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Abstract: The identification of novel prognostic biomarkers might enhance individualized man-
agement strategies in patients with idiopathic pulmonary fibrosis (IPF). Although several patient
characteristics are currently used to predict outcomes, the prognostic significance of the body mass
index (BMI), a surrogate measure of excess fat mass, has not been specifically investigated un-
til recently. We systematically searched PubMed, Web of Science, and Scopus, from inception to
July 2022, for studies investigating associations between the BMI and clinical endpoints in IPE. The
Joanna Briggs Institute Critical Appraisal Checklist was used to assess the risk of bias. The PRISMA
2020 statement on the reporting of systematic reviews was followed. Thirty-six studies were identi-
fied (9958 IPF patients, low risk of bias in 20), of which 26 were published over the last five years.
Significant associations between lower BMI values and adverse outcomes were reported in 10 out of
21 studies on mortality, four out of six studies on disease progression or hospitalization, and two out
of three studies on nintedanib tolerability. In contrast, 10 out of 11 studies did not report any signifi-
cant association between the BMI and disease exacerbation. Our systematic review suggests that the
BMI might be useful to predict mortality, disease progression, hospitalization, and treatment-related
toxicity in IPF (PROSPERO registration number: CRD42022353363).

Keywords: body mass index; idiopathic pulmonary fibrosis; biomarker; adverse outcomes; mortality;
hospitalization; disease progression; prognosis

1. Introduction

Idiopathic pulmonary fibrosis (IPF) is clinically characterized by an insidious decline
in lung function, which generally leads to respiratory failure and death within four years of
diagnosis [1]. However, significant inter-individual variability exists in disease progression.
This variability is at least partly related to the frequency of disease exacerbations and the
presence of specific comorbid conditions [2-5]. Several patient characteristics, as well as
measures of lung function, have also been shown to predict survival and other relevant
outcomes, e.g., disease progression and exacerbation, in this patient group. In particular,
advancing age, male sex, lower values of forced vital capacity (FVC) and diffusing capacity
of carbon monoxide (Dyco) percentage predicted at baseline and during follow-up, severe
dyspnea, supplemental oxygen requirement, lower distance walked during the six-minute
walk test (6MWT), and greater fibrotic burden on high resolution computed tomography
(HRCT) are currently used as prognostic markers in IPE. Their use is typically combined
in validated clinical prediction models, such as the gender-age-physiology (GAP) model,
the longitudinal GAP model, and the composite physiologic model [1,2,6-10]. However,
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the predictive capacity of available tools could be potentially improved following the
identification of additional biomarkers.

There is an intense research focus on determining the prognostic role of several circulat-
ing biomarkers, e.g., small molecules and peptides, that are involved in pathways thought
to play a critical pathophysiological role in IPE. However, the widespread clinical use of
such biomarkers is likely to be curtailed by the highly specific and expensive analytical tech-
niques and facilities often required for their determination, particularly in less developed
countries [11-14]. An alternative approach in the quest for novel prognostic biomarkers
consists of the identification of alternative clinical characteristics that are routinely assessed
in patients with IPFE. In this context, an increasing number of studies have investigated the
prognostic role of the body mass index (BMI), a surrogate marker of body fatness routinely
used in the risk stratification of patients with cardiovascular disease, diabetes, and other
metabolic disorders [15-18], in IPF. Therefore, we sought to critically appraise the available
evidence regarding the prognostic significance of the BMI in IPF by conducting a systematic
review of studies reporting associations between baseline BMI values and their temporal
changes, clinical outcomes, and other relevant clinical parameters in this patient group.

2. Materials and Methods

We systematically searched the electronic databases PubMed, Web of Science, and
Scopus for articles published between inception and 15 July 2022, using the following terms
and their combination: “BMI” or “body mass index” and “IPF” or “idiopathic pulmonary
fibrosis”. Two investigators independently reviewed the abstracts and, if relevant, the full
articles. The citation lists of these articles were also hand-searched to identify additional
studies. The inclusion criteria for selection were: (a) description of associations between
the BMI and clinical outcomes or other relevant clinical parameters in observational and
intervention studies in patients with IPF; (b) full-text available, and (c) English language
used. The following data were extracted from each study and transferred into an electronic
spreadsheet: age, sex, year of publication, country where the study was conducted, study
design (observational, prospective vs. retrospective, or randomized controlled study),
sample size, criteria used for the diagnosis of IPF, pharmacological treatment for IPF,
main comorbid conditions, clinical endpoints assessed, baseline BMI, whether the BMI
was assessed as a continuous variable or using cut-off values, results of multivariate Cox
regression with details of analyzed confounders, and other univariate associations between
the BMI and relevant clinical variables. The Joanna Briggs Institute Critical Appraisal
Checklist was used to assess the risk of bias [19]. The PRISMA 2020 statement on the
reporting of systematic reviews was followed (Supplementary Tables S1 and S2) [20]. The
protocol was registered in the International Prospective Register of Systematic Reviews
(PROSPERO, CRD42022353363).

