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ABSTRACT

Introduction: Identification of clinical charac-
teristics associated with prognosis for idiopathic
pulmonary fibrosis (IPF) may help to guide
management decisions. This analysis utilized
data from the Pulmonary Fibrosis Foundation
Patient Registry to examine the relationships
between clinical outcomes and both body mass
index (BMI) at study enrollment (hereafter
referred to as baseline BMI) and annualized
percent change in body weight in patients with
IPF in a real-world setting.
Methods: The following outcomes over
24 months were stratified by baseline BMI and
annualized percent change in body weight: all-
cause mortality; annualized change in percent
predicted forced vital capacity (%FVC), percent
predicted diffusing capacity for carbon monox-
ide, and 6-min walk distance; all-cause and

respiratory-related hospitalizations; and acute
exacerbations.
Results: Overall, 600 patients with IPF were
included (baseline BMI:\25 kg/m2, n = 120;
25 to\ 30 kg/m2, n = 242; C 30 kg/m2, n = 238;
annualized percent change in body weight:
no loss, n = 95; [ 0% to \5% loss, n = 425;
C 5% loss, n = 80). Enrollment demographics
and characteristics were generally similar across
subgroups. There was no association between
mortality and BMI. All-cause mortality was
lower among patients who experienced no
annualized weight loss versus those with C 5%
(OR [95% CI] 3.28 [1.15, 10.95]) or[0 to\ 5%
weight loss (OR [95% CI] 2.83 [1.14, 8.62])
over 24 months. Patients with baseline BMI
\25 kg/m2 had a significantly greater estimated
annualized decline in %FVC versus patients
with baseline BMI C 30 kg/m2 (difference
[95% CI] 1.47 [0.01, 2.93]). No relationship was
observed between %FVC and weight loss. Other
clinical outcomes were generally similar across
subgroups.
Conclusions: Some clinical outcomes may be
worse in patients with IPF who have a low BMI
(\25 kg/m2) or who experience weight loss
over 24 months, but the causation for these
relationships is unknown. These results may
help to inform management decisions for
patients with IPF.
ClinicalTrials.gov Identifier: NCT02758808.
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Key Summary Points

Why carry out this study?

In patients with idiopathic pulmonary
fibrosis (IPF), certain clinical
characteristics, such as body mass index
(BMI) and change in body weight, may be
associated with prognosis.

Although the relationships between these
characteristics and clinical outcomes in
patients with IPF have recently been
studied, there is a need for more research
in large, well-characterized, real-world
populations to help inform clinicians on
management decisions for individual
patients.

This analysis utilized data from an
observational registry to examine the
relationships between clinical outcomes
and both BMI and annualized percent
change in body weight in patients with
IPF in a real-world setting.

What was learned from the study?

In this real-world population of patients
with IPF, no association was found
between mortality and BMI. However, an
association was observed between weight
loss and mortality over 24 months,
whereby patients who experienced no
annualized weight loss had lower all-cause
mortality versus those who experienced
more weight loss.

A lower BMI (\25 kg/m2) was associated
with a greater decline in lung function, as
measured by forced vital capacity (FVC),
versus a higher BMI (C 30 kg/m2), but no
association was observed between percent
predicted FVC and annualized weight loss.

Some clinical outcomes may be worse in
patients with IPF who have a low BMI
(\25 kg/m2) or who experience weight
loss over 24 months. The causation of
these relationships is unknown.

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a progres-
sive, fibrotic, interstitial lung disease (ILD) with
unknown etiology [1]. Predicting prognosis and
makingmanagement decisions is a challenge for
clinicians because of the variable clinical course
of IPF [1, 2]. As such, it may be helpful to identify
specific clinical characteristics of patients with
IPF that could be associated with prognosis in
order to guide treatment and management
decisions for individual patients [3–5].

Recently, the relationships between clinical
outcomes and body mass index (BMI) and those
between clinical outcomes and weight loss in
patients with IPF have been studied. Two sepa-
rate post hoc analyses using data from the piv-
otal nintedanib and pirfenidone clinical trials in
patients with IPF both found that placebo-trea-
ted patients with baseline BMI\ 25 kg/m2 or
higher annualized weight loss had worse out-
comes over 1 year, such as a higher rate of
forced vital capacity (FVC) decline, compared
with patients with baseline BMI C 25 kg/m2 or
less weight loss [6, 7]. Similarly, a series of real-
world studies have suggested an association
between lower BMI, greater decrements in BMI,
or greater weight loss and the risk of mortality
[8–10]. However, these studies were limited by
their post hoc design within a clinical trial
population and/or small patient numbers. As
such, there is a need for more research in large,
well-characterized, real-world populations.

The Pulmonary Fibrosis Foundation Patient
RegistryTM (PFF-PR; NCT02758808) is an obser-
vational registry enrolling patients with a diag-
nosis of IPF or other ILDs. Since the registry was
established in March 2016, approximately 2000
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patients have been enrolled (ca. 60% with IPF)
at 42 ILD care center sites in the USA. The
purpose of the PFF-PR is to collect comprehen-
sive data on diagnosis, symptoms, medication
use, and outcomes in patients with IPF and
other ILDs [11, 12]. To build on previous find-
ings and further explore the relationships
between clinical outcomes and both BMI
(recorded at or prior to enrollment; hereafter
referred to as baseline BMI) and annualized
percent change in body weight in a real-world
setting, we present an analysis that utilized data
from a well-characterized patient population
with IPF from the PFF-PR. We hypothesized that
baseline BMI and annualized percent change in
body weight would be associated with clinically
significant outcomes, including decline in lung
function and mortality.

