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for the Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints (ECLIPSE) and COPDGene Investigators

IMPORTANCE Interstitial lung abnormalities have been associated with lower 6-minute walk

distance, diffusion capacity for carbonmonoxide, and total lung capacity. However, to our

knowledge, an association with mortality has not been previously investigated.

OBJECTIVE To investigate whether interstitial lung abnormalities are associated with

increasedmortality.

DESIGN, SETTING, AND POPULATION Prospective cohort studies of 2633 participants from the

FHS (FraminghamHeart Study; computed tomographic [CT] scans obtained September

2008-March 2011), 5320 from the AGES-Reykjavik Study (Age Gene/Environment

Susceptibility; recruited January 2002-February 2006), 2068 from the COPDGene Study

(Chronic Obstructive Pulmonary Disease; recruited November 2007-April 2010), and 1670

from ECLIPSE (Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints;

between December 2005-December 2006).

EXPOSURES Interstitial lung abnormality status as determined by chest CT evaluation.

MAIN OUTCOMES ANDMEASURES All-causemortality over an approximate 3- to 9-year

median follow-up time. Cause-of-death information was also examined in

the AGES-Reykjavik cohort.

RESULTS Interstitial lung abnormalities were present in 177 (7%) of the 2633 participants

from FHS, 378 (7%) of 5320 from AGES-Reykjavik, 156 (8%) of 2068 from COPDGene, and in

157 (9%) of 1670 from ECLIPSE. Over median follow-up times of approximately 3 to 9 years,

there were more deaths (and a greater absolute rate of mortality) among participants with

interstitial lung abnormalities when compared with those who did not have interstitial lung

abnormalities in the following cohorts: 7% vs 1% in FHS (6% difference [95% CI, 2% to

10%]), 56% vs 33% in AGES-Reykjavik (23% difference [95% CI, 18% to 28%]), and 11% vs

5% in ECLIPSE (6% difference [95% CI, 1% to 11%]). After adjustment for covariates,

interstitial lung abnormalities were associated with a higher risk of death in the FHS

(hazard ratio [HR], 2.7 [95% CI, 1.1 to 6.5]; P = .03), AGES-Reykjavik (HR, 1.3 [95% CI,

1.2 to 1.4]; P < .001), COPDGene (HR, 1.8 [95% CI, 1.1 to 2.8]; P = .01), and ECLIPSE

(HR, 1.4 [95% CI, 1.1 to 2.0]; P = .02) cohorts. In the AGES-Reykjavik cohort, the higher rate

of mortality could be explained by a higher rate of death due to respiratory disease,

specifically pulmonary fibrosis.

CONCLUSIONS AND RELEVANCE In 4 separate research cohorts, interstitial lung abnormalities

were associated with a greater risk of all-cause mortality. The clinical implications of this

association require further investigation.
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I
nterstitial lung abnormalities are defined as specific pat-

terns of increased lung density noted on chest computed

tomography (CT) scans identified in participants with no

prior history of interstitial lung disease. In studies of adults,

interstitial lung abnormalities are present in approximately

2% to 10% of research participants1-7 (and 7% of a general

population sample)6 and are associated with reductions in

lung capacity,1,2,6 exercise capacity,8 gas exchange,5,6 and

genetic abnormalities6,9 common to patients with familial

interstitial pneumonia and idiopathic pulmonary fibrosis

(IPF).10 These data suggest that interstitial lung abnormalities

may, in some cases, represent an early and/or mild form of

pulmonary fibrosis.

While radiologic abnormalities, worsening pulmonary

function, and decreased exercise tolerance are important di-

agnostic features of IPF11 (themost common and severe form

ofpulmonary fibrosis),12 IPF is alsoassociatedwithahighmor-

tality rate.13,14 Although the survival rate of people with IPF

appears tohave increasedslightly in recentyears,14mediansur-

vival timeafterdiagnosis is 3 to5years,13,14which isworse than

that of most malignancies.15 Given the other correlations be-

tween IPF and interstitial lung abnormalities, we hypoth-

esizedthat thepresenceof interstitial lungabnormalitieswould

be associated with an increased rate of mortality.

Methods

Study Design andMortality Ascertainment

Protocols for participant enrollment and phenotyping in the

FHS (Framingham Heart Study), the AGES-Reykjavik

Study (AgeGene/Environment Susceptibility), theCOPDGene

Study (Genetic Epidemiology of COPD), and the ECLIPSE

study (Evaluation of COPD Longitudinally to Identify

Predictive Surrogate Endpoints) have been described

previously.2,6,16,17 In all cohorts, race was self-reported based

on fixed categories. Analyseswere adjusted for race, given the

known influence of race onmortality in other pulmonary dis-

eases. In all cohorts,mortality refers to all-causemortalityun-

less otherwise indicated. Written informed consent was ob-

tained from all participants. The institutional review boards

of the Brigham andWomen’s Hospital and individual partici-

pating centers approved this study.

The FHS is a longitudinal study originally designed to

identify risk factors for cardiovascular disease in the general

population.18 The AGES-Reykjavik study is a longitudinal

birth cohort from the Reykjavik Study (established in 1967)

that now includes men and women born in Reykjavik,

Iceland, between 1907 and 1935 who are monitored by the

Icelandic Heart Association. The COPDGene study is a

multicenter longitudinal study designed to identify the

epidemiologic and genetic risk factors for chronic obstruc-

tive pulmonary disease (COPD). Participants with known ac-

tive lung diseases other than asthma, emphysema, or COPD

were excluded.19 For this analysis, COPDGene refers to the

first 2508 participants.2 ECLIPSE is a multicenter and multi-

national 3-year observational study of 2164 COPD patients

(GOLD[Global Initiative forChronicObstructiveLungDisease]

stages 2-4)20 and 582 controls aged 40 to 75 years.21 Partici-

pants with known respiratory disorders other than COPD

were excluded.21For these analyses, only the 2164 COPDpar-

ticipants from ECLIPSE were included because longitudinal

mortality data from control participants was not collected

(see eMethods in the Supplement for further details on co-

hort study design).

Chest CT Analysis

The methods for chest CT characterization for interstitial

lung abnormalities in the FHS and COPDGene cohorts2,6 were

used to characterize interstitial lung abnormalities in AGES-

Reykjavik and ECLIPSE (eMethods in the Supplement). In all

cohorts, the chest CT scans were evaluated by as many as 3

readers (2 chest radiologists and 1 pulmonologist) using a

sequential reading method.22 Interstitial lung abnormalities

were defined as nondependent changes affecting more than

5% of any lung zone, including reticular or ground-glass

abnormalities, diffuse centrilobular nodularity, nonemphyse-

matous cysts, honeycombing, or traction bronchiectasis

(eFigure 1 in the Supplement). Chest CT images with focal or

unilateral ground-glass attenuation, focal or unilateral reticu-

lation, or patchy ground-glass abnormalities (<5% of any lung

zone) were considered indeterminate (eFigure 2 in the

Supplement). To explore the association between undiag-

nosed pulmonary fibrosis and mortality, an additional subset

of interstitial lung abnormalities with pulmonary parenchy-

mal architectural distortion diagnostic of fibrotic lung disease

(definite fibrosis; Figure 1) was created.6 Quantitative total

lung volume and emphysema (percentage < −950 Hounsfield

units [HU]), where reported, were measured with Airway

Inspector.23 Coronary artery calcium scores were calculated

using the traditional Agatston scoring method.24

Statistical Analyses

In all cohorts except the FHS, association analyses between

pairs of variables were conducted using Fisher exact tests for

categorical variables and 2-tailed t tests for continuous vari-

ables. In the FHS, all analyses accounted for familial relation-

ships using generalized estimating equations.25 To evaluate

the association between interstitial lung abnormalities and

mortality, logistic regression was used to analyze rates of

absolute mortality and Cox proportional hazards models

were used to analyze time to mortality, with robust standard

errors to account for familial correlation in FHS. In Cox mod-

els, all variables were assessed and none violated the propor-

tional hazards assumption. Multivariable models included

adjustments for age, race, sex, body mass index, pack-years

of smoking, smoking status (current vs former), and GOLD

stage (if available).