3. Results
3.1. Study Selection

A total of 1257 articles were initially identified. Among them, 1220 were excluded
because they were either duplicates or irrelevant. After a full-text review of the remain-
ing 37 articles, one was further excluded because it did not fulfill the inclusion crite-
ria, thus leaving 36 studies (9958 IPF patients, 78% males) for final analysis [21-56]
(Figure 1). Fourteen studies were conducted in Japan [22,27,29,30,32-37,43,45,50,51], nine
in the USA [21,25,31,38,41,46—49], three in France [44,53,54], three in Italy [26,52,56], three
in China [28,39,42], two in South Korea [24,55], one in Ireland [23], and one in Saudi Ara-
bia [40]. The reported clinical endpoints included mortality in 21 studies [21-24,26,29,
30,32,33,37-40,45,49,50,52-56], disease exacerbation in 11 [22,23,25,27,28,31,34,37,41,46,55],
disease progression in five [42—44,47,54], hospitalization in three [48,53,54], tolerability
to the antifibrotic agent nintedanib in three [35,36,51], and incident pneumothorax in
one [32]. Ten studies were prospective [25-28,30,43,44,46,53,54], while the remaining 26
were retrospective [21-24,29,31-42,45,47-52,55,56]. The baseline mean/median BMI val-
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ues in these studies ranged between 21 and 30 kg/m?. Twenty-nine studies assessed
the BMI as a continuous variable [21-23,25-35,37,39-41,43,45-48,51-56], six used cut-off
values [24,36,38,42,44,49], and one assessed both [50]. Twenty-six out of 36 studies were
published over the last five years [31-56] (Table 1).
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Figure 1. PRISMA 2020 flow diagram.

Table 1. Characteristics of the studies investigating the association between body mass index and

adverse outcomes in idiopathic pulmonary fibrosis.

Baseline BMI (kg/m?)

Results of Multivariate

First Author, Study Sample Size Diagnosis BMI Assessment in Cox Cox Regression Additional
Year, Country . Age (Years) Treatment . A
(Ref) Design M/E Endpoint(s) Model Confounders in the Findings
P Main Comorbidities Model
_ o
HR = 0.23[6),09 34/0 cro.7 No significant differences
ATS/ERS p <0001 between BMI tert11e§ (<25, >25
197 . 28 . X and <30, and >30) in age, sex,
Alakhras M, Colchicine, . . Sex, diagnosis by open 4 .
j R 71 R Continuous variable c o smoking status, baseline
2007, USA [21] prednisolone lung biopsy, FVC (% /
137/60 3-vear mortali NR redicted), Dy.co (% pulmonary function tests, or
year mortality preaicted), Pco (7o recommended treatment at the
predicted), O, saturation index visit
with exercise
Prelzgl?s/ oEanSc 3 Acute exacerbation
lophosph: 4 ig HR =1.20, 95% CI 1.03 to No significant association
74 clophosphamide, 23 1.40, between BMI and mortality in
Kondoh Y, 2010, R 64 azathioprine, Conti iabl 0.001 ivariate C ion (HR
Japan [22] cyclosporin ontinuous variable p<0. univariate Cox regression (
61/13 3ovear acute NR mMRC scale (2 and =0.97,95% CI10.88 to 1.07,
y N above), 10% decline in p =0.590)
exacerbation, EVC at 6 months
3-year mortality
No significant association
between BMI and acute
NR exacerbation in univariate Cox
55 NR 2% regression (HR = 1.043, 95% CI
Judge EP, 2012, . . 0.939 to 1.159, p = 0.437)
Ireland [23] R 60 Acute Continuous variable NR No significant association
- 41/14 exacerbation, PH &

