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Abstract

Background: Idiopathic pulmonary fibrosis (IPF) is a progressive disease with a variable clinical course and high
mortality. We used data from a large national US registry of patients with IPF to investigate relationships between
patient characteristics, including markers of disease severity, and mortality.

Methods: The analysis cohort comprised patients enrolled in the IPF-PRO Registry from its inception on 5 June 2014 to
26 October 2017. The primary criterion for inclusion in this registry is that patients must be diagnosed or confirmed
with IPF at the enrolling centre within 6months. Associations between patient characteristics and markers of disease
severity at enrolment and mortality outcomes were investigated using univariable, multivariable and adjustment models.

Results: Among 662 patients enrolled, 111 patients died or had a lung transplant over a follow-up period of 30months.
The probability of being free of both events at month 30 was 50.6% (95% CI: 40.0, 60.2). When patient characteristics and
markers of disease severity were jointly examined in a multivariable analysis, oxygen use at rest (hazard ratio [HR] 2.44
[95% CI: 1.45, 4.10]), lower forced vital capacity (FVC) % predicted (HR 1.28 [95% CI: 1.10, 1.49] per 10% decrease) and
diffusion capacity for carbon monoxide (DLco) % predicted (HR 1.25 [95% CI: 1.04, 1.51] per 10% decrease) were
significantly associated with increased risk of death or lung transplant. The risk of death or lung transplant increased with
increasing age in patients ≥62 years old (HR 1.18 [95% CI: 0.99, 1.40] per 5-year increase), and decreased with increasing
age in patients <62 years old (HR 0.60 [95% CI: 0.39, 0.92] per 5-year increase).

Conclusions: In an observational US registry of patients with IPF, oxygen use at rest, lower FVC % predicted, and lower
DLco % predicted were associated with risk of death or lung transplant. An audio podcast of the lead author discussing
these data can be downloaded from: http://www.usscicomms.com/respiratory/snyder/IPF-PROsurvival1/.

Trial registration: ClinicalTrials.gov number: NCT01915511.

Introduction
Idiopathic pulmonary fibrosis (IPF) is a progressive
fibrosing interstitial lung disease (ILD) characterised by
decline in lung function and high mortality [1]. IPF
mainly affects older male adults, typically presenting in
the sixth or seventh decade in individuals with a history
of smoking [2]. Based on data collected in the US prior
to the availability of antifibrotic therapy, median survival

following diagnosis in patients with IPF was 3–5 years
[2–4]. Similar mortality was observed in patients with
IPF in a pan-European registry (eurIPFreg) who were
not receiving antifibrotic therapy [5].
IPF has a variable clinical course, but a number of

patient and clinical characteristics have been shown to
be predictors of mortality in single-centre reports, clin-
ical trial data and registry studies. These include older
age; male sex; lower body mass index (BMI); definite usual
interstitial pneumonia (UIP) pattern on high-resolution
computed tomography (HRCT); low, or decline in, forced
vital capacity (FVC), diffusing capacity of the lungs for
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carbon monoxide (DLco), or exercise capacity (6-min walk
distance, 6MWD); use of supplemental oxygen; and a his-
tory of respiratory-related hospitalisation [4, 6–14]. Im-
portantly, acute deteriorations in respiratory function,
known as acute exacerbations, have a very poor prog-
nosis [12, 15]. In-hospital mortality following an acute
exacerbation is estimated to be over 50% [15].
The Idiopathic Pulmonary Fibrosis Prospective Out-

comes (IPF-PRO) Registry (NCT01915511) is an ongoing
observational US registry of patients diagnosed or con-
firmed with IPF at the enrolling centre within 6months
[16]. Unlike clinical trials, patients with any severity of
disease are eligible to enter the IPF-PRO Registry. As
such, the registry provides an opportunity to better under-
stand factors associated with disease progression in a
diverse, well-characterised cohort of patients with IPF. We
conducted an in-depth analysis of patient character-
istics and markers of disease severity at enrolment
that were associated with death or lung transplant in
patients with IPF.