METHODS

Study Design and Patient Population

The design and methods of the PFF-PR have
been previously described [11]. This analysis
included patients with IPF enrolled in the PFF-
PR. Enrollment into the registry started in
March 2016 and completed in August 2018.
Eligible patients were C 40 years of age and were
required to have a diagnosis of IPF as deter-
mined in accordance with guideline criteria at
the site of enrollment (since patients were
enrolled in the registry prior to the publication
of the ATS/ERS/JRS/ALAT 2018 diagnostic
guidelines, the diagnosis of IPF was based on the
ATS/ERS/JRS/ALAT 2011 guidelines [13]),
weight and height data at enrollment, and
C 1 post-enrollment weight measurement.
Patients were excluded from most analyses if
they had undergone a lung transplant or if
participation in the registry was terminated
(withdrawal of consent, patient withdrawn by
physician, patient no longer being seen at the
research site, lost to follow-up, and other) dur-
ing the 2-year study window, or if they had less
than 2 years of data available. Regarding the
exclusion of patients who had undergone a lung

transplant, this was due to the potential for
these patients to have been adhering to weight
management recommendations in order to
qualify for lung transplantation surgery. How-
ever, transplant and other termination patients
were not excluded from the time-to-event
analysis. A 2-year study window was chosen to
ensure sufficient long-term follow-up and to
maximize the data available in the PFF-PR.

Enrollment in the PFF-PR was conducted
with informed written consent from partici-
pating patients and the registry was approved
by institutional review boards at each partici-
pating center. This post hoc analysis used
de-identified patient data and was considered
exempt from review by an institutional review
board.

Independent Variables of Interest

All analyses were stratified by baseline BMI and
annualized percent change in body weight
during the 2-year study window. BMI was cate-
gorized on the basis of the World Health Orga-
nization (WHO) standards: \ 25 kg/m2 (WHO
normal or underweight), 25 to \ 30 kg/m2

(WHO pre obesity), and C 30 kg/m2 (WHO
obesity, class I–III) [14]. Categorization of
annualized percent change in body weight was
adapted from the US Food and Drug Adminis-
tration Guidance for Developing Products for
Weight Management: no weight loss,[0 to
\5% weight loss, and C 5% weight loss [15].

Since BMI and annualized percent change in
body weight were handled as categorical vari-
ables, their associations with outcomes were not
assumed to be linear. A sensitivity analysis was
performed in which all models were fit using
continuous values of baseline BMI and annual-
ized weight change values instead of catego-
rized values. For ease of interpretation, and
since the continuous variable models generally
yielded results consistent with the categorical
models, we present only the results from the
categorical models in the main text; however,
the results of the continuous variable models
are provided in Tables S1 and S2 in the supple-
mentary material. For comparison between
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subgroups, baseline BMI\25 kg/m2 was chosen
as the reference level for the BMI analysis, and
no weight loss was the reference used for the
analysis by annualized percent change in body
weight.

Outcomes

Relationships between baseline BMI or annual-
ized percent change in body weight were
assessed for each of the following outcomes: all-
cause mortality at 24 months (primary out-
come); annualized changes from enrollment in
percent predicted FVC, percent predicted dif-
fusing capacity for carbon monoxide (DLco),
and 6-min walk distance (6MWD) over
24 months (secondary outcomes); and all-cause
hospitalization, respiratory-related hospitaliza-
tion, acute exacerbations, and time-to-death
over 24 months (exploratory outcomes).

Statistical Analysis

Demographics and clinical characteristics at
enrollment were reported descriptively, strati-
fied by BMI and by annualized percent change
in body weight categories. Annualized change
in body weight was estimated using a linear
mixed model with a random intercept and slope
for each patient and no additional predictors.

In all analyses, adjustments were made for
enrollment values of sex, age, percent predicted
FVC, percent predicted DLco, smoking history,
supplemental oxygen use during exertion, medi-
cation use (pirfenidone, nintedanib, and corti-
costeroids), andpulmonary arterialhypertension.
Patients with missing predictor values were
excluded from all analyses under a missing com-
pletely at random assumption. The dominant
source of missingness was enrollment percent
predicted DLco (n = 80; 13.3% of patients).

Logistic regression was used to model binary
outcomes (all-cause mortality, all-cause hospi-
talization, respiratory-related hospitalization,
and acute exacerbations). Comparisons
between factorial BMI or weight change levels
were assessed through odds ratios (OR; with
95% profile likelihood confidence intervals
[CIs]). Continuous outcomes (percent predicted

FVC, percent predicted DLco, and 6MWD) were
modeled with linear mixed models. A sensitiv-
ity analysis was conducted to determine
whether 6MWD results differed when the
model was restricted to include patients with
[1 measurement compared with patients with
C 1 measurement. Findings from both models
were similar; therefore, results from the latter
model are reported in the main text since they
allow for a larger sample size and results from
the former model are included in Tables S3A
and S3B in the supplementary material.

Time-to-event analyses for mortality were
modeled using competing-risk proportional
hazards regression models. Lung transplants
were handled as a competing risk and other
causes of study termination were handled as
missing at random. Comparisons between fac-
torial BMI or weight change levels were assessed
through hazard ratios (HR; with 95% t-type CIs).
Time-to-event analyses were also performed for
first all-cause hospitalizations and acute
exacerbations, the results for which are pre-
sented in the supplementary material.

