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Abstract

Rationale: Although interstitial lung abnormalities (ILA), specific
patterns of incidentally-detected abnormal density on computed
tomography, have been associated with abnormal lung function and
increased mortality, it is unclear if a subset with incidental interstitial
lung disease (ILD) accounts for these adverse consequences.

Objectives: To define the prevalence and risk factors of
suspected ILD and assess outcomes.

Methods: Suspected ILD was evaluated in the COPDGene
(Chronic Obstructive Pulmonary Disease Genetic Epidemiology)
study, defined as ILA and at least one additional criterion:
definite fibrosis on computed tomography, FVC less than 80%
predicted, or DLCO less than 70% predicted. Multivariable linear,
longitudinal, and Cox proportional hazards regression models
were used to assess associations with St. George’s Respiratory
Questionnaire, 6-minute-walk test, supplemental oxygen use,
respiratory exacerbations, and mortality.

Measurements and Main Results: Of 4,361 participants with
available data, 239 (5%) had evidence for suspected ILD, whereas

204 (5%) had ILA without suspected ILD. In multivariable
analyses, suspected ILD was associated with increased
St. George’s Respiratory Questionnaire score (mean difference
[MD], 3.9 points; 95% confidence interval [CI], 0.6–7.1;
P = 0.02), reduced 6-minute-walk test (MD, 235 m; 95% CI,
256 m to 213 m; P = 0.002), greater supplemental oxygen use
(odds ratio [OR], 2.3; 95% CI, 1.1–5.1; P = 0.03) and severe
respiratory exacerbations (OR, 2.9; 95% CI, 1.1–7.5; P = 0.03),
and higher mortality (hazard ratio, 2.4; 95% CI, 1.2–4.6;
P = 0.01) compared with ILA without suspected ILD.
Risk factors associated with suspected ILD included self-
identified Black race (OR, 2.0; 95% CI, 1.1–3.3; P = 0.01) and
pack-years smoking history (OR, 1.2; 95% CI, 1.1–1.3;
P = 0.0005).

Conclusions: Suspected ILD is present in half of those with ILA
in COPDGene and is associated with exercise decrements and
increased symptoms, supplemental oxygen use, severe respiratory
exacerbations, and mortality.
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Interstitial lung abnormalities (ILA) are
defined as incidental chest computed
tomography (CT) imaging abnormalities
suggestive of underlying interstitial lung
disease (ILD) or early stage of pulmonary
fibrosis in those without a clinical diagnosis
(1–3). Evidence indicating that some people
with ILAmay have an incidental but
clinically significant ILD includes work that
has demonstrated associations between ILA
and adverse clinical outcomes such as
significantly reduced lung function (4),

exercise capacity (5), and decreased survival
(6). Although these studies support the idea
that ILA, beyond simply representing an
imaging abnormality, may represent an
undiagnosed form of ILD in some people (7),
few studies have risk-stratified ILA using CT
characteristics andmeasures of pulmonary
function to define a subset with suspected
ILD (8).

We hypothesized that measures of CT
imaging and pulmonary function could be
combined to identify a group of ILA with
suspected ILD among people previously
unsuspected of having ILD and that many
adverse outcomes attributable to those with
ILA would be concentrated within this
group. To test this hypothesis, we evaluated
demographic, clinical, pulmonary function,
and radiologic data from participants in the
COPDGene (Genetic Epidemiology of
Chronic Obstructive Pulmonary Disease)
study. Some of the results of these studies
have been previously reported in the form of
an abstract (9).

Methods

Study Population
Participants enrolled in phase 2 (5-year
follow-up) of COPDGene were included.
Protocols for participant enrollment have
been described previously (10). In brief,
COPDGene is a multicenter, longitudinal
cohort study that was designed to identify the
epidemiologic and genetic risk factors of
chronic obstructive pulmonary disease
(COPD). Non-HispanicWhite and African
American participants aged 45–80 years with
at least a 10–pack-year smoking history were
enrolled between January 2008 and June
2011 at 21 clinical centers. Those with a
known history of lung diseases other than
asthma (including ILD) were excluded.
Participants completed a protocol that
included an assessment of medical history,
respiratory questionnaires, pulmonary
function tests, and chest CT scan;
participants have since been followed with

repeat assessments at 5-year increments.
The COPDGene study was approved by the
institutional review boards of all
participating centers. Five-year follow-up
data for these participants (phase 2) was
analyzed to include assessments of DLCO,
which were not measured at enrollment
(phase 1). Participants without complete data
were excluded from this analysis unless
otherwise specified. Mortality was
ascertained as of August 2020.