Methods
Study cohort
Patients enrolled in the IPF-PRO Registry from its incep-
tion on 5 June 2014 to 26 October 2017 comprised the ana-
lysis cohort. The design of this registry has been described
[16]. Participants are required to be diagnosed or con-
firmed with IPF at the enrolling centre within 6months ac-
cording to the 2011 ATS/ERS/JRS/ALAT guidelines [1].
Patients with malignancy (other than skin cancer) within
the past 5 years, or who are listed for lung transplantation
or participating in a randomised clinical trial, are not eli-
gible to enrol in the registry; however, patients can
join clinical trials or be listed for lung transplantation
after enrolment.

Outcome
The primary outcome was a composite of death or lung
transplant. Lung transplant serves as a marker of disease
progression that would otherwise have been expected to
result in death. Secondary outcomes were death, a com-
posite of respiratory-related death or lung transplant,
and respiratory-related death. Deaths were recorded in
case report forms. In addition, telephone interviews
every 6 months confirmed patients’ vital status; if the
patient had died, the date of death was obtained and
entered into the registry database. Whether a death was
respiratory-related was determined by the principal in-
vestigator at the site based on review of the medical re-
cords surrounding the death.

Statistical analysis
Cumulative event counts and event-free rates over 30
months (a cut-off selected based on available follow-up

data) were estimated for each outcome using the
Kaplan–Meier method. A Cox proportional hazards
regression model for time-to-first-event was used in
association analyses. The Cox model was stratified by
antifibrotic drug use (nintedanib or pirfenidone) at en-
rolment, which allowed the baseline hazard function to
vary across strata and assumed that the effect of the
other covariates in the model was the same across
strata. In this way, the stratified Cox model accounted
for treatment use without directly reporting its effect
estimate. Associations between patient characteristics
at enrolment and each outcome were examined using
univariable and multivariable models. Based on previ-
ous studies, clinical experience, and data completeness
(variables with missing data from ≥25% of patients were
not considered), the following covariates were evaluated
as patient characteristics: age, sex, BMI, private insur-
ance, smoking status, oxygen use with activity, oxygen
use at rest, 2011 ATS/ERS/JRS/ALAT diagnostic cri-
teria for IPF (definite, probable, possible) [1], history of
coronary artery disease or congestive heart failure, his-
tory of pulmonary hypertension, clinically significant
emphysema on HRCT scan (based on the opinion of
the investigator), prior hospitalisation, distance to the
enrolling centre, and time from symptom onset to con-
firmed diagnosis of IPF at the enrolling centre. Data on
these covariates were abstracted from patients’ medical
records. Univariable models included only one covari-
ate. The multivariable model included all covariates. In
addition, an adjustment model was created that included
patient characteristics selected after performing backwards
selection on the multivariable model using an alpha-to-stay
criterion of 0.05; selection was performed to develop a
parsimonious list of patient characteristics to use as adjust-
ment covariates for association analyses between markers
of disease severity and each outcome. Associations be-
tween each marker of disease severity and each out-
come were examined using a univariable model and a
model adjusted for patient characteristics selected in
the adjustment model. The following covariates were eval-
uated as markers of disease severity: FVC % predicted,
DLco % predicted, the number of prior respiratory-related
hospitalisations, composite physiologic index (CPI) [17]
and GAP stage [18].
The joint association between patient characteristics

and markers of disease severity and death or lung trans-
plant was then examined. This was assessed by including
patient characteristics that were selected in the adjust-
ment model and markers of disease severity that were
significant predictors of death or lung transplant after
adjustment for patient characteristics simultaneously in
a multivariable model.
Categorical and continuous patient characteristics and

markers of disease severity were assessed for appropriate
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distribution and linearity. For categorical variables, the
distribution of events across levels was examined. If
there were <5 events in some levels, levels of the cat-
egorical variable were collapsed before being included in
the final association model. For continuous variables, the
linearity assumption was assessed by performing a
lack-of-fit test comparing a linear fit with a non-linear fit
based on a restricted cubic spline with 3 knots. Only age
showed a non-linear relationship; this was transformed
to account for the non-linearity using a 2-part linear
spline with the knot at 62 years, a point chosen based on
the unadjusted model chi square. For all variables, the
proportional hazards assumption was assessed by testing
for a significant interaction between log-transformed
time-to-event and the variable. Missing data were han-
dled using multiple imputation (see Additional file 1).

Results
Study cohort
A total of 662 patients were included in this analysis. At
enrolment, median age was 70 years, 74.9% of patients
were male, 68.4% were current or former smokers and
19.6% were using supplemental oxygen at rest (Table 1).
Median FVC was 69.6% predicted and median DLco
was 41.7% predicted.

