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ABSTRACT

Interstitial lung abnormalities (ILA) share many features with idiopathic pulmonary fibrosis (IPF),

however it is not known if ILA are associated with decreased mean telomere length (MTL).

Telomere length was measured with quantitative polymerase chain reaction in COPDGene and
AGES-Reykjavik, and southern blot analysis was used in the Framingham Heart Study (FHS).
Logistic and linear regression were used to assess the association between ILA and MTL; Cox

proportional hazards models were used to assess the association between MTL and mortality.

In all three cohorts ILA were associated with decreased MTL. In COPDGene and AGES-
Reykjavik, after adjustment there was greater than two-fold increase in the odds of ILA when
comparing the shortest quartile of telomere length to the longest quartile (odds ratio [OR]=2.2,
95% confidence interval [CI] 1.5-3.4, P=0.0001 and OR=2.6, 95% CI 1.4-4.9, P=0.003),
respectively. In the FHS, those with ILA had shorter telomeres compared to those without ILA (-
767bp, 95% CI 76-1584bp, P=0.03). Although decreased MTL was associated with chronic
obstructive pulmonary disease (OR=1.3, 95% confidence interval [CI] 1.1-1.6, P=0.01) in
COPDGene the effect estimate was less than that noted with ILA. There was no consistent
association between MTL and risk of death, when comparing the shortest quartile of telomere
length (hazard ratio [HR]=0.82, 95% CI 0.4-1.7, P=0.6 and HR=1.2, 95% CI 0.6-2.2, P=0.5) in

COPDGene and AGES-Reykjavik respectively.

ILA are associated with decreased mean telomere length when compared to those without ILA.



Introduction

There is growing evidence of the similarities between specific patterns of interstitial lung
abnormalities (ILA) and pulmonary fibrosis (PF). These similarities include decrements in
diffusion capacity for carbon monoxide (DLCO) and total lung capacity (TLC) (1, 2), decreased
exercise capacity (3, 4), imaging progression (5-7), forced vital capacity (FVC) decline (5) and
an increased risk of death (8). There is also evidence that some forms of ILA and idiopathic
pulmonary fibrosis (IPF) have overlapping genetic risk loci (9, 10) including an increased
prevalence of the rs35705950 MUC5B promoter polymorphism. (1, 9-15) While IPF has been
associated with reduced telomere length, (16, 17) and reduced telomere length has recently
been associated with early stages of PF in high-risk relatives of patients with PF, (13, 14) less is

known about the associations between telomere length and ILA at the population level.

We hypothesized research participants with ILA would have relative reductions in their
measures of telomere length. To test this hypothesis, we evaluated the associations between
ILA and measures of relative telomere length in the Genetic Epidemiology of Chronic
Obstructive Pulmonary Disease (COPD) (COPDGene) and Age Gene/Environment
Susceptibility Reykjavik (AGES-Reykjavik) cohorts measured by quantitative polymerase chain
reaction (QPCR), and telomere length measured by Southern blot in the Framingham Heart
Study (FHS). Based on these results we evaluated the associations between telomere length
and ILA subtypes in COPDGene and AGES-Reykjavik, and quantitative assessments of
interstitial features in COPDGene. To provide context on the effect estimates for these
associations we provide a comparison of the associations between measures of telomere length
and COPD in COPDGene. Finally, based on prior associations between reduced telomere
length and mortality among IPF patients(17), we evaluated the associations between measures

of telomere length and mortality among those with ILA.