Additional covariates were measures of coronary artery

disease (CAD [self-report of CAD or adjudicated in the FHS

and also of coronary artery calcium scores]) and history of

self-reported nondermatologic malignancy. In the COPD

cohorts, additional analyses were implemented using the

BODE index (bodymass index, air flow obstruction, dyspnea,

and exercise)26 as an alternative measure of COPD severity.

All P values were 2-sided and a level of .05 was considered

Interstitial Lung Abnormalities andMortality Original Investigation Research
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Figure 1. Representative Examples of Definite Fibrosis from the FHS, AGES-Reykjavik, COPDGene, and ECLIPSE Studies

A FHSLevel of view

Carina

Right inferior

pulmonary vein

Base of lungs

B AGES-Reykjavik C COPDGene D ECLIPSE

Chest computed tomographic (CT) axial images of 4 participants, one from each cohort, with interstitial lung

abnormalities with definite fibrosis. Definite fibrosis is defined as pulmonary parenchymal architectural distortion

diagnostic of fibrotic lung disease.6 Panel A demonstrates subpleural reticular markings, ground glass

abnormalities, and traction bronchiectasis in all images. Panel B showsmore advanced fibrosis with subpleural

reticular markings, traction bronchiectasis, and honeycombing. Panel C shows upper lobe–predominant

emphysemawith fibrosis; evidence of subpleural reticular changes and traction bronchiectasis are most

prominent in the top and bottom images. The white spot in the center of the left lung field is the dome of the left

diaphragm. Panel D demonstrates severe emphysema combined with fibrosis; subpleural reticular markings and

traction bronchiectasis are seen in all 3 images.
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statistically significant. SAS version 9.4 (SAS Institute Inc)

was used for analyses in the AGES-Reykjavik, COPDGene,

and ECLIPSE cohorts and R version 3.1.3 was used for analy-

ses in the FHS.

Results

Of the 2764participants in theFHS (FraminghamHeart Study

Multidetector Computed Tomography 2 study between Sep-

tember 2008 and March 2011), 2633 (95%) participants had

chest CT and mortality reports as of December 2013 (median

follow-up time, 4.0 years) and were included. In AGES-

Reykjavik (of the 5764 participants recruited between Janu-

ary 2002 and February 2006), 5320 (92%) had chest CT and

mortality data as of December 2013 (median follow-up time,

8.9years) andwere included.Additionally, cause-of-deathdata

obtained from death certificates (International Classification

of Diseases, Ninth Revision [ICD-9] and ICD-10 codes; see

eMethods intheSupplement)werecollected inDecember2009

(median follow-up time, 5.3 years). In COPDGene (of the first

2508participants recruitedbetweenNovember2007andApril

2010), 2068 (82%) had chest CT andmortality information as

of October 2015 (median follow-up time, 6.5 years) and were

included. In ECLIPSE (of the 2164 participants recruited be-

tween December 2005 and December 2006), 1670 (77%) had

chest CT and mortality information (median follow-up time,

2.9 years) and were included.

Interstitial Lung Abnormality Prevalence

The prevalence of participants with interstitial lung abnor-

malities, without interstitial lung abnormalities, andwith in-

determinate interstitial lungabnormalitystatus in theFHS6and

COPDGene cohorts2 have been previously reported and simi-

lar percentages were noted in these subsets (in the FHS, in-

terstitial lungabnormalitieswerepresent in 177 [7%],werenot

present in 1370 [52%], andwere indeterminate in 1086 [41%];

in COPDGene, interstitial lung abnormalities were present in

156 [8%],were not present in 1173 [57%], andwere indetermi-

nate in 739 [36%]; Table 1; Figure 2). In the AGES-Reykjavik

cohort, interstitial lungabnormalitieswerepresent in378 (7%),

werenotpresent in3216 (61%), andwere indeterminate in 1726

(32%) (Table 1; Figure 2). In ECLIPSE, interstitial lung abnor-

malities were present in 157 (9%), were not present in 528

(32%), andwere indeterminate in985 (59%) (Table 1; Figure2).

Additional results about readingmethodology are included in

eResults (in the Supplement).

Baseline Characteristics and Interstitial Lung Abnormalities

The baseline characteristics of the participants from all 4 co-

horts, stratified by the presence or absence of interstitial lung

abnormalities, are presented in Table 1. Baseline characteris-

tics of AGES-Reykjavik and ECLIPSE participants, including

thosewhowere indeterminate for interstitial lung abnormali-

ties, are included in eTable 1 and eTable 2 (in the Supple-

ment). Across all cohorts, interstitial lung abnormalitieswere

associatedwitholder agewhen comparedwith the absenceof

interstitial lung abnormalities. As noted in the COPDGene

study,2 among participants in ECLIPSE,23 interstitial lung ab-

normalities (when comparedwith absence of interstitial lung

abnormalities) were associated with less-severe airway ob-

struction, as demonstrated by a higher forced expiratory vol-

ume in the first second (FEV1) and FEV1/forced vital capacity

(FVC) ratio. In contrast, in theFHS, interstitial lungabnormali-

ties were associated with a higher prevalence of COPD and a

lower FEV1/FVC ratio.

Mortality and Interstitial Lung Abnormalities

For all cohorts except theCOPDGeneStudy, the absolutemor-

tality rateswere significantly higher among participantswith

interstitial lungabnormalitieswhencomparedwith thosewho

didnothave interstitial lungabnormalities (Table2). In theFHS,

7% (12deaths) of participantswith interstitial lung abnormali-

ties died over 4 years compared with 1% (12 deaths) of those

who did not have interstitial abnormalities; in the AGES-

Reykjavik study, 56% (210 deaths) of participants with inter-

stitial lung abnormalities vs 33% (1065 deaths) of partici-

pants without interstitial lung abnormalities died over

8.9 years. Among smokers with and without COPD from

COPDGene, 16%(25deaths)ofparticipantswith interstitial lung

abnormalities died vs 11% (133 deaths) of participants with-

out interstitial lungabnormalitiesover6.5years.Amongsmok-

ers with COPD from ECLIPSE, 11% (18 deaths) of participants

with interstitial lung abnormalities died over 2.9 years vs 5%

(27deaths) of participantswithout interstitial lungabnormali-

ties. These findings resulted in a 6% difference (95% CI, 2%-

10%) in theFHS, a 23%difference (95%CI, 18%-28%) inAGES-

Reykjavik, a 5%difference (95%CI, −1% to 11%) inCOPDGene,

and a 6% difference (95% CI, 1% to 11%) in ECLIPSE in the ab-

solute mortality rates associated with interstitial lung abnor-

malities. The mortality rates among participants with inde-

terminate statuswere2%(24deaths) inFHS,43%(750deaths)

inAGES-Reykjavik, 13%(99deaths) inCOPDGeneand12%(120

deaths) in ECLIPSE (eTable 5 in the Supplement).

When compared with participants who did not have in-

terstitial lung abnormalities in multivariable Cox propor-

tional hazards models adjusted for age, sex, race, body mass

index, pack-years of smoking, current smoking status, and

GOLD stage (where available), interstitial lung abnormalities

were associatedwith a higher risk of death in the FHS (hazard

ratio [HR], 2.7 [95%CI, 1.1-6.5];P = .03), AGES-Reykjavik (HR,

1.3 [95%CI, 1.2-1.4];P < .001), COPDGene (HR, 1.8 [95%CI, 1.1-

2.8]; P = .01), and ECLIPSE (HR, 1.4 [95% CI, 1.1-2.0]; P = .02)

(Figure3). Similar resultswere seen,withhigheroddsofdeath,

when using multivariable logistic regression (eTable 3 in the

Supplement). For further analyses regarding definite fibrosis

and participants whowere indeterminate for interstitial lung

abnormalities see eTable 5, eTable 6, and eFigure 3 in the

Supplement.