RESULTS

Patients

Overall, 600 patients enrolled in the PFF-PR
who had not undergone a lung transplant or
non-death early termination during the 2-year
study window were eligible for inclusion in this
analysis (baseline BMI: \25 kg/m2, n = 120;
25 to\ 30 kg/m2, n = 242;C 30 kg/m2, n = 238).
A total of 65 patients were excluded since they
did not have two full years of data available.
Demographics and clinical characteristics at
enrollment were generally similar across BMI
subgroups. However, patients with lower base-
line BMI generally had a different racial com-
position, were older, and had lower enrollment
percent predicted DLco compared with patients
with higher baseline BMI, and there was a
smaller proportion of men with baseline
BMI\25 kg/m2 compared with the higher
baseline BMI subgroups (Table 1).

At 24 months, the annualized percent
change in body weight subgroups consisted of
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Table 1 Demographic and enrollment characteristics, stratified by baseline BMI and annualized percent change in body
weight categories

Variable Baseline BMI Annualized percent change in body weight

< 25 kg/m2

(n = 120)
25 to < 30 kg/m2

(n = 242)
‡ 30 kg/m2

(n = 238)
No weight
loss
(n = 95)

> 0 to < 5%
weight loss
(n = 425)

‡ 5%
weight loss
(n = 80)

Age, mean (SD) 73.6 (7.7) 71.5 (7.7) 69.2 (7.7) 69.3 (9.0) 71.3 (7.8) 71.3 (6.9)

Male sex, n (%) 77 (64.2) 200 (82.6) 168 (70.6) 63 (66.3) 324 (76.2) 58 (72.5)

Race, n (%)

White 111 (92.5) 221 (91.3) 228 (95.8) 90 (94.7) 396 (93.2) 74 (92.5)

Black 0 (0.0) 5 (2.1) 4 (1.7) 1 (1.1) 6 (1.4) 2 (2.5)

Asian 7 (5.8) 8 (3.3) 0 (0.0) 1 (1.1) 11 (2.6) 3 (3.8)

Unknown 2 (1.7) 8 (3.3) 6 (2.5) 3 (3.2) 12 (2.8) 1 (1.2)

Smoking history,

n (%)

72 (60.0) 152 (62.8) 156 (65.5) 64 (67.4) 259 (60.9) 57 (71.2)

Nintedanib treatment, n (%)

Yes 42 (35.0) 79 (32.6) 70 (29.4) 23 (24.2) 131 (30.8) 37 (46.2)

No 77 (64.2) 163 (67.4) 167 (70.2) 72 (75.8) 292 (68.7) 43 (53.8)

Unknown 1 (0.8) 0 (0.0) 1 (0.4) 0 (0.0) 2 (0.5) 0 (0.0)

Pirfenidone treatment, n (%)

Yes 37 (30.8) 87 (36.0) 92 (38.7) 26 (27.4) 163 (38.4) 27 (33.8)

No 82 (68.3) 155 (64.0) 145 (60.9) 69 (72.6) 260 (61.2) 53 (66.2)

Unknown 1 (0.8) 0 (0.0) 1 (0.4) 0 (0.0) 2 (0.5) 0 (0.0)

Corticosteroid treatment, n (%)

Yes 19 (15.8) 41 (16.9) 52 (21.8) 18 (18.9) 73 (17.2) 21 (26.2)

No 100 (83.3) 201 (83.1) 185 (77.7) 77 (81.1) 350 (82.4) 59 (73.8)

Unknown 1 (0.8) 0 (0.0) 1 (0.4) 0 (0.0) 2 (0.5) 0 (0.0)

Supplemental oxygen

with exertion, n (%)

78 (65.0) 137 (56.6) 157 (66.0) 61 (64.2) 250 (58.8) 61 (76.2)

Pulmonary arterial

hypertension, n (%)

8 (6.7) 18 (7.4) 11 (4.6) 1 (1.1) 34 (8.0) 2 (2.5)

Uncorrected % DLco,

mean (SD)

37.0 (14.5) 42.6 (16.6) 45.6 (14.9) 45.8 (14.8) 42.8 (15.9) 38.7 (15.8)

% FVC, mean (SD) 68.2 (18.2) 71.6 (15.9) 70.0 (16.6) 74.2 (16.3) 70.5 (16.8) 64.4 (14.6)

BMI body mass index, DLco diffusing capacity for carbon monoxide, FVC forced vital capacity, SD standard deviation
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Table 2 Clinical outcomes at 24 months, stratified by baseline BMI category

Outcome Baseline BMI (categorical)

< 25 kg/m2 (n = 120) 25 to < 30 kg/m2 (n = 242) ‡ 30 kg/m2 (n = 238)

Primary outcome: all-cause mortality

Total observations, Na 98 210 212

Times response occurred, n 26 34 27

Estimate (95% CI)b 0.17 (0.11, 0.27) 0.12 (0.08, 0.17) 0.11 (0.07, 0.16)

Odds ratio (95% CI)c 0.65 (0.34, 1.25) 0.59 (0.30, 1.19)

Secondary outcome: annualized change in percent predicted FVC, %

Number of patients, na 98 210 212

Enrollment FVC (95% CI)d 70.59 (68.88, 72.30) 71.10 (69.96, 72.24) 70.48 (69.33, 71.64)

Change (95% CI)e - 3.53 (- 4.75, - 2.30) - 2.78 (- 3.54, - 2.01) - 2.06 (- 2.83, - 1.30)

Difference (95% CI)f 0.75 (- 0.70, 2.20) 1.47 (0.01, 2.93)

Secondary outcome: annualized change from enrollment in percent predicted DLco, %

Number of patients, na 98 210 212

Enrollment DLco (95% CI)d 41.39 (40.35, 42.43) 42.25 (41.58, 42.91) 43.22 (42.54, 43.90)

Change (95% CI)e - 3.73 (- 5.13, - 2.33) - 4.04 (- 4.90, - 3.18) - 3.04 (- 3.89, - 2.19)