METHODS
Study Populations

Protocols for participant enrolment in COPDGene, AGES-Reykjavik, and the FHS have been
previously reported (18, 19). Briefly, COPDGene is a multicentre, longitudinal study of smokers
designed to determine the epidemiologic and genetic risk factors for chronic obstructive
pulmonary disease (COPD) (19). The AGES-Reykjavik study is a cohort derived from the
Reykjavik Study, which was established in 1967 and includes men and women that were born in
Reykjavik, Iceland from 1907 to 1935 who are followed by the Icelandic Heart Association (18).
The FHS is a longitudinal study that began in 1948 and was originally designed to identify
epidemiologic risk factors for cardiovascular disease; the current investigation includes the
offspring cohort (20), and participants were included in this analysis if they had a chest CT from
the FHS Multidetector Computed Tomography 2 study and telomere length measured by
Southern blot. Participants in COPDGene and the FHS were not selected for telomere length
measurement on the basis of ILA status, while AGES-Reykjavik participants with ILA were
oversampled to provide adequate comparison. This study was approved by the Icelandic
Bioethics Committee (VSN: 00-063) and the institutional review board of the Brigham and

Women'’s Hospital.

Telomere Length Measurements

In COPDGene and the AGES-Reykjavik studies, mean telomere length was measured using
genomic DNA that was extracted from peripheral blood leukocytes. The measurements were
done using a modified, high throughput version of a quantitative real time polymerase chain
reaction-based telomere assay, as previously described (21). The mean relative telomere length

(MTL) was then calculated as a ratio of telomere repeat copy number to a single gene copy



number, each sample was run in triplicate and the value reported is the mean of those values.
The mean telomere length is then reported as the exponentiated ratio of telomere repeat copy
number to a single gene copy number corrected for a reference sample. The coefficient of
variation for the triplicate assays was 6.4%. Given the large number of samples assayed and
the time required to complete the assays, to account for potential batch effect, z-scores were
calculated for the exponentiated relative telomere length by dividing by the mean per 384 well
plate. Telomere lengths were measured using Southern blot analysis in the FHS as previously
described (22, 23); these measurements were performed from 1995 to 1998, approximately 13
years prior to the ILA assessment. The mean telomere length measurements in COPDGene
and AGES-Reykjavik were performed on samples that were collected at the time of the chest
CT imaging. The difference in timing of the sample measurements was based on availability in

each of the cohorts.

ILA Evaluation

First, the chest computed tomography (CT) scans were evaluated for ILA using a sequential
reading method, as previously described (1, 2, 24) by up to three readers (radiologists and
pulmonologists on a Canon Medical Inc., Japan workstation), who were blind to all participant
specific information. ILA was initially defined as nondependent changes affecting greater than
5% of any lung zone. These abnormalities include ground glass, reticular abnormalities, diffuse
centrilobular nodularity, nonemphysematous cysts, traction bronchiectasis, or honeycombing.
Chest CT scans with either focal or unilateral ground glass attenuation, focal or unilateral
reticulation, or patchy ground glass abnormalities (bilateral or unilateral), or changes that
affected less than 5% of the lung were indeterminate for ILA (1, 2). The definition of ILA for this
manuscript utilizes the updated definition of ILA adopted by the Fleischner society(25). This

definition excludes those with ILA with centrilobular nodules alone, based on imaging, genetic,



and longitudinal outcome data, demonstrating this ILA subset should be viewed as a distinct
phenotype(6, 11). As a result, individuals with only centrilobular nodules were considered to be
indeterminate and excluded from the analyses. Further ILA subtyping (e.g. the identification of
definite fibrosis (1)), was performed by a consensus of at least three readers as previously

described (2, 11).

Identification of Interstitial Features

The objective identification of interstitial features on chest CT scans in COPDGene has been
previously described in detail (26, 27). Briefly, a previously trained, local histogram based,
machine learning classifier was used to measure the percentage of total lung volume occupied
by interstitial features (reticulation, honeycombing, centrilobular nodules, linear scar, nodular
opacities, linear scar, and ground glass), emphysema and normal tissue. Using this method,
every part of the lung tissue was then classified as interstitial, normal, or emphysema, and the
total volumes were summed, and then able to be expressed as a percentage of the total lung

volume.