Events of death or lung transplant
A total of 92 deaths and 20 lung transplants were ob-
served, with 91 deaths and 20 lung transplants by month
30 used in the analysis. The event-free probability at
month 30 was 50.6% (95% CI: 40.0, 60.2) (Fig. 1; Table 2).
Cumulative event counts and event-free rates for
death, respiratory-related death or lung transplant, and
respiratory-related death are shown in Additional file 2:
Table S1 and Additional file 3: Figures S1–S3.

Associations between patient characteristics and
outcomes
As a J-shaped relationship was observed between age and
death or lung transplant, this was modelled using a 2-part
linear spline with a single knot at 62 years (Fig. 2). There
was no evidence of non-linearity for the other continuous
patient characteristics assessed (data not shown).
In the univariable analyses, oxygen use with activity

(HR 3.52 [95% CI: 2.40, 5.16]), oxygen use at rest (HR
4.59 [95% CI: 3.11, 6.76]), history of pulmonary hyper-
tension (HR 2.30 [95% CI: 1.35, 3.92]) and prior hospi-
talisation (HR 1.50 [95% CI: 1.01, 2.21]) were
significantly associated with an increased risk of death
or lung transplant (Fig. 3a). The risk of death or lung
transplant increased for every 5-year increase in age in
patients ≥62 years old (HR 1.25 [95% CI: 1.17, 1.35]),
and increased per 5-year decrease in age in patients
<62 years old (HR 0.50 [95% CI: 0.42, 0.61]).

Table 1 Characteristics of patients at enrolment into the IPF-PRO
Registry (n = 662)

Age, years 70 (65, 75)

Male 496 (74.9)

White 623 (94.1)

Body mass index, kg/m2 29.0 (26.0, 32.4)

Private insurance 420 (66.4)

Current or former smoker 446 (68.4)

Oxygen use with activity 217 (34.1)

Oxygen use at rest 125 (19.6)

Serologic testing reported at enrolment
At least one abnormal serologic test reported

184 (27.8)
161

Receiving immunosuppressive or cytotoxic medications 5 (0.8)

Receiving nintedanib or pirfenidone 352 (54.0)

Surgical lung biopsy performed prior to enrolment 176 (30)

Bronchoscopy performed within 12months
of enrolment

60 (10.3)

Prior diagnosis of IPF (confirmed at
the enrolling centre)

301 (45)

Diagnostic criteriaa

Definite IPF 437 (68.8)

Probable IPF 141 (22.2)

Possible IPF 57 (9.0)

History of coronary artery disease or
congestive heart failure

203 (31.2)

History of pulmonary hypertension 51 (7.9)

Emphysemab 71 (11.2)

Prior hospitalisation (any) 171 (29.3)

Respiratory related 106 (18.2)

Non-respiratory related 86 (14.8)

Symptom onset to confirmed diagnosis
of IPF at enrolling center, months

14 (7, 29)

Distance to enrolling centre, miles 40 (16, 109)

FVC, % predicted 69.6 (60.1, 79.9)

DLco, % predicted 41.7 (32.2, 50.1)

Prior respiratory hospitalisation 106 (18.2)

1 84 (12.7)

2 18 (2.7)

3 3 (0.5)

4 1 (0.2)

Composite physiologic index 53.2 (45.7, 60.0)

GAP stage

I 146 (26.4)

II 306 (55.2)

III 102 (18.4)

Data are median (25th, 75th percentile) or n (%). Not all patients provided
data on all variables. aAccording to 2011 ATS/ERS/JRS/ALAT diagnostic
guidelines [1]. bClinically significant emphysema on HRCT scan (based on the
opinion of the investigator)
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In the multivariable analysis, oxygen use with activity
(HR 1.80 [95% CI: 1.09, 3.00]), and oxygen use at rest
(HR 3.55 [95% CI: 2.06, 6.12]) were significantly associ-
ated with an increased risk of death or lung transplant
(Fig. 3b). The risk of death or lung transplant increased
numerically with increasing age in patients ≥62 years
old (HR 1.09 [95% CI: 0.91, 1.31] per 5-year increase),
and decreased significantly with increasing age in pa-
tients <62 years old (HR 0.48 [95% CI: 0.31, 0.76] per
5-year increase). When backwards selection was per-
formed using the covariates from the multivariable
model, the same three variables were significantly asso-
ciated with this outcome (Fig. 3c).
Associations between patient characteristics and death,

respiratory-related death or lung transplant, and respira-
tory death were generally consistent with the data on
death or lung transplant (Additional file 2: Tables S2–S4).