Difference (95% CI)f - 0.32 (- 1.96, 1.33) 0.69 (- 0.97, 2.35)

Secondary outcome: annualized change from enrollment in 6MWD, m

Number of patients, ng 76 150 136

Enrollment 6MWD (95% CI)d 411.39 (385.31, 437.48) 382.25 (363.86, 400.64) 332.12 (312.79, 351.45)

Change (95% CI)e - 18.50 (- 34.53, - 2.46) - 18.41 (- 29.80, - 7.02) - 9.80 (- 21.26, 1.67)

Difference (95% CI)f 0.09 (- 19.71, 19.88) 8.70 (- 11.56, 28.96)

Exploratory outcome: all-cause hospitalizations

Total observations, Nh 72 176 185

Times response occurred, n 18 44 40

Estimate (95% CI)b 0.24 (0.15, 0.35) 0.23 (0.17, 0.30) 0.22 (0.16, 0.28)

Odds ratio (95% CI)c 0.98 (0.51, 1.93) 0.89 (0.46, 1.78)

Exploratory outcome: respiratory-related hospitalizations

Total observations, Nh 72 176 185

Times response occurred, n 5 20 20

Estimate (95% CI)b 0.04 (0.02, 0.11) 0.07 (0.04, 0.12) 0.08 (0.05, 0.13)

Odds ratio (95% CI)c 1.80 (0.64, 5.96) 2.00 (0.69, 6.77)
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95 patients with no weight loss, 425 patients
with [ 0 to\5% weight loss, and 80 patients
with C 5% weight loss. In general, demograph-
ics and clinical characteristics at enrollment
were similar across weight loss subgroups
(Table 1). However, mean enrollment percent
predicted FVC and percent predicted DLco val-
ues were lower in patients experiencing more
weight loss compared with those experiencing
less weight loss. Additionally, rates of ninteda-
nib usage were higher in patients experiencing
more weight loss versus those experiencing less
weight loss.

Clinical Outcomes up to 24 Months
Stratified by Baseline BMI

At 24 months, there was no difference observed
in all-cause mortality across BMI subgroups (OR
[95% CI] versus BMI\25 kg/m2: 0.65 [0.34,
1.25] for 25 to\30 kg/m2 and 0.59 [0.30, 1.19]
for C 30 kg/m2) (Table 2). In the time-to-event
analysis, which comprised 645 patients

(includes patients regardless of if they had
undergone a lung transplant or non-death early
termination or not), baseline BMI was not
associated with the risk of mortality when
comparing patients with either BMI of 25 to
\30 kg/m2 (HR [95% CI] 0.72 [0.44, 1.19];
P = 0.203) or BMI of C 30 kg/m2 (HR [95% CI]
0.67 [0.39, 1.17]; P = 0.156) with the
BMI\25 kg/m2 subgroup. Patients with base-
line BMI\25 kg/m2 had a significantly greater
estimated annualized decline in percent pre-
dicted FVC compared with patients with base-
line BMI C 30 kg/m2, and a numerically greater
(but non-significant) estimated annualized
decline in percent predicted FVC compared
with patients with baseline BMI 25 to
\30 kg/m2 (Table 2). Relative to the reference
category (\25 kg/m2), the differences in the
estimated changes for percent predicted DLco
and 6MWD, and the estimated ORs for all-cause
hospitalization, respiratory-related hospitaliza-
tion, and acute exacerbations were not statisti-
cally significant for the baseline BMI 25 to
\30 kg/m2 andC 30 kg/m2 subgroups (Table 2).

Table 2 continued

Outcome Baseline BMI (categorical)

< 25 kg/m2 (n = 120) 25 to < 30 kg/m2 (n = 242) ‡ 30 kg/m2 (n = 238)

Exploratory outcome: acute exacerbations

Total observations, Nh 72 176 185

Times response occurred, n 3 11 12

Estimate (95% CI)b 0.02 (0.01, 0.09) 0.03 (0.02, 0.07) 0.04 (0.02, 0.08)

Odds ratio (95% CI)c 1.41 (0.38, 6.81) 1.69 (0.45, 8.39)

6MWD 6-min walk distance, BMI body mass index, CI confidence interval, DLco diffusing capacity for carbon monoxide,
FVC forced vital capacity, OR odds ratio
aThe total number of patients for whom a complete set of predictor variables (including enrollment DLco) was obtained
was N = 520
bProbability of event occurrence for an average patient in the specified category
cEstimated OR for the specified category relative to reference (blank) category
dEstimated response for an average patient at enrollment
eEstimated change in the response variable per year
fDifference in estimated annualized change compared with the reference (blank) category
gThe total number of patients with a complete set of predictor variables (including enrollment DLco) and non-missing
6MWD measurements was N = 362
hThe total number of patients for whom a complete set of predictor variables (including enrollment DLco) was obtained,
excluding 87 patients who died during the 2-year study window, was N = 433
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Table 3 Clinical outcomes at 24 months, stratified by annualized percent change in body weight category

Outcome Annualized percent change in body weight (categorical)

No weight loss
(n = 95)

> 0 to < 5% weight loss
(n = 425)

‡ 5% weight loss
(n = 80)

Primary outcome: all-cause mortality

Total observations, Na 84 365 71

Times response occurred, n 5 65 17

Estimate (95% CI)b 0.05 (0.02, 0.13) 0.14 (0.10, 0.18) 0.15 (0.09, 0.25)

Odds ratio (95% CI)c 2.83 (1.14, 8.62) 3.28 (1.15, 10.95)