5-year mortality

between BMI and mortality in
univariate Cox regression
(HR =0.984, 95% CI 0.886 to
1.092, p = 0.758)
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YFirst Author, Study Sample Size Diagnosis BII?\,/E[T igz;zr:]g‘%né;x Results of Multiyariate Cox Additional
ear, Country Desion Age (Years) Treatment Model Regression Findings
(Ref) 8 M/F Endpoint(s) Mai e Confounders in the Model 8
ain Comorbidities
HR =12.085, 95% CI 1.277 to
114.331,
Kim JH, 2012, 67 ATS{ESET/JRS/ 23 Ao, dox, %338 0%
South Korea R 70 : BMI < 18.5 B¢, Sex, VL </ 070 NR
) Steroids predicted, respiratory
[24] 43/24 15 . NR X !
-year mortality symptoms at diagnosis,
disease progression on CT
before 36 months
No significant association
between BMI and acute
Lee]S, 2012, P gg St‘?rj(;? ds Continuo?fs variable NR exacerbatiop in univariate
USA 23] 2/12 Acute exacerbation  CAD, GERD, OSA, PH Cox regression O Iiio% 04,
p =0.55)
No significant associations
between BMI and mortality
in multivariate analysis (data
MRC Iéﬁ‘r/\c}%orfd)’t 6 Significant association
Mura M. 2012 70 ATS 27 m ‘Juring v O between BMI and mortality
Ttal [’2 o] ’ P 67 NR Continuous variable alveolar-arterial O t;znsion in univariate Cox regression
Y 57/13 3-year mortality NR FVC (% predi 2 o (HR = 0.89, 95% CI 0.80 to
o predicted), Dico (% 0.98, p = 0.01)
predicted), HRCT fibrosis 20, p =0
score, bronchoalveolar lavage
total cell count, concomitant
emphysema, CPI
No significant association
between BMI and acute
267 JRS 24 L o
Kondoh Y, P 65 Pirfenidone Continuous variable NR exacerbat1qn In univariate
2015, Japan [27] 213/54 Acute exacerbation NR Cox regression (HR = 0.935,
95% C10.782 to 1.118,
p =0.46)
No significant difference in
Cao M. 2016 62 ATS/ERS/JRS/ALAT 24 BMI between patients with
China, 28] ’ P 66 NR Continuous variable NR and without exacerbation
51/11 Acute exacerbation NR (241 +29vs. 246 +2.7,
p =0.679)
_ o Significant associations
ATIS,I{ eEdr:'lSm/ g E)i/e ALAT 25 HR = 11362;1 é % f OC (1)21 045 to between mortality and
Kishaba T 65 1 L Continuous variable (BMI EVC (% ’ élp d‘ h baseline (HR = 7.708, 95% CI
1shava & R 72 cycosporin, changes during the first (% predicted) changes 5 69 1,12 748, p = 0.008) and
2016, Japan [29] pirfenidone, & & during the first year, de _ o
41/24 nintedanib year) hospitalization during the 1-year BMI (HR =9.058, 95%
1 . DM, HT pratiz & CI2.925 to0 15.192, p = 0.009)
-year mortality first year . FE .
in univariate Cox regression
No significant association
between BMI and mortality
in univariate Cox regression
(HR = 0.88, 95% CI 0.76 to
s 44 ATS/ERS/JRS/ALAT 23 1.02, p =0.09).
ZISTll;h}?;a;I;a[%] P 72 No treatment Continuous variable NR Significant associations
+Japan 1 35/9 4-year mortality NR between BMI and age
(r=—0.33,p = 0.03), Dico
(r=0.50, p = 0.0005), 6tMWT
(r=0.35, p=0.02), and GAP
index (r = —0.42, p = 0.003)
89 ATS/ERS o7 No significant difference in
Dotan Y, 2018, R 66 Pirfenidone, Continuous variable NR BMI between patients with
USA [31] 64/25 nintedanib NR and without exacerbation
Acute exacerbation (27 £5vs. 28 £4,p=10.26)
Pneumothorax
HR = 0.80, 95% CI 0.67 to
ATS/ERS/JRS/ALAT 0.94, p = 0.008
Prednisolone, cy- Extent of reticular
clophosphamide, abnormalities on HRCT
c s 84 cyclosporin, 22 (grade >2)
2(1;{1;}1]1?2?[52’] R 71 tacrolimus, Continuous variable Mortality NR
»Jap - 74/10 pirfenidone, NR HR =1.01, 95% CI1 0.88 to
nintedanib 1.15,p = 0.894
Pneumothorax, Age, sex, FVC (% predicted),

