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Abstract

Rationale: Several new drugs for idiopathic pulmonary fibrosis
(IPF) are in development. Tools are needed to assess whether these
drugs benefit patients on outcomes thatmattermost to them.Health-
related quality of life (HRQL) is one such outcome. It is influenced by
many factors, but symptoms and their impacts are two strong drivers.

Objectives: To develop a questionnaire to assess symptoms, disease
impacts, and HRQL specifically for patients with IPF.

Methods:Working with the U.S. Food and Drug Administration
through the Drug Development Tool Qualification process,
focus groups, concept elicitation, and cognitive debriefing interviews
were conducted to inform the development of a 44-item pilot
questionnaire. The pilot paper-and-pen questionnaire was migrated
to an equivalent electronic version and field-tested in a 14-day
study. Response data were subjected to psychometric testing,
including exploratory factor analysis, item calibration using item
response theory models, test-retest reliability, and validity testing.

Measurements and Main Results: A total of 125 patients
with IPF (62.4% men) completed the longitudinal study.
The mean6 SD age of the cohort was 696 7.60 years, and
the mean FVC% predicted was 716 20.0. After factor and
item analyses, 35 items were retained, and these comprise
the two modules (symptoms and impacts) of the Living
with IPF (L-IPF) questionnaire. The L-IPF yields five scales
demonstrating good psychometric properties, including
correlation with concurrently collected FVC% predicted
and the ability to discriminate between patients with differing
levels of IPF severity.

Conclusions: The L-IPF is a new questionnaire that
assesses symptoms, disease impacts, and HRQL in patients
with IPF.

Keywords: idiopathic pulmonary fibrosis; health-related quality
of life; patient-reported outcomes; questionnaire; validity

Idiopathic pulmonary fibrosis (IPF) is a
progressive, incurable diffuse parenchymal
lung disease of unknown cause that is most
often diagnosed in people older than 60
years (1). Its debilitating symptoms and

poor prognosis rob patients of their
physical and emotional well-being (2) as
they confront early death (3). Survival is
poor, with most patients dying of disease
progression (4). In several observational

cohort studies of patients with IPF, the
median survival was 2.5–5 years from the
time of diagnosis (5–8).

Exertional dyspnea and fatigue are
ubiquitous among patients with IPF; many
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also suffer a dry, nagging cough that may be
poorly responsive to conventional therapies
(9). Impairments in health-related quality
of life (HRQL) among patients with IPF are
driven by the disease’s unpredictable, life-
shortening prognosis and its progressive
symptoms (10).

Currently, there are two drugs
approved by regulatory agencies around the
world for IPF (11, 12). Although each
antifibrotic drug slows the progression of
IPF (to a similar degree, as measured by
changes in FVC over time), neither has
been shown to reliably affect symptoms or
HRQL, as measured by currently available
questionnaires. It is unclear whether those
questionnaires simply lack the validity and
sensitivity that a psychometrically sound
IPF-specific questionnaire would have to
capture signals of modestly beneficial drug
effects. Nonetheless, approvals of those
drugs have generated immense interest and

enthusiasm to identify new, even more
effective therapies for IPF. As novel agents
are tested, it will be necessary to determine
their effects on IPF progression and other
meaningful outcomes to people with IPF,
such as how they feel and function in their
daily lives (13).

Most often, capturing how patients
feel and function, key drivers of HRQL, is
accomplished by having them complete
questionnaires or surveys called patient-
reported outcome (PRO) measures.
Favorable results on thoughtfully crafted
PROs (developed with patient input)
could support labeling claims for drugs
that target this stubbornly progressive
and deadly disease. The U.S. Food and
Drug Administration (FDA) has laid out
guidance for PRO development (14, 15)
and created a process through which it
deems a PRO qualified for use within a
specific context (e.g., to evaluate symptoms
in patients with IPF). The qualification
process entails a review by FDA scientists to
assess whether a PRO yields “analytically
valid measurements” that are appropriate for
the context within which the PRO is to be
used (16). It is intended to alleviate the need
for each sponsor who wishes to use the PRO
from having to generate and submit data
to support its use, thus streamlining
incorporation of the PRO in the drug
development and regulatory review process.
It is likely that qualification by the FDA—
and the publication of the data the agency
used to support its decision—would bolster
the confidence of international investigators
in the PRO and prompt them to use it in
multinational trials.

