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Abstract

Rationale: The diagnosis of chronic obstructive pulmonary
disease (COPD) is based on a low FEV,/FVC ratio, but the
severity of COPD is classified using FEV,% predicted (ppFEV ).

Objectives: To test a new severity classification scheme for
COPD using FEV,/FVC ratio, a more robust measure of airflow
obstruction than ppFEV;.

Methods: In COPDGene (Genetic Epidemiology of COPD)
(N=10,132), the severity of airflow obstruction was categorized
by Global Initiative for Chronic Obstructive Lung Disease
(GOLD) stages 1-4 (ppFEV, of =80%, =50-80%, =30-50%,
and <30%). A new severity classification (STaging of Airflow
obstruction by Ratio; STAR) was tested in COPDGene—FEV,/
FVC =0.60 to <0.70, =0.50 to <0.60, =0.40 to <0.50, and <<0.40,
respectively, for stages 1-4—and applied to the combined Pittsburgh
SCCOR and Emphysema COPD Research Registry for replication
(N=2,017).

Measurements and Main Results: The agreements (weighted
Bangdiwala B values) between GOLD and the new FEV,/FVC

ratio severity stages were 0.89 in COPDGene and 0.88 in the
Pittsburgh cohort. In COPDGene and the Pittsburgh cohort,
compared with GOLD staging, STAR provided significant
discrimination between the absence of airflow obstruction and
stage 1 for all-cause mortality, respiratory quality of life, dyspnea,
airway wall thickness, exacerbations, and lung function decline.
No major differences were noted for emphysema, small airway
disease, and 6-minute-walk distance. The STAR classification
system identified a greater number of adults with stage 3/4
disease who would be eligible for lung transplantation and lung
volume reduction procedure evaluations.

Conclusions: The new STAR severity classification scheme
provides discrimination for mortality that is similar to the GOLD
classification but with a more uniform gradation of disease
severity. STAR differentiates patients’ symptoms, disease burden,
and prognosis better than the existing scheme based on ppFEV],
and is less sensitive to race/ethnicity and other demographic
characteristics.
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At a Glance Commentary

Scientific Knowledge on the
Subject: The diagnosis of chronic
obstructive pulmonary disease is
based on a low FEV,/FVC ratio, but
its severity is classified using the
percentage predicted FEV,, which is
impacted by demographic
characteristics, including race/ethnicity.

What This Study Adds to the
Field: The new severity
classification scheme, STaging of
Airflow obstruction using Ratio,
provides discrimination for
mortality similar to the Global
Initiative for Chronic Obstructive
Lung Disease classification but with
a more uniform gradation of disease
severity. The STaging of Airflow
obstruction using Ratio classification
scheme differentiates patients’
symptoms, disease burden, and
prognosis better than the existing
scheme based on percent predicted
FEV, and is less sensitive to
race/ethnicity and other
demographic characteristics.

The diagnosis of chronic obstructive
pulmonary disease (COPD) is based on
spirometric airflow obstruction, and its
severity is determined by gradations of
reduction in percentage predicted of the
FEV1 (ppFEV),) as pp precedes FEV1. The
clinical value of severity grading lies in its
association with mortality, its causal
association with respiratory symptoms, and
its use in decision-making regarding certain
interventions such as lung volume reduction
and lung transplantation. Currently accepted
recommendations for severity grading are
from the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) and the
American Thoracic Society (ATS)/European
Respiratory Society, both of whom
recommend specific ppFEV] thresholds or
z-score-based cutoffs (1, 2). There are,
however, several controversies in the use of
ppFEV] for grading the severity of airflow
obstruction. First, the percent predicted
values rely on reference equations, which
can be problematic when they are not
representative of the general population. This
has been brought into sharp focus recently

with the concerns raised about corrections
for race/ethnicity and the resulting potential
for misdiagnosis and misclassification of
severity (3-5). Second, the reference equations
were derived using prebronchodilator
spirometry, whereas the recommendation is
to use postbronchodilator spirometry for
diagnosis. Third, FEV is affected by lung size;
reference equations do not directly account
for lung size and use height as a surrogate (6).
Fourth, the presence of concomitant
restriction can overestimate the severity
classification when FEV alone is used to
make this determination. Fifth, use of the
FEV,/FVC ratio for both diagnosing the
disease and determining its severity would
simplify the assessment.