12-year mortality

pneumothorax, extent of
reticular abnormalities (grade
>2), acute exacerbation
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YFirst Author, Study Sample Size Diagnosis BII?\,/E[T igz;zr:]g‘%né;x Results of Multiyariate Cox Additional
ear, Country Desion Age (Years) Treatment Model Regression Findings
(Ref) 8 M/F Endpoint(s) Mai e Confounders in the Model 8
ain Comorbidities
HR = 1.009, 95% CI 0.892 to Significant association
1.141,p = 0.89 between BMI and ESMcsa
SuzukiY, 2018, P AT R IR A LA e v Age, sex, ESMcs, ESMyia, (r = 0.500, p < 0.0001).
ontinuous variable o b L A
Japan [33] 117/14 20-vear mortali NR FVC (% predicted), No significant association
y ty FEV; /FVC, Dico between BMI and ESMyi
(% predicted) (r=0.01, p=0.90)
No significant difference in
median BMI between
Hanaka T, 2019, R gg ATS/ERSH/{]RS/ALAT Conti 23 . patients with and without
. ontinuous variable NR .
Japan [34] 74/15 Acute exacerbation NR exacerbation (22.9, IQR
21.1-25.8 vs. 22.9, IQR
20.7-24.7, p = 0.785)
Median BMI significantly
HR = 0.487, 95% CI 0.280 to lower in patients switched
Ik 30 ATS/ ].ERS/ J R.S/ ALAT 21 0.849,p =0.01 from pirfenidone to
eda S, 2019, Nintedanib . . . . . 3 X .
R 72 ) . Continuous variable Surfactant protein D, weight nintedanib than in patients
Japan [35] 24/6 Early nintedanib NR 1 de >2) duri ? . irfenid 21.0
termination oss (grade 2 ) uring prior naive to pirfenidone (21.0,
treatment with pirfenidone IQR 19.0-23.6 vs. 23.9, IQR
20.7-26.2, p = 0.001)
Nausea
HR =10.841, 95% CI 2.644 to
44.448, p = 0.001
Performance status, mMRC,
ATS/ERS/JRS/ALAT GAP index, co-treatment BMI AUC for nausea (0.873,
77 Nintedanib, 23 with prednisolone, 95% CI0.784 to 0.962,
Kato M, 2019, R 7 prednisolone BMI <216 nintedanib dose p =0.001)
Japan [36] 65/12 Nintedanib- NR ’ Diarrhea BMI AUC for diarrhea (0.668,
induced nausea HR = 3.460, 95% CI 1.044 to 95% CI 0.502 to 0.834,
and diarrhea 11.467, p = 0.04 p =0.036)
Performance status, mMRC,
GAP index, co-treatment
with prednisolone,
nintedanib dose
No significant association
between BMI and acute
ATS/ERS/JRS/ALAT exacerbation in univariate
Pirfenidone, Cox regression (HR = 1.096,
Kono M. 2019 96 prednisolone, im- 22 95% CI0.989 to 1.912,
I ’[%7] ! R 72 munosuppressants Continuous variable NR p=0.08).
apan |- 77/19 Acute NR No significant association
exacerbation, between BMI and mortality
4-year mortality in univariate Cox regression
(HR = 0.610, 95% CI 0.107 to
3.173, p = 0.56)
Significant association
between BMI reduction
>0.68% /month
pre-transplant and
post-transplant mortality in
univariate Cox regression
ATS/ERS/JRS/ALAT 30 1-year transplant or death (HR =4.6,95% CI 1.7 to 12.6,
. 131 NR . HR=1.8,95%CI1.1t03.2, p =0.003).
?()lig(agéf[(%)]/ R 69 1-year transplant E%EEZ?umcgﬁrﬁ p=0.038 Significant correlation
’ - 101/30 or death, mortality ’ NR Age, pulmonary function, between changes in BMI and
post-transplant baseline BMI changes in serum leptin
(r=0.43, p <0.01) and serum
adiponectin (r = —0.33,
p=0.04)
Lower CD28% in patients
with BMI reduction
>0.68%/month (p = 0.018)
1-year transplant or death
. 148 ATS/ERS/JRS/ALAT 30 . HRy= 2.5, 95‘1’!/:) CI12t052,
Kulkarni T (b), R 65 NR BMI reduction ~0.02 NR
2019, USA [38] 100/48 1-year transplant >0.68%/month A lp y functi
or death NR ge, pll;l monary function,
aseline BMI
No significant difference in
HR = 0.97, 95% CI0.89-1.04, median BMI between
LiB. 2019 148 ATS/ERS/JRS/ALAT 24 p=0.374 patients with serum
Chir;a [39]’ R 65 NR Continuous variable FVC (% predicted), serum prealbumin concentrations
- 108/40 6-year mortality NR albumin, serum globulin, <0.2and >0.2 mg/L (24.4,