We aimed to develop a disease-specific
tool to assess symptoms and HRQL in
patients with IPF; the tool, called the Living
with IPF (L-IPF) questionnaire, has
completed two phases of review by the FDA
and is currently in the final stage of full
qualification package review. Here, we
describe the development and psychometric
evaluation of L-IPF.

Methods

Study Population and Ethics Approval
Participants were patients with IPF,
diagnosed according to accepted criteria
(17), and were followed at National
Jewish Health, the University of Utah,
or the University of Michigan. All
parts of the study were approved by

the Western Institutional Review
Board (project 20151864), and all
participants gave written, informed
consent.

Development of the Conceptual
Framework
Some of the research that informed
development of L-IPF has been published
previously, including work performed in
the generation of A Tool to Assess HRQL
in IPF (10, 18). However, the L-IPF is a
distinct questionnaire with its own, unique
conceptual framework, format, and content
and not simply an updated version of A
Tool to Assess HRQL in IPF. For additional
information, please see the online
supplement.

A preliminary, overarching conceptual
framework for describing IPF-specific HRQL
was generated from qualitative data captured
during concept elicitation (CE) focus groups
(n= 6, 4, and 5) and five in-depth CE
interviews of patients with IPF (total N= 20
[13 men and 7 women]; median age 67
years; median IPF duration 1.8 years; 10
used continuous supplemental oxygen, 4
used supplemental oxygen with exertion,
and 6 used no supplemental oxygen) (10).
Informed by discussions with the FDA,
additional qualitative work was performed;
five more (n= 7, 4, 4, 3, and 6) CE focus
groups (total N= 24 [15 men and 9 women];
mean age 67 years; mean IPF duration 2.2
years; 9 used continuous supplemental
oxygen, 5 used supplemental oxygen with
exertion, and 10 used no supplemental
oxygen) solidified the conceptual framework
and item pool for a working version of the
questionnaire.

Working Version
The working version of L-IPF was a 41-item
questionnaire with response options on a
six-point numeric rating scale. One
cognitive debriefing focus group (n= 7) was
conducted to get input from patients with
IPF on the relevance of domains, the
appropriateness of wording, and the
comprehensiveness of included items and
to determine if revisions were necessary.
This led to minor changes in wording,
the alteration of response option
numbering to a five-point numeric
rating scale, and the addition of three
items. Through continued discussions
with the FDA and the support of the
qualitative data, we designed the pilot

At a Glance Commentary

Scientific Knowledge on the
Subject: Living as well as possible for
as long as possible is a goal for many
patients with idiopathic pulmonary
fibrosis (IPF), a morbid, incurable, life-
shortening disease. Sadly, IPF robs
patients of their quality of life by
inducing activity-limiting dyspnea,
nagging cough, and profound fatigue.
A worthy therapeutic goal—one that
our field is working diligently to
achieve—is to find well-tolerated and
effective drugs and other interventions
that improve patients’ quality of life.
To accurately assess whether such
therapies yield beneficial effects on
quality of life, reliable and valid
assessment tools are needed.

What This Study Adds to the Field:
In this study, we describe the
development of a new questionnaire to
assess symptoms, their impact, and
quality of life in patients with IPF.
Rigorous methodology and patient
input were used from the outset as the
questionnaire was developed from the
ground up, and initial analyses support
the validity of the Living with IPF
questionnaire for capturing these
outcomes of utmost importance to
patients with IPF.
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L-IPF to comprise two distinct modules:
symptoms (23 total items, each with a
24-h recall) and impacts (21 items with
a 1-wk recall). See Figure 1 for an overview of
the development process of the L-IPF.

Paper-and-Pen to Electronic Format
To decrease respondent burden and
facilitate daily completion of the symptoms

module (items have 24-h recall period),
the paper-and-pen version of the L-IPF
was converted to an electronic format
and downloaded onto portable electronic
devices (referred to as the eDiary
henceforth) by a professional vendor
who worked closely with the study team
during the conversion process to ensure
equivalency.