Statistical Analysis

In various analyses as indicated, MTL was analyzed as a continuous variable, and was divided
into quartiles (and deciles), where comparisons were made to the quartile (or decile) with the
longest telomere length. Analyses for the association between MTL and ILA were performed
using logistic regression. The multivariable analyses were adjusted for age, sex, body-mass
index, pack-years of smoking, current smoking status, and race in COPDGene. For analyses
assessing the relationship between telomere length and ILA in the FHS, generalized estimating

equations to account for familial correlation were used as previously described (28). Logistic



regression was also used to assess the association between MTL and COPD. To evaluate the
association MTL and mortality among those with ILA, only data from COPDGene and AGES-
Reykjavik were used; the FHS subset lacked adequate statistical power for proper assessment
due to the small sample size. Cox proportional hazards models were used to assess the
association between MTL and time-to-mortality. All variables were assessed, and none violated
the proportional hazards assumption. Reported P-values were two-sided and those less than
0.05 were considered statistically significant. SAS version 9.4 (SAS Institute Inc, Cary, NC) and

R version 3.6.2 were used for the analyses.

RESULTS

ILA characterization and MTLs were available in 4,452 participants in COPDGene and in 498
participants from AGES-Reykjavik. ILA characterization and telomere length were available on
439 participants from the FHS. In this subset from COPDGene, 240 (5%) had ILA, 2,606 (59%)
did not have ILA, and 1,503 (34%) were indeterminate for ILA status; 103 (2%) were excluded
for having ILA characterized by centrilobular abnormalities only. In AGES-Reykjavik, 163 had
ILA (33%), 243 (49%) did not have ILA, 88 (18%) were indeterminate for ILA, and 4 (1%) were
excluded for having only centrilobular abnormalities. In FHS, 44 (10%) had ILA, and 204 (46%)
did not have ILA, 191 (44%) were indeterminate for ILA; no participants had only centrilobular
abnormalities on chest CT. Baseline characteristics of participants stratified by cohort and ILA
status are included in Table 1, and baseline characteristics by quartile of telomere length can be
found in online supplementary table 1. As has been previously demonstrated, participants
with ILA were older and had increased tobacco exposure, and in the AGES-Reykjavik cohort

participants with ILA were more likely to be men.



Interstitial Abnormalities and Telomere Length

In the COPDGene and AGES-Reykjavik cohorts, after adjusting for covariates, measures of
mean telomere length (MTL) were associated with ILA status (Table 2). For example, in
COPDGene, after adjusting for age, sex, body-mass index, pack-years of smoking, current
smoking status, race, and GOLD stage of COPD, participants in the shortest quartile of MTL
had a 2.2-fold increase in their odds to have ILA (odds ratio [OR]=2.2, 95% confidence interval
[CI] 1.5-3.4, P=0.0001) compared to those in the longest quartile of MTL (Table 2). In AGES-
Reykjavik, after adjusting for age, sex, body-mass index, pack-years of smoking, and current
smoking status, participants in the shortest quartile of mean telomere length (MTL) had a 2.6-
fold increase in their odds to have ILA (OR=2.6, 95% CI 1.4-4.9, P=0.003) compared to those in
the longest quartile of MTL (Table 2). Similar results were noted in analyses between ILA and

continuous measures of MTL (Table 2).

Comparably, in the FHS, after adjusting for age, sex, body-mass index, pack-years of smoking,
and current smoking status, participants with ILA had decreased measures of telomere length

(767base pair[bp], 95% CI 76-1584bp, P=0.03) compared to those without ILA (Table 2)

Interstitial Lung Abnormality Subtypes and Telomere Length

Then we examined whether there were differences in MTL between different subtypes, or
radiologic patterns of ILA. First, the relationship between definite fibrosis (evidence of
parenchymal architectural distortion) and MTL was explored. In COPDGene, when compared to
those without ILA, both fibrotic and non-fibrotic ILA were associated with decreased (shorter)
MTL (OR=11.6, 95% CI 2.7-49.7, P=0.009 and OR=1.7, 95% CI 1.1-2.6, P=0.02), respectively,

for the comparison of the shortest quartile of MTL to the longest quartile. Amongst those with