serum prealbumin

IQR 21.9-26.9 vs. 23.7, IQR
25.4-27.5, p = 0.063)
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. . . . Baseline BMI (kg/mz) ..
First Author, Study Sample Size Diagnosis BMI Assessment in Cox Results of Multlyarlate Cox Additional
Year, Country Desion Age (Years) Treatment Model Regression Findings
(Ref) 8 M/F Endpoint(s) . oce .. Confounders in the Model 8
Main Comorbidities
HR =0.948, 95% CI
0.896-1.003, p = 0.06
Alhamad EH, 212 ATSP/i]:‘fI: Isliggie/ALAT Continu02u75 variable Acute exacerbation, G(MWT
2020,.Sa1.,1d1 R 66 nintedanib PH, DM, HT, OP, GORD, final SpO, <85%, antifibrotic NR
Arabia [40] 150/62 10-vear mortalit CAD therapy, SMWTD <300 m,
¥ Y TLC (% predicted), FVC
(% predicted)
No significant difference in
Dotan Y, 2020, 89 ATS/ERS/JRS/ALAT . 28 . BMI between patients with
. R 66 NR Continuous variable NR . .
Usa [41] 61/28 Acute exacerbation DM, HT, CAD and without exacerbation
e (28 £4vs. 28 £4,p=0.28)
Significant difference in BMI
Pﬁ?sn/lgR: between patients with stable
d enidone, ~ disease and those with
117 Cﬁ)rehgf(ﬁﬁe 04 progressive disease
Fang C, 2020, 64 phosphamide, (24.8 +£2.7vs. 22.9 £ 3.0,
> ) R azathioprine, BMI < 25 NR
China [42] 110/7 methotrexate DM, HT, CAD p = 0.005).
. ’ T Kaplan-Meyer log-rank test
tacrolimus ) .
{-vear disease for progression-free survival
¥ ¢ with BMI > 25 (HR = 2.81,
progression 95% CI 1.03 to 7.68, p = 0.044)
Placebo group
HR = 0.833, 95% CI 0.704 to
0.985, p =0.03
Lowest SpO, during 6MWT,
ATS/ERS FVC (% predicted)
267 . . . .
Tkeda K. 2020 65 Pirfenidone, 24 Pirfenidone group
Japan ’[ 1] 4 P 213/54 placebo Continuous variable HR =0.849, 95% CI1 0.723 to NR
pan 152 1-year disease NR 0.998, p = 0.046
progression Smoking status,
alveolar-arterial O,
difference, FVC (%
predicted), surfactant
protein D
Patients with BMI < 27 had a
greater median annual rate of
decline in FVC vs. placebo
compared to those with
BMI > 27 (158, IQR 109-206
vs. 65, IQR 18-113, p = 0.007)
NR No significant differences
Pirfenidon between patients with
pregnis;’nj BMI <27 and >27 in absolute
Jouneau S, 1,061 azathioprine, cy- 28 Chan%e HLF\&C; /Ig)lgeg gc_tgc(l))
2020, France P 68 clophosphamide, BMI < 27 NR VS. paceno (.3, T A
. . vs. 1.8, IQR 0.4-3.2, p = 0.37),
[44] 841/220 cyclosporm?, NR absolute change in SGRQ
N-acetyleysteine (—2.6, IQR —5.720.6 vs. —04,
1'5;‘(’)arr2;:ie§§e IQR —3.2-2.3, p = 0.80), >1
prog acute exacerbation
(HR = 0.65, 95% CI 0.34 to
1.26 vs. 0.65, 0.31 to 1.40,
p = 0.96), and mortality
(HR = 0.46, 95% CI0.24 to
0.92 vs. 1.07, 0.52 t0 2.19,
p=0.11)
o ATS/ERS/JRS/ALAT 23 0%56:16%386' %5 /0” %3 Significant correlation
Nakano A, R 67 Pirfenidone, Relative decline in BMI in R . 80, p =1 o between relative decline in
" . . ) o elative decline in FCV (% . o
2020, Japan [45] 98/21 corticosteroids the first 6 months (%) dicted), relative decline i BMI and relative decline in
7-year mortality NR predicied) [eeHve AeCN®IN  ESMcea (r =0.394, p < 0.001)
ESMcsa
NR
Plrl;fcelgﬁs;l:’ No significant association
1061 pth' P 28 between BMI and acute
Tang F, 2020, ’ azathloprine, cy . . exacerbation in univariate
) P 68 clophosphamide, Continuous variable NR .
USA [46] . Cox regression (HR = 0.958,
841/220 cyclosporine, NR 95% C1 0.906 to 1.010
N-acetylcysteine ° p-vaiue NR) i

