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Abstract

Background—Short telomere lengths are found in a subset of idiopathic pulmonary fibrosis

(IPF) patients, but their clinical significance is unknown. The aim of this study was to investigate

whether patients with various blood leukocyte telomere lengths had different overall survival.

Methods—Telomere lengths were measured in 370 genomic DNA samples isolated from

peripheral blood collected from patients with interstitial lung disease (149 with IPF) at the time of

their initial evaluation. Associations of telomere length with transplant-free survival were

determined. Findings were validated in two independent IPF cohorts.

Findings—Patients with IPF had shorter telomere lengths than controls, but similar telomere

lengths when compared to patients with other interstitial lung disease diagnoses after adjusting for

age, male sex and ethnicity. Telomere length was independently associated with transplant-free

survival time for patients with IPF (HR 0·22 [0·08–0·63], P-value = 0·0048), but not for patients

with interstitial lung disease diagnoses other than IPF (HR 0·73 [0·16–3·41], P-value = 0·69). The

association between telomere length and IPF survival was independent of age, male sex, forced
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vital capacity or diffusing capacity of carbon monoxide (and was replicated in two independent

IPF cohorts (HR 0·11 [0·03–0·39], P-value 0·00066; HR 0·25 [0·07–0·87], P-value = 0·029).

Addition of telomere length to clinical prediction models improved the integrative discrimination

index, especially for IPF cohorts with milder disease.

Interpretation—These findings suggest that shorter leukocyte telomere lengths are associated

with worse survival in IPF. Additional studies will be needed to determine clinically relevant

thresholds for telomere length and how this biomarker may influence future risk stratification of

IPF patients. Furthermore, this study offers mechanistic insight as disease progression in certain

IPF patients may be related to aberrant signaling from short telomeres.

Funding—US National Heart, Lung, and Blood Institute; the National Center for Advancing

Translational Science, the Harroun Family Foundation and the Nina Ireland Lung Disease

Program.

Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, fibrotic lung disease affecting older

individuals. There are currently no approved therapies for IPF in the United States. The

natural history of this disease is progressive with a highly variable rate of decline in lung

function(1–3). The cause of IPF remains unknown, but recent investigations have implicated

telomere shortening in the pathogenesis of IPF(4, 5).

Telomeres are specialized nucleoprotein structures that protect chromosomal ends.

Mutations in the genes encoding telomerase, the multi-subunit enzyme that extends telomere

lengths, have been found in patients with IPF(6, 7). Heterozygous telomerase mutations,

primarily those in the gene encoding the protein component of telomerase (TERT), are found

in approximately fifteen percent of kindreds with familial pulmonary fibrosis and three

percent of patients with sporadic IPF with no known family history of disease(7, 8).

Pulmonary fibrosis associated with TERT mutations is progressive and lethal with a mean

survival of three years after diagnosis(8). Compared to the other disorders of telomere

dysfunction caused by a single gene defect, such as dyskeratosis congenita, aplastic anemia

and liver cirrhosis, IPF is the most common manifestation of telomere-mediated disease(9).

Telomere lengths of the offspring of telomerase mutation carriers can be affected by

epigenetic inheritance of short telomere lengths independent of mutant alleles(8, 10). In

addition, genome-wide association studies of pulmonary fibrosis have identified

susceptibility loci near TERT(11, 12), TERC(12) and OBFC1(12), implicating common

variants in genes that are associated with telomere length in the general population(13) as

contributors to the development of pulmonary fibrosis.

Peripheral blood telomere lengths have been found to be shorter in IPF patients compared to

age-matched controls, suggesting that they may be a marker of increased disease

susceptibility(4, 5). Non-genetic contributions to telomere shortening relevant to lung

disease include exposure to oxidative damage and cigarette smoking(14–16). At this time,

the clinical significance of telomere lengths in patients with IPF and other forms of

interstitial lung disease (ILD) remains unknown. In this study we tested the hypothesis that

telomere length is associated with survival in IPF and non-IPF interstitial lung disease.
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Methods

Participants

This study was approved by the Institutional Review Boards at the University of Texas

Southwestern Medical Center (Dallas cohort), the University of Chicago (Chicago cohort),

and the University of California San Francisco (San Francisco cohort). Written informed

consent was obtained from all subjects. Patients were enrolled from 6/17/2003 – 8/25/2011,

from 9/1/2005 – 1/31/2012, and from 10/14/2005 – 7/8/2011 for the Dallas, Chicago and

San Francisco cohorts, respectively. The diagnosis of IPF (and other ILDs represented in the

Dallas cohort) was made in accordance with established criteria(3, 17). Patients with a

diagnosis other than IPF (non-IPF ILD) included those with connective tissue disease

associated ILD (CTD-ILD), an idiopathic interstitial pneumonia other than UIP (Other IIP),

hypersensitivity pneumonitis, an ILD related to an exposure, sarcoidosis or another etiology.