Mortality, Interstitial Lung Abnormalities,

and Never Smokers

Todetermine if unmeasureddifferences in smoking behavior

among smokers could explain the associations between inter-

stitial lung abnormalities and mortality, associations be-

tween interstitial lung abnormalities and mortality in never
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Table 1. Baseline Characteristics of Participants From FraminghamHeart, AGES-Reykjavik, COPDGene, and ECLIPSE Studies Stratified by Interstitial Lung Abnormality Status

Variable

FHSa,b AGES-Reykjavikb COPDGenea,b ECLIPSE

(N = 2633) (N = 5320) (N = 2068) (N = 1670)

No ILA
1370c

ILA
177c

P

Value
No ILA
3216c

ILA
378c

P

Value
No ILA
1173c

ILA
156c

P

Value
No ILA
528 c

ILA
157c

P

Value

Age, mean (SD), y 56 (11) 70 (12) <.001 76 (5) 78 (6) <.001 60 (9) 64 (9) <.001 62 (7) 64 (8) <.001

Women, No. (%) 675 (49) 89 (50) .81 1910 (59) 172 (45) <.001 564 (48) 80 (51) .50 182 (34) 41 (26) .05

White race, No. (%) 1370 (100) 177 (100) NA 3216 (100) 378 (100) NA 929 (79) 112 (72) .04 515 (98) 154 (98) 1.0

Body mass index,
mean (SD)

29 (6) 28 (5) .38 27 (4) 27 (5) .58 28 (6) 30 (7) .008 27 (6) 26 (5) .09

Smoking pack-years,
median (IQR)

11 (4-23) 19 (9-33) <.001 0 (0-16) 11 (0-29) <.001 40 (30-54) 44 (30-64) .06 45 (33-62) 43 (30-60) .15

Current smokers,
No. (%)c

73 (5) 17 (10) .04 374 (12) 69 (18) <.001 505 (43) 71 (46) .61 202 (38) 72 (46) .10

FEV1 % predicted,
mean (SD)

98 (15) 98 (17) .49 75 (28) 78 (22) .10 44 (15) 47 (14) .02

FVC % predicted,
mean (SD)

101 (13) 101 (15) .99 87 (19) 88 (17) .49 79 (19) 80 (20) .78

FEV1/FVC ratio,
mean (SD)

75 (7) 73 (7) <.001 64 (18) 67 (14) .03 45 (12) 48 (11) .006

COPD, No. (%)d 84 (6) 19 (12) .01 561 (41) 63 (33) .02 528 (100) 157 (100) NA

GOLD stage, No. (%)e 0.04 <.001 .01

Unclassifiedf 55 (4) 6 (4) 87 (7) 17 (11)

Stage 0 983 (76) 105 (66) 508 (43) 63 (41)

Stage 1 175 (14) 29 (18) 82 (7) 21 (14)

Stage 2 80 (6) 18 (11) 230 (20) 38 (25) 241 (46) 76 (48)

Stage 3 4 (0.3) 1 (1) 167 (14) 11 (7) 219 (41) 74 (47)

Stage 4 99 (8) 5 (3) 68 (13) 7 (5)

TLC, L, mean (SD)g 5.2 (1.2) 4.5 (1.3) <.001 NA NA 5.8 (1.4) 5.2 (1.4) <.001 5.9 (1.5) 5.7 (1.4) .16

Abbreviations: AGES, Age Gene/Environment Susceptibility; COPD, chronic obstructive pulmonary disease;

CT, computed tomography; ECLIPSE, Evaluation of COPD Longitudinally to Identify Predictive Surrogate

Endpoints; FEV1, forced expiratory volume in the first second; FHS, FraminghamHeart Study; FVC, forced vital

capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ILA, interstitial lung abnormality;

IQR, interquartile range; NA, not available; TLC, total lung capacity.

a Baseline characteristics from the FHS and COPDGene are similar to what has been previously published and are

now limited to participants with chest CT andmortality data.2,6

bMissing spirometry data for 91 (6%) participants in FHS, 1 (0.05%) participant in COPDGene, and for

approximately 80% of participants in AGES-Reykjavik (categorical data not shown).

c Missing current smoking status data for 3 (0.2%) participants in FHS.

dCOPD category includes participants with GOLD stage 2 or greater.

eMissing GOLD stage data for 1 (0.05%) participant in COPDGene.

f GOLD unclassified category indicates FEV1 of less than 80% and FEV1/FVC ratio of 0.70 or greater.

g TLCmeasurements were NA for AGES-Reykjavik (categorical data not shown) andmissing TLC data for 93 (6%)

participants in FHS and for 1 (0.05%) participant in COPDGene. Quantitative CTmeasurements for TLC were

made using Airway Inspector.
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smokers fromboth theFHSandAGES-Reykjavik cohortswere

analyzed. In theFHS,6%ofnever smokerswith interstitial lung

abnormalitiesdiedcomparedwith0.3%ofnever smokerswho

didnothave interstitialabnormalities,adifferenceof5.7%(95%

CI, 1%-12%) and an HR of 19.9 (95% CI, 5.1-78.1; P < .001). In

AGES-Reykjavik, 52% of never smokers with interstitial lung

abnormalities died compared with 31% of those who did not

have interstitial lung abnormalities, a difference of 21%, (95%

CI, 11%-31%) and an HR of 1.3 (95% CI, 1.1-1.4; P = .002).

Mortality, Interstitial Lung Abnormalities, COPD, CAD,

and Cancer

To determine if the presence of other chronic diseases could

explain the associations between interstitial lung abnormali-

ties andmortality, analyseswereperformed ineachcohort, ad-

ditionallyadjusting for thepercentageofemphysematous lung,

measures of CAD or reports of malignancy (where available).

The association between interstitial lung abnormalities and

mortality remainedstatistically significant after additional ad-

Table 2. Association Between Interstitial Lung Abnormalities andMortality

FHS AGES-Reykjavik COPDGene ECLIPSE

(N = 2633) (N = 5320) (N = 2068) (N = 1670)

Median follow-up time, (IQR), y 4.0
(3.3 to 4.6)

8.9
(6.7 to 9.9)

6.5
(6.2 to 6.7)

2.9
(2.9 to 2.9)

Mortality, No. (%)

No ILA 12 (1) 1065 (33) 133 (11) 27 (5)

ILA 12 (7) 210 (56) 25 (16) 18 (11)

Mortality difference % (95% CI) 6
(2 to 10)

23
(18 to 28)

5
(−1 to 11)

6
(1 to 11)

Models HR
(95% CI)a

P

Value
HR
(95% CI)a

P

Value
HR
(95% CI)a

P

Value
HR
(95% CI)a

P

Value

Unadjusted model 7.7
(3.7-16.1)

<.001 1.4
(1.3-1.6)

<.001 1.5
(0.98-2.3)

.08 1.5
(1.1-2.1)

.005

Adjusted modelb 2.7
(1.1-6.5)

.03 1.3
(1.2-1.4)

<.001 1.8
(1.1-2.8)

.01 1.4
(1.1-2.0)

.02

Plus % emphysemac,d 2.6
(1.03-6.7)

.04 1.9
(1.2-3.0)

.007 1.4
(1.03-2.0)

.03

Plus coronary diseased,e 2.2
(0.9-5.9)

.10 1.2
(1.1-1.3)

<.001 1.5
(0.9-2.0)

.12 1.7
(1.1-2.4)

.008

Plus cancer historyd,e 2.6
(1.1-6.2)

.03 1.25
(1.2-1.3)

<.001 1.8
(1.1-2.8)

.008

Abbreviations AGES, Age Gene/Environment Susceptibility; BMI, bodymass

index; COPD, chronic obstructive pulmonary disease; ECLIPSE, Evaluation of

COPD Longitudinally to Identify Predictive Surrogate Endpoints;

FHS, FraminghamHeart Study; GOLD, Global Initiative for Chronic Obstructive

Lung Disease; HR, hazard ratio; ILA, interstitial lung abnormality;

IQR, interquartile range.

a All HRs are for the comparison between participants with and without

interstitial lung abnormalities.

bAdjusted HRs include adjustments for age, sex, race, BMI (calculated as weight

in kilograms divided by height in meters squared), pack-years of smoking,

current or former smoking status, and GOLD stage of COPD (where available).

c Adjusted HRs include adjustments for age, sex, race, BMI, pack-years of

smoking, current or former smoking status, GOLD stage of COPD, and amount

of emphysema (% < −950 Hounsfield units [HU]).

dSee eTable 4 (Supplement) for variables used in addition to the baseline

adjustedmodel.

e Adjusted HRs include adjustments for age, sex, race, BMI, pack-years of

smoking, current or former smoking status, GOLD stage of COPD (except in

the AGES-Reykjavik where GOLD stage was not available), history of coronary

artery disease, and coronary calcium score.