Chest CT Acquisition and
Quantitative Analysis
Participants underwent volumetric CT scans
of the chest at full inspiration (total lung
capacity) and end-tidal expiration
(functional residual capacity) as part of the
COPDGene study according to previously
published protocols (10). Computerized
image analyses were performed with Thirona
quantitative image analysis software. These
analyses included assessments of the
percentage of emphysema (quantified as the
percentage of lung parenchyma<2950
Hounsfield Units) and total lung capacity.

Visual Chest CT Analysis to Define
ILA and Fibrosis
Chest CT scans were assessed for ILA using a
sequential method by up to three readers
blinded to clinical information as previously
described (4). ILAwere defined per Fleischner
Society recommendations as nondependent
changes affectingmore than 5% of any lobar
region, including ground–glass or reticular
abnormalities, diffuse centrilobular nodularity,
nonemphysematous cysts, honeycombing, or
traction bronchiectasis (but not those with
centrilobular nodularity alone) (1). CT scans
with focal or unilateral ground–glass
attenuation or reticulation and patchy
ground–glass abnormalities were considered
indeterminate. Chest CT scans demonstrating
ILAwere also categorized as having definite
fibrosis, defined by the presence of pulmonary
parenchymal architectural distortion (e.g.,
traction bronchiectasis and honeycombing) as
previously reported (11).

At a Glance Commentary

Scientific Knowledge on the
Subject: Interstitial lung
abnormalities (ILA) are incidental
computed tomography findings
suggestive of interstitial lung disease
(ILD) and have been found to be
associated with reduced lung function,
functional capacity, and survival. It is
not currently known if there is a
subset of ILA with suspected ILD that
accounts for the increase in
adverse outcomes.

What This Study Adds to the
Field: This study demonstrates that
approximately half of those with ILA
have evidence for a suspected ILD
defined by the presence of advanced
radiologic findings, reduced pulmonary
function, or both, and this group has
reduced exercise capacity and increased
symptoms, need for supplemental
oxygen, respiratory exacerbations, and
mortality. These findings have
important implications for smokers in
general and the evaluation and
monitoring of those with ILA. Future
studies are needed to follow this group
longitudinally and to assess the
effectiveness of further monitoring and
potentially targeted interventions.
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Spirometry and Lung Function
Measurements
Pre- and postbronchodilator spirometry
(FEV1 and FVC) in COPDGene phase 1 and
phase 2 were performed with the EasyOne
system in accordance with American
Thoracic Society/European Respiratory
Society recommendations (12). DLCO in
phase 2 was measured using the EasyOne Pro
(nddMedizintechnik AG). The percentage of
predicted values were calculated using Third
National Health and Nutrition Examination
Survey reference values for FEV1 and FVC
(13, 14) and Global Lung Initiative reference
equations for DLCO (15). Although recent
data demonstrate that increases in the extent
of quantitative measures of emphysema have
a minimal effect on FVC among those with
ILA, the effect on DLCO remains (16).
Therefore, in an attempt to remove the effect
of emphysema on reduced DLCO when
defining suspected ILD, DLCO for each
COPDGene participant was adjusted using
calculated coefficients for the effect of percent
emphysema obtained frommultiple linear
regression models (see supplemental methods
in the online supplement). These adjusted
values were then used for the categorization
of suspected ILD.

Six-Minute-Walk Test (6MWT)
The 6MWTwas performed in accordance
with American Thoracic Society guidelines
(17) without practice, indoors, on a flat
course supervised by trained study staff.
Subjects were instructed and encouraged
with standardized phrases to push
themselves to achieve maximal distance.