Ethnicity was self-reported. Blood samples were collected at the time of enrollment.

Genomic DNA samples of normal control subjects (n=195) ranging in age from 19–89 years

used in previous studies(4, 8), were obtained from a cohort of unrelated, multiethnic

individuals from Dallas, Texas. Spouses of patient participants (n=46) who accompanied the

patient to the initial visit were collected as a second independent control group. All subjects

performed pulmonary function testing according to ATS guidelines; different reference

equations were used at the different sites to convert measurements to percent predicted

values. Absolute pulmonary function test values were not available for all subjects. All

subjects included in this study were prospectively followed for at least one month before

death or lung transplant.

Determination of Telomere Length and Genetic Analyses

Genomic DNA was isolated from circulating leukocytes from the Dallas cohort using an

Autopure LS (Qiagen, Valencia, CA). For the Chicago and San Francisco cohorts, genomic

DNA was isolated using the FlexiGene and Gentra PureGene DNA isolation kits (Qiagen),

respectively. Telomere lengths of genomic DNA isolated from blood leukocytes from the

Dallas cohort and controls were measured using a quantitative PCR assay as previously

described(4, 8) and are reported as logarithm-transformed relative T/S ratios. Telomere

lengths were measured for the Chicago and San Francisco cohorts using an identical

protocol, except the stock concentrations of DNA was 10 ng/μL (instead of 50 ng/μL) prior

to its addition to the PCR reaction. Reference DNA samples from a cell line (MCF7) and

from two control individuals were included on each run as internal controls. The observed

mean coefficient of variation for the telomere length measurement was 5·2%, 8·2%, and

6·5% for the Dallas, Chicago and San Francisco cohorts, respectively. The telomere length

assay was performed blinded to the study endpoint. Sequencing of both the TERT and TERC

genes was performed as previously described(7).

Statistical Methods

Primary analyses were performed using the Dallas cohort, with the Chicago and San

Francisco cohorts serving as replication cohorts for selected analyses. All analyses were

performed using the R software package, v 3.0.1 (http://www.R-project.org/). Clinical

characteristics of the study cohorts were compared using the analysis of variance (ANOVA)
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for continuous variables and Fisher’s exact tests for categorical variables. Relative T/S ratios

were logarithm transformed to ensure that the residuals were normally distributed and had

constant variance. The relationship between telomere length and age was estimated using

linear regression of control subjects as described(4, 8). The estimated regression coefficients

were used to calculate the observed minus expected (O-E), or age-adjusted telomere length

for each subject. Approximate age-adjusted prediction bands were calculated from the linear

regression model. The age range of the Dallas ILD cohort was within the full age range of

the controls; the median (25th–75th percentile) age was 58 (45–66), 57 (48–65) and 66 (59–

71) for the controls, Dallas non-IPF patient and the Dallas IPF patient cohorts.

The primary outcome was time to death or lung transplantation (i.e. transplant-free survival).

The association between telomere length and survival time was tested using Cox

proportional hazards regression. Telomere length was modeled as a continuous variable in

univariate and multivariable analyses. A multivariable model was created adjusting for age,

male sex, forced vital capacity (FVC) % predicted, and diffusing capacity for carbon

monoxide (DLCO) % predicted. The proportionality of hazards assumption was checked by

plotting scaled Schoenfeld residuals against transformed time for each covariate. No

evidence of non-proportional hazards was observed. Patients in each cohort were stratified

by quartiles of age-adjusted telomere lengths and the estimated survival functions were

plotted for each quartile based on the Cox model with values of individual covariates fixed

at the sample means. To assess the sensitivity of the results, we repeated the analysis with

time to death as the outcome, right-censoring lung transplantation events. We also

performed an additional multivariable analysis, adjusting for the Gender-Age-Physiology

(GAP) score, a model-based score generated from individual clinical variables (used in the

primary analysis model) that can be used to predict mortality in patients with IPF (18).