Associations between markers of disease severity and
outcomes
There was no evidence of non-proportional hazards or
non-linearity for any of the markers of disease severity

assessed (data not shown). In the univariable analyses,
prior respiratory-related hospitalisations (HR 1.65 [95%
CI: 1.08, 2.51]), worse FVC % predicted (HR 1.53 [95% CI:
1.33, 1.76] per 10% decrease), worse DLco % predicted
(HR 1.74 [95% CI: 1.48, 2.04] per 10% decrease), worse
disease severity according to CPI (HR 1.50 [95% CI: 1.34,
1.67] per 5-point increase) and GAP stage (HR 1.71 [95%
CI: 0.99, 2.96] for II vs I; HR 4.77 [95% CI: 2.68, 8.48] for
III vs I) were significantly associated with an increased risk
of death or lung transplant (Fig. 4a). In the analysis ad-
justed for patient characteristics in the adjustment model
(i.e., age, oxygen use with activity, oxygen use at rest),
worse FVC % predicted (HR 1.36 [95% CI: 1.18, 1.57] per
10% decrease), worse DLco % predicted (HR 1.38 [95% CI:
1.15, 1.64] per 10% decrease), and worse disease severity
according to CPI (HR 1.30 [95% CI: 1.15, 1.46] per 5-point
increase) and GAP stage (HR 1.68 [95% CI: 0.95, 2.99] for
II vs I; HR 2.93 [95% CI: 1.48, 5.80] for III vs I) were sig-
nificantly associated with an increased risk of death or
lung transplant (Fig. 4b). Associations between markers of
disease severity and death, respiratory-related death or
lung transplant, and respiratory death were generally
consistent with the data on death or lung transplant (Add-
itional file 2: Tables S5–S7). Comparison of markers of
disease severity between those with a new diagnosis of IPF
and those referred with a diagnosis of IPF is presented in
Additional file 2: Table S8.

Joint associations between patient characteristics and
markers of disease severity and outcome
When patient characteristics in the adjustment model and
markers of disease severity that were significant predictors

Fig. 1 Kaplan-Meier estimate of time from enrolment in the IPF-PRO Registry to death or lung transplant

Table 2 Events of death or lung transplant

Cumulative
event count

Number of
patients at risk

Event-free probability,
% (95% CI)

Month 6 24 415 95.1 (92.8, 96.7)

Month 12 57 260 86.0 (82.1, 89.0)

Month 18 80 163 76.8 (71.7, 81.1)

Month 24 104 73 62.3 (55.4, 68.5)

Month 30 111 15 50.6 (40.0, 60.2)
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of death or lung transplant after adjustment (except for
CPI and GAP stage, as these composites include FVC and
DLco) were included simultaneously in a multivariable
model, oxygen use at rest (HR 2.44 [95% CI: 1.45, 4.10]),
worse FVC % predicted (HR 1.28 [95% CI: 1.10, 1.49] per
10% decrease) and lower DLco % predicted (HR 1.25 [95%
CI 1.04, 1.51] per 10% decrease) were significantly associ-
ated with increased risk of death or lung transplant (Fig. 5).
The risk of death or lung transplant increased numerically
with increasing age in patients ≥62 years old (HR 1.18
[95% CI: 0.99, 1.40] per 5-year increase), and decreased
with increasing age in patients <62 years old (HR 0.60
[95% CI: 0.39, 0.92] per 5-year increase). Oxygen use
at rest was the strongest predictor of death or lung trans-
plant (largest test-statistic value in the regression model-
ling). Joint associations between patient characteristics and
disease severity markers, and death, respiratory-related
death or lung transplant, and respiratory death are sum-
marised in Additional file 2: Table S9.