Clinical Data and Definitions
Clinical data were collected through
standardized questionnaires (available at
www.copdgene.org) to assess demographic
information, smoking history, medical
history, exacerbation history, supplemental
oxygen use, and the Saint George’s Respi-
ratory Questionnaire (SGRQ). Respiratory
exacerbation frequency was quantified on the
basis of the number of times in the last year
the participant had a worsening of their
respiratory status. A severe exacerbation was
defined as a report of visiting an emergency
room or hospitalization for an acute
worsening respiratory status in the last year.
Because comprehensive clinical evaluations
andmultidisciplinary discussions were not
possible, suspected ILD was defined on the
basis of previous work (8) as ILA and at least
one of the following at phase 2: definite

fibrosis on CT, postbronchodilator FVC less
than 80% predicted, or DLCO less than 70%
predicted after adjustment for emphysema.

Statistical Analysis
Multivariable linear and logistic regression
models were used to determine the
associations between suspected ILD and
selected outcomes. Multivariable Cox
proportional hazards models were used to
evaluate mortality. Adjusted models included
a priori covariates of age, sex, race, body
mass index, pack-years of smoking, current
smoking status, and GOLD (Global Initiative
for Obstructive Lung Disease) stage. Cox
proportional hazard models also included
adjustment for clinical center given variable
follow-up. All P values are two-sided, and
values less than 0.05 were considered
statistically significant. All analyses were
performed using Statistical Analysis Software
version 9.4 (SAS Institute) and R (Version
4.0.3).

Results

Of the 6,756 COPDGene phase 2
participants, 4,360 (65%) had complete data
available to make an assessment of suspected
ILD. Differences between those included and
excluded from our analyses are included in
Table E1 in the online supplement. Of those
included, 443 (10%) participants had ILA,
2,313 (53%) did not have ILA, and 1,604
(37%) were indeterminate, similar to
previously published results (16). Applying
the three criteria to the 443 participants with
ILA, 239 (54%) were found to have suspected
ILD (5% of the phase 2 cohort), and 204
(46%) of those with ILA did not meet the
criteria for suspected ILD. Of those with
suspected ILD, 39 (16%) had evidence of
definite fibrosis on CT, 136 (57%) had an
FVC less than 80% predicted, and 161 (67%)
had a DLCO less than 70% predicted after
adjustment for emphysema. Of those with
suspected ILD, 149 (62%) met only one of
the three criteria for suspected ILD,
including 13 (5%) with definite fibrosis, 60
(25%) with a reduced FVC, and 76 (32%)
with a reduced DLCO; 83 (35%) met two
criteria; and 7 (3%) met all three criteria
(Figures 1 and E1).

Characteristics and Risk Factors
Characteristics of study participants stratified
by ILA status, and further stratified by the
presence or absence of suspected ILD, are

presented in Table 1 (ILA status, including
indeterminate category, is presented in
Table E2). As expected, numerous
differences were noted between participants
with and without ILA. There were also
several differences between participants
with ILA with and without suspected ILD
(Table 1). Compared with participants with
ILA without suspected ILD, participants with
suspected ILD were more likely to be of self-
identified Black or African American race,
have a higher pack-year smoking history,
different GOLD stage, lower FEV1/FVC ratio
and FEV1, and lower FVC and DLCO (as
expected on the basis of criteria used to
define suspected ILD). In multivariable
analyses, when compared with those with
ILA without suspected ILD, suspected ILD
remained associated with race, pack-year
smoking history, and GOLD stage, although
not with a diagnosis of COPD (Table 2). For
instance, self-identified Black or African
American race had two times the odds of
suspected ILD compared with non-Hispanic
White race (odds ratio [OR], 2.0; 95%
confidence interval [CI], 1.1–3.3; P=0.01)
and an additional 10 pack-years of smoking
history increased the odds of suspected ILD
by 18% (OR, 1.2; 95% CI, 1.1–1.3;
P=0.0005). After adjusting for covariates,
there was no association between suspected
ILD and COPD diagnosis, emphysema, and
FEV1/FVC ratio compared with ILA without
suspected ILD. Those with suspected ILD at
phase 2, compared with those with ILA
without suspected ILD, were more likely to
have abnormalities present in phase 1,
including ILA (34% vs. 23%; P=0.006), FVC
less than 80% predicted (45% vs. 7%;
P=,0.0001), and definite fibrosis on
imaging (24% vs. 7%; P=0.02) (Table E3).
Figure 2 shows an example of participants
with ILA with and without suspected ILD at
both phase 1 and phase 2.