To determine the contribution of telomere length to mortality risk prediction in IPF, we

calculated the Harrell c-index to assess the discrimination performance of models including

and excluding telomere length(19). The optimism-corrected estimates of the c-index were

obtained by using twenty repetitions of ten-fold cross-validation. Bootstrap resampling with

1000 repetitions was used to calculate 95% bias corrected confidence intervals of the c-

index. The difference between c-indices for models including and excluding telomere length

were assessed using a permutation test with 10,000 permutations of telomere length with

respect to other covariates and survival times. All tests were two-sided; P-values <0.05 were

considered statistically significant.

None of the study sponsors had a role in study design, data collection, data analysis, data

interpretation, or writing of the report. B.D.S., J.K. and C.K.G. had access to all the raw

data. The corresponding author had full access to the data in the study and had final

responsibility for the decision to submit for publication.

Results

Cohort characteristics, telomere lengths, and telomerase mutations

The primary (Dallas) cohort consisted of 370 patients (149 with IPF); the replication cohorts

consisted of 139 IPF patients from Chicago and 54 IPF patients from San Francisco.
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Baseline characteristics of the cohorts are listed in Table 1. The Dallas IPF patients were

older and had a higher proportion of males, smokers and persons of European American

descent than the Dallas non-IPF patients. In addition, Dallas IPF patients had reduced

baseline measures of pulmonary function (FVC and DLCO) compared to non-IPF ILD

patients.

Each of the ILD cohorts demonstrated a continuous range of leukocyte telomere lengths

(Figure 1). The mean age-adjusted telomere length of the Dallas sporadic IPF cohort was

shorter than two control cohorts, but similar to the overall non-IPF ILD cohort after

adjustment for age, male sex and ethnicity (Table 1). We found that 25% of the Dallas IPF

cohort had a mean telomere length ≤ 10th predicted percentile of normal controls, consistent

with an earlier study(4). Within the non-IPF ILD group, patients with connective tissue

disease associated ILD (CTD-ILD), idiopathic interstitial pneumonia (IIP) other than usual

interstitial pneumonia (Other IIPs), and hypersensitivity pneumonitis had shorter mean age-

adjusted telomere lengths than normal controls (Figure 1). The telomere length comparison

between the controls and some of the non-IPF ILD subgroups were not significant, perhaps

due to the small sample sizes (which are specified in the figure legend).

The coding regions of the telomerase genes (TERT and TERC) were sequenced for the

Dallas IPF patients with telomere lengths ≤ 10th predicted percentile of normal. We found

four individuals with rare variants in TERT (no TERC variants were found) of the 40 IPF

patients that were sequenced (Supplemental Table 1). This number represents 2·6% of the

total Dallas IPF patients.

Association between telomere length and survival time in ILD

In unadjusted analysis of the Dallas cohorts, shorter telomere length was associated with

decreased survival time for IPF patients (HR 0·32 for each 1-unit difference in the log T/S

ratio, 95% CI 0·14–0·72, P-value = 0·0058, Supplemental Table 2), but not for non-IPF ILD

patients (HR 0·72 [0·23 – 2·23], P-value = 0·57, Supplemental Table 3). After adjustment for

relevant individual covariates (age, male sex, FVC % predicted and DLCO % predicted),

telomere length remained an independent predictor of IPF transplant-free survival time (HR

0·22, 95% CI 0·08–0·63, P-value = 0·0048, Table 2). For each quartile decrease in telomere

length, there was a step-wise decrease in IPF transplant-free survival (Figure 2). Telomere

length was not significantly associated with transplant-free survival of non-IPF ILD patients

in multivariable analysis (HR 0·73 [0·16 – 3·41], P-value = 0·69, Table 3).