Fourteen-Day Study to Finalize Item
Selection, Conduct Psychometric
Testing, and Establish Scoring
Between February 2016 and August 2017,
125 patients with IPF (diagnosed according
to standard criteria by physicians with
expertise in IPF) (17) were enrolled from
the interstitial lung disease (ILD) clinics
at National Jewish Health, the University
of Michigan, or the University of Utah.
We aimed to enroll patients with IPF
of varying severity as determined by
concurrently collected FVC% predicted
and DLCO%.

Once enrolled, each subject was
assigned an eDiary, was instructed on its
use, and completed a practice module. Then,
they completed a pen-and-paper version of
the St. George’s Respiratory Questionnaire
(SGRQ) in a private room at the site. The
SGRQ is a 50-item respiratory-specific
questionnaire in which three domains
(symptoms, activity, and impacts) and
the total score range from 0 to 100, with
higher scores indicating greater impairment
(19). Subjects also responded to a single
item asking about their overall general
health.

The first 10 subjects enrolled at
National Jewish Health completed both
eDiary and pen-and-paper versions of the
pilot L-IPF in an interview setting to further
demonstrate the equivalency between the
eDiary and pen-and-paper version of the
L-IPF and to assess usability of the eDiary.
Full details of the equivalency and usability
interviews are included in the online
supplement. All subjects were asked to
complete the symptoms module daily and
the impacts module every 7 days for 14 days
and then return the eDiary in postage-paid
packages.

Analysis
Data analyses included qualitative content
analysis of the equivalency and usability
interviews, item endorsement assessments,
exploratory factor analyses (EFAs) to
establish dimensionality and support scale
scoring, item response evaluations and item
calibration using item response theory (IRT)
models, test-retest reliability, and
concurrent and known-groups validity
testing.

For the EFA, the empirical Kaiser
criterion method was employed (20). This
methodology extends the well-known
Kaiser methodology by allowing for

L-IPF for psychometric evaluation and validity analyses
2 modules:

23 items in symptoms module with 24-hour recall
21 items in impacts module with one-week recall

Response options 0−4 NRS format

Cognitive debriefing focus group
3 items added to symptoms module, response options changed to 

0−4 NRS format

Working version of L-IPF
2 modules

41 items total
24-hour recall for symptoms module
All response options 0−5 NRS format

Qualitative data collection
3 concept elicitation focus groups and 5 in-depth interviews

Discussions with FDA begin
PRO qualification process

Development of conceptual framework and item pool

Additional qualitative data collection
5 new concept elicitation focus groups

Final version of the L-IPF
2 modules:

15 items in symptoms module (3 domains: Shortness of Breath, Cough, and Energy)
Symptoms module items all with 24-hour recall

20 items in impacts module with one-week recall
All items in both modules with response options 0−4 NRS format 

Figure 1. Development diagram for the Living with Idiopathic Pulmonary Fibrosis questionnaire.
FDA=U.S. Food and Drug Administration; L-IPF=Living with Idiopathic Pulmonary Fibrosis;
NRS=numeric rating scale; PRO=patient-reported outcome.
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sampling variability. Full-information EFA
were conducted to determine the
dimensionality of the L-IPF domains using
the “mirt” package in R (21).

Using the EFA models as a basis for
the item structures, confirmatory full-
information IRT models were fit for the
hypothesized L-IPF domains in an attempt
to create scores that maximized the
information contained within the item
responses given by respondents. Items were
treated as graded responses and modeled
by employing full-information factor
analysis techniques. Total scores for both
symptoms and impact modules were
calculated according to variations of the
bifactor model (22, 23), in which items all
contribute to a general factor but are then
bundled into so-called “testlets” to account
for residual variance in the data. In
addition, a three-factor IRT model of the
symptoms module was fit to create
symptom subscales for dyspnea, cough,
and energy symptoms.

The test-retest reliability was assessed
using intraclass correlation coefficients
(ICC) for random single raters (ICC [2–1])
(24). Test-retest reliability estimates for the
symptoms module total score and subscales
were estimated by correlating scores over
the 14 days of the study. Test-retest
reliability estimates for the impacts module

total score were estimated by correlating
scores from the first administration to the
last administration (i.e., Days 1 and 14). For
the concurrent validity analyses, we used
Pearson correlation between L-IPF scores,
pulmonary function tests (FVC% predicted
and DLCO%), SGRQ scores, and the single
item on general health status. The criterion
for acceptable convergent—or divergent for
negative correlations—is jrj> 0.40 (25).
Known-groups validity was assessed by
comparing L-IPF scores across disease
severity strata, as defined by FVC%,
supplemental oxygen use, or gender–age–
physiology (GAP) index (3).