Figure 2. Participant Flow for the FHS, AGES-Reykjavik, COPDGene, and ECLIPSE Studies

Framingham Heart Study

2764 Participants enrolled in
the FHS-MDCT2 Study 

2633 Included in analysis

1370 Did not have ILA

1086 Indeterminate ILA status 

177 Had ILA 

131 Excluded (missing
chest CT and/or
mortality data)

AGES-Reykjavik Study

5764 Participants enrolled

5320 Included in analysis

3216 Did not have ILA

1726 Indeterminate ILA status

378 Had ILA 

444 Excluded (missing
chest CT and/or
mortality data)

COPDGene Study

2508 Initial participants

2068 Included in analysis

1173 Did not have ILA

739 Indeterminate ILA status

156 Had ILA

440 Excluded (missing
chest CT and/or
mortality data)

ECLIPSE Study

2164 Participants with COPD

1670 Included in analysis

528 Did not have ILA

985 Indeterminate ILA status

157 Had ILA

494 Excluded (missing
chest CT and/or
mortality data)

AGES indicates the Age Gene/Environment Susceptibility; COPD, chronic

obstructive pulmonary disease; CT, computed tomography; ECLIPSE, Evaluation

of COPD Longitudinally to Identify Predictive Surrogate Endpoints;

FHS-MDCT2, FraminghamHeart StudyMultidetector Computed Tomography 2;

ICD, International Classification of Diseases; ILA, interstitial lung abnormalities.
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justments fordisease-specificmeasures (Table2), except in the

FHS and COPDGene, in which additional adjustment for ad-

judicated or self-report of CAD and coronary artery calcium

scores resulted in no association (Table 2). Similar associa-

tionsbetweeninterstitial lungabnormalitiesandmortalitywere

seen in COPDGene and ECLIPSE studies when adjusting for

BODE index (eResults in theSupplement).Additionally, theab-

solute mortality rates of each GOLD stage were consistently

greater among participants with interstitial lung abnormali-

ties comparedwith thosewhodidnothave interstitial lungab-

normalities (eFigure 4 in the Supplement).

Mortality, Interstitial Lung Abnormalities,

and Cause of Death

To determine the causes of death among participants with

interstitial lung abnormalities, data from the AGES-Reykjavik

cohort were assessed (where causes-of-death were available)

from death certificates on an interim follow-up date (Decem-

ber 31, 2009, median follow-up time, 5.4 years). Participants

with interstitial lung abnormalities in the AGES-Reykjavik

cohort were more likely to die of a respiratory cause (13%)

compared with those who did not have interstitial lung

abnormalities (4%) or those with indeterminate status (6%;

see Table 3). After adjusting for covariates (age, sex, race,

BMI, pack-years of smoking, current smoking status), partici-

pants with interstitial lung abnormalities had a higher odds

ratio (OR) of death from a respiratory cause (OR, 2.4 [95% CI,

1.7-3.4]; P < .001) compared with those who did not have

interstitial lung abnormalities. Results were similar when

comparing participants with interstitial lung abnormalities

with those who were indeterminate for interstitial lung

abnormalities (eResults in the Supplement). After adjusting

Figure 3. Mortality Rates by ILA Status for the FraminghamHeart Study, AGES-Reykjavik, COPDGene, and ECLIPSE Studies
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status, and GOLD stage of COPD (except in AGES-Reykjavik where GOLD stage

was not available). AGES indicates the Age Gene/Environment Susceptibility;
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of COPD Longitudinally to Identify Predictive Surrogate Endpoints;

GOLD, Global Initiative for Chronic Obstructive Lung Disease; ILA, interstitial

lung abnormalities.
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for covariates, there was no association between interstitial

lung disease status and death due to cardiovascular disease,

cancer, or other causes. Among participants who died of a

respiratory cause, interstitial lung abnormalities were associ-

ated with an increased rate of death from pulmonary fibrosis

([47%], 7 of the 15 respiratory deaths among those with inter-

stitial lung abnormalities were from pulmonary fibrosis;

Table 3). Of the 8 deaths due to pulmonary fibrosis, 5 partici-

pants had evidence of definite fibrosis on chest CT, 2 had

interstitial lung abnormalities without definite fibrosis, and 1

participant was indeterminate for interstitial lung abnormal-

ity status. Only 1 of these participants had previously diag-

nosed pulmonary fibrosis at the time of the CT scan.

Discussion

In this study, interstitial lung abnormalities, a set of imaging

abnormalities noted among approximately 7% of adult

participants,6 were associated with a higher rate of all-cause

mortality. The associations between interstitial lung abnor-

malities and mortality were not attenuated after adjustment

for smoking, cancer, COPD, or CAD. Among an older popula-

tion from Iceland, the higher rate of mortality in those with

interstitial lungabnormalitieswasassociatedwithahigher rate

ofdeath fromrespiratory failureandpulmonary fibrosis.These

findings, in conjunctionwith those previously published,2,6,8

demonstrate that despite often being undiagnosed and

asymptomatic,2,6 interstitial lung abnormalitiesmay be asso-

ciated with lower survival rates among older persons.

This study builds on prior studies,7 demonstrating that

interstitial lung abnormalities were associated with older

age, smoking, and a restrictive lung deficit. The findings

in ECLIPSE are similar to those previously reported in

COPDGene,2 which demonstrated that among smokers

with COPD, interstitial lung abnormalities were identified

among those with more preserved FEV1/FVC ratios. Although

COPD was associated with interstitial lung abnormalities in

the FHS, this association may be related to older age and his-

tory of smoking, which are common in both COPD and inter-

stitial lung abnormalities.

It is important to consider the higher mortality rates as-

sociated with interstitial lung abnormalities in context. The

mortality rates associatedwith interstitial lung abnormalities

are lower than the well-documented mortality rates associ-

atedwithclinically identified IPF.13,14 Inaddition,althoughdata

from the AGES-Reykjavik cohort demonstrated that intersti-

tial lung abnormalities were associated with death caused by

respiratory failure and pulmonary fibrosis, respiratory fail-

ure death is more common in patients with IPF.11,27

The absolute mortality rates differed between the co-

horts. This was due, in part, to differences in recruitment cri-

teria and follow-up time. Compared with the FHS (which in-

cluded a general population sample of adults), the higher

absolutemortality rates in COPDGene and ECLIPSE are likely

explained by a longer follow-up time (COPDGene) and the in-

clusion of greater numbers of COPD patients (COPDGene and

ECLIPSE). Although the FHS and AGES-Reykjavik partici-

pants were recruited from community-dwelling men and

women, the highermortality rates in the AGES-Reykjavik co-

hort are likely explainedby theolder age and longer follow-up

times of the average participants in this cohort.