Replication Cohorts

The clinical features of the independent IPF replication cohorts are shown in Table 1. The

three IPF cohorts were significantly different with regard to age, baseline spirometry, and

survival time. Telomere length remained a significant independent predictor of transplant-

free survival time after adjustment for individual covariates (age, male sex, FVC %

predicted and DLCO % predicted) for both the Chicago IPF cohort (HR 0·11 [0·03–0·39], P-

value 0.00066) and the San Francisco IPF cohort (HR 0·25 [0·07–0·87], P-value = 0·029,

Table 2). IPF patients from the Chicago and San Francisco cohorts stratified by telomere

length quartiles demonstrated a similar step-wise decrease in survival (Figure 2).
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Sensitivity Analyses

To avoid bias from the consideration of lung transplantation as an event equivalent to death,

a sensitivity analysis was performed with censoring of transplantation events. Using this

model, telomere length lost statistical significance as an independent predictor of survival in

the Dallas cohort, but the estimated hazard ratio was similar to that in the primary analysis

(HR 0·35 [0·11 – 1·15], P-value = 0·085). There was a high incidence of lung transplant in

the Dallas cohort (26%). Telomere length remained a significant predictor of survival for the

Chicago and San Francisco IPF cohorts (HR 0·11 [0·03 – 0.41], P-values = 0·0011 and HR

0·13 [0·03 – 0.52], P-value = 0·0040, respectively; Supplemental Table 4). The transplant

incidence was eight percent in the Chicago cohort and thirteen percent in the San Francisco

cohort. We analyzed survival of the three IPF cohorts with a second model that utilized the

GAP score, a model-based score generated from individual clinical variables (gender, age,

and physiologic measurements of FVC and DLCO)(18). Telomere length was not an

independent predictor of survival for the Dallas cohort using the GAP model (HR 0·50 [0·20

– 1·26], P-value = 0·14), but was for both the Chicago and San Francisco IPF cohorts (HR

0·21 [0·06 – 0·76], P-value = 0·018 and HR 0·25 [0·08 – 0.84], P-value = 0·024,

respectively, Table 2).

Risk Prediction Model

To determine the contribution of telomere length to mortality risk prediction in IPF, we

calculated the c-index(19) for prediction models including and excluding telomere length.

For both clinical risk prediction models, the c-index was significantly increased with the

inclusion of telomere length for the Chicago and San Francisco IPF cohorts (Table 4). The

c-index was significantly increased with the inclusion of telomere length for the combined

IPF cohort (c-index 0.74 (0.70 – 0.78), P-value 0·00030 for the individual covariate model

and c-index 0.73 (0.69 – 0.77), P-value = 0·0020 for the GAP score model).

Discussion

While short telomere lengths have been found in pulmonary fibrosis patients with rare loss-

of-function telomerase mutations(6, 7) and have been implicated in disease pathogenesis, to

our knowledge this is the first report to demonstrate an independent association between

telomere length and IPF survival (See Research in Context panel). We found that the mean

telomere length of IPF and non-IPF patients is significantly shorter than controls, although

not as short as the mean telomere length of individuals from familial pulmonary fibrosis

kindreds in which a telomerase mutation was discovered to segregate with lung disease(4, 7,

8, 20). Intriguingly, telomere length is a predictor of survival only for patients with IPF; it is

not associated with survival for patients with non-IPF interstitial lung disease. The

association between telomere length and IPF survival is robust, being observed across three

independent IPF cohorts with differing baseline demographic, physiologic and survival

characteristics.

Prior studies have reported the incidence of telomerase mutations and the degree of telomere

shortening in patients with sporadic (non-familial) IPF or other idiopathic interstitial

pneumonias(4, 5). In this study rare variants in TERT were found in only four of the forty
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IPF patients whose telomere lengths were less than the 10th percentile. This number

represents only 2·6% of the total Dallas IPF cohort and is consistent with the 1–2%

incidence of telomerase mutations found in sporadic IPF patients analyzed in other

studies(5, 7). Since the number of telomerase mutation carriers is small, it is unlikely that

the effect of telomere length on survival in these sporadic IPF cohorts reflects unrecognized

deleterious telomerase mutations. Data collected from patients with the familial form of

pulmonary fibrosis due to telomerase mutations suggests that short telomere lengths precede

the development of lung disease. Patients with inherited, or germline, TERT mutations have

evidence of telomere shortening several decades before the onset of IPF, which generally

affects those >50 years of age(8). Telomere length represents not only the effects of

inherited genetic variants in the telomerase genes, but also reflects the starting telomere set

point, the rate of telomere erosion with age, the history of cellular replication and various

environmental effects. As such, it represents the integration of multiple risk factors, both

inherited and acquired. Since telomeres progressively shorten with age and cellular division,

their measure of “molecular” age may complement chronologic age as a predictor of

survival.