Severity classes should offer sufficient
discrimination between categories for the
prediction of clinical outcomes and for
clinical decision-making. We hypothesized
that using the FEV,/FVC ratio, a more
robust measure of airflow obstruction than
FEV,, for severity classification would
improve associations with important
outcomes such as mortality and lung
function decline, computed tomography
(CT)-measured emphysema and airway
disease, and clinical burden including
dyspnea, functional capacity, quality of life,
and exacerbations. The use of FEV,/FVC
ratio to determine severity classes has
been tested before, and our scheme is a
modification of the classification system
originally proposed by the Intermountain
Thoracic Society (ITS). The ITS graded the
severity of obstruction based on the FEV,/
FVC ratio in terms of confidence intervals
(CIs) from the expected normal. Hegewald
and colleagues included this classification
scheme in their comparative study for
predicting mortality and found that using
PPFEV;-based grades resulted in higher
discrimination than FEV, z-scores and the
ITS classification (7). This study was also
limited by the collapsing of severity grades
into mild, moderate, and severe and did not
include a comparison with those with no
airflow obstruction; mild airflow obstruction
was the reference category (7). We derived
a new severity gradation for airflow
obstruction based on FEV,/FVC ratio
categories, tested our hypothesis using data
from the COPDGene (Genetic Epidemiology
of COPD) study, and replicated associations
in the combined Pittsburgh Specialized
Center of Clinically Oriented Research
(SCCOR) and Emphysema COPD Research
Registry cohorts.
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Methods

Participants

We included participants enrolled in two
large cohort studies (the multicenter
COPDGene study and the combined
Pittsburgh cohort). The details of these
studies have been previously published (8, 9).
Briefly, the COPDGene study enrolled
current and former smokers aged

45-80 years. At enrollment, all participants
underwent pre- and postbronchodilator
spirometry using an EasyOne spirometer
(ndd Medical) according to the ATS criteria.
Postbronchodilator spirometry was acquired
approximately 20 minutes after the
administration of 180 pg of albuterol. We
used postbronchodilator lung function data
for all analyses. Respiratory disease-related
health impairment and quality of life were
assessed using the St. George’s Respiratory
Questionnaire (SGRQ) (10). Functional
capacity was assessed using the distance
walked on the 6-minute-walk test (6MWD),
which was performed according to ATS
guidelines. Shortness of breath was measured
using the modified Medical Research
Council (mMRC) dyspnea score. All
participants underwent volumetric chest CT
scans at maximal inspiration (i.e., total lung
capacity; TLC) and at end-tidal expiration
(i.e., functional residual capacity). Lung
masks were applied, emphysema was
quantified as the percentage of lung volume
at TLC with attenuation lower than —950 HU,
and air trapping was quantified as the
percentage of lung volume on expiratory
scans with attenuation lower than —856 HU.
Parametric response mapping was used to
register inspiratory and expiratory images
voxel to voxel, and nonemphysematous air
trapping was used to quantify functional
small-airway disease (fSAD) (11). Airway
wall thickness was quantified using the square
root of the wall area of a theoretical airway
with an internal perimeter of 10 mm (Pi10).
All participants provided written informed
consent before study enrollment. The
COPDGene study was approved by

the institutional review boards of all

21 participating centers.

The Pittsburgh subjects were enrolled
from the NHLBI-funded University of
Pittsburgh SCCOR and Emphysema COPD
Research Center Registry cohorts (9).
SCCOR includes current and former
smokers aged 40-79 years with a minimum
10-pack-year tobacco history residing
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around southwestern Pennsylvania. Subjects
were excluded if they had other significant
lung diseases, uncontrolled comorbidity
including a cardiovascular event or
congestive heart failure exacerbation in the
preceding year, prior thoracic surgery,

or a body mass index (BMI) >35 kg/m’.
Participants completed demographic and
medical history questionnaires, chest CT,
and spirometry (9). The Emphysema COPD
Research Center Registry enrolled tobacco-
exposed consenting subjects seen at the
University of Pittsburgh Medical Center
Comprehensive Lung Center or enrolled
through the University of Pittsburgh
Emphysema COPD Research Center. In the
combined Pittsburgh cohort, the higher of
pre- or postbronchodilator lung function
data were recorded. All data-acquisition
procedures were performed under a
University of Pittsburgh Institutional Review
Board-approved protocol, with written
informed consent obtained from all
participants.