Results

Baseline characteristics of the cohort are
shown in Table 1. From the equivalency
and usability interviews, instructions, items,
and response options of the L-IPF
questionnaire were interpreted as the
developer intended. Respondents provided
overwhelmingly similar or equivalent
responses between eDiary and pen-and-
paper modes of administration. There were
no item equivalency issues (Section E1).

Eight items in total (seven from the
symptoms module and one from the
impacts module) were dropped because of

high correlation (i.e., redundancy) with
other items (Section E2). For redundant
pairs, the item fitting better within the
overall model structures was retained. An
additional item that asked for a rating of
shortness of breath while walking up an
incline had significant missing responses
and was dropped.

Ultimately, analyses supported using
model-based scoring (based on the IRT
models, please see Section E3 for details).
The response category endorsement and
results from the IRT modeling supported
collapsing the highest response categories
(originally coded to 3 and 4) during
scoring. This resulted in more stable
models because the responses in these
categories were relatively sparse.

L-IPF symptoms model parameters are
presented in Tables 2 and 3 for the testlet
and multidimensional models, respectively.
Having both models is advantageous to
scoring because the testlet model allows the
calculation of a total symptoms score and
the multidimensional model allows the
calculation of separate symptom scores for
dyspnea, cough, and energy. The L-IPF
impacts testlet model is presented in
Table 4 and is used to compute a total
impacts score.

The final version of L-IPF used in
psychometric, concurrent, and known-
groups validity testing was based on the
three models described and comprised two
modules (symptoms [15 items] and impacts
[20 items]) (Figure 1). The L-IPF yields five
scales (symptoms total, dyspnea, cough,
energy, and impacts total); raw scores for
each are transformed to a model-based
scale ranging from 0 to 100 with a mean of
50 and an SD of 10. For each scale, tables
are used to convert raw scores, and higher
scores indicate greater impairment.

Internal consistency (IC) of each
module was excellent (symptoms IC
v= 0.94 for the total score and v= 0.93 for
the subscales; impacts v= 0.97). Score
stability over the 14-day study (Figure E4 in
the online supplement) and test-retest
reliability for each scale was excellent, with
the ICC (2–1) for symptoms total, dyspnea,
cough, energy, and impacts of 0.91, 0.91,
0.85, 0.79, and 0.92, respectively.

Figures 2 and E5 show the results of
convergent validity testing. There was
moderate or stronger correlation (in
hypothesized directions for all) between
L-IPF scale scores and both FVC%
predicted and SGRQ scores. The observed

Table 1. Demographic Information

Characteristic Total Sample (N=125)

Age, yr
Minimum–maximum 45–89
Mean (SD) 69.0 (7.60)

Sex, n (%)
M 78 (62.4)
F 47 (37.6)

Length of diagnosis, yr
Minimum–maximum 0.5–18.4
Mean (SD) 3.6 (3.3)

GAP stage, n (%)
I 63 (50.4)
II 40 (32.0)
III 22 (17.6)

DLCO%
Mean (SD) 50.0 (20.0)

FVC% predicted
Mean (SD) 71.0 (20.0)
FVC% predicted,55, n (%) 19 (15.2)
55<FVC% predicted,75, n (%) 59 (47.2)
FVC% predicted>75, n (%) 47 (37.6)

On supplemental oxygen 81 (64.8)
Receiving antifibrotic treatment 101 (80.8)
Pirfenidone 50 (40.0)
Nintedanib 40 (32.0)

Definition of abbreviation: GAP=gender–age–physiology.
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correlations for the L-IPF scores with FVC%
predicted and DLCO% values ranged from
0.32 to 0.39, indicating that shared variance
between L-IPF scores and these functional
measures was between 9.6% and 15.2%.
Correlations between L-IPF and SGRQ
scores were generally higher than the 0.40
criterion, with several correlations greater
than 0.50 and two greater than 0.70. Table 5
shows the results for known-groups validity
analyses. As hypothesized, for each IPF
severity variable (FVC% predicted, oxygen
use, and GAP index), L-IPF scores were
higher (i.e., indicative of worse symptoms
or HRQL) in the subgroup with more
severe IPF than the subgroup with less
severe IPF.

