant decline from their baseline
pulmonary function although they do not meet existing diag-
nostic thresholds for airflow obstruction. As with any diag-
nostic schema, individuals who nearly meet any criterion or
category threshold and those with higher grades of airflow ob-
struction who are no longer classified as having COPD by this
new diagnostic schema should undergo close follow-up.

Our study has several strengths. In both cohorts, spirom-
etry and imaging were acquired with stringent quality con-
trol. There was a high representation of Black individuals in
COPDGene. CanCOLD included individuals who had never
smoked, who are usually excluded from COPD studies.

Limitations
The study also has several limitations. First, the event rate for
mortality in CanCOLD was low; nonetheless, we were able to
confirm higher exacerbation risk in individuals who met the
minor diagnostic category. CanCOLD also included matched
subsets of participants with and without COPD, and there-
fore our results should be validated in a general population co-
hort. Second, we did not provide the usual metrics of model
discrimination, such as the C-index, sensitivity, and specific-
ity, because there is no true criterion standard for the diagno-
sis of COPD. Third, we were unable to evaluate the perfor-
mance of the new criteria in underrepresented minority groups
other than in Black individuals. Fourth, respiratory quality of
life was assessed with the SGRQ score in COPDGene, which is
not commonly acquired in clinical practice. However, prior
studies have shown good agreement between an SGRQ score
of 25 and a COPD Assessment Test score of 10,18 which was used
in CanCOLD. Fifth, the new schema requires CT imaging for
assessment of emphysema and bronchial wall thickening,
which may be subject to observer variation. In addition,
although availability of CT scans may not be universal, more
CT scans are currently being acquired worldwide than
spirometry.10 Sixth, using this new diagnostic schema, some
patients with asthma may receive a diagnosis of COPD accord-
ing to minor criteria, including bronchial wall thickening and
the 3 symptom measures. Because there are no absolute cri-
teria to fully distinguish asthma with chronic airflow obstruc-
tion from COPD, clinical judgment remains essential for the ap-
plication of the new COPD diagnostic schema, as has been the
case in existing diagnostic approaches.2

Conclusions
Using the new COPD diagnostic schema, compared with indi-
viduals classified as not having COPD, those with a new diag-
nosis of COPD had greater all-cause and respiratory-specific mor-
tality, more frequent exacerbations, and faster FEV1 decline. This
new COPD diagnostic schema integrates multidimensional
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assessments to include additional individuals with high respi-
ratory morbidity and to exclude individuals with airflow ob-

struction who do not have respiratory symptoms or evidence
of structural lung disease.
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