This study has some limitations. First, participants with

interstitial lung abnormalities were older than those without

interstitial lung abnormalities.7 Therefore, residual con-

founding is possible even after adjustment. Second, further

study is needed to determine the prognostic significance of

interstitial lung abnormalities in younger age groups. Third,

further studies are needed to identify imaging findings on CT

scan that may simply reflect a normal variant of the aging

lung28 rather than an early stage of progressive interstitial

lung disease. Fourth, interstitial lung abnormalities were

associated with a higher risk of death among never smokers

from 2 cohorts; however, the large hazard of mortality associ-

ated with interstitial lung abnormalities in the FHS among

never smokers was driven by a small number of deaths. Fifth,

Table 3. Mortality, Interstitial Lung Abnormalities, and Cause of Death for the AGES-Reykjavik Study

No. (%)a

ILA Indeterminate No ILA Overall

No. of participants 378 1726 3216 5320

Deaths

Total 115 (100) 382 (100) 468 (100) 965

Cardiovascularb 48 (42) 161 (42) 204 (44) 413

Cancerc 29 (25) 111 (29) 151 (32) 291

Respiratoryd 15 (13) 22 (6) 20 (4) 57

Pulmonary fibrosis 7 1 0 8

Other 8 21 20 49

Othere 23 (20) 88 (23) 93 (20) 204

Abbreviations: AGES, Age Gene/Environment Susceptibility; ICD, International

Classification of Diseases; ILA, interstitial lung abnormality.

a Percentages were all rounded to the nearest whole number. Some of the

percentages may sum to greater than 100%.

bCardiovascular deaths included the following: ICD-9 codes 390-459 and

ICD-10 codes I00-I99.

c Cancer deaths included the following: ICD-9 codes 140-239 and ICD-10 codes

C00-D48.

dRespiratory deaths included the following: ICD-9 codes 460-519 and ICD-10

codes J00-J99.

e All causes of death not contained in these ICD-9 and ICD-10 codes were

included in the category of other.
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although an association between interstitial lung abnormali-

ties and increased risk of respiratory death was identified in

the AGES-Reykjavik study, data regarding the cause of death

were not available from other cohorts. Sixth, despite the cor-

relations presented between research participants with inter-

stitial lung abnormalities and patients with IPF (as well as

other forms of interstitial lung disease), this study cannot

explain the large discrepancy between the prevalence of

interstitial lung abnormalities (7% in general population

samples 6; Table 1) and the reported prevalence of IPF

(≈ 0.002%-0.04% of the general population)29-31 and intersti-

tial lung disease. Of note, the prevalence of definite fibrosis

in each cohort (≈ 1.6%-2.4%) is similar to the prevalence of

IPF noted in an autopsy study of 510 cases from New Mexico

(1.8%) even though IPF was suspected as a cause of death in

less than one-tenth of these cases.32 Seventh, unmeasured

confounders could explain these findings. Eighth, there are

differences in the estimates of the association of interstitial

lung abnormalities on mortality in unadjusted and adjusted

models in the FHS. Ninth, although data on interobserver

variability in interstitial lung abnormality scoring are pre-

sented, data on intraobserver variability in interstitial lung

abnormality scoring were not recorded.

Follow-upstudies shoulddetermine the risk factors forand

theeventsthat leadtodeathamongpersonswithinterstitial lung

abnormalities. Given the ability to treatmore advanced stages

ofpulmonary fibrosis,33,34 futureclinical trialsattempting to re-

duce the overall mortality associated with pulmonary fibrosis

should consider including early stages of the disease.

Conclusions

In4separateresearchcohorts, interstitial lungabnormalitieswere

associatedwithagreater riskof all-causemortality.Theclinical

implications of this association require further investigation.
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eMethods 74 

Chest CT Data Acquisition 75 

In FHS, chest CT data sets were acquired during a single breath hold covering the entire lung. Slice thickness was 76 

0.625 mm reconstructed in 1.5 mm intervals. 77 

 78 

CT Analysis  79 

The CT scans available from AGES-Reykjavik cohort included CTs of the thoracic aorta and cardiac CTs, the 80 

images were evaluated jointly to determine ILA status.  Chest CT scans were available for review from the 81 

ECLIPSE cohort.  Thoracic CT images were reviewed on AZE VirtualPlace Fujin Raijin workstations (AZE, Tokyo, 82 

Japan) using axial images with a window level of -700 HU and a window width of 1500 HU. The chest CTs were 83 

evaluated by three readers (one pulmonologist and two chest radiologists) using a sequential reading method as 84 

previously described.  All readers were blinded to participant specific information.  The chest CT analysis was 85 

divided into two stages.  In the first stage the chest CTs were scored as follows: no evidence of ILA, indeterminate, 86 

and ILA.  The second reader would review all of the scans labeled as ILA, indeterminate, and 20% of the normal 87 

scans.  Finally, the third reader, provided majority opinion on those scans discordantly scored.  Readers rotated 88 

reading positions so that they read an approximately equivalent numbers of chest CTs as reader 1, reader 2, and 89 

reader 3.  ILA were defined as changes affecting >5% of any lung zone including, nondependent ground-glass or 90 

reticular abnormalities, diffuse centrilobular nodularity, nonemphysematous cysts, honeycombing, or traction 91 

bronchiectasis1-3.  Indeterminate scans were defined as focal or unilateral ground-glass attenuation, focal or 92 

unilateral reticulation, and patchy ground-glass abnormality (5% of the lung).   93 

94 

 In stage 2 of the visual chest CT analysis, ILA was further classified by defining a group of participants with ILA 95 

limited to those evidence for architectural distortion defined as definite fibrosis4. All visual CT assessments and 96 

subtyping were performed with a consensus of three readers who were blind to all participant information.   97 

98 

Coronary artery calcium (CAC) scores (defined as lesions with a density ≥ 130 Hounsfield units, with a minimum 99 

area of 1.02mm3, and calculated by adding the individual lesion scores from the left main, left anterior descending, 100 

circumflex and right coronary arteries) were calculated using the traditional Agatston scoring method5. 101 
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 102 

Cohort Study Design  103 

The Framingham Heart Study (FHS) began as a longitudinal epidemiologic study to determine the risk factors for 104 

the development of cardiovascular disease, initially enrolling participants between the ages of 30 and 59.  Over time 105 

the study now includes the distinct cohorts and a range of phenotypic data; a subset of these two cohorts, the 2764 106 

adult men and women who participated in the Multi-Detector Computed Tomography 2 (FHS-MDCT2) Study and 107 

therefore had chest CTs available for review were included in this study.6  The Age Gene/Environment 108 

Susceptibility (AGES)-Reykjavik Study was designed with goal of better understanding the determinants of aging.  109 

Participants included in the study were those who had participated in the Reykjavik Study, which originally 110 

comprised a random sample of 30,795 men and women living in Rekjavik in 1967.  From January 2002 through 111 

February 2006, participants remaining from the initial Reykjavik Study were enrolled in the AGES-Reykjavik 112 

Study.7  Genetic Epidemiology of COPD or COPDGene is a multicenter observation study designed to identify 113 

genetic factors associated with COPD.  The study enrolled 10,300 non-Hispanic whites and African Americans ages 114 

45-80, with a minimum of 10 pack-years of smoking history, with and without COPD across the GOLD stages.  115 

Participants were excluded for a history of pulmonary disease except asthma, previous surgical excision of at least 116 

one lung lobe (or lung volume reduction procedure), active cancer under treatment, suspected lung cancer (large or 117 

highly suspicious lung mass), metal in the chest, recent exacerbation of COPD treated with antibiotics or steroids, 118 

recent eye surgery, MI, other cardiac hospitalization, recent chest or abdominal surgery, inability to use albuterol, 119 

multiple self-described racial categories, history of chest radiation therapy, and first or second degree relative 120 

already enrolled in the study. Subjects with recent COPD exacerbations can be enrolled one month after their 121 

exacerbation.8  The Evaluation of COPD Longitudinally to Identify Predictive Surrogate End-Points (ECLIPSE) 122 

study was a three year noninterventional study that planned to enroll 2,180 COPD subjects, GOLD stages II-IV, 123 

ages 40-75 years and 500 smoking and non-smoking controls, that was designed to identify biomarkers and 124 

mechanisms of COPD disease progression.  Participants were excluded if they had known respiratory disorders 125 