Secondary outcome: annualized change in percent predicted FVC, %

Number of patients, na 84 365 71

Enrollment FVC (95% CI)d 71.23 (69.40, 73.05) 70.90 (70.03, 71.77) 69.38 (67.40, 71.37)

Change (95% CI)e - 3.07 (- 4.24, - 1.91) - 2.28 (- 2.88, - 1.68) - 3.52 (- 4.85, - 2.20)

Difference (95% CI)f 0.79 (- 0.53, 2.11) - 0.45 (- 2.22, 1.32)

Secondary outcome: annualized change from enrollment in percent predicted DLco, %

Number of patients, na 84 365 71

Enrollment DLco (95% CI)d 42.75 (41.67, 43.83) 42.38 (41.87, 42.89) 42.78 (41.59, 43.96)

Change (95% CI)e - 3.79 (- 5.10, - 2.47) - 3.19 (- 3.86, - 2.52) - 5.33 (- 6.89, - 3.78)

Difference (95% CI)f 0.60 (- 0.89, 2.08) - 1.54 (- 3.58, 0.49)

Secondary outcome: annualized change from enrollment in 6MWD, m

Number of patients, ng 54 259 49

Enrollment 6MWD

(95% CI)d
387.58 (355.50, 419.67) 370.20 (355.94, 384.45) 346.86 (314.64, 379.08)

Change (95% CI)e - 29.39 (- 46.56, - 12.22) - 14.94 (- 23.45, - 6.43) 0.46 (- 17.54, 18.45)

Difference (95% CI)f 14.45 (- 4.78, 33.68) 29.85 (5.31, 54.38)

Exploratory outcome: all-cause hospitalizations

Total observations, Nh 79 300 54

Times response occurred, n 16 67 19

Estimate (95% CI)b 0.20 (0.12, 0.31) 0.22 (0.17, 0.27) 0.31 (0.20, 0.45)

Odds ratio (95% CI)c 1.10 (0.59, 2.15) 1.80 (0.80, 4.07)

Exploratory outcome: respiratory-related hospitalizations

Total observations, Nh 79 300 54

Times response occurred, n 7 25 13

Estimate (95% CI)b 0.07 (0.03, 0.16) 0.06 (0.04, 0.09) 0.14 (0.07, 0.25)

Odds ratio (95% CI)c 0.76 (0.31, 2.08) 2.06 (0.73, 6.16)
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Clinical Outcomes up to 24 Months
Stratified by Annualized Percent Change
in Body Weight

All-cause mortality over 24 months was lower
among patients who experienced no annualized
weight loss versus both those with C 5% weight
loss (OR [95% CI] 3.28 [1.15, 10.95]) and those
with[0 to\5% weight loss (OR [95% CI] 2.83
[1.14, 8.62]) (Table 3). In the time-to-event
analysis (n = 645), risk of mortality was signifi-
cantly higher among patients with either C 5%
weight loss (HR [95% CI] 2.84 [1.11, 7.26];
P = 0.030) or [0 to \ 5% weight loss (HR
[95% CI] 2.52 [1.05, 6.04]; P = 0.039) versus
those with no weight loss. Relative to the ref-
erence category (no weight loss), there was no
significant difference in annualized change in
percent predicted FVC or DLco in either the
[0 to\5% weight loss subgroup or the[ 5%

weight loss subgroup. The no weight loss sub-
group exhibited a significant annualized decline
in 6MWD compared with the C 5% weight loss
group (Table 3), but the result was not signifi-
cant when modeled with weight loss as a con-
tinuous variable. There was no significant
difference in all-cause hospitalization, respira-
tory-related hospitalization, and acute exacer-
bations for the C 5% weight loss and [0 to
\5% weight loss subgroups relative to the ref-
erence category (no weight loss) (Table 3).

DISCUSSION

This analysis aimed to identify whether BMI
and/or change in body weight are correlated
with clinical outcomes in patients with IPF by
using a large, real-world population from the
PFF-PR. The results of this analysis suggest that
some clinical outcomes may be associated with

Table 3 continued

Outcome Annualized percent change in body weight (categorical)

No weight loss
(n = 95)

> 0 to < 5% weight loss
(n = 425)

‡ 5% weight loss
(n = 80)

Exploratory outcome: acute exacerbations

Total observations, Nh 79 300 54

Times response occurred, n 6 15 5

Estimate (95% CI)b 0.06 (0.02, 0.14) 0.03 (0.01, 0.06) 0.04 (0.02, 0.12)

Odds ratio (95% CI)c 0.45 (0.15, 1.42) 0.73 (0.19, 2.75)

6MWD 6-min walk distance, CI confidence interval, DLco diffusing capacity for carbon monoxide, FVC forced vital
capacity, OR odds ratio
aThe total number of patients for whom a complete set of predictor variables (including enrollment DLco) was obtained
was N = 520
bProbability of event occurrence for an average patient in the specified category
cEstimated OR for the specified category relative to reference (blank) category
dEstimated response for an average patient at enrollment
eEstimated change in the response variable per year
fDifference in estimated annualized change compared with the reference (blank) category
gThe total number of patients with a complete set of predictor variables (including enrollment DLco) and non-missing
6MWD measurements was N = 362
hThe total number of patients for whom a complete set of predictor variables (including enrollment DLco) was obtained,
excluding 87 patients who died during the 2-year study window, was N = 433
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baseline BMI and annualized percent change in
body weight over 24 months, although the
causation of the relationship is unknown. No
association between mortality and baseline BMI
was observed after adjusting for pulmonary
function and other factors. However, an asso-
ciation was observed between weight loss and
mortality, with patients at a higher risk of
mortality being those who experienced more
weight loss. This relationship is perhaps unsur-
prising since it may be expected that patients
lose more weight when they are at risk of mor-
tality due to a variety of underlying factors.