Discussion
As IPF is a progressive disease associated with high mor-
tality, there is considerable interest in defining patient
characteristics or markers of disease severity that associ-
ate with an increased risk of mortality or lung trans-
plant. In a national US registry of patients diagnosed or
confirmed with IPF at the enrolling centre within 6

months, we found that the probability of death or lung
transplant over a follow-up period of 30 months, based
on Kapan-Meier estimates, was approximately 50%. The
variable that was most strongly associated with the risk
of death or lung transplant was the use of supplemental
oxygen at rest, reported in 20% of patients at enrolment.
Interestingly, of the patients on oxygen at rest, only 41%
had a diagnosis of IPF prior to being referred to the en-
rolling centre. Based on the limited arterial blood gas
measurements (13% of this cohort) reported as part of
clinical care in the registry, we cannot determine if there
were more patients who may have qualified for oxygen
at rest but were not reported as being on oxygen at rest.
In a comparison of those reported to be or not to be on
oxygen at rest, the patients on oxygen at rest had a
higher CPI and more advanced GAP stage (Additional
file 2: Table S10). Regardless, oxygen use at rest was an
important predictor of death or lung transplant across
univariable analyses, multivariable analyses, and analyses
adjusted for other patient characteristics or markers of
disease severity. While this finding is consistent with
shorter studies [8, 9, 19], confirmation in a large and
diverse cohort of patients in the IPF-PRO Registry high-
lights the significance of this clinical characteristic as a
predictor of mortality in patients with IPF in the real
world. In addition, use of supplemental oxygen during
activity was a predictor of death or lung transplant in

Fig. 2 Spline transformation for patient age at enrolment. Orange line and band show predicted 1-year event rate with 95% CI from the model
including age, oxygen use at rest, oxygen use with activity, FVC % predicted and DLco % predicted. Observed (Kaplan-Meier) rates are from age
groups defined in 5-year intervals. Group age ranges and patient numbers are: ≤60 years (n = 76), 61–65 years (n = 99), 66–70 years (n = 175), 71–
75 years (n = 165), 75–80 years (n = 103) and >80 years (n = 44)
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HR (95% CI) P-value

Age, years <0.0001

<62 years, per 5-year increase 0.50 (0.42, 0.61)

-year increase 1.25 (1.17, 1.35)

Female sex 1.07 (0.70, 1.63) 0.76

Body mass index, per 1-point increase 0.97 (0.93, 1.01) 0.092

Private insurance 0.82 (0.55, 1.22) 0.32

Current or former smoker 0.90 (0.60, 1.34) 0.60

Oxygen use with activity 3.52 (2.40, 5.16) <0.0001

Oxygen use at rest 4.59 (3.11, 6.76) <0.0001

Diagnostic criteria of definite IPF 1.01 (0.67, 1.53) 0.96

History of coronary artery disease or congestive heart failure 1.03 (0.69, 1.52) 0.90

History of pulmonary hypertension 2.30 (1.35, 3.92) 0.0022

Emphysema 1.46 (0.78, 2.73) 0.23

Prior hospitalisation 1.50 (1.01, 2.21) 0.043

Distance to enrolling centre, per 10-mile increase 0.99 (0.97, 1.02) 0.68

Symptom onset to confirmed diagnosis of IPF at enrolling 
centre, per 6-month increase

0.97 (0.90, 1.04) 0.38

0 1 2 3 4 5 6 7 8

HR (95% CI) P-value

Age, years 0.0053

<62 years, per 5-year increase 0.48 (0.31, 0.76)

-year increase 1.09 (0.91, 1.31)

Female sex 1.01 (0.63, 1.62) 0.97

Body mass index, per 1-point increase 0.97 (0.93, 1.01) 0.12

Private insurance 0.84 (0.55, 1.29) 0.43

Current or former smoker 0.77 (0.50, 1.19) 0.24

Oxygen use with activity 1.80 (1.09, 3.00) 0.023

Oxygen use at rest 3.55 (2.06, 6.12) <0.0001

Diagnostic criteria of definite IPF 0.89 (0.57, 1.39) 0.60

History of coronary artery disease or congestive heart failure 1.20 (0.75, 1.89) 0.45

History of pulmonary hypertension 1.37 (0.77, 2.44) 0.29

Emphysema 0.99 (0.51, 1.95) 0.99

Prior hospitalisation 0.99 (0.65, 1.52) 0.97

Distance to enrolling centre, per 10-mile increase 1.01 (0.98, 1.04) 0.64

Symptom onset to confirmed diagnosis of IPF at enrolling 
centre, per 6-month increase