(other than COPD and severe Į1-antitrypsin deficiency), history of significant inflammatory disease other than 126 

COPD, a COPD exacerbation within 4 weeks of enrolment, having undergone lung surgery, recent diagnosis of 127 

cancer, having received a blood transfusion in the 4 weeks prior to study start, inability to walk, taking part in a 128 
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blinded drug study, therapy with oral corticosteroids at inclusion and participation in studies with radiation 129 

exposure.9130 

 131 

Cause-of-Death Data Collection  132 

Cause of death data from the AGES-Reykjavik cohort was available from a follow up period that ended on 133 

December 31, 2009 (median follow up of 5.3 years, range of 1.4 months to 7.6 years).  The causes of death were 134 

determined from death certificates using the following ICD 9 and ICD 10 codes.  Respiratory death ICD 9 codes 135 

460-519, ICD 10 codes J00-J99.  Cardiovascular death ICD 9 codes 390-459, ICD 10 codes I00-I99.  Cancer death 136 

ICD 9 codes 140-239, ICD 10 codes C00-D48; all other causes of death were included in the “other cause of death” 137 

category.  Pulmonary fibrosis deaths were deaths that corresponded to the following ICD 9 and ICDD 10 codes, ICD 138 

9 515-519 and ICD 10 J67-J70, J80 and J84.     139 

 140 

Statistical Models 141 

In all multivariable Cox proportional hazards and  logistic regression models, the following covariates were treated 142 

as continuous variables; age, pack-years smoking, body mass index (BMI) and percentage of area under 950 143 

Hounsfield units or the percentage of emphysematous lung.  The following covariates were treated as categorical, 144 

gender, race, current smoking status, GOLD stage of COPD, history of CAD, history of malignancy and coronary 145 

calcium score.  Coronary calcium scoring was done using the traditional Agatston scoring method.  The coronary 146 

calcium (CAC) scores were then divided into four categories: those with a CAC score of zero, scores between 1 and 147 

99, scores between 100 and 399 and scores greater than 400; score of zero was used as the reference.  Selection of 148 

covariates for model building was based on clinical relevance and cohort characteristics, not an attempt to create the 149 

most parsimonious models.  In Cox models for each cohort, all variables were assessed, and none were noted to 150 

violate the proportional hazards assumption.  The proportional hazards assumption was tested using a multiplicative 151 

interaction test of time by covariate; SAS was used for AGES-Reykjavik, COPDGene and ECLIPSE, R version 152 

3.1.3 was used for the FHS.  Kaplan-Meier plots were used to visually depict the mortality data (see Figure 3 and 153 

eFigure 3).  Attributable fractions for mortality associated with the presence of ILA were calculated using the 154 

formula HR-1/HR, where HR is hazard ratio; the hazard ratios from the baseline adjusted model were used.   155 

156 
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eResults 157 

Chest CT Reading  158 

In the AGES-Reykjavik cohort, of the CT scans scored by at least two readers (2836), 1623 (57%) were concordant 159 

reads.  Of the 1213 discordant reads, 1155 (95%) involved one indeterminate read, while a discrepancy between 160 

those with and without ILA was less common (58 [5%]).  In the ECLIPSE cohort, of the CT scans scored by at least 161 

two readers (1868), 1240 (66%) were concordant reads.  Of the 628 discordant reads, 617 (98%) involved one 162 

indeterminate read, while a discrepancy between those with and without ILA was rare (9 [1%]).  These findings 163 

are mostly consistent with levels of discordant reads we have noted in previous evaluations.  164 

 165 

ILA and Mortality  166 

The attributable fractions for  mortality associated with ILA were calculated in each cohort, using the hazard ratios 167 

that are adjusted for age, gender, race, body-mass-index, pack-years of smoking, current smoking status and GOLD 168 

stage COPD where available.  In the FHS the attributable fraction was 63%, 23% in AGES-Reykjavik, 44% in 169 

COPDGene and 29% in ECLIPSE.   170 

 171 

ILA, Mortality and Definite Fibrosis 172 

Among participants with interstitial lung abnormalities, 25% (44 of 177) in the FHS, 37% (129 of 348) in the 173 

AGES-Reykjavik, 21% (32 of 156) in COPDGene, and 18% (28 of 157) in ECLIPSE could be further classified as 174 

having CT evidence of pulmonary fibrosis (Definite Fibrosis). The absolute mortality rates among those with 175 

Definite Fibrosis were similar in the FHS ([6%], 3 deaths among 44) and COPDGene ([19%], 6 deaths among 32) 176 

and increased in the AGES-Reykjavik ([71%], 91 deaths among 129) and ECLIPSE ( [28%], 8 deaths among 28) 177 

when compared to the mortality rates of interstitial lung abnormalities without definite fibrosis in each cohort.  After 178 

adjustment for covariates (age, sex, race, BMI, pack years and current smoking status) in AGES Reykjavik those 179 

with definite fibrosis had an increase in the risk of death [HR=1.5, 95% Confidence Interval (CI) 1.2-2.0, P=0.003] 180 

and in ECLIPSE after adjustment for the covariates above and GOLD stage COPD, participants with definite 181 

fibrosis had an increased risk of death [HR=3.35, 95% CI 1.2-9.2, P=0.02].  While in COPDGene and the FHS, 182 

there was not a significantly increased risk of death in participants with fibrotic ILA compared to those with ILA 183 

without fibrosis; [HR=1.2, 95% CI 0.4-3.4, P=0.7] in COPDGene and [HR=0.9, 95% CI 0.3, 2.8, P=0.9] in FHS. 184 
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 185 

When subset to participants with interstitial lung abnormalities without definite fibrosis, after adjusting for age, 186 

gender, race, body mass index, pack-years of smoking, current smoking status and GOLD stage (where available) 187 

interstitial lung abnormalities were associated with an increased risk of death in all cohorts except ECLIPSE.  In the 188 

FHS (HR=2.8, 95% CI 1.1, 6.8, P=0.024), in AGES-Reykjavik (HR=1.2, 95% CI 1.05, 1.3, P=0.0026), in 189 

COPDGene (HR=1.8, 95% CI 1.1, 2.9, P=0.003) and in ECLIPSE (HR=1.2, 95% CI 0.8, 1.8, P=0.3). 190 

 191 

ILA, Mortality and COPD 192 

To further evaluate confounding by measures of COPD severity, we used quartiles of BODE index instead of GOLD 193 

stage of COPD in both COPDGene and ECLIPSE.  The results were similar to those seen with adjustments for 194 

GOLD stage.  In COPDGene, HR=1.7, 95% CI 1.1-2.7, P=0.020; OR=1.7, 95% CI 1.01, 2.8, P=0.048.  In 195 

ECLIPSE, HR=1.4, 95% CI 1.03-1.9, P=0.03; OR=1.5, 95% CI 1.04-2.0, P=0.03. 196 

 197 

ILA Status and Cause-of-Death  198 

In the AGES-Reykjavik cohort we also evaluated the relationship between indeterminate ILA status and cause-of-199 

death.  When compared to participants who were indeterminate for ILA, after adjustment for important covariates 200 

(age, sex, BMI, pack years smoking and current smoking status) participants with ILA had an increase in the odds of 201 

a respiratory death [OR=3.3, 95% CI 1.6-6.5, P<.001].   202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 
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213  

214 eTable 1. Baseline Characteristics of Participants From AGES-Reykjavik by ILA Status  

No ILA 

(3216, 61%) 

Indeterminate

(1726, 32%) 

ILA 

(378, 7%) 
P-Values 

(0) (1) (2) All 0vs1 0vs2 1vs2 

Age – yrs, mean (SD) 76 (5) 77 (6) 78 (6) <.001 <.001 <.001 0.19 

Sex – no. female (%) 1910 (60) 962 (56) 172 (46) <.001 0.01 <.001 <.001 

Race – no. white (%) N/A N/A N/A -- -- -- -- 

Body Mass Index, 
mean (SD) 27 (4) 27 (4) 27 (5) 0.26 0.002 0.58 0.27 

Pack Years Smoking, 
median, (IQR)a 

0 
(0, 16) 