Discussion

We have developed a questionnaire to assess
symptoms and their impacts on the lives

of patients with IPF. The L-IPF was
systematically developed using rigorous
methods (26) and, importantly,
incorporating patients’ perspectives. The
ground-up development strategy,
substantial foundation of qualitative work,
and patient input (at the outset and at
multiple steps along the way) ensure the
content validity of L-IPF. To our
knowledge, the L-IPF is the first IPF-
specific questionnaire in the FDA’s
qualification pipeline, and the FDA’s input
helped shape its content, structure, and
formatting.

Our analyses demonstrate that the
L-IPF easily surpasses the psychometric
standards for IC (v. 0.7) and test-retest
reliability (ICC [2–1]. 0.7). Likewise,
results from the concurrent and known-
groups validity analyses suggest acceptable
performance. The moderate to large
correlations (in hypothesized directions)
between L-IPF scores and FVC, the most

widely-used physiological marker of IPF
severity, and DLCO assure that L-IPF scores
reveal something about IPF severity;
conversely, these correlations reassuringly
demonstrate that pulmonary physiological
impairment in IPF is related to symptoms
and HRQL as measured by the L-IPF. That
these correlations are only moderately
strong confirms that the L-IPF yields its
own unique information about patients
with IPF that FVC and DLCO do not
capture.

The SGRQ has been used in several
drug trials in IPF (12, 27–30). Unlike the L-
IPF, the SGRQ was not created specifically
for patients with IPF—it was developed for
patients with airway disease (19)—and
appropriately, but unlike the L-IPF, did not
include the perceptions of patients with IPF
in its development. Nonetheless, several
studies support the SGRQ’s psychometric
soundness and validity as capable of
assessing health status at baseline and over
time and of distinguishing groups of
patients with differing IPF severity and
disease trajectory (31–34). Thus, the
moderately strong (and in some cases
strong) correlations between SGRQ and
L-IPF scores suggest that the L-IPF
measures things similar to but also distinct
from the SGRQ, further supporting the
validity of the L-IPF as a tool able to
capture symptoms and HRQL in patients
with IPF. We did not include the IPF-
specific version of the SGRQ (35), because
at the time of the study, there were no
longitudinal data to support its validity.
Like the original SGRQ, but again unlike
the L-IPF, the IPF-specific version of the
SGRQ was not developed using the input of
patients with IPF.

Known-groups validity analyses
demonstrate that the L-IPF is capable of
distinguishing groups of patients with
differing IPF severity and, by extension,
differing symptoms and HRQL. Whether
severity was defined by FVC% predicted
alone, supplemental oxygen use, or GAP
stage, L-IPF scores differed significantly
between subjects with milder lung
impairment and those with the most
severe IPF.

Other questionnaires have been
developed (or are currently under
development) for use in patients with
various fibrosing ILDs, including IPF (18,
36). Like the L-IPF, those tools will require
additional study to continue to build and
support their validity. Validity is neither an

Table 2. L-IPF-S Testlet Model Parameters for Total Score

Item

Factor Loadings IRT Parameters

lG* l1
† l2

† l3
† u aG

‡ d1
x d2

x d3
x

1 0.67 0.30 — — 0.46 3.53 3.25 20.33 22.58
2 0.61 0.28 — — 0.55 2.11 22.43 24.72 26.40
3 0.68 0.31 — — 0.44 4.25 21.84 25.74 210.55
4 0.65 0.30 — — 0.49 2.84 1.94 21.53 24.08
5 0.66 0.30 — — 0.47 3.23 0.08 23.23 25.96
6 0.63 0.29 — — 0.52 2.34 1.42 22.38 24.65
7 0.57 — 0.61 — 0.31 1.63 3.08 0.03 23.02
8 0.57 — 0.60 — 0.32 1.61 0.35 21.79 23.67
9 0.63 — 0.67 — 0.15 2.36 1.55 20.67 22.59
10 0.43 — 0.46 — 0.60 0.93 0.89 20.60 22.33
11 0.59 — — 0.46 0.43 1.85 2.77 20.13 23.08
12 0.59 — — 0.46 0.44 1.85 1.41 21.28 24.36
13 0.68 — — 0.53 0.26 4.11 4.89 20.42 25.97
14 0.67 — 0.72 — 0.04 3.61 0.06 24.04 26.91
15 0.60 0.27 — — 0.57 1.92 2.69 21.10 24.46