1-year acute
exacerbation
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YFirst Author, Study Sample Size Diagnosis BII?\,/E[T igz;:x:]g‘%né;x Results of Multiyariate Additional
‘ear, Country Desien Age (Years) Treatment Model Cox Regression Findings
(Ref) 8 M/F Endpoint(s) Main Comorbidities Confounders in the Model 8
No significant association
between BMI and progression in
ATS/ERS/JRS/ALAT 29 univariate Cox regression in the
Zaman T, 1,263 NR BMI increase by a factor of whole population (HR = 0.942,
2020, USA R 68 Disease 5 y NR 95% CI0.675 to 1.321, p-value NR)
[47] 901/362 progression over NR males (HR = 1.213, 95% CI 0.704
3 years to 2.113, p-value NR) and females
(HR =0.821, 95% CI1 0.538 to 1.242,
p-value NR)
ATS/EIIiISéJRS/ ALAT HR = 0.96, 95% CI 0.93 to
Kim HJ, 2021 1,002 Respiratory- . 2 . 0.98,p < 0'001
USA i 48] . R 70 related Continuous variable Age, FVC (% predicted), NR
747 /255 hospitalization NR O, use at rest, pulmonary
within 2 years hypertension
. ATS/ERS/JRS/ALAT NR Mortality significantly higher in
S;gfgla%gAG’ R 17368 Pirfenidone, BMI < 30 NR patients with BMI < 30 than in
[ 49] 83/55 nintedanib HT, HL, GORD, COPD, HF, those with BMI >30 (34.8% vs.
Mortality OSA, DM, PH 20.4%, p = 0.018)
Continuous variable
HR = 0.920, 95% CI 0.847 to
ATS/ERS/JRS/ALAT 0.996, p = 0.04
Pirfenidone, 23 Age, sex, ESMcsa, FVC (%
Suzuki Y, 208 nintedanib, Continuous variable or predicted), Drco (%
2021, Japan R 72 immunosuppres- BMI < 24.1 predicted) NR
[50] 176/32 sants, NR . BMI < 24.1
N-acetylcysteine HR = 1.673, 95% CI 1.063 to
5-year mortality 2.709,p =0.03
Age, sex, ESMcsA, FVC (o/o
predicted)
ATS/ERS/JRS/ALAT
Nintedanib,
Uchida Y, 71 prednisolone, 21 HR =0.862, 95% CI1 0.715 to
2021, Japan R 78 tacrolimus Continuous variable 1.040,p =0.12 NR
[51] 52/19 Early nintedanib NR FVC (% predicted)
termination (at 6
months)
HR = 0.859, 95% CI 0.768 to
8 ATS/ERS 27 0.960, p = 0.007
Zinellu A, R 7 Pirfenidone, Continuous variable Age, sex, smoking status, NR
2021, Italy [52] 73/9 nintedanib HT, CAD, GORD, PH, disease stage, antifibrotic
4-year mortality COPD, OSA, AF drugs, aggregate index of
systemic inflammation
Hospitalization
_ o
ATS/ERS/JRS/ALAT HR =089 Ei Pyt
Jouneau S 153 ?frifgécalﬁ;f’ o7 GAP score, simple Patients with BMI < 21 had a
2022 Franc,e P 7 corticosteroi (,is Continuous variable evaluation of food intake higher rate of acute exacerbation
i53] 119/34 1-year all-cause HT. CAD. CVA, AF Mortality compared to those with BMI > 21
N hospitalization, ’ ’ ’ HR = 0.89, 95% CI 0.82 to (73.1% vs. 41.7%, p = value NR)
1-year mortality GAOI? 6,p = 0'.003
score, simple
evaluation of food intake
Patients with baseline BMI < 25,
25-30, or >30 kg/m? showed
annualized change in (p-values
NR): FVC (% predicted) of —6.6,
—5.4, and —4.1, respectively
Dico (% predicted) of —5.5, —5.0,
ATS/ERS/JRS/ALAT and —4.0, respectively
Pirfenidone, 6MWTD of —42.8, —32.5, and
interferon-y-1b, —30.5 m, respectively
Jouneau S 1604 lebrikizumab 30 SGRQ total score of 5.8, 5.2, and
2022 Franc’e P ’67 1-year disease Continuous variable NR 3.1, respectively and: Relative
f% 4] 1,374/230 progression, NR decline in percent predicted FVC
. ’ 1-year, >10% or death in 19%, 15.1% and
hospitalization, 9.4%, respectively
and 1-year Any all-cause hospitalization in
mortality 23.8%, 25.4%, and

24.5%, respectively
All-cause mortality in 6.7%, 7.9%,
and 6.2%, respectively
Any treatment-emergent serious
adverse effect in 26.7%, 30.6%,
and 27.0%, respectively
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Table 1. Cont.

. . . . Baseline BMI (kg/mz) ..
First Author, Study Sample Size Diagnosis BMI Assessment in Cox Results of Multlyarlate Cox Additional
Year, Country Desion Age (Years) Treatment Model Regression Findings
(Ref) 8 M/F Endpoint(s) Main Cor%oibi dities Confounders in the Model 8
Acute exacerbation
ATS/ERS/JRS/ALAT R
Steroid Mortality
azathiopri,ne HR =0.944, 95% CI1 0.894 to No significant association
Yoo JW, 2022, 445 mycophenolat’e 24 0.997, p = 0.037 .. between. BMI anq acgte
South I,<orea/ R o7 mofetil Continuous variable Age, Charlson comorbidity exacerbation in univariate
[55] 335/110 cvdlos ori,ne NR index, FVC (% predicted), Cox regression (HR = 0.973,
- 3}j rp £ Dico (% predicted), 6(MWT 95% CI0.902 to 1.049,
exZCeSrbaact?orel distance, GMWT resting and p = 0.470)
3-vear mortali/ lowest SpO,, disease
Y ty progression, acute
exacerbation
ATS/ERS HR =0.82,95% CI 0.71 to .
Zinellu A, 2022, 20 Pirfenidone, 26 ) 0.95, p = 0.008 AUC for BMI to predict
Ttaly [56] R 70 nintedanib Continuous variable Age, sex, smoking status mortality (0.702, 95% CI 0.596
79/11 4 tali NR ey ’ to 0.794, p = 0.0001)
year mortality treatment