Clinical Endpoints: Symptoms,
Functional Status, Oxygen Use, and
Respiratory Exacerbations
Compared with participants with ILA
without suspected ILD in adjusted analyses,
participants with suspected ILD were more
likely to have worse clinical endpoints,
including an increased SGRQ score (mean
difference [MD], 3.9 points; 95% CI, 0.6–7.1;
P=0.02), reduced 6MWT (MD,235 m; 95%
CI,256 m to213 m; P=0.002), a greater
percentage of supplemental oxygen use (OR,
2.3; 95% CI, 1.1–5.1; P=0.03), and an
increased percentage of participants that
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experienced a severe respiratory exacerbation
(OR, 2.9; 95% CI, 1.1–7.5; P=0.03) (Table 3).
Results were similar in sensitivity analyses
when using quantitative measures of total
lung capacity to define suspected ILD in
place of FVC (Table E4), without adjustment
of DLCO for the percentage of emphysema
(Table E5), without definite fibrosis as a
criterion for suspected ILD (Table E6), and
without DLCO as a criterion (Table E7).
When participants with COPDwere
excluded, suspected ILD remained associated
with decreased functional capacity as
measured by 6MWT after adjustment for
covariates (Table E8). Those with suspected
ILD that met two or more criteria had
significant differences in endpoints
compared with those that only met one
criterion (Table E9). Although the addition
of each individual criterion to ILA
demonstrated significant associations with
some endpoints, ILA plus a reduced DLCO

of less than 70% of predicted was the
most consistent across a range of outcomes
(Table E10). There were no significant

differences between the group with ILA
without suspected ILD and the group with
no ILA (Table E11).

Mortality
After the phase 2 visit, participants were
followed for a median of 4.9 years
(interquartile range, 3.7– 5.8) for vital status.
The unadjusted mortality rates were
significantly higher among participants with
suspected ILD when compared with those
with ILA without suspected ILD. A total of
15% (36) of participants with suspected ILD
died compared with 6% (13) of participants
with ILA without suspected ILD (Table 2 and
Figure 3). After adjustment for covariates,
when compared with participants who had
ILA without suspected ILD, suspected ILD
was associated with a higher risk of death
(hazard ratio, 2.4; 95% CI, 1.2–4.6; P=0.01).
Results were similar when done without
definite fibrosis as a criterion for suspected
ILD (Table E6), without DLCO as a criterion
(Table E7), and when participants with
COPD were excluded (Table E8). Similar to

the other outcomes above, there were no
significant differences between the group
with ILA without suspected ILD and the
group with no ILA (Table E11 and Figure 3).

Discussion

In this study, we have attempted to define
and assess the prevalence and outcomes of
suspected ILD among a large cohort of
smokers in which known ILD was excluded
at the time of enrollment. These findings
demonstrate that approximately half of
COPDGene participants with ILA have
further evidence for suspected ILD, and
adverse outcomes such as reduced functional
status, increased symptoms, supplemental
oxygen use, severe respiratory exacerbations,
andmortality are more strongly associated
with the group of those with ILA who have
suspected ILD. These findings also suggest
that suspected ILD was more common
among those with self-identified Black or
African American race within the context of
COPDGene, and may have broader
implications.

This study demonstrates an effective
method for risk-stratifying patients with ILA.
ILA are present in 2–7% of older adults in
the general population and 4–9% of smokers
(1), and efforts to detect progressive
pulmonary fibrosis at an earlier stage have
begun to focus more on the groups with ILA
most likely to experience adverse outcomes
(18). For example, a prior study
demonstrated that ILA imaging patterns are
more consistent with a usual interstitial
pneumonia pattern, or those with definite
fibrosis experience increased rates of
radiologic progression and mortality (11).
Our study provides some of the most
comprehensive assessments to date, showing
that those with imaging abnormalities can be
further risk stratified using radiologic
features and pulmonary function to account
for a population at the highest risk for poor
outcomes. Although a number of studies
have demonstrated associations between
those with ILA and adverse outcomes when
compared with those without ILA (4–6, 19),
this study shows that these poor outcomes
are driven by the subset with fibrosis and/or
lung function abnormalities and that in this
cohort of smokers, those with ILA that do
not have fibrosis or reduced lung function
have outcomes similar to those without ILA
(Table E11).