The degree of telomere shortening is similar for the Dallas IPF and non-IPF groups after

correction for age, male sex, and ethnicity. However, the lack of association of telomere

lengths with survival in the non-IPF ILD patients suggests that factors other than telomere

length, such as the duration of an environmental fibrogenic exposure or the severity of an

underlying connective tissue disease, may be more relevant to disease progression and

survival in the non-IPF ILD patient. Mutations in the telomerase genes linked to familial

pulmonary fibrosis all cause a loss-of-function in telomerase enzymatic activity(4, 6–8).

Peripheral blood telomere lengths correlate with telomere lengths measured from cells

isolated from different somatic tissues(21), so the short telomere lengths seen in telomerase

mutation carriers likely reflect reduced global telomerase activity. The mechanism for

developing lung disease for telomerase mutation carriers is likely related to this decrease in

telomerase activity and the resulting short telomeres. Similarly, some sporadic IPF patients

may have an intrinsic reduction in total telomerase activity or may have experienced

epigenetic or environmental influences that alter telomere integrity. While these effects in

sporadic IPF patients may not be to the same degree as seen in mutation carriers, telomere

lengths may fall below a critical threshold needed for flawless lung repair. Since the cause

of death of IPF patients is usually related to their underlying lung disease and progressive

respiratory failure(22), it is conceivable that the worse survival of IPF patients with short

telomere lengths is due to relentless fibrosis caused by an intrinsic low level of cellular

telomerase activity or the activation of aberrant signal transduction pathways from critically

short telomeres. These studies offer mechanistic insights into IPF, as telomere shortening is

associated with IPF disease pathogenesis, progression and reduced survival.

Telomere lengths are not often analyzed by adult pulmonologists, but are more frequently

used in clinical practice by geneticists and hematologists in the work up of patients with

suspected dyskeratosis congenita. In this study, telomere lengths were measured from

genomic DNA samples isolated from blood using a quantitative PCR assay to accommodate

the limited amounts of available DNA. This method is less precise and has a higher inter-
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assay coefficient of variation than other methods(23). Several factors can affect the

measurement of telomere length, including DNA integrity and the specific population of

leukocytes from which DNA is extracted(24). The telomere lengths of the three IPF cohorts

differ significantly. We do not know if these differences are biologically significant or are

due to technical variables, such as the method of DNA isolation, the DNA storage

concentration, or interference of a DNA storage buffer component(s) with the telomere

length PCR assay. Because of these differences, survival analyses were performed

separately for each cohort, independent of the telomere length measurements of the other

cohorts or the normal control population. Telomere lengths of the controls were used only to

calculate the age-adjusted telomere lengths for the Dallas ILD cohorts. The younger median

age of the controls as compared to the Dallas IPF cohort may affect the number of patients

classified below the 10th predicted percentile, but not the survival analyses. It would be

useful in the future to determine patient survival with reference to absolute telomere length

cut points. However, in order to test arbitrary cut points of predicted telomere length

percentiles, a large validated reference control population is required and the method of

blood collection and telomere length measurement would need to be uniform across all

controls and patients.

The three IPF cohorts were significantly different from each other with regard to age,

ethnicity, baseline spirometry and survival characteristics. In contrast with the Dallas and

Chicago IPF cohorts, telomere length was not a significant covariate for survival in

univariate analysis of the San Francisco cohort (HR 0.38 (0.14 – 1.06), p-value = 0.065,

Supplemental Table 2), although it was significant in the multivariable analysis (HR 0.25

(0.07 – 0.87), p-value = 0.029, Table 2). For this cohort, the effect of telomere length was

only significant in the context of the other covariates. The Dallas cohort includes patients

referred not only to the ILD clinic, but also those referred directly to the Lung Transplant

clinic and the Pulmonary Hypertension clinic. Compared with the other cohorts, the Dallas

IPF cohort had worse baseline pulmonary function tests, shorter mean survival and a higher

percentage of subjects who underwent lung transplantation, reflecting more advanced

disease. For this cohort, telomere length did not add predictive power to the GAP score for

survival in IPF. However, telomere length significantly improved the clinical risk prediction

models for the Chicago and San Francisco cohorts, which both had longer overall transplant-

free survival times and lower incidence of transplantation. These results are suggestive that

telomere length may offer more predictive power for IPF patients that are less severely

affected at baseline.