ILA, ILA with definite fibrosis was associated with decreased MTL compared to those with ILA
without fibrosis (OR=6.8, 95% CI 1.4-33.3, P=0.02 — for the comparison of the shortest quartile
of MTL to the longest quartile). In AGES-Reykjavik there was no difference in MTL between
those with ILA with and without evidence of definite fibrosis (OR=1.2, 95% CI 0.4-3.3, P=0.80).
Similar results were seen when evaluating the association between MTL and consistency with a
UIP pattern (see online supplementary material). Additional analyses limited to those with
centrilobular abnormalities on chest CT in COPDGene are available in online supplementary

table 2.

Quantitative Measure of Interstitial Features and Mean Telomere Length

Next, we assessed whether a quantitative measure of interstitial features on chest CT, that has
been previously been associated with the MUC5B promoter polymorphism in COPDGene(27),
was associated with telomere length. After adjustment, the shortest quartile of mean telomere
length was associated with an increase of 0.67% interstitial features (standard error [SE] 0.20,
P=0.001), when compared to the quartile with the longest telomere length. There was also a
significant association when the mean telomere length was evaluated continuously, per
standard deviation decrease in MTL, there was a 1.13% (SE=0.33, P=0.0007) increase in the
percentage of interstitial features seen on chest CT (see Figure 1). When narrowed to those
participants with ILA on chest CT, there was an increase in the effect size of this association.
Amongst those with ILA, there was a 2% increase in the amount of interstitial features present
on chest CT, in the shortest quartile of telomere length compared to longest quartile. We then
assessed which components of the interstitial features were associated with decreased
telomere length. After adjustment, the shortest quartile of mean telomere length was associated
with an increase in the following features, linear scar, reticular markings, and subpleural line

(see online supplementary table 3).



COPD and Mean Telomere Length

Next, to provide a comparison to the results for ILA, and to follow-up on prior reports of
association between decreased telomere length and measures of COPD(29), we analyzed the
associations between COPD and MTL in COPDGene. Although there was evidence for an
association between MTL and COPD in COPDGene, the effect estimate was smaller than that
noted with ILA. A diagnosis of COPD (as defined by spirometry, Global Initiative for Chronic
Obstructive Lung Disease (GOLD) stage Il and higher), was associated with the lowest quartile
(Q1) of MTL (odds ratio =1.3, 95% confidence interval 1.1-1.6, P=0.01); similar results were

seen when those with ILA were removed from the analysis (OR=1.3, 95% CI 1.1-1.6, P=0.01).

Mean Telomere Length and Mortality

Finally, we evaluated the association between telomere length and the risk of death among
those with ILA in the COPDGene and AGES-Reykjavik cohorts. Although most associations
between MTL and mortality among those with ILA in the COPDGene and AGES-Reykjavik
cohort were not statistically significant, positive associations were found in some analyses in
AGES-Reykjavik. For example, in both the COPDGene and AGES-Reykjavik cohorts there was
no evidence for an association between the lowest quartile of MTL and risk of death among
those with ILA (HR=0.82, 95% CI 0.4-1.7, P=0.6) and (HR=1.2, 95% CI 0.6-2.2, P=0.5),
respectively. While there was no evidence for an increased risk of death among those with ILA
in the lowest 10™ percentile of MTL in COPDGene (HR=1.3, 95% CI 0.9-1.8, P=0.14), there was
evidence for an increased risk of death among those with ILA in the lowest 10™ percentile of
MTL in AGES-Reykjavik (HR=2.0, 95% CI 1.2-3.4, P=0.007). The evidence for an association

between an increased risk of death among those with ILA in the lowest 10" percentile of MTL in



AGES-Reykjavik was even greater when ILA was limited to those with probable UIP and UIP
patterns (HR=3.5, 95% CI 1.7-7.4, P=0.0009), however there was not a positive association
among those with ILA limited to those with probable UIP and UIP patterns in COPDGene

(HR=1.2, 95% CI 0.8-1.9, P=0.3).