Excluded for Missing
Suspected ILD Data

N = 2,396

Suspected ILD
N = 239 (54%)

Suspected ILD Data
Available
N = 4,360

ILA without Suspected ILD
N = 204 (46%)

COPDGene Phase 2
(2012–2016)

N = 6,756

No ILA
N = 2,313

Suspected ILD Criteria:
- Fibrosis present on CT
- FVC <80% predicted
- DLCO <70% predicted*

Indeterminate ILA
N = 1,604

ILA
N = 443 

- Fibrosis on CT:
- FVC <80%:
- DLCO <70%*:
- Fibrosis only:
- FVC only:
- DLCO only:
- >2 criteria:

N = 39
N = 136
N = 161
N = 13
N = 60
N = 76
N = 90

Figure 1. Flowchart depicting the cohort assembly. *DLCO percent predicted was adjusted for
the percent emphysema on computed tomography. COPDGene=Chronic Obstructive
Pulmonary Disease Genetic Epidemiology study; ILA= interstitial lung abnormality;
ILD= interstitial lung disease.

ORIGINAL ARTICLE

Rose, Menon, Hino, et al.: Suspected ILD in COPDGene 63



Table 1. Characteristics for No Interstitial Lung Abnormalities, Interstitial Lung Abnormalities without Suspected Interstitial Lung
Disease, and Suspected Interstitial Lung Disease

Variable No ILA (n=2313) ILA without Suspected ILD (n= 204) Suspected ILD (n=239)

Age (yr), mean (SD) 63.8 (8.2) 68.4 (8.7) 68.5 (8.3)
Sex, n (%)
Male 1163 (50) 108 (53) 118 (49)
Female 1150 (50) 96 (47) 121 (51)

Race, n (%)
White 1671 (72) 167 (82) 176 (74)
Black or African American 642 (28) 37 (18) 63 (26)

BMI (kg/m2), mean (SD) 29.1 (6.4) 29.9 (6.2) 30.2 (6.7)
Pack-years smoking, median (IQR)* 37.6 (25.0–50.1) 40.0 (25.5–52.2) 47.5 (32.8–64.5)
Smoking status, n (%)
Never 35 (1.5) 4 (2.0) 2 (0.8)
Former 1425 (62) 127 (62) 135 (56)
Current 853 (37) 73 (36) 102 (43)

COPD, n (%)†‡ 798 (35) 62 (30) 93 (39)
GOLD stage, n (%)‡§

PRISm 246 (11) 9 (4.4) 56 (24)
Stage 0 1259 (55) 133 (65) 89 (37)
Stage 1 197 (8.6) 26 (13) 21 (8.8)
Stage 2 358 (16) 31 (15) 51 (21)
Stage 3 208 (9.0) 5 (2.5) 21 (8.8)
Stage 4 35 (1.5) 0 (0) 0 (0)

Emphysema (%), mean (SD) 5.1 (8.6) 3.7 (5.9) 3.7 (5.8)
FEV1/FVC ratio (%), mean (SD) 69.2 (14.2) 71.4 (11.4) 68.9 (11.8)
FEV1 % predicted, mean (SD) 82.0 (24.3) 91.2 (17.2) 74.1 (18.8)
FVC % predicted, mean (SD) 89.3 (17.4) 96.1 (11.1) 81.0 (16.9)
DLCO % predicted, mean (SD) 82.9 (22.7) 83.4 (16.2) 63.0 (18.7)

Definition of abbreviations: BMI=body mass index; COPD=chronic obstructive pulmonary disease; GOLD=Global Initiative for Obstructive
Lung Disease; ILA= interstitial lung abnormality; ILD= interstitial lung disease; IQR= interquartile range; PRISm=preserved ratio, impaired
spirometry; SD=standard deviation.
Comparison of categorical variables was made using Fisher exact tests, continuous variables with two-tailed Student’s t test.
*Missing pack-years smoking history for two participants.
†COPD category includes participants with GOLD stage 1 or greater.
‡Missing COPD and GOLD stage data for 11 participants.
§For the purposes of assessing differences in GOLD stage among groups, PRISm was included in GOLD stage 0.