To evaluate hyperinflation and air
trapping between mismatched severity
classes, we analyzed data from the University
of Alabama at Birmingham (UAB) pulmonary
function test (PFT) database. Lung volumes
were acquired using nitrogen washout, and
the percentage predicted TLC and residual
volume (RV) were estimated. These analyses
were approved by the UAB Institutional
Review Board (IRB-300005811).

Follow-Up
Participants in COPDGene returned for
a second visit approximately 5 years after
the baseline visit, and all assessments were
repeated. FEV change was calculated as the
annualized difference between FEV at the
5-year visit and the baseline visit. Participants
were contacted every 6 months by phone
or using an automated telephonic system
to inquire about exacerbations and vital
status. Exacerbations were defined as
acute worsening in symptoms requiring
the use of antibiotics and/or systemic
steroids. All-cause mortality was assessed
on follow-up, with deaths confirmed with
a combination of medical records and
National Death Index.

In the combined Pittsburgh cohort,
all-cause mortality was determined from
the Social Security Death Index.

COPD Severity Classification

The presence of COPD was defined by
postbronchodilator FEV/FVC ratio lower
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than 0.70 on spirometry according to the
GOLD recommendation. The severity of
airflow obstruction was categorized by
GOLD stages 1-4 based on ppFEV of
=80%, =50-80%, =30-50%, and <30%,
respectively, using the Global Lung Initiative
reference equations (RSpiro package) (12).
A new severity classification (STaging of
Airflow obstruction by Ratio; STAR) was
derived using approximately the 25th, 50th,
and 75th percentiles of FEV/FVC ratios of
the participants in COPDGene with FEV,/
FVC ratio lower than 0.70. This resulted in
FEV,/FVC thresholds of =0.60 to <0.70,
=0.50 to <0.60, =0.40 to <0.50, and <0.40,
respectively, for stages 1-4. The same
thresholds were applied to the combined
Pittsburgh cohort for replication. We
calculated a modified BODE index (BMI,
airflow obstruction, dyspnea, and exercise
capacity) by substituting GOLD stages for
the ppFEV] classes, and also derived another
modified BODE index by substituting the
four FEV,/FVC ratio classes for the ppFEV,
used in the BODE index (13).

Statistical Analysis

Concordance between the two severity
classification schemes was assessed
descriptively using Bangdiwala plots and
quantified for agreement between multiple
classes using the weighted Bangdiwala

B value, which adjusts for the frequency of
each severity class. The primary outcome for
comparison of the classification schemes was
all-cause mortality. Cox proportional hazards
models were created with all-cause mortality
as the outcome and severity classes as the
predictors, with adjustments for age, sex,
race, and height. Schoenfeld residuals were
used to test the assumption of proportional
hazards. Participants without airflow
obstruction (FEV/FVC =0.70) were treated
as the reference group for all comparisons
between classes for both severity classification
schemes. ANOVA and Tukey’s test for
between-pair comparisons were used to
compare differences between groups for
continuous measures. Primary analyses were
unadjusted for covariates because the main
consideration was the effect of placing
participants in discrete bins of lung function.
In secondary analyses, generalized linear
regression models (GLMs) were used to test
associations between the severity classes

and structural lung disease on CT (percent
emphysema, percent fSAD, and Pil10). These
models were adjusted for age, sex, race, BMI,
smoking status, and pack-years of smoking.