These results are consistent with other anal-
yses that have investigated the relationship
between mortality and BMI or weight loss. For
example, in a real-world cohort study of 210
patients with IPF from hospitals in the UK and
Japan, loss of body weight was an independent
risk factor for decreased survival, with a weight
loss of C 6.1% identified as a predictor of worse
2-year survival [16]. Furthermore, the Jouneau
et al. 2021 post hoc analysis of pooled data from
five randomized controlled trials of 1604
patients with IPF found that mortality was
numerically higher in patients with weight loss
versus those without weight loss. Mortality rates
were similar across the groups stratified by
baseline BMI [7]. In addition, a retrospective
cohort study of patients with ILD in America
found that less weight loss was associated with a
lower risk of mortality in patients with IPF, with
weight loss being identified as a potential
longitudinal marker of ILD disease progression.
Again, baseline BMI was not associated with
mortality in this study [10]. In an observational,
retrospective, multicenter study in patients
with fibrotic ILD (n = 1786 from the Canadian
Registry for Pulmonary Fibrosis; n = 1779 from
the ILD registry at the University of California,
San Francisco), a relationship between weight
loss and 1-year mortality was also observed,
whereby the risk of 1-year mortality was greater
with increasing weight loss thresholds on
unadjusted and adjusted analyses [17].

It should be noted that the lack of associa-
tion found between baseline BMI and all-cause
mortality in this study has not always been
reflected in other studies. In a cohort study of
197 patients with IPF, higher BMI was associated

with better survival [18]. Similarly, a real-world
Japanese study of 33 patients with IPF found that
lower BMI independently contributed towards
mortality [8]. The observational, retrospective,
multicenter study in patients with fibrotic ILD
also reported a relationship between BMI and
mortality, whereby the highest risk of mortality
was observed in patients who were underweight
(BMI\18.5 kg/m2) and lowest in those who
were overweight (BMI 25–29.9 kg/m2) or obese
(BMI[30 kg/m2) compared with a reference
group (BMI 18.5–24.9 kg/m2) [17]. The reason
for this misalignment may be due to differing
study designs, sample sizes, patient popula-
tions, BMI category definitions, the statistical
analyses used, and/or standards of care, which
may limit direct comparisons between these
studies.

In the current study, an association was
observed between baseline BMI and annualized
decline in percent predicted FVC, with patients
in the baseline BMI\25 kg/m2 subgroup
demonstrating a significantly greater decline in
percent predicted FVC than patients with base-
line BMI C 30 kg/m2. Similarly, in the pooled
post hoc analysis of 1604 patients with IPF, a
greater annualized decline in percent predicted
FVC was also observed in patients with
BMI\25 kg/m2versus thosewithBMI C 30 kg/m2

and 25–30 kg/m2 [7]. In addition, post hoc
analyses of the INPULSIS trials of nintedanib in
patients with IPF showed numerically similar
findings in placebo-treated patients [6]. In the
current analysis, no relationship was found
between BMI and percent predicted DLco or
6MWD. Whereas, in the Jouneau et al. 2021
post hoc analysis, patients with BMI\ 25 kg/m2

had a greater estimated annualized worsening
of percent predicted DLco compared with
patients with BMI C 30 kg/m2, and a numeri-
cally greater estimated annualized decline in
6MWD compared with patients with BMI 25 to
\30 kg/m2 and C 30 kg/m2 [7].

There was no association between weight
loss and annualized decline in percent predicted
FVC or DLco reported in the current analysis.
On the other hand, patients with no weight loss
showed a decline in 6MWD whereas those with
C 5% weight loss did not show a decline; how-
ever, it should be noted that patients in the no
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weight loss subgroup had a longer 6MWD at
enrollment and still ended the 24-month period
with the longest 6MWD as compared with the
other weight loss groups. In contrast, in the
Jouneau et al. 2021 post hoc analysis, patients
who had no weight loss were shown to have
reduced estimated annualized worsening of
percent predicted FVC, DLco, and 6MWD
compared with patients with [0 to \5% or
C 5% weight loss [7]. Similarly, it has previously
been found that patients with IPF with body
weight loss have a significantly higher rate of
FVC decline within 1 year compared with
patients with no body weight loss [16].

In the general population, there is consistent
evidence showing that lung function is nega-
tively impacted by obesity and weight gain
[19–21]. However, our results showed the
opposite effect, whereby lung function (as
measured by FVC) showed a greater decline in
patients with IPF with a low BMI compared with
a high BMI. The hypothesis that a higher BMI
may be protective against negative outcomes,
including mortality, has been explored in other
therapy areas such as chronic obstructive pul-
monary disease [22, 23], cancer [24–26], and
acute heart failure [27]. Results from these
studies indicate the presence of a potential
‘‘weight paradox’’ whereby, although obesity is
typically associated with negative outcomes due
to factors such as cardiovascular disease [28, 29],
weight loss can also be an indication of declin-
ing health [10, 30]. Therefore, a potential link
between weight loss and poor outcomes may be
less relevant in a patient who has dieted inten-
tionally versus a patient who has lost weight
due to appetite loss. As such, when evaluating a
patient who has experienced weight loss, it is
important to assess whether the weight loss was
intentional or not to ensure the outcomes are
being interpreted appropriately.