Factor Variances

Var(l1) Var(l2) Var(l3)

0.206 1.135 0.611

Definition of abbreviations: IRT= item response theory; L-IPF-S=Living with Idiopathic Pulmonary
Fibrosis symptoms module; u = item uniqueness; Var = variance.
A nonsignificant C2 statistic indicates model fit was very good, the root mean square error of
approximation was acceptable, as the value was between 0.05 and 0.10, and the Tucker-Lewis index
and comparative fit index statistics were both above 0.90. Fit statistics: C2(df=87) = 103.97;
P=0.104; root mean square error of approximation =0.08; Tucker-Lewis index =0.97; comparative
fit index= 0.97. Reliability: coefficient v=0.94.
*lG is the factor loading for the impacts score.
†l1–l3 are factor loadings for residual variance components.
‡aG is the slope parameter for the impacts score.
xd1–d3 are the intercept parameters.
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all-or-none nor threshold phenomenon; it
is an ongoing process of understanding
what an instrument’s scores are able to
convey or predict about individual patients
or cohorts of patients with the condition
under study. This requires formulating and
testing multiple hypotheses about the
questionnaire’s scores and inherently
requires administering it in multiple
different settings. Validity is also purpose
specific; a questionnaire may be considered
valid in one role but may not possess
psychometric soundness or have any data
to support its validity for use in another.

Which instrument to use for a
particular study depends on the questions
being asked by the investigators. Thus,
critically important are the content of the
candidate questionnaires (do they measure
things that align with the objectives of the
particular study?), their overall
psychometric soundness, and a foundation
of data that show they can capture data of
interest under circumstances similar to the
study being planned. We believe the
rigorous development process we used,

inclusion of patients’ perspectives, guidance
from the FDA, and results of the analyses
presented herein support the validity and
utility of the L-IPF for capturing symptoms

and HRQL in patients with IPF. That it
includes domains of utmost relevance to
patients with IPF would suggest that
assessment of symptoms and HRQL could
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Figure 2. Heatmap of correlations between Living with Idiopathic Pulmonary Fibrosis scores, general
health status rating, FVC, DLCO, and St. George’s Respiratory Questionnaire scores. Gen.
Health =General Health; L-IPF=Living with Idiopathic Pulmonary Fibrosis; L-IPF-I = L-IPF impacts
module; L-IPF-S=L-IPF symptoms module; SG=St. George’s Respiratory Questionnaire.

Table 3. L-IPF-S Three-Factor Model Parameters for Subscores

Item

Factor Loadings IRT Parameters

l1* l2
† l3

‡ u a1
x a2 a3 d1

jj d2
jj d3

jj

1 0.90 — — 0.19 3.49 — — 3.25 20.18 22.38
2 0.79 — — 0.38 2.19 — — 22.26 24.54 26.23
3 0.93 — — 0.14 4.22 — — 21.41 25.14 29.73
4 0.87 — — 0.25 2.94 — — 2.09 21.33 23.84
5 0.89 — — 0.21 3.29 — — 0.27 22.97 25.63
6 0.83 — — 0.30 2.57 — — 1.60 22.27 24.63
7 — 0.80 — 0.36 — 2.26 — 3.33 0.30 22.79
8 — 0.77 — 0.40 — 2.07 — 0.59 21.48 23.30
9 — 0.87 — 0.24 — 3.03 — 1.91 20.25 22.14
10 — 0.60 — 0.64 — 1.28 — 1.04 20.45 22.18
11 — — 0.80 0.36 — — 2.25 2.94 20.02 23.02
12 — — 0.78 0.40 — — 2.11 1.49 21.14 24.16
13 — — 0.93 0.14 — — 4.31 4.59 20.15 25.08
14 — 0.96 — 0.08 — 5.98 — 0.70 24.55 27.29
15 0.77 — — 0.41 2.03 — — 2.77 20.99 24.35

Interfactor Correlations

r(l1,l2) r(l2,l3) r(l1,l3)

0.583 0.486 0.711

Definition of abbreviations: IRT= item response theory; L-IPF-S=Living with Idiopathic Pulmonary Fibrosis symptoms module; u = item uniqueness.
Fit statistics: C2 (df=87) = 100.15; P=0.159; root mean square error of approximation=0.07, Tucker-Lewis index=0.97; comparative fit index=0.98.
Reliability: coefficient v=0.93.
*l1 is the factor loading for the dyspnea score.
†l2 is the factor loading for the cough score.
‡l3 is the factor loading for the energy score.
xai is the slope parameter for each factor score
jjd1–d3 are the intercept parameters.
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be accomplished by using this single
questionnaire in therapeutic trials and
other studies in IPF.