GLMs for clinical outcomes (SGRQ, mMRC,
6MWD, and FEV, change) were additionally
adjusted for postbronchodilator FEV.
Least-squares means derived from the GLM
models were used for comparisons between
stages. Zero-inflated negative binomial
regression models were used to test the
association between severity classes and
exacerbation frequency; these models

were additionally adjusted for history of
exacerbations in the 1 year before enrollment.
The goodness of fit of the regression models
was assessed using Pearson residuals by
plotting the residuals against the fitted values
of the models. All analyses were performed
using R statistical package v4.2.2. A two-sided
a-value of 0.05 was deemed statistically
significant.

Results

Participant Characteristics

We included 10,132 participants enrolled in
COPDGene (after excluding 66 participants
with missing spirometry) and 2,017
participants enrolled in the combined
Pittsburgh cohort (after excluding 46 because
of missing demographic data). The baseline
characteristics of participants are shown

in Table E1 in the online supplement. In
COPDGene, 5,649 (56%) had no airflow
obstruction and 798 (8%), 1,913 (19%), 1,167
(11%), and 605 (6%), had GOLD stages 1-4
airflow obstruction, respectively. A total of
4,668 (47.1%) were active smokers, and
5,364 (52.9%) were former smokers. In the
Pittsburgh cohort, 528 (26%) had no airflow
obstruction, and 213 (11%), 544 (27%), 421
(21%), and 311 (15%) had GOLD stages 1-4
airflow obstruction, respectively. A total of
654 (32.4%) were active smokers, and 1,363
(67.6%) were former smokers.

Concordance between GOLD and
FEV./FVC Classes

The distributions of participants in
COPDGene by disease severity according
to GOLD and STAR classes are shown in
Figure 1 (results for the Pittsburgh cohort
are shown in Figure E1). The major
redistributions were from GOLD stage 2
to STAR stages 1 (51.5%) and 3 (13.7%)
and from GOLD stage 3 to STAR stages 2
(18.9%) and 4 (34.6%). There were smaller
redistributions from GOLD stage 1 to STAR
stage 2 (12.0%) and from GOLD stage 4 to
STAR stage 3 (11.2%). Figure 2 shows the
Bangdiwala plots for agreement between
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Figure 1. Distribution of disease severity by Global Initiative for Chronic Obstructive Lung
Disease stage and STaging of Airflow obstruction using Ratio (STAR) severity category in the
COPDGene (Genetic Epidemiology of COPD) study. Groups are STAR severity stages.

COPD = chronic obstructive pulmonary disease.

GOLD and STAR severity classes. The
agreements (weighted Bandiwala B values)
between GOLD and STAR severity classes
were 0.89 in COPDGene and 0.88 in the

A | 79 1913

Pittsburgh cohort. Table E2 shows the
characteristics of individuals who were
reassigned stages from the GOLD scheme to
the STAR scheme.

, 1167 605

Survival

In COPDGene, over a median duration of
9.3 years (25th to 75th percentile, 4.5-10.6)
(76,249 person-years), 2,200 participants
died (21.7%). In the Pittsburgh cohort, over a
median duration of 10.3 years (25th to 75th
percentile, 5.4-13.3) (19,424 person-years),
755 participants died (37.4%). Survival
curves by disease severity classes for GOLD
and STAR stages are shown in Figure 3.
Overall, on multivariable analyses, after
adjustment for age, sex, race, and height, the
discrimination for mortality was comparable
between staging systems (C-statistics, 0.72 for
GOLD and 0.71 for STAR). Table 1 shows
unadjusted and adjusted hazard ratios for
each severity stage, with no airflow
obstruction as the reference group. In both
COPDGene and the Pittsburgh cohort,
GOLD staging did not provide any
discrimination between severity stage 1 and
the absence of airflow obstruction, whereas
the STAR system provided a significant

STAR

1 2 3 4
GOLD Stage STAR Stage COPDGene Pittsburgh
1 §7.5% $4.0%
. 2 12.0% 15.5%
3 05% 0.5%
4 0% 0%
1 51.5% 32.2%
i 2 32.5% 39.5%
3 13.7% 211%
4 20% 12%
1 73% 2.5%
5 2 159% 105%
3 39.2% 3%
4 34.6% 52.0%
1 0% 0%
" 2 15% 13%
3 112% 6.5%
4 $6.9% 92.0%