3 
(0, 23) 

11 
(0, 29) <.001 <.001 <.001 <.001 

Current Smokers  - no. 
(%) 

374 (12) 205 (12) 307 (18) 0.006 0.82 <.001 .001 

Mortality – no. (%) 1065 (33) 750 (43) 210 (56) <.001 <.001 <.001 <.001 

a IQR is interquartile range   215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 

227 

228 

229 

230 
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231  
232 eTable 2. Baseline Characteristics of Participants From ECLIPSE by ILA Status
233 

No ILA 
(528, 32%) 

Indeterminate 
(985, 59%) 

ILA 
(157, 9%) P-Values 

(0) (1) (2) All 0 vs 1 0 vs 2 1 vs 2 
Age – yrs, mean (SD) 62 (7) 64 (7) 64 (8) <.001 <.001 <.001 0.7 

Female Sex – no. (%) 182 (34) 357 (36) 41 (26) 0.30 0.50 0.05 0.02 

Race – no. white (%) 515 (98) 958 (97) 154 (98) 0.91 0.87 1.0 0.79 

Body Mass Index, mean 
(SD) 27 (6) 27 (6) 26 (5) 0.43 0.04 0.09 0.60 

Pack Years Smoking, 
median, (IQR)a 

45 
(33, 62) 

45 
(33, 60) 

43 
(30, 60) 0.47 0.48 0.15 0.22 

Current Smokers – no. (%) 202 (38) 315 (32) 72 (46) <.001 0.02 0.10 <.001 

FEV1 (% predicted), mean 
(SD) 44 (15) 43 (15) 47 (14) 0.001 0.09 0.020 <.001 

FVC (% predicted), mean 
(SD) 79 (19) 79 (21) 80 (20) 0.70 0.73 0.78 0.80 

FEV1/FVC (%),mean (SD) 45 (12) 43 (11) 48 (11) <.001 0.05 0.006 <.001 

GOLD Stage <.001 0.02 0.01 <.001 

Stage II – no. (%) 241 (46) 391 (40) 76 (48) 

Stage III – no. (%) 219 (41) 435 (44) 74 (47) 

Stage IV – no. (%) 68 (13) 159 (16) 7 (5) 

TLC (L)b, mean (SD) 5.9 (1.5) 5.9 (1.5) 5.7 (1.4) 0.76 0.93 0.16 0.14 
Fraction Volume -950 HUc, 

mean (SD) 18.1 (11.5) 19.2 (12.7) 14.5 (10.8) <.001 0.11 0.001 <.001 

Mortality –no. (%) 27 (5) 120 (12) 18 (11) <.001 <.001 0.009 0.90 
a IQR is interquartile range234 
bQuantitative total lung capacity measurements were made using Airway Inspector (www.airwayinspector.org).235 
cQuantitative fraction volume below -950 Hounsfield unit measurements were made using Airway Inspector236 
(www.airwayinspector.org)237 

238 

239 

240 
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242 eTable 3. Association Between Interstitial Lung Abnormalities and Mortality, Including Additional Adjustments for Confoundinga

Framingham Heart Study AGES-Reykjavik COPDGene ECLIPSE 

Median Follow Up 

Time – yrs, (IQRb) 

4.0 

(3.3, 4.6) 

8.9 

(6.7, 9.9) 

6.5 

(6.2, 6.7) 

2.9 

(2.9, 2.9) 

Mortality – no. (%) 
No ILAc 

12 (1) 

ILA 

12 (7) 

No ILA 

1065 (33) 

ILA 

210 (56) 

No ILA 

133 (11) 

ILA  

25 (16) 

No ILA 

27 (5) 

ILA 

18 (11) 

Mortality Difference  

% (95% CI)d 
6 (2, 10) 23 (18, 28) 5 (-1, 11) 6 (1, 11) 

Odds Ratio 

(95% CI) 
P-value 

Odds Ratio 

(95% CI) 
P-value 

Odds Ratio 

(95% CI) 
P-value 

Odds Ratio 

(95% CI) 
P-value 

Unadjusted Model 8.2 
(3.6, 18.6) <.001 1.6 

(1.4, 1.8) <.001 1.5 
(0.9, 2.4) 0.09 1.6 

(1.1, 2.1) 0.006 

Adjusted Modele 2.8 
(1.1, 7.3) 0.03 1.4 

(1.2, 1.5) <.001 1.8 
(1.1, 3.1) 0.03 1.5 

(1.1, 2.1) 0.02 

Adjusted Model + 
Percentage 

Emphysemaf, g 

2.7 
(1.0, 7.1) 0.04 -- -- 1.9 

(1.1, 3.2) 0.02 1.5 
(1.04, 2.1) 0.03 

Adjusted Model + 
Coronary 
Diseaseh,g 

2.4 
(0.9, 6.5) 0.09 1.3 

(1.2, 1.5) <.001 1.5 
(0.9, 2.8) 0.15 1.6 

(1.1, 2.5) 0.01 

Adjusted Model + 
Cancer Historyh,g  

2.8 
(1.1, 7.0) 0.04 1.4 

(1.2, 1.6) <.001 1.8 
(1.1, 3.1) 0.03 -- -- 

aAll oddsratios are for the comparison between participants with and without interstitial lung abnormalities.243 
b IQR is interquartile range 244 
c ILA is interstitial lung abnormalities  245 
d 95% CI is 95% Confidence Interval 246 
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e Adjusted hazard ratios include adjustments for age, gender, race, body-mass index, pack-years of smoking, current or former smoking status, GOLD stage of COPD (where 247 
available)248 

249 
f Adjusted hazard ratios include adjustments for age, gender, race, body-mass index, pack-years of smoking, current or former smoking status, GOLD stage of COPD and amount of 250 
emphysema (percentage below 950 Hounsfield units).251 
g Data for the variables used in addition to the adjusted model can be found in eTable 4 252 
h Adjusted hazard ratios include adjustments for age, gender, race, body-mass index, pack-years of smoking, current or former smoking status, GOLD stage of COPD (except in the 253 
AGES-Reykjavik where GOLD Stage was not available), history of coronary artery disease and coronary calcium score.254 
i Adjusted hazard ratios include adjustments for age, gender, race, body-mass index, pack-years of smoking, current or former smoking status, GOLD stage of COPD (except in the 255 
AGES-Reykjavik where GOLD Stage was not available)  and history of non-dermatologic malignancy in Framingham and AGES-Reykjavik, in COPDGene includes a history of lung,256 
breast, bladder, colon and prostate cancers.257 

258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
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284 eTable 4. Baseline Characteristics by Interstitial Lung Abnormality Status for Additional Adjusted Covariates   

a Percentage of total population in each cohort 285 
b IQR is interquartile range286 

287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 

Framingham Heart Study AGES-Reykjavik COPDGene ECLIPSE 
Variable No ILA  

(1370)  
(52%)a 

ILA 
(177) 
(7%)a 

No ILA 
(3216) 
(60%)a 

ILA 
(378) 
(7%)a 

No ILA 
(1173) 
(57%)a 

ILA 
(156) 
(8%)a 

No ILA 
(528) 

(32%)a 

ILA 
(157) 
(9%)a 

Percentage of the lung 
less than -950 

Hounsfield Units, 
median (IQR)b 

30 
(24, 33) 

25 
(18, 30) -- -- 4 

(1, 13) 
2 

(1, 7) 
16 

(9, 25) 
12 

(6, 21) 

History of Malignancy – 
no. yes (%) 102 (7) 33 (19) 990 (31) 135 (36) 41 (4) 10 (6) -- -- 

History of Coronary 
Artery Disease – no. 

yes (%) 
51 (4) 32 (18) 1089 (34) 187 (50) 66 (5) 14 (9) 73 (14) 24 (16) 

Coronary Artery 
Calcium Scores – no. 