DISCUSSION

Our study presents the first comprehensive assessment of telomere length and interstitial lung
abnormalities in the general population and in large populations of smokers and demonstrates
several important findings. First, in three cohorts, including two general population samples, and
with different types of measures, we demonstrate that ILA is associated with reduced telomere
length. These findings imply that reduced telomere length, or processes strongly correlated with
reduced telomere length, may be associated with the early developmental stages of pulmonary
fibrosis. In addition, while we present evidence that there may be some correlation between
COPD and measures of reduced telomere length, this association is weaker than the
association with ILA. Finally, our varying findings of association with reduced telomere length
and mortality among those with ILA suggests that this correlation may be more limited to those
with the shortest telomere lengths, those more advanced imaging findings (e.g. patients with

IPF) (17), and those with additional risk factors for an increased rate of mortality (e.g. advanced

age).

Our findings add to a growing body of evidence that measures of reduced telomere length
overall contribute not only to presence (16, 17) and morbidity (17) of advanced stages of PF,
and early stages of PF in high-risk relatives (13, 14) but also likely play a role at increasing the

risk of early undetected stages of PF in smokers and in the general population. However, it is



important to note that reduced telomere length has also been associated with various forms of
interstitial lung disease (ILD) including chronic hypersensitivity pneumonitis, interstitial
pneumonia with autoimmune features, connective tissue disease associated ILD, and
unclassifiable patterns, among others (30, 31). The spectrum of fibrotic lung disease associated
with reduced telomere length, may help to explain the consistent associations we demonstrate
with ILA, which encompass a variety imaging features/patterns, and likely represent disorders

not limited to IPF (9).

Telomeres are regions of repetitive nucleotide sequences at the end of chromosomes that
protect against the loss of genetic information during cell division, they shorten over time with
repeated cell divisions, and once they reach a critical length cellular senescence is induced, and
ultimately to apoptosis or cell cycle arrest (29, 32, 33). | n adults the effect of telomere length
shortening most commonly affects low turnover tissues, including the lung, and it has also been
shown the telomeres shorten during the aging of human fibroblasts, (34) it is possible that
telomerase mutations accelerate this shortening and subsequent senescence in these cells,,
potentially explaining why PF is the maost frequent manifestation of telomerase associated
disease (35). Future studies should look for evidence of the induction of biologic processes

implicated by reduced telomere length in those with early developing stages of this disease.

The associations between telomere length and ILA and COPD deserve further consideration.
Our findings are consistent with prior studies that have demonstrated associations between
decreased telomere length and COPD (36, 37). While confirming these prior associations, it is

important to note that the size of this effect is much less than that seen with ILA (odds of COPD



are increased by 30% in the quartile with the shortest telomere length compared to a 120-170%

increase in the odds of ILA).

It has been previously reported that there are clusters of rare TERT mutations in a small number
(3 of 292) of research participants with severe emphysema (29). In addition to the genetic
association, it has been shown that participants with COPD have decreased telomere length
compared to controls (36, 37). In contrast, in a study of Mendelian randomization using
polygenic risk scores, it was demonstrated that IPF was associated with mutations in telomere
regulating genes, but COPD was not(38). Further work is needed to determine if these findings
are generalizable across the COPD spectrum or if there are severe COPD phenotypes that may

have different genetic associations as has been previously demonstrated (29).