Figure 2. Bangdiwala agreement charts comparing classification of severity of airflow obstruction using the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) and STaging of Airflow obstruction using Ratio (STAR) severity scheme in (A) COPDGene and (B) Pittsburgh
cohorts. (C) Redistribution of GOLD severity stages by STAR. The agreement plot is displayed as an nx n square, where n is the total

sample size. Each large rectangle shows the maximum possible agreement given the marginal totals. Each dark rectangle indicates complete
agreement. Successively lighter-shaded rectangles indicate partial agreement. Perfect agreement would be indicated by all groups showing
dark perfect squares and a 45° diagonal line touching the edges of each square. The numbers on the top and right axes represent subjects
placed in each GOLD and STAR stage, respectively. COPD = chronic obstructive pulmonary disease.
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Figure 3. Kaplan-Meier curves for all-cause mortality by GOLD and STAR stages. COPDGene = Genetic Epidemiology of COPD; GOLD = Global

Initiative for Chronic Obstructive Lung Disease; STAR = STaging of Airflow obstruction using Ratio.

discrimination between the absence of
airflow obstruction and stage 1. STAR
also provides a more uniform gradation
of disease severity than GOLD. Similar
results were found in analyses stratified by
sex (Table E3).

Clinical Outcomes by Disease Severity
Tables 2 and E4-E6 show comparisons of the
point estimates for SGRQ, mMRC dyspnea
score, and 6MWD by disease severity
classes. In COPDGene and the Pittsburgh
cohort, GOLD staging again provided no
discrimination between the absence of
airflow obstruction and stage 1 for SGRQ
and dyspnea, whereas significant differences
were noted using the FEV,/FVC ratio stages.
The discrimination for 6 MWD was variable
and inconsistent across disease severity.

Structural Lung Disease by

Disease Severity

Tables 3 and E7 show comparisons of the
point estimates for CT-detected emphysema,
CT-detected functional small-airway disease,
and Pil0 by disease severity classes in
COPDGene. There were significant and

680

comparable differences by staging by
either scheme for emphysema and fSAD,
but there was no difference in Pi10
between GOLD stage 1 and no airflow
obstruction.

Exacerbations

In COPDGene, no significant difference

was noted between the absence of airflow
obstruction and stage 1 by GOLD staging, in
contrast to STAR staging. Compared with no
airflow obstruction, after adjustment for age,
sex, race, height, current smoking, pack-years
of smoking, postbronchodilator FEV, and
number of exacerbations in the previous
year, the incidence rate ratios for the
presence of GOLD stages 1-4 airflow
obstruction were 1.15 (95% CI, 0.97-1.35;
P=0.096), 1.68 (95% CI, 1.51-1.86;

P <0.001), 2.76 (95% CI, 2.45-3.10;

P <0.001), and 3.32 (95% CI, 2.86-3.87;

P < 0.001), respectively. The incidence rate
ratio for STAR stages 1-4 were 1.30 (95% ClI,
1.17-1.46; P < 0.001), 1.97 (1.74-2.24;

P <0.001), 2.93 (2.56-3.36; P < 0.001), and
3.54 (3.11-4.03; P < 0.001), respectively.

FEV, Change

In COPDGene, the annualized FEV,
changes (least-square means) for no airflow
obstruction and GOLD stages 1-4 were
—32.3(95% CI, —34.3 to —30.2), —43.4
(95% CI, —48.0 to —38.8), —50.4 (95% CI,
—53.9 to —47.0), —50.0 (—55.7 to —44.4),
and —41.8 (—52.4 to —31.2) ml/yr,
respectively. FEV changes for participants
with no airflow obstruction and STAR stages
1-4 were —30.8 (95% CI, —32.8 to —28.8),
—41.8 (95% CI, —44.9 to —38.6), —54.2
(95% CI, —58.9 to —49.6), —65.3 (95% CI,
—71.2to —59.4),and —61.9 (95% CI, —69.1
to —54.7) ml/yr, respectively (Figure E2).