Legend: AF, atrial fibrillation; ALAT, Asociacion Latinoamericana de Térax; ATS, American Thoracic Society; AUC,
area under the curve; BMI, body mass index; CAD, coronary artery disease; COPD, chronic obstructive pulmonary
disease; CPI, composite physiologic index; CT, computed tomography; CVA, cerebrovascular disease; Drco,
diffusion capacity for carbon monoxide; DM, diabetes mellitus; ERS, European Respiratory Society; ESMcsa,
cross-sectional area of elector spine muscles; ESMy14, muscle attenuation of elector spine muscles; F, female;
FEV,, forced expiratory volume in the 1st second; FVC: forced vital capacity; GAP, gender age physiology;
GORD, gastroesophageal reflux disease; HF, heart failure; HL, hyperlipidemia; HR, hazard ratio; HRCT, high-
resolution computed tomography; HT, hypertension; IQR, interquartile range; JRS, Japanese Respiratory Society;
M, male; mMRC, modified Medical Research Council dyspnea scale; NR, not reported; OP, osteoporosis; OSA,
obstructive sleep apnea; P, prospective; PH, pulmonary hypertension; R, retrospective; SGRQ, St. George’s
Respiratory Questionnaire; TLC, total lung capacity; 6MWT, six-minute walking test; 6tMWTD, six-minute walking
test distance.

3.2. Risk of Bias

The risk of bias was assessed as low in 20 studies [21,22,24,29,32,33,35,36,38-40,43 45,48, 50-53,55,56]
and high in the remaining 16 studies [23,25-28,30,31,34,37,41,42,44,46,47 49,54] (Table 2).

3.3. Results of Individual Studies and Syntheses
3.3.1. Mortality

A significant association between the BMI and mortality was reported in 10 studies, in-
cluding nine retrospective studies and nine with low risk of bias [21,24,29,38,49,50,52,53,55,56]
(Table 1). Alakhras et al. were the first to report a significant relationship between the
BMI and survival in 197 IPF patients categorized according to BMI tertiles (<25, 25-30,
and >30 kg/ m?). The bottom tertile (n = 46) had a median survival of 3.6 years [1-year
survival rate, 76% (95% CI 65 to 90); 3-year survival rate, 54% (95% CI 41 to 70)]. The
middle tertile (n = 85) had a median survival of 3.8 years [1-year survival rate, 84% (95%
CI 76 to 92); 3-year survival rate, 58% (95% CI 48 to 70)]. The upper tertile (n = 66) had
a median survival of 5.8 years (1-year survival rate, 91% (95% CI 84 to 98); 3-year sur-
vival rate, 69% (95% CI 58 to 81%)]. Proportional hazards regression showed a signifi-
cant, independent, and negative association between the baseline BMI and mortality [21].
Kim et al. reported an independent association between baseline BMI values < 18.5 kg/m?
and increased 15-year mortality in 67 IPF patients [24]. Kishaba et al. investigated the impact
of changes in BMI during the first year on 12-year mortality. In their analysis, the magnitude
of BMI reduction was significantly associated with mortality after adjusting for several con-
founders, including hospitalization during the first year. Similar associations with 12-year
mortality were observed with absolute values of baseline and one-year BMI [29]. Kulkarni et al.
also investigated the association between BMI temporal trajectories and one-year transplant
or mortality and post-transplant mortality in a discovery cohort (1 = 131). The quartile with
the greatest temporal BMI reduction (>0.68%/month) was independently associated with
a higher risk of transplant or death. The association with mortality was maintained after
excluding patients undergoing transplant (HR = 2.9, 95% CI 1.6 to 5.2, p = 0.0002). In further
analysis, patients with temporal BMI reduction >0.68%/month in the year preceding the
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transplant also had a greater risk of mortality following surgery (HR = 4.6, 95% CI 1.7 to 12.6,
p = 0.003). The same authors confirmed the presence of an independent association between
temporal BMI reduction >0.68%/month and risk of transplant or death in a validation cohort
(n = 148) [38]. Sangani et al. retrospectively investigated 138 IPF patients categorized as
non-obese (BMI < 30 kg/ m?) and obese (BMI >30 kg/ m?). The usual interstitial pneumonia
pattern was less prevalent in the obese group (69% vs. 85%, p = 0.007). Significantly lower
mortality was observed in this group. A similar trend was also observed when BMI values
were analyzed as tertiles (mortality of 20%, 47%, and 75% for BMI values of 25-29.9, 20-24.9,
and <20 kg/m?, respectively, p < 0.001) [49]. Two cohorts receiving antifibrotic treatment with
pirfenidone or nintedanib, for a total of 208 IPF patients, were investigated by Suzuki et al.
A significant, negative, and independent association was observed with five-year mortality
both when considering BMI values as a continuous variable and using a cut-off value of
24.1 kg/m? [50]. Zinellu et al. reported a negative and independent association between
the baseline BMI and four-year mortality in a cohort of 82 IPF patients, after adjusting for
several confounders including the recently developed aggregate index of systemic inflam-
mation [52,57-60]. In another prospective cohort study in 153 newly diagnosed IPF patients,
Jouneau et al. reported that a lower baseline BMI was independently associated with one-year
mortality in multivariate analysis, after adjusting for age, sex, GAP score, and self-evaluation
of food intake [53]. Yoo et al. similarly reported that a lower baseline BMI was indepen-
dently associated with higher three-year mortality in 445 patients with IPFE, after adjusting
for several confounders including the Charlson comorbidity index, disease progression, and
acute exacerbation [55]. Finally, Zinellu et al. investigated 90 IPF patients and reported an
independent association between the baseline BMI and four-year mortality, with an area under
the curve (AUC) of 0.702 [56]. Incorporating the BMI into a four-domain predictive model
(IC4) including the six-minute walking distance, FVC, and Dy ¢ significantly increased the
AUC to 0.859 (95% CI0.770-0.924, p < 0.0001) [56].