Our study has several limitations. First, although we present associations between reduced
telomere length and ILA in multiple cohorts, and with different types of measures, many of our
findings of association are with MTL which limits our ability to determine if specific thresholds of
reduced telomere length contribute to our findings in some cohorts. Second, the small numbers
of participants with telomere length measurements in the FHS limit our ability to evaluate the
association between telomere length and important outcomes, including risk of death. In
addition, the length of time between telomere measurement and ILA assessment in the FHS,
may limit our ability to evaluate outcomes. Third, our findings of association with reduced
telomere length and mortality were inconsistent across populations. Although we speculate that
these differences may be due to the distinct characteristics of the underlying populations (such
as increased age in the AGES-Reykjavik cohort); we can’t rule out the possibility that they are

due to technical limitations in telomere length measurement, or missing data in the AGES-



Reykjavik cohort, or that some of our positive findings between ILA and mortality are spurious.
Additionally, despite the consistency of the association between MTL and ILA, the oversampling
of ILA cases in the AGES-Reykjavik cohort may have led to bias in our results. Finally, although
our analyses are adjusted for covariates including age and smoking history, we can’t rule out
the possibility that some other unmeasured confounding variable could be contributing to our

findings.

In conclusion, our study demonstrates that reduced telomere length is associated with ILA. In
addition, our study also provides evidence for the differential association between telomere
length and interstitial abnormalities, and telomere length and measures of COPD. Future
studies are needed to help determine the role of telomere length and if the progression of early
stages of PF, and whether efforts to intervene in this pathway could help prevent progression to

more advanced stages of fibrotic lung disease.



Table 1. Baseline characteristics of participants stratified by ILA status*.

Framingham Heart

COPDGene AGES-Reykjavik
P-value P-value Study P-value
No ILA ILA No ILA ILA No ILA ILA
(n=2606) (n=240) (n=243) (n=163) (n=204) | (n=44)
Age, 58 + 9 63+ 10 <0.0001 75+5 78+6 <0.0001 66+7 | 75+8 | <0.0001
yearst
Sex, no.
female (96) 1221 (47) 102 (43) 0.20 132 (54) 67 (41) 0.01 117 (57) | 23 (52) 0.54
Body Mass 20+ 6 30+ 7 0.01 27+ 4 27 + 4 0.96 20+5 | 29+6 0.71
Indext
Race, no.
white (%) 1886 (72) 171 (71) 0.71 - - - - - -
Pack Years
. 37 42 0 14 5 12
Smoking, <0.0001 <0.0001 0.01
median, IORt | (% °0) (33, 60) 0, 22) (0, 30) 0,18) | (1, 26)
Smoking
Status, no (%)
Current 1401 (54) 138 (58) 0.28 27 (11) 28 (17) <0.0001 6 (3) 2 (5) 0.55
Former
Nover 1205 (46) 102 (42) 101 (42) 98 (60) 131 (64) | 31 (70)
- - 115 (47) 37 (23) 67 (33) | 11 (25)

*ILA is interstitial lung abnormalities; AGES is the Age Gene/Environment Susceptibility — Reykjavik Study

tvalues are means * standard deviation
TIQR is interquartile range




Table 2. Association between telomere length and interstitial lung abnormalities*.

: Shortest Quartile of Telomere
Continuous Telomere Length Length (Q1) +
gPCR%t - _
Measurement Odds Ratio§ Odds Ratio
95% P-value 95% P-value
Confidence Confidence
Interval Interval
AGES- 15.4 2.7
Reykjavik | (3.8-62.5) 0.0001 (1.4-5.1) 0.002
4.2 2.2
COPDGene (2.1-8.5) <0.0001 (1.5-3.4) 0.0001
Length
Difference
Southern Blot 95% P_value
Measurement :
Confidence
Interval
Framingham 767bp 0.03 _ _
Heart Study (76-1584) )

*AGES is Age Gene/Environment Susceptibility
TComparison is to the longest quartile of telomere length
FgPCR is quantitative polymerase chain reaction