This analysis has a number of limitations to
consider. Firstly, its retrospective, observational
nature means that there were potential con-
founders that were not collected or identified
from patients’ medical records. Furthermore,
the stratification of patients by baseline BMI
and weight loss resulted in small patient num-
bers, and thus low occurrence of events, in some
subgroups. In addition, the exclusion of those

without DLco data at enrollment, and those
who were lost to follow-up or who did not have
a complete 2 years of data recorded in the PFF-
PR led to a loss of information. Causation could
not be considered in these analyses due to the
observational nature of the data and the syn-
chronicity between the weight change predictor
and the study outcomes. The reason for any
weight loss or gain was also not provided, so it
cannot be determined whether weight changes
were intentional or not. Furthermore, hospital-
izations and weight loss occurred concurrently
during the 24-month data collection period in
the PFF-PR; therefore, it is possible that hospi-
talization may have impacted weight loss or
vice versa.

CONCLUSIONS

The results of this retrospective analysis suggest
that some clinical outcomes may be worse in
patientswith IPFwhohavea lowBMI (\25 kg/m2)
or who lose weight over 24 months compared
with a higher BMI (\25 kg/m2) or those who do
not lose weight. While the causation of these
relationships is unknown, these data may help
to inform management decisions for patients
with IPF; however, future studies are required to
investigate how weight management impacts
outcomes.

ACKNOWLEDGMENTS

We thank all patients who participated in the
PFF RegistryTM and their families. We also thank
participating PFF Care Centers for providing
clinical data into the PFF RegistryTM.

Funding. This analysis, manuscript, Open
Access Fee and Rapid Service Fee were funded by
F. Hoffmann-La Roche, Ltd./Genentech, Inc.
F. Hoffmann-La Roche, Ltd./Genentech, Inc.
provide support for the Pulmonary Fibrosis
Foundation.

Medical Writing, Editorial, and Other
Assistance. Medical writing support, under the
direction of the authors, was provided by

Adv Ther (2023) 40:691–704 701



Georgie Cowell on behalf of CMC AFFINITY, a
division of IPG Health Medical Communica-
tions, funded by F. Hoffmann-La Roche, Ltd./
Genentech, Inc.

Authorship. All named authors meet the
International Committee of Medical Journal
Editors (ICMJE) criteria for authorship for this
article, take responsibility for the integrity of
the work as a whole, and have given their
approval for this version to be published.

Author Contributions. All authors were
involved in the conception and/or design of the
work and interpretation of analysis results,
contributed to the research letter from the
outset, and read and approved the final draft.
Statistical analyses were performed by Adam
Martin-Schwarze and Elizabeth Freiheit. All
authors vouch for the accuracy of the content
included in the final version.

Disclosures. Joyce S Lee has received grants
from the NIH and Boehringer Ingelheim,
received consulting fees from Galapagos, Boeh-
ringer Ingelheim, United Therapeutics, Eleven
P15, Avalyn, and Bonac, all outside the sub-
mitted work. Dr. Lee is also a medical advisor for
the Pulmonary Fibrosis Foundation. Adam
Martin-Schwarze and Elizabeth Freiheit have
nothing to disclose in relation to this work. Ben
Trzaskoma and Cindy Burg are full-time
employees of Genentech, Inc.

Compliance with Ethics Guidelines. Enroll-
ment in the PFF-PR was conducted with
informed written consent from participating
patients and the registry was approved by
institutional review boards at each participating
center. This post hoc analysis used de-identified
patient data and was considered exempt from
review by an institutional review board.

Prior Presentation. Preliminary findings
from the analyses included in this letter were
presented as a poster at the virtual CHEST
Annual Meeting 2020.

Data Availability. The PFF Patient Registry
dataset is not available publicly, but it can be

made available with a reasonable and direct
request to the Pulmonary Fibrosis Foundation
(PFF), a 501(c)(3) nonprofit organization.
Investigators who are affiliated with either a
participating PFF Care Center or current indus-
try sponsors can access data at no cost by sub-
mitting a study proposal that undergoes a peer-
review process to ensure that the research
question is feasible, significant, and impactful.
Others can access the dataset for a fee by sub-
mitting a completed ancillary study proposal for
consideration. Qualified researchers may
request access to individual patient-level data
through the clinical study data request platform
(https://vivli.org/). Further details on Roche’s
criteria for eligible studies are available here
(https://vivli.org/members/ourmembers/). For
further details on Roche’s Global Policy on the
Sharing of Clinical Study Information and how
to request access to related clinical study docu-
ments, see here: https://www.roche.com/
research_and_development/who_we_are_how_
we_work/clinical_trials/our_commitment_to_
data_sharing.htm.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

702 Adv Ther (2023) 40:691–704

https://vivli.org/
https://vivli.org/members/ourmembers/
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


REFERENCES

1. Ley B, Collard HR, King TE Jr. Clinical course and
prediction of survival in idiopathic pulmonary
fibrosis. Am J Respir Crit Care Med. 2011;183:
431–40.

2. Martinez FJ, Safrin S, Weycker D, et al. The clinical
course of patients with idiopathic pulmonary
fibrosis. Ann Intern Med. 2005;142:963–7.

3. Collard HR, King TE Jr, Bartelson BB, Vourlekis JS,
Schwarz MI, Brown KK. Changes in clinical and
physiologic variables predict survival in idiopathic
pulmonary fibrosis. Am J Respir Crit Care Med.
2003;168:538–42.

4. Alhamad EH, Cal JG, Alrajhi NN, Aharbi WM,
AlRikabi AC, AlBoukai AA. Clinical characteristics,
comorbidities, and outcomes in patients with idio-
pathic pulmonary fibrosis. Ann Thorac Med.
2020;15:208–14.