0.94 (0.86, 1.02) 0.11

0 1 2 3 4 5 6 7 8

HR (95% CI) P-value

Age, years 0.0049

<62 years, per 5-year increase 0.48 (0.31, 0.75)

-year increase 1.17 (0.99, 1.39)

Oxygen use with activity 1.81 (1.11, 2.96) 0.017

Oxygen use at rest 3.29 (1.99, 5.45) <0.0001

0 1 2 3 4 5 6

A

B

C

Fig. 3 Associations between patient characteristics and death or lung transplant in (a) univariable models, b a multivariable model, and
(c) an adjustment model
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the univariable, multivariable and adjusted models. This
is consistent with previous observations that oxygen de-
saturation during exercise is a predictor of mortality in
patients with IPF [11, 20]. However, oxygen use during
activity was not as strong a predictor of death or lung
transplant as oxygen use at rest.
Decline in FVC is reflective of disease progression

in patients with IPF and a predictor of mortality [1].
Lower FVC % predicted at baseline has been

associated with an increased risk of mortality in pa-
tients with IPF both in clinical trials [12] and in
registry studies [11, 14, 21, 22]. In our analysis, the
risk of death or lung transplant increased by 28% per
10% decrease in FVC % predicted at enrolment. Simi-
larly, the risk of death or lung transplant increased by
25% per 10% decrease in DLco % predicted at enrol-
ment. Importantly, these relationships persisted after
adjusting for age and oxygen use.

HR (95% CI) P-value

FVC % predicted, per 10% decrease 1.53 (1.33, 1.76) <0.0001

DLco % predicted, per 10% decrease 1.74 (1.48, 2.04) <0.0001

Prior respiratory hospitalisation 1.65 (1.08, 2.51) 0.020

Number of respiratory-related hospitalisations in past year 0.053

1 vs 0 1.54 (0.97, 2.46)

≥2 vs 0 2.09 (0.95, 4.59)

CPI, per 5-point increase 1.50 (1.34, 1.67) <0.0001

GAP stage <0.0001

II vs I 1.71 (0.99, 2.96)

III vs I 4.77 (2.68, 8.48)

0 1 2 3 4 5 6 7 8 9

HR (95% CI) P-value

FVC % predicted, per 10% decrease 1.36 (1.18, 1.57) <0.0001

DLco % predicted, per 10% decrease 1.38 (1.15, 1.64) 0.0004

Prior respiratory hospitalisation 0.90 (0.57, 1.41) 0.64

Number of respiratory-related hospitalisations in past year 0.87

1 vs 0 0.92 (0.56, 1.51)

≥2 vs 0 0.83 (0.37, 1.85)

CPI, per 5-point increase 1.30 (1.15, 1.46) <0.0001

GAP stage 0.0076

II vs I 1.68 (0.95, 2.99)

III vs I 2.93 (1.48, 5.80)

0 1 2 3 4 5 6

A

B

Fig. 4 Associations between markers of disease severity and death or lung transplant in (a) univariable models and (b) a model adjusted for
patient characteristics

HR (95% CI) P-value

Age, years 0.051

<62 years, per 5-year increase 0.60 (0.39, 0.92)

-year increase 1.18 (0.99, 1.40)

Oxygen use with activity 1.41 (0.86, 2.32) 0.18

Oxygen use at rest 2.44 (1.45, 4.10) 0.0007

FVC % predicted, per 10% decrease 1.28 (1.10, 1.49) 0.0013

DLco % predicted, per 10% decrease 1.25 (1.04, 1.51) 0.020

0 1 2 3 4 5

Fig. 5 Joint association between patient characteristics and disease severity markers, and death or lung transplant
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We demonstrated a J-shaped relationship between age
and death or lung transplant, with patients approxi-
mately 60 years of age being at the lowest risk, a gradual
increase in risk with increasing age and a sharp increase
in risk in younger patients. In our cohort, 91 patients
(13.7%) were aged under 62 years and 18 patients (2.7%)
were aged under 55 years. A greater proportion of pa-
tients aged under 55 years reported a family history of
ILD than patients aged 62 years and older (35% versus
18%). We hypothesise that the youngest patients in the
IPF-PRO Registry may represent a different disease co-
hort than the elderly patients, as familial pulmonary fi-
brosis has been associated with high mortality [23–25].
However, in a recent single-centre study of 129 patients
with IPF, there was no significant difference in mortality
over 3 years in patients aged under 50 years (n = 30)
compared with older patients [26].
Previous analyses of data from clinical trials [12, 27]