(%)* 
Score 0 

Score 1-99 
Score 100-399 

Score > 400 

768 (58) 
270 (20) 
173 (13) 
113 (9) 

33 (22) 
36 (24) 
34 (23) 
48 (32) 

423 (13) 
752 (23) 
763 (24) 
1268 (40) 

25 (7) 
43 (12) 
84 (22) 
222 (59) 

682 (65) 
17 (1) 

209 (20) 
148 (14) 

71 (53) 
1 (1) 

33 (25) 
29 (22) 

99 (23) 
117 (27) 
93 (22) 
117 (27) 

22 (17) 
15 (12) 
41 (32) 
49 (29) 
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298 eTable 5. Association Between Mortality and Indeterminate ILA Statusa

Framingham Heart Study AGES-Reykjavik COPDGene ECLIPSE 

Median Follow Up 
Time – yrs, (IQRb) 

4.0 
(3.3, 4.6) 

8.9 
(6.7, 9.9) 

6.5 
(6.2, 6.7) 

2.9 
(2.9, 2.9) 

Mortality – no. (%) No ILAc 

12 (1) 
Indeterminate

24 (2) 
No ILA 

1065 (33) 
Indeterminate

750 (43) 
No ILA 

133 (11) 
Indeterminate

99 (13) 
No ILA 
27 (5) 

Indeterminate

120 (12) 

Mortality 
Difference  % 

(95% CI)d 
1 (0.4, 2) 10 (7, 13) 2 (-1, 5) 7 (4, 10) 

Hazard or 
Odds Ratio 
(95% CI) 

P-value 
Hazard or 

Odds Ratio 
(95% CI) 

P-value 
Hazard or 

Odds Ratio 
(95% CI) 

P-value 
Hazard or 

Odds Ratio 
(95% CI) 

P-value 

Unadjusted Cox 
Proportional 

Hazards Model 

2.5 
(1.3, 4.9) 0.007 1.4 

(1.3, 1.6) <.001 1.2 
(0.9, 1.5) 0.21 2.5 

(1.6, 3.8) <.001 

Adjusted Cox 
Proportional 

Hazards Modele 

1.4 
(0.6, 2.9) 0.44 1.2 

(1.1, 1.3) <.001 1.2 
(0.9, 1.5) 0.30 2.2 

(1.4, 3.3) <.001 

Unadjusted 
Logistic 

Regression Model 
2.6 

(1.3, 5.1) 0.008 1.6  
(1.4, 1.8) <.001 1.2 

(0.9, 1.6) 0.18 2.6 
(1.7, 4.0) <.001 

Adjusted Logistic 
Regression 

Modele 

1.4 
(0.6, 3.1) 0.44 1.3 

(1.1, 1.4) <.001 1.2 
(0.9, 1.6) 0.26 2.3 

(1.5, 3.5) <.001 

aAll hazard ratios are for the comparison between participants with and without interstitial lung abnormalities.299 
b IQR is interquartile range 300 
c ILA is interstitial lung abnormalities  301 
d 95% CI is 95% Confidence Interval 302 
e Adjusted hazard and odds ratios include adjustments for age, gender, race, body-mass index, pack-years of smoking, current or former smoking status, GOLD stage of COPD (where 303 
available)304 

305 
306 
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307 eTable 6. Association Between Mortality and ILA Compared to Indeterminate ILA Statusa 
Framingham Heart Study AGES-Reykjavik COPDGene ECLIPSE 

Median Follow 
Up Time – yrs, 

(IQRb) 

4.0 
(3.3, 4.6) 

8.9 
(6.7, 9.9) 

6.5 
(6.2, 6.7) 

2.9 
(2.9, 2.9) 

Mortality – no. 
(%) 

Indeterminate 

24 (2) 
ILAc 

12 (7) 
Indeterminate 

750 (43) 
ILA 

210 (56) 
Indeterminate 

99 (13) 
ILA 

25 (16) 
Indeterminate 

120 (12) 

ILA 

18 (11) 

Mortality 
Difference  % 

(95% CI)d 
5 (1, 9) 13 (7, 19) 3 (-3, 9) -1 (-6, 4) 

Hazard or 
Odds Ratio 
(95% CI) 

P-value 
Hazard or 

Odds Ratio 
(95% CI) 

P-value 
Hazard or 

Odds Ratio 
(95% CI) 

P-value 
Hazard or 

Odds Ratio 
(95% CI) 

P-value 

Unadjusted Cox 
Proportional 

Hazards Model 

3.1 
(1.6, 5.9) <.001 1.5 

(1.3, 1.7) <.001 1.2 
(0.8, 1.9) 0.32 0.95 

(0.6, 1.6) 0.8 

Adjusted Cox 
Proportional 

Hazards Modele 

1.6 
(0.8, 3.4) 0.17 1.3 

(1.1, 1.5) 0.002 1.6 
(1.04, 2.6) 0.04 1.03 

(0.6, 1.7) 0.9 

Unadjusted 
Logistic 

Regression 
Model 

3.2 
(1.6, 6.5) 0.001 1.6 

(1.3, 2.0) <.001 1.2 
(0.8, 2.0) 0.39 0.9 

(0.6, 1.6) 0.8 

Adjusted Logistic 
Regression 

Modele 

1.8 
(0.8, 3.9) 0.16 1.4 

(1.1, 1.8) 0.006 1.7 
(0.96, 2.8) 0.07 1.05 

(0.6, 1.8) 0.87 

aAll hazard ratios are for the comparison between participants with and without interstitial lung abnormalities.308 
b IQR is interquartile range 309 
c ILA is interstitial lung abnormalities  310 
d 95% CI is 95% Confidence Interval 311 
e Adjusted hazard and odds ratios include adjustments for age, gender, race, body-mass index, pack-years of smoking, current or former smoking status, GOLD stage of COPD (where 312 
available) 313 
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314 eFigure 1. Chest Computed Tomographic Images of 4 Participants With Interstitial Lung Abnormalities Without Fibrosis

315 
eFigure 1: Chest computed tomographic (CT) images of four participants with interstitial lung abnormalities without fibrosis.  Each letter represents a different participant (A from FHS,316 

B from AGES Reykjavik, C from COPDGene, and D from ECLIPSE), in all panels images 1-3 are axial images, image 1 is at the level of the carina, image 2 is at the level of the right317 

inferior pulmonary vein and image 3 is at the base of the lungs.  All panels demonstrate subpleural reticular markings; in addition in panels A2-A3, B2, C3, D1 and D3 also have318 

subpleural ground glass.319 

320 
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321 

322 eFigure 2. Chest Computed Tomographic Images of 4 Participants With Indeterminate ILA Status

323 

eFigure 2: Chest computed tomographic (CT) images of four participants with indeterminate ILA status.  Each letter represents a different participant (A from FHS, B from AGES324 

Reykjavik, C from COPDGene, and D from ECLIPSE), in all panels images 1-3 are axial images, image 1 is at the level of the carina, image 2 is at the level of the right inferior325 

pulmonary vein and image 3 is at the base of the lungs.  Each of the images has subpleural reticular changes that are either focal or account for less than 5% of a lung zone.326 

327 
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328    eFigure 3. Percent Mortality of Participants With Interstitial Lung Abnormalities (ILA), Indeterminate ILA Status, and Without ILA  

329 
330 

eFigure 3: Curves showing percent mortality comparing participants with interstitial lung abnormalities (ILA), indeterminate ILA status and those without ILA331 
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332 eFigure 4.  Mortality Rate by GOLD Stage and ILA Status in FHS, COPDGene and ECLIPSE

333 
eFigure 4: Mortality rate by GOLD stage and ILA status in FHS, COPDGene and ECLIPSE.   Absolute mortality rate shown as a percentage is on the y-axis, GOLD stage and deaths334 

over the total are shown on the x-axis in each cohort.335 
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