Table 2. Risk Factors Associated with Suspected Interstitial Lung Disease Compared with Interstitial Lung Abnormalities without
Suspected Interstitial Lung Disease

Risk Factor

Unadjusted Analysis Adjusted Analysis

Odds Ratio (95% CI) P Value Odds Ratio (95% CI) P Value

Age* 1.0 (0.8–1.3) 0.9 1.2 (0.9–1.6) 0.2
Male sex 0.87 (0.6–1.3) 0.5 0.77 (0.5–1.1) 0.2
Black or African American race 1.6 (1.0–2.6) 0.04 2.0 (1.1–3.3) 0.01
BMI* 1.1 (0.8–1.4) 0.7 1.1 (0.8–1.5) 0.6
Pack-years smoking* 1.2 (1.1–1.3) ,0.0001 1.2 (1.1–1.3) 0.0005
Current smoking status† 1.3 (0.89–1.9) 0.2 1.4 (0.8–2.2) 0.2
COPD diagnosis‡ 1.5 (0.99–2.2) 0.06 1.3 (0.8–1.9) 0.3
GOLD stage§ 1.4 (1.1–1.6) 0.003 1.3 (1.0–1.6) 0.04
Percent emphysema on CT*‡ 1.0 (0.7–1.4) 1.0 0.8 (0.6–1.2) 0.4
FEV1/FVC ratio*‡ 0.8 (0.7–0.98) 0.03 0.9 (0.7–1.0) 0.1

Definition of abbreviations: BMI=body mass index; CI =confidence interval; COPD=chronic obstructive pulmonary disease; GOLD=Global
Initiative for Obstructive Lung Disease.
For unadjusted analyses, logistic regression models were used with the single variable of interest. For adjusted analyses, logistic regression
models were used with the covariates of age, race, sex, BMI, pack-years smoking, current smoking status, and GOLD stage except where
otherwise indicated.
*Odds ratio per unit of 10.
†Odds ratio and P value for current smokers compared with former smokers.
‡Adjusted analysis did not include the GOLD stage given colinearity.
§Odds ratio per GOLD stage above 0.
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The findings presented in our study
add to previous reports and strengthen
recommendations made by the Fleischner
Society Position Paper (1), as well as those

made by an ILD expert consensus
panel (20), that pulmonary function testing
(including measures of DLCO) should be
obtained in patients initially identified with

ILA. Furthermore, this study demonstrates
that radiologic characterization alone is not
sufficient to account for the differences in
outcomes but that the combination of

Suspected ILD

Phase 1

Phase 2

ILA without Suspected ILD

FVC       =      2.88 L, 90% predicted

FVC       =      2.79 L, 89% predicted
DLCO       =      17.7 mL/min/mmHg, 89% predicted

FVC       =      2.91 L, 88% predicted

FVC       =      2.63 L, 86% predicted 
DLCO      =      12.3 mL/min/mmHg, 62% predicted

Figure 2. Serial chest computed tomography scans from two participants with interstitial lung abnormalities (ILA). The participant with ILA
without suspected interstitial lung disease (ILD) had ILA in both phase 1 and phase 2 but did not have fibrosis or reduced pulmonary function,
whereas the participant with suspected ILD had ILA in phase 1 and phase 2 with definite fibrosis and DLCO below 70% predicted in phase 2 as
well as a relative decrease in FVC of over 5% in phase 2 compared with phase 1.