Weaknesses of the study include the lack of absolute lung function values and the use of

different reference equations to convert measurements to percent predicted values by the

different centers. In addition, the lack of serum or RNA samples limited our ability to

compare telomere lengths with other biomarkers, such as MMP7(25, 26) or mononuclear

cell gene expression profiles(27, 28).

Given the wide range of variability in survival of IPF patients, predicting clinical course is a

real challenge. Improved prognostic information may help guide the timing of lung

transplantation referrals or allow for appropriate life planning. In this study we demonstrate

that telomere length of genomic DNA obtained from blood collected at the time of initial
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evaluation has value in predicting survival for patients with IPF, but not those with non-IPF

interstitial lung disease. Existing clinical predictors and the GAP score, which is calculated

from baseline clinical and physiologic parameters, are imperfect in predicting survival for

IPF patients, especially for those with early disease. The addition of biomarkers may allow

for better risk stratification. If short telomere length represents an individual’s susceptibility

to develop progressive lung scarring, then its use as a predictive biomarker of IPF survival

may complement other biomarkers that indirectly measure epithelial cell injury or activation

of fibrotic remodeling. It is currently unknown if absolute telomere length cut-offs can be

used across different patient cohorts in predicting survival. In addition, future studies will be

needed to determine if the subdivision of IPF patients by underlying mechanism (telomere

shortening vs. non-telomere shortening) predicts responsiveness to any of the novel

therapeutics currently under investigation in clinical trials or leads to better outcome

predictions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in Context

Systematic Review

We searched PubMed for reports published before April 1, 2014 using the search terms

“telomere length,” “IPF” and “survival.” At the time of our search, one study had

evaluated individuals from familial pulmonary fibrosis kindreds with inherited

telomerase (TERT) mutations and found that they had reduced life expectancy(8). No

study had evaluated telomere length and the survival of sporadic IPF patients.

Interpretation

To our knowledge, this is the first study that has evaluated telomere length as a predictor

of IPF patient survival. Shorter telomere lengths were associated with worse transplant-

free survival for IPF patients independent of age, male gender or physiologic

measurements (FVC, DLCO) from the discovery cohort and two independent replication

cohorts. The addition of telomere length improved clinical prediction models, especially

for IPF cohorts with more mild disease. Future research will be needed to determine if an

absolute telomere length cut point can be used as a predictor of survival across cohorts

and how this biomarker may influence risk stratification of IPF patients. Since rare

mutations in the telomerase genes have been linked to an increased risk of developing

IPF, the development of lung fibrosis in some patients may be related mechanistically to

low levels of cellular telomerase activity or aberrant signaling from critically short

telomeres.
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Figure 1. Age-adjusted telomere lengths of some interstitial lung disease (ILD) patients are
shorter than controls
Mean observed minus expected (age-adjusted) telomere length for controls (n=195), patient

spouses (n=46) and individuals from familial pulmonary fibrosis kindreds who carry an

inherited telomerase (TERT or TERC) mutation (n=106). The ILD patients were subdivided

by etiology: idiopathic pulmonary fibrosis (IPF, n=149) and non-IPF patients which include

those with connective-tissue disease associated ILD (CT-ILD, n=126), idiopathic interstitial

pneumonias other than usual interstitial pneumonia (Other IIPs, n=17), hypersensitivity

pneumonitis (n=30), drug-related or radiation-associated ILD (Exposures, n=10), sarcoidosis

(n=22) and ILD from other causes (Other, n=16). Approximate age-adjusted prediction

bands (percentiles) were calculated from the linear regression model.
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Figure 2. Shorter telomere lengths predict worse survival for IPF patients in three independent
cohorts
Estimated survival functions for IPF patients from Dallas, Chicago and San Francisco

stratified by telomere length quartiles for transplant-free survival.
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Table 3

Multivariable Analysis of Transplant-free Survival of Non-IPF ILD Patients in the Dallas Cohort.

Dallas non-IPF cohort (n=187)*

Hazard Ratio (95% CI) P-value

Multivariable analysis

Age 1·03 (1·00 – 1·06) 0·065

Male Sex 3·07 (1·55 – 6·07) 0·0013

FVC, % predicted 1·06 (0·86 – 1·31) 0·59

DLCO, % predicted 0·44 (0·31 – 0·62) <0·0001

Telomere Length 0·73 (0·16 – 3·41) 0·69

*
The analysis includes patients with all covariates available.
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