and retrospective studies [28–30] have linked respiratory-
related hospitalisation with increased mortality in patients
with IPF. In our analysis, prior respiratory-related
hospitalisation was associated with an increased risk
of death or lung transplant in univariable but not
multivariable analyses. Previous studies have suggested that
patients with idiopathic interstitial pneumonia and definite
UIP have a worse prognosis than those with possible UIP
[13, 31]. In our analyses, a site-confirmed diagnosis of
definite IPF showed no association with the risk of death or
lung transplant. This parallels data from the INPULSIS
trials, which showed that patients with possible UIP and
traction bronchiectasis on HRCT had the same rate of dis-
ease progression over 1 year as patients with honeycombing
confirmed on HRCT or surgical lung biopsy [32].
Recently, Torrisi et al. reported a TORVAN model and

index that incorporates comorbidities into a survival
model. Specifically, worse survival was associated with
pulmonary hypertension, lung cancer, valvular heart
disease and atrial arrhythmias. Gastro-oesophageal re-
flux disease (GERD; by history and medication use) was
protective in survival models. Given this recent report,
we reviewed the data from the IPF-PRO Registry for the
comorbidities of interest. Of note, pulmonary hyperten-
sion was found not to be associated with death or lung
transplant in our cohort, after adjusting for other patient
characteristics. There were no patients with lung cancer.
We did not collect any information on valvular heart
disease so cannot provide those data. Regarding atrial ar-
rhythmias, there were 68 patients (10.5%) with a re-
ported atrial fibrillation or atrial flutter history. For
GERD, there were 459 patients (73%) with GERD (by
history, proton pump inhibitor use, or H2 antagonist
use) at time of enrolment. Given the small number of
atrial arrhythmias, we do not have enough data to evalu-
ate the predictive value of this variable. As the GERD

variable was more prevalent, we included that in both
the univariable and multivariable analyses for all four
endpoints studied and it was not significant in any ana-
lysis. Further, it was not selected for the adjustment model
for any endpoint. Thus, in our registry, we are not able to
validate the TORVAN model, though it is likely that co-
morbidities may impact outcomes in some cohorts.
Our analyses of data from the IPF-PRO Registry have

several strengths that distinguish them from other ana-
lyses of survival in patients with IPF. Firstly, the use of a
large cohort of patients with IPF (n = 662) from many
centres, recruited using broad inclusion criteria, empha-
sises the generalisability of our study in the real world.
Secondly, the registry systematically collected data on a
large number of covariates with high rates of follow-up,
and was of longer duration than most clinical trials.
There are also several limitations to note. Given the
small number of lung transplants, we could not assess
predictors of lung transplant as a stand-alone endpoint.
Furthermore, we cannot confirm if older age in this co-
hort limited the number of lung transplants. We were
limited in the analysis of associations between 6MWD at
enrolment and death or lung transplant because many
patients did not perform a 6-min walk test at enrolment.
Due to the timing of the registry inception and the ap-
proval of nintedanib and pirfenidone in the US, we were
not able to evaluate associations between the use of
antifibrotic therapy at enrolment and death or lung
transplant. Finally, our analyses were limited to patient
characteristics at enrolment. In future, as the IPF-PRO
Registry matures, it will provide an opportunity to assess
novel measures of disease severity, such as quantitative
lung fibrosis scores, and genetic, proteomic and metabo-
lomic biomarkers of disease progression.

Conclusions
Data from the IPF-PRO Registry demonstrated high mor-
tality in patients with IPF, with oxygen use at rest being
the strongest predictor of mortality over the follow-up
period. Notably, the association between oxygen use at
rest and death or lung transplant was independent of
many factors previously associated with disease progres-
sion, such as FVC, DLco, GAP stage and hospitalisation.
As such, careful consideration of oxygen requirements in
patients with newly diagnosed IPF is a powerful prognos-
tic tool to inform physician and patient decision-making
regarding clinical care and potential treatment options.
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