Our analyses support model-based
scoring for the L-IPF, which yields the
following five scores: IPF symptoms total,
shortness of breath, cough, energy, and IPF
impacts. The benefits of model-based
scoring are numerous. Specifically, estimates
(scores) from such models take all the
available information into account, making
them more efficient estimators of, in the
current case, patient subjective experiences
of IPF. Model-based scores also place all
items on a common scale (probability of
response). Probability of response as an
item-level scale is important when the
presented response options for patients are
different, as in the L-IPF. For current
scoring purposes, response options 3 and 4
are collapsed, but we have elected to keep
0–4 response options on the questionnaire
to allow for future investigations of larger
groups of patients who respond at the
extreme end of the scales (i.e., option 4).
Finally, model-based scores are efficient
estimators of the latent variable under
study. The models assume a given latent
variable has a specific distribution. In
the current case, as is commonly done,
a normal distribution with an SD of 1
was used as the basis of the latent
variable within the models’ fit, so scores
will also be approximately normally
distributed.

Our study has limitations. The sample
size was not as large as seen in other

Table 5. Known-Groups Validity Analyses Showing L-IPF Scores for Cohort Stratified by IPF Severity

n

Impacts Total Symptoms Total Dyspnea Cough Energy

Mean
(SD) 95% CI

Mean
(SD) 95% CI

Mean
(SD) 95% CI

Mean
(SD) 95% CI

Mean
(SD) 95% CI

FVC category
FVC%

predicted, 55*
19 54.7 (8.17) 51.04–58.39 55.5 (6.84) 52.44–58.59 55.8 (7.64) 52.34–59.21 55.2 (9.58) 50.94–59.55 54.6 (6.74) 51.52–57.59

55< FVC%
predicted, 75

59 52.8 (9.10) 50.47–55.12 51.6 (8.13) 49.49–53.64 51.6 (8.74) 49.41–53.88 51.5 (8.02) 49.44–53.54 51.6 (8.53) 49.39–53.75

FVC% predicted> 75 47 45.2 (7.58) 42.99–47.32 46.1 (7.54) 43.92–48.23 46.4 (7.96) 44.17–48.72 45.8 (7.39) 43.71–47.94 46.6 (8.37) 44.18–48.97
Supplemental oxygen

use
No* 41 46.4 (8.70) 43.78–49.10 45.9 (7.37) 43.64–48.15 45.6 (7.68) 43.25–47.95 47.3 (8.20) 44.82–49.84 46.9 (7.80) 44.54–49.31
Yes 84 52.1 (9.00) 50.14–53.99 52.2 (8.13) 50.41–53.89 52.6 (8.54) 50.79–54.45 51.2 (8.69) 49.34–53.06 51.7 (8.70) 49.86–53.58

GAP stage
I* 63 47.7 (8.68) 45.56–49.85 47.6 (8.32) 45.57–49.68 47.7 (8.78) 45.52–49.85 48.4 (8.28) 46.33–50.42 48.0 (8.88) 45.77–50.16
II 40 51.1 (9.00) 48.36–53.94 50.3 (7.63) 47.92–52.65 50.7 (7.86) 48.28–53.15 48.6 (7.97) 46.09–51.02 50.7 (8.57) 48.06–53.37
III 22 55.9 (8.79) 52.27–59.61 56.8 (6.15) 54.27–59.41 57.1 (7.32) 54.06–60.18 56.9 (8.02) 53.54–60.24 55.4 (5.73) 52.96–57.75

Definition of abbreviations: CI = confidence interval; GAP=gender–age–physiology; L-IPF=Living with Idiopathic Pulmonary Fibrosis.
Bold values indicate statistically significant difference from reference category.
*Reference category.