8Analyses are adjusted for age, sex, body-mass-index, pack-year smoking, current smoking
status, and in COPDGene also adjusted for race



Figure 1. Three panels of six axial computed tomography (CT) images, from three participants

(A, B, and C) from COPDGene, with interstitial lung abnormalities (ILA). In all panels (A, B, and
C) 1, 2, and 3 are axial images at level of the carina (1), right inferior pulmonary vein (2), and
base (3). Images 4, 5, and 6, are the same axial images but with the overlay of the local

histogram used to detect interstitial features, blue represents areas of interstitial features.
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RESULTS
Consistency with a usual interstitial pneumonia pattern and telomere length

We examined whether there were differences in MTL between the consistency with a usual
interstitial pneumonia (UIP) pattern. In COPDGene, when compared to those with a pattern
indeterminate for UIP and probable, those with UIP were more likely to have a shorter MTL
(odds ratio [OR] = 2.2, 95% confidence interval [CI] 1.1-4.2, P=0.02 and OR=20, 95% CI 2.7-
150, P=0.004) respectively, for the comparison of the shortest quartile of MTL to the longest
guartile. In AGES-Reykjavik there was no difference in MTL between those who have a pattern
indeterminate for UIP or probable UIP and those with UIP, (OR=3.0, 95% CI 0.2-42.4, P=0.4,

and OR=1.4, 95% CI 0.2-8.2, P=0.7), respectively.



Supplementary Table 1. Baseline characteristics in COPDGene and AGES-Reykjavik stratified by quartile of telomere length*

COPDGene

Q1

Q2

Q3

Q4

P-value

AGES-Reykjavik

Q1

Q2

Q3

Q4

P-value

Age,
yearst

61+9

60+9

58+9

56+8

<0.0001

775

76+ 6

765

755

0.02

Sex, no.
female
(%)

461 (39)

538 (45)

580 (49)

629 (53)

<0.0001

47 (38)

61 (49)

65 (52)

67 (54)

0.06

Body
Mass
Indext

29+6

29+6

29+6

29+6

0.7

28+4

274

28+5

27+4

0.7

white (%)

Race, no.

867 (73)

891 (75)

825 (70)

734 (62)

<0.0001

Pack
Years
Smoking,
median,

IQR%

42
(59, 30)

39
(28, 54)

37
(26, 53)

36
(25, 48)

<0.0001

12
(0, 33)

(0, 26)

(0, 26)

(0, 22)

0.1

Smoking
Status,
no (%)
Current
Former
Never

615 (52)
565(48)

625 (53)
561(47)

671 (57)
514(43)

743 (63)
445(37)

<0.0001

20 (16)
70 (57)
34 (27)

15 (12)
68 (54)
42 (34)

20 (16)
56 (45)
49 (39)

12 (10)
58 (46)
55 (44)

0.06

*AGES is the Age Gene/Enwronment Susceptlblllty, Q1-Q4 are guartiles of mean telomere length, Q1 is the shortest and Q4 longest
tTvalues are means * standard deviation
FIQR is interquartile range




Supplementary Table 2. Association between mean telomere length and centrilobular nodules
on chest CT in COPDGene

: Shortest Quartile of Telomere
Continuous Telomere Length Length (Q1)
gPCR . .
Measurement Odds Ratio Odds Ratio
95% P-value 95% P-value
Confidence Confidence
Interval Interval
0.90 0.87
COPDGene (0.34-2.4) 0.84 (0.46-1.66) 0.68

Supplementary Table 3. Association between the lowest quartile of mean telomere length and
specific quantitative interstitial features.

Interstitial Feature Effect Estimate (%) Standard Error P-value
Ground Glass 0.006 0.008 0.48
Honeycombing 0.0006 0.0008 0.94

Linear Scar 0.023 0.007 0.0005
Nodular 0.02 0.02 0.17
Reticular 0.60 0.18 0.001
Subpleural Line 0.03 0.013 0.006