Table 3. Outcomes for Suspected Interstitial Lung Disease Compared with Interstitial Lung Abnormalities without Suspected
Interstitial Lung Disease

Clinical
Endpoint

ILA without
Suspected ILD

(n=204)
Suspected ILD

(n=239)

Unadjusted Analysis Adjusted Analysis

Effect Estimate

P Value

Effect Estimate

P Value
Mean Difference

(95% CI)
Mean Difference

(95% CI)

SGRQ (points), mean (SD) 18.5 (16.3) 25.9 (20.5) 7.4 (4.0 to 10.9) ,0.0001 3.9 (0.6 to 7.1) 0.02
6MWT (m), mean (SD)* 415 (121) 358 (119) 257 (280 to 234) ,0.0001 235 (256 to 213) 0.002
Exacerbation frequency

(n per yr), mean (SD)
0.16 (0.46) 0.30 (0.80) 0.14 (0.02 to 0.26) 0.02 0.10 (20.03 to 0.22) 0.1

Odds Ratio (95% CI) Odds Ratio (95% CI)
Supplemental oxygen, n (%) 11 (5.4) 36 (15) 3.1 (1.5 to 6.3) 0.001 2.3 (1.1 to 5.1) 0.03
Severe exacerbation, n (%)† 6 (2.9) 23 (9.7) 3.5 (1.4 to 8.8) 0.006 2.9 (1.1 to 7.5) 0.03

Hazard Ratio (95% CI) Hazard Ratio (95% CI)
Mortality, n (%) 13 (6.4) 36 (15) 2.7 (1.4 to 5.1) 0.002 2.4 (1.2 to 4.6) 0.01

Definition of abbreviations: 6MWT=6-minute-walk test; CI = confidence interval; ILA= interstitial lung abnormality; ILD= interstitial lung disease;
SD=standard deviation; SGRQ=St. George’s Respiratory Questionnaire.
For unadjusted analyses, a comparison of categorical variables was made using Fisher exact tests unless otherwise specified, continuous
variables with two-tailed Student’s t test, and mortality with univariable Cox proportional hazards model. For adjusted analyses, regression
models were used with age, race, sex, BMI, pack-years smoking, current smoking status, and GOLD stage as covariates. For mortality, the Cox
proportional hazards model also included a clinical center.
*Missing 6MWT data for eight participants.
†Missing severe respiratory exacerbation data for one participant.
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radiologic and physiologic abnormalities
allows for a more informative delineation of
high-risk subsets. Further proof of this
statement includes the fact that 84% of
suspected ILD was identified by reduced
lung function alone (without further
evidence for definite fibrosis) and this
subset was associated with adverse
outcomes even when imaging evidence of
definite fibrosis was removed as a criterion
(Table E6).

This study adds weight to the idea that
an undetected form of ILD may be more
common than current prevalence estimates
suggest (21, 22). The subset of ILA with
suspected ILD identified in this cohort was
54%, which is similar to the estimate from a
recently published cohort of first-degree
relatives of patients with IPF in which 58%
of those with ILA had ILD defined similarly
(8). Future studies characterizing suspected
ILD in diverse populations will be needed
to determine additional estimates of
population-specific prevalence. Although it
is not known if targeted screening or
interventions in specific populations will
definitively improve clinical outcomes,
given the numerous adverse outcomes
experienced by those with suspected ILD in
our study, the case to do so is becoming
much stronger.

Although these results provide further
evidence that screening in high-risk
populations (e.g., smokers) may be helpful in
identifying those with ILA who are at risk
of experiencing adverse outcomes, our data
also demonstrate that a single screening
evaluation is likely not sufficient. In support
of the latter statement, only 33% of those
with suspected ILD in COPDGene at phase 2
had ILA on their chest CTs at phase 1,
approximately 5 years earlier. This suggests
that some form of repeated measurement
(e.g., pulmonary function testing) will likely
be necessary to adequately capture those who
may be at risk, comparable to longitudinal
screening evaluations for cancer and other
age-related diseases (23–26).

This study also highlights groups in
which likely clinically significant ILDmay be
unrecognized or misdiagnosed. It is perhaps
not surprising that among smokers with
COPD, clinicians may not consider the
possibility that some physiologic limitations
may be attributable to an additional or
alternate lung disease. Future studies should
consider providing more guidance on when
screening for ILD among patients with
COPD is most appropriate. In addition, these
findings suggest that in this subset of those
with ILA in COPDGene, participants who
self-identified as Black or African American

were more likely to have suspected ILD.
Future work is needed to further define this
group, identify any unique risk factors for
the development of ILD, and importantly,
confirm this finding. Prior studies have
suggested that IPFmay be less likely to be a
cause of death among African Americans
(27), but it is less clear whether this finding is
the result of a reduced population-based
prevalence, misdiagnosis, or both (28). It is
also important to note that racial disparities
are known to contribute to adverse outcomes
in other respiratory conditions (29–32) and
that underdiagnosis and/or misdiagnosis are
common for many diseases in Black and
African American populations (33, 34),
highlighting the need for additional studies
in ILD focusing on Black and African
American populations.