Physiologic Considerations

We included 16,199 participants from the
UAB PFT database (see Table E1). We
compared TLC and RV for GOLD- and
STAR-matched and -mismatched categories
(Figures E3 and E4). We found that, within
each GOLD stage, increasing STAR stages
were associated with monotonic increases in
hyperinflation and air trapping. In contrast,
within each STAR stage, increasing GOLD
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Table 3. Comparison of Imaging Measures by Severity Stage in the COPDGene Cohort

STAR Stage

GOLD Stage
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Obstruction
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27.5-29.3
<0.001
2.86 +0.49

23.9-25.8
<0.001
2.81+0.55

<0.001

15.1-16.9
2.68 +0.60

6.7-8.1
20.001

28.2-30.6
<0.001
2.96 = 0.51

<0.001

23.1-24.9
2.88+0.53

12.0-134
<0.001
2.61+0.57

6.5-8.5
<0.001
2.16 =047

2.12+0.52
Ref

P value

95% ClI
Pi10, mm

0.74
0.68-0.79
<0.001

0.69
0.63-0.74
<0.001

0.55

0.50-0.61
<0.001

2.43+0.60
0.31
0.27-0.35
<0.001

0.84

0.78-0.91
<0.001

0.75
0.71-0.80
<0.001

0.48

0.44-0.52
<0.001

0.04
—0.02 to 0.09

0.323

Mean A vs. ref

95% ClI
P value

Global Initiative for Chronic Obstructive

square root of the wall area of a theoretical airway with an internal perimeter of 10 mm; Ref = reference;

confidence interval; COPDGene = Genetic Epidemiology of COPD; CT = computed tomography; GOLD

Definition of abbreviations: Cl

Lung Disease; fSAD = functional small-airway disease; Pi10

STAR

STaging of Airflow obstruction using Ratio.

Values presented as mean + SD where applicable.

stages were associated with lower TLC and
inconsistent trends for RV. Implications of
STAR staging for clinical decision-making
for the evaluation for lung volume reduction
and lung transplantation are shown in the
online supplement and in Table E8.

Discussion

We demonstrated in two large cohorts that a
new severity classification scheme based on
FEV/FVC ratio differentiates patients’
symptoms, disease burden, and prognosis
better than the existing scheme based on
ppFEV, with a more monotonic increase in
severity grades. STAR, in contrast to GOLD,
provides differentiation of stage 1 from the
absence of airflow obstruction. The new
classification scheme based on absolute
FEV,/FVC ratio values has the added
advantage of being less sensitive to race/
ethnicity, which significantly impact ppFEV.
Several attempts have been made in
the past to move from using ppFEV, to
determine severity classes. Checkley and
colleagues evaluated severity classes based on
absolute FEV, and FEVl/heigh'[2 instead of
ppFEV| and found that, for the prediction of
several clinical outcomes, including dyspnea,
quality of life, and 6MWD, these classification
schemes have error rates similar to that of
the GOLD classification (14). Bhatta and
colleagues found that a classification based on
FEV, standardized by the sex-specific lowest
percentile (FEV Q) had better discrimination
for mortality than ppFEV; and FEV z-scores
(15). Other studies found that ppFEV-based
classification had the best discriminative
accuracy for survival. In contrast to using
pPPFEV], a z-score-based method of severity
classification did not result in the expected
monotonic worsening of survival with
increasing disease stage and had lower
discrimination for survival than the GOLD
classification (16). Quanjer and colleagues
found minimal reclassification of subjects
using a z-score-based classification compared
with the ATS/European Respiratory Society
classification based on ppFEV (12). However,
none of these studies included a comparison
versus subjects without airflow obstruction;
this comparison is critical for testing the
validity of classifying individuals into the
category of mild airflow obstruction.
Severity classes should also offer sufficient
discrimination between classes for
predicting clinical outcomes and for clinical
decision-making (17). We have extended
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the literature by creating easily applicable
absolute FEV/FVC thresholds for severity
classification, and show that this
classification scheme provides a more
uniform gradation of disease severity than
GOLD and discriminates well between the
absence of and presence of mild airflow
obstruction for several cross-sectional

and longitudinal clinical outcomes. The
STAR classification system also provides
discrimination between stages for air
trapping and hyperinflation, in contrast

to GOLD. There is therefore a physiologic
as well as a statistical case to use STAR
instead of GOLD.