5. Ley B, Ryerson CJ, Vittinghoff E, et al. A multidi-
mensional index and staging system for idiopathic
pulmonary fibrosis. Ann Intern Med. 2012;156:
684–91.

6. Jouneau S, Crestani B, Thibault R, et al. Analysis of
body mass index, weight loss and progression of
idiopathic pulmonary fibrosis. Respir Res. 2020;21:
312.

7. Jouneau S, Crestani B, Thibault R, et al. Post hoc
analysis of clinical outcomes in placebo- and pir-
fenidone-treated patients with IPF stratified by BMI
and weight loss. Respiration. 2022;101:142–54.

8. Ikezoe K, Handa T, Tanizawa K, et al. Prognostic
factors and outcomes in Japanese lung transplant
candidates with interstitial lung disease. PLoS ONE.
2017;12: e0183171.

9. Kulkarni T, Yuan K, Tran-Nguyen TK, et al. Decre-
ments of body mass index are associated with poor
outcomes of idiopathic pulmonary fibrosis patients.
PLoS ONE. 2019;14: e0221905.

10. Pugashetti J, Graham J, Boctor N, et al. Weight loss
as a predictor of mortality in patients with inter-
stitial lung disease. Eur Respir J. 2018;52:1801289.

11. Wang BR, Edwards R, Freiheit EA, et al. The pul-
monary fibrosis foundation patient registry. Ratio-
nale, design, and methods. Ann Am Thorac Soc.
2020;17:1620–8.

12. Pulmonary Fibrosis Foundation Registry. https://
www.pulmonaryfibrosis.org/pff-registry. Accessed
15 Mar 2022.

13. Raghu G, Collard HR, Egan JJ, et al. An official ATS/
ERS/JRS/ALAT statement: idiopathic pulmonary
fibrosis: evidence-based guidelines for diagnosis
and management. Am J Respir Crit Care Med.
2011;183:788–824.

14. World Health Organization. Body mass index—
BMI. 2022. https://www.euro.who.int/en/health-
topics/disease-prevention/nutrition/a-healthy-
lifestyle/body-mass-index-bmi. Accessed 22 Feb
2022.

15. Food and Drug Administration. Developing prod-
ucts for weight management revision 1— guidance
for industry. 2007. https://www.fda.gov/regulatory-
information/search-fda-guidance-documents/
developing-products-weight-management-revision-
1. Accessed 23 Apr 2021.

16. Nakatsuka Y, Handa T, Kokosi M, et al. The clinical
significance of body weight loss in idiopathic pul-
monary fibrosis patients. Respiration. 2018;96:
338–47.

17. Comes A, Wong AW, Fisher JH, et al. Association of
BMI and change in weight with mortality in
patients with fibrotic interstitial lung disease.
Chest. 2022;161:1320–9.

18. Alakhras M, Decker PA, Nadrous HF, Collazo-Cla-
vell M, Ryu JH. Body mass index and mortality in
patients with idiopathic pulmonary fibrosis. Chest.
2007;131:1448–53.

19. Peralta GP, Marcon A, Carsin AE, et al. Body mass
index and weight change are associated with adult
lung function trajectories: the prospective ECRHS
study. Thorax. 2020;75:313–20.

20. Thyagarajan B, Jacobs DR Jr, Apostol GG, et al.
Longitudinal association of body mass index with
lung function: the CARDIA study. Respir Res.
2008;9:31.

21. Bottai M, Pistelli F, Di Pede F, et al. Longitudinal
changes of body mass index, spirometry and diffu-
sion in a general population. Eur Respir J. 2002;20:
665–73.

22. Brigham EP, Anderson JA, Brook RD, et al. Chal-
lenging the obesity paradox: extreme obesity and
COPDmortality in the SUMMIT trial. ERJ Open Res.
2021;7:00902–2020.

23. Cao C, Wang R, Wang J, Bunjhoo H, Xu Y, Xiong
W. Body mass index and mortality in chronic
obstructive pulmonary disease: a meta-analysis.
PLoS ONE. 2012;7:e43892.

24. Chiu CC, Ho CH, Hung CM, et al. Correlation of
body mass index with oncologic outcomes in

Adv Ther (2023) 40:691–704 703

https://www.pulmonaryfibrosis.org/pff-registry
https://www.pulmonaryfibrosis.org/pff-registry
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/developing-products-weight-management-revision-1
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/developing-products-weight-management-revision-1
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/developing-products-weight-management-revision-1
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/developing-products-weight-management-revision-1


colorectal cancer patients: a large population-based
study. Cancers (Basel). 2021;13:3592.

25. Zhu H, Zhang S. Body mass index and lung cancer
risk in never smokers: a meta-analysis. BMC Cancer.
2018;18:635.

26. Naik GS, Waikar SS, Johnson AEW, et al. Complex
inter-relationship of body mass index, gender and
serum creatinine on survival: exploring the obesity
paradox in melanoma patients treated with check-
point inhibition. J Immunother Cancer. 2019;7:89.

27. Fonarow GC, Srikanthan P, Costanzo MR, et al. An
obesity paradox in acute heart failure: analysis of
body mass index and inhospital mortality for
108,927 patients in the Acute Decompensated

Heart Failure National Registry. Am Heart J.
2007;153:74–81.

28. Battineni G, Sagaro GG, Chintalapudi N, Amenta F,
Tomassoni D, Tayebati SK. Impact of obesity-in-
duced inflammation on cardiovascular diseases
(CVD). Int J Mol Sci. 2021;22:4798.

29. GBD 2015 Obesity Collaborators, Afshin A,
Forouzanfar MH, et al. Health effects of overweight
and obesity in 195 countries over 25 years. N Engl J
Med. 2017;377:13–27.
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