Although we present findings among a
large cohort of smokers, many of whom have
COPD, there are a number of reasons why
the presence of COPD or the amount of
emphysema are not likely to explain our
findings. First, multivariable analyses were all
adjusted for COPD diagnosis and GOLD
stage. Second, thresholds using DLCO to
define suspected ILD were reweighted to
account for the effect of emphysema. Finally,
the associations with adverse outcomes we
present are similar to sensitivity analyses that
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Figure 3. Kaplan-Meier survival curves showing percent survival for participants with suspected interstitial lung disease (ILD) (blue), interstitial
lung abnormalities (ILA) without suspected ILD (red), and no ILA (black). After adjustment for covariates using Cox proportional hazards
models, participants with suspected ILD had a higher risk of death compared with those with ILA without suspected ILD (hazard ratio [HR], 2.4;
95% CI, 1.2–4.6; P=0.01), whereas there was no statistically significant difference between those with ILA without suspected ILD and those with
no ILA (HR, 0.9; 95% CI, 0.5–1.5; P=0.6).
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excluded patients with COPD (although
smaller sample sizes may have limited
the power to detect some differences)
(Table E10) and removed DLCO as a criterion
for suspected ILD (Table E7).

Our study has several potential
limitations. First, as there is no current
standardized approach to define ILD when it
is unsuspected in a research cohort (in which
comprehensive clinical evaluations and
multidisciplinary diagnostic conferences
are not available), we urge caution in
interpreting the prevalence of suspected ILD
in this cohort. It is also important to note
that suspected ILD is not a diagnosis and
likely represents a collection of hetero-
geneous disorders. Given the association
with poor clinical outcomes, those who are
found to have suspected ILD should undergo
a comprehensive clinical evaluation to help
determine the appropriate underlying
diagnosis. Because our study suggests that
the prevalence of suspected ILDmay not be
low, future work to develop consensus on the
definitions and nomenclature would be
helpful to refine and add confidence to what
we termed as “suspected ILD”. Second, we
cannot rule out the possibility that some of
these findings are limited to smokers with

and without COPD. However, it is worth
noting that the findings of this cohort may be
particularly relevant to those with ILA
identified through lung cancer screening CTs
because of their significant smoking history
(35–37). Third, because DLCO was not
available from the phase 1 data in
COPDGene, the time for longitudinal
follow-up was limited. Future studies will be
needed to determine how often those with
ILA but without suspected ILD progress to
suspected ILD and over what time frame.
Fourth, it remains unclear the extent to
which measures of diffusion capacity are
required to make accurate assessments of
adverse outcomes. It is also possible that
additional measures of pulmonary function,
genetic risk factors, or other biomarkers
could help improve risk stratification.We
cannot rule out that the number of
participants excluded from this analysis
because of missing data could have created
bias that influenced these results. Lastly,
although we attempted to control for
potential confounders that could affect
measures of pulmonary function (e.g., body
mass index and emphysema), we cannot
rule out the possibility that other clinical
conditions could have contributed, such as

chest wall restriction for FVC and incidental
pulmonary hypertension for DLCO in some
participants.

Conclusions
Our study demonstrates that approx-
imately half of those with ILA in
COPDGene have suspected ILD, and most
adverse outcomes attributable to those
with ILA appear to be limited to this
group. Although future longitudinal
assessments of those with ILA will be
required, our work demonstrates that
those with suspected ILD have adverse
clinical consequences, including reduced
functional status and increased respiratory
symptoms, supplemental oxygen use,
severe respiratory exacerbations, and
mortality. These findings demonstrate the
important need to consider ILD among
our patients with COPD and those with a
significant smoking history and suggest
that further monitoring and studies
assessing the effectiveness of interventions
might be warranted.�

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