We also tested several additional
physiologic and clinical implications of the
new severity classification. Low FEV has
been described as a risk factor for further
FEV| decrease and the development
of worsening airflow obstruction, a
phenomenon termed the horse-racing
effect (18). More recent cohort studies have
suggested that adults with milder airflow
obstruction have a more rapid FEV, decrease
than those with more severe disease (11, 19),
a phenomenon attributed to the possibility
that those with relatively preserved lung
function have more to lose. However, this is
equally likely to be due to a regression to the
mean or nonlinearity in disease progression.
Studies of structural lung disease do not
support this recent finding and suggest
that those with the presence of more
severe disease are likely to experience faster
progression (20, 21). These individuals also
likely have more severe disease because
they were probably on a trajectory of faster
decline. We found that classifying severity
using the FEV;/FVC ratio indicates
progressively greater FEV,; decrease with
worsening disease stage.

The treatment of COPD is mostly based
on symptom burden and its alleviation. The

severity of airflow obstruction comes into
consideration when it is severe and patients
may benefit from lung volume reduction or
lung transplantation. We found that, even
though the FEV/FVC ratio severity classes
identify a different set of subjects as having
severe or very severe disease compared with
the ppFEV] classes, this does not result in
any difference in the calculation of the BODE
index or in the proportion of individuals
who may be referred for lung transplantation
evaluation based on spirometry alone.

The new classification system also did not
result in any reduction in the proportion of
adults with COPD who may benefit from
evaluation for lung volume reduction
procedures, and may result in improved
detection of those with greater hyperinflation
and air trapping.

Given that FEV] is affected by FVC,
using the ratio partially corrects for the
variance of FEV, explained by FVC. We
acknowledge that some individuals with air
trapping may have a lower operating lung
volume and hence a lower FVC. Although
this can increase the FEV,/FVC ratio and
may shift the severity class to a milder stage
compared with the GOLD classification,
the discrimination for several clinical
outcomes is not different from that of the
GOLD classification, and, in some cases, may
be better. Conversely, when concomitant
restriction was present, Balfe and colleagues
found that using the ClIs of the ratio for
severity classification resulted in a significant
reduction in the number of subjects
categorized to have severe obstruction (22).
These results are in line with our results
showing that, within each GOLD stage,
higher STAR stages were associated with
lower lung function and greater emphysema
and small airway disease on CT, as well as
greater hyperinflation and air trapping. The
finding of lower TLC with worsening GOLD

stage within each STAR stage suggests that
ppFEV] likely overestimates severity in the
presence of concomitant restrictive processes.

The present study has several strengths.
First, we analyzed participants from two
large cohorts with extensive phenotyping
with clinical and imaging data, with
approximately 95,693 person-years of
follow-up. Second, we included individuals
across a wide age range, with equal
proportions of men and women and a
substantial proportion of Black subjects.

The discrimination for mortality was
significant in analyses stratified by sex.

Third, spirometry was quality-controlled,
with the requirement for at least grade B
according to the ATS standards for
acceptability and reproducibility. Fourth,

we replicated our analyses in a second cohort.
Fifth, we analyzed the clinical implications of
the new classification scheme. The study also
has a few limitations. COPDGene included
mostly current and former smokers, and
hence this classification scheme needs to be
validated in adults with COPD who are
nonsmokers or light smokers. Although

the FEV,/FVC ratio is less sensitive than the
GOLD dlassification to race and ethnicity,
the new classification scheme needs to be
validated in racial groups other than White
and Black subjects.

In conclusion, we developed a new
scheme to classify the severity of airflow
obstruction based on FEV,/FVC ratio, which
has better discrimination for survival and
better differentiates those with mild airflow
obstruction from those with no airflow
obstruction. By reclassifying individuals with
COPD, this scheme has implications for
clinical decision-making and
prognostication.

Author disclosures are available with the
text of this article at www.atsjournals.org.
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