Table 4. L-IPF-I Testlet Model Parameters

Item

Factor Loadings IRT Parameters

lG* l1
† l2

† l3
† u aG

‡ d1
x d2

x d3
x

1 0.68 0.28 — — 0.46 4.09 1.83 20.59 24.48
2 0.64 0.26 — — 0.52 2.59 0.98 21.26 23.32
3 0.75 — — — 0.44 1.94 3.60 1.15 21.49
4 0.65 0.27 — — 0.51 2.83 2.04 20.54 22.07
5 0.64 0.26 — — 0.52 2.60 2.70 0.35 21.92
6 0.64 — 0.66 — 0.15 2.55 20.47 22.67 24.85
7 0.69 — 0.71 — 0.03 4.67 2.56 22.11 25.54
8 0.68 — 0.70 — 0.05 3.84 2.14 21.56 25.46
9 0.63 — 0.66 — 0.17 2.37 21.15 23.66 26.50
10 0.66 — 0.69 — 0.09 3.27 0.93 22.20 25.50
11 0.65 0.26 — — 0.51 2.74 4.55 0.51 21.07
12 0.86 — — — 0.25 2.92 1.70 20.73 22.89
13 0.87 — — — 0.25 2.93 1.47 20.49 22.23
14 0.66 0.27 — — 0.50 2.96 0.23 21.94 24.53
15 0.59 0.24 — — 0.60 1.81 20.13 21.64 22.85
16 0.65 — — 0.40 0.42 2.73 4.08 0.63 22.17
17 0.53 — — 0.32 0.62 1.34 1.02 20.08 21.58
18 0.68 — — 0.42 0.36 4.34 4.71 0.53 23.29
19 0.83 — — — 0.32 2.50 3.92 0.50 23.42
20 0.87 — — — 0.24 3.00 2.79 20.51 24.94

Factor Variances

Var(l1) Var(l2) Var(l3)

0.116 1.077 0.375

Definition of abbreviations: IRT= item response theory; L-IPF-I = Living with Idiopathic Pulmonary
Fibrosis impacts module; u = item uniqueness; Var = variance.
Fit statistics: C2 (df=167) = 269.68; P,0.001; root mean square error of approximation =0.07;
Tucker-Lewis index=0.98; comparative fit index= 0.98. Reliability: coefficient v=0.98. Model fit was
good. Although the C2 statistic was found to be significant, the other fit statistics support the final
model.
*lG is the factor loading for the impacts score.
†l1–l3 are the factor loadings for the residual variance components.
‡aG is the slope parameter for the impacts score.
xd1–d3 are the intercept parameters.
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validation studies; however, the strong results
support the validity and reliability of the L-
IPF. Additional studies should target patients
with the most severe IPF to confirm what our
analyses suggest (that the L-IPF is
psychometrically sound across the spectrum
of IPF severity). The study lasted only 14 days,
so we were not able to conduct longitudinal
validity analyses or generate estimates for
minimally important differences in scores.
These are critically important analyses that
will need to be performed in future studies.
Likewise, the performance of the L-IPF in
studies or trials of nonpharmacological
interventions (e.g., exercise, behavioral health,
and care delivery) will need to be
conducted to assess its performance under

varied conditions. Given the emerging
paradigm of considering and treating all
forms of progressive lung fibrosis
similarly, it will be important to assess the
performance of the L-IPF in non-IPF
forms of fibrosing ILD. Studies are
ongoing. Enrolling subjects from three
ILD specialty centers may have introduced
tertiary referral bias; however, the
demographics of our cohort reflect
demographics typically seen in drug trials
in IPF, suggesting that the results are
applicable to the general IPF population.

Recognizing these potential limitations,
we have used the input of patients and
a rigorous methodology to develop a
novel patient-centered, disease-specific

questionnaire to assess symptoms and
HRQL in patients with IPF that will be
placed in the public domain. We believe that
the L-IPF should be considered for inclusion
in clinical trials and longitudinal studies
in IPF, as this will generate data for
conducting additional validity and
minimally important difference analyses.
We are hopeful that the FDA will, in the
final review round, qualify it for use as a
disease-specific outcome measure for
labeling purposes to characterize
treatment benefits on a patient-centered
endpoint. n

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