In contrast, 11 studies, including eight retrospective studies and six with low risk of bias, failed
to report a significant association between the BMI and mortality [22,23,26,30,32,33,37,39,40,45,54].
A non-significant association between the BMI and mortality was reported in multivariate analyses
in six studies [26,32,33,39,40,45]. Four studies failed to demonstrate a significant association
in univariate analysis [22,23,30,37], whereas the remaining study, a post-hoc analysis of five
randomized placebo-controlled trials investigating the effects of pirfenidone, interferon-y-1b,
and the monoclonal antibody lebrikizumab, did not report a formal statistical analysis of the
association between the BMI and one-year mortality [54].

3.3.2. Disease Exacerbation

Only one study reported significant associations between the baseline BMI and risk
of disease exacerbation. Kondoh et al. observed an independent and positive association
between the baseline BMI and risk of three-year exacerbations in 64 IPF patients [22]. In
contrast, no significant associations were reported in the remaining 10 studies, including
six retrospective studies and nine with a high risk of bias, all of which reported data from
univariate analyses [23,25,27,28,31,34,37,41,46,55].

3.3.3. Disease Progression

Two studies reported a significant impact of the BMI on IPF progression. Fang et al.
reported that patients exhibiting disease progression at one year had significantly lower
baseline BMI values than those with stable disease. A significant association was also
observed with the Kaplan-Meyer log-rank test using a cut-off of >25 kg/m? [42]. Similarly,
in a post-hoc analysis of a randomized placebo-controlled trial investigating pirfenidone,
Ikeda et al. observed that a lower baseline BMI was independently associated with one-year
progression. Notably, this association was observed both in the placebo and pirfenidone
groups [43]. In contrast, two studies failed to report a significant association with disease
progression in univariate analyses [44,47]. In one study, while a significantly greater de-
cline in FVC was observed in patients with BMI < 27 kg/m?, no significant BMI-related
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differences were reported with temporal changes in FVC (% predicted) and St. George’s Res-
piratory Questionnaire [44]. In a further study, no formal statistical analysis was presented
on the association between the baseline BMI and one-year disease progression [54].

Table 2. The Joanna Briggs Institute critical appraisal checklist.

2
i g £ s
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55 53T RS 28 5% 5= 55 % gSm 28 -
Study =0 258 E3 238 2 s 2% 28 ] Z < &
Alakhras M [21] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Kondoh Y [22] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Judge EP [23] No NR NR NR No No Yes Yes Yes High
Kim JH [24] No Yes Yes Yes Yes Yes Yes Yes Yes Low
LeeJS [25] No Yes Yes Yes No No Yes Yes Yes High
Mura M [26] No Yes Yes Yes No No Yes Yes Yes High
Kondoh Y [27] No Yes Yes Yes No No Yes Yes Yes High
Cao M [28] No Yes Yes Yes No No Yes Yes Yes High
Kishaba T [29] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Nishiyama O [30] No Yes Yes Yes No No Yes Yes Yes High
Dotan Y [31] No Yes Yes Yes No No Yes Yes Yes High
Nishimoto K [32] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Suzuki Y [33] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Hanaka T [34] No Yes Yes Yes No No Yes Yes Yes High
Tkeda S [35] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Kato M [36] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Kono M [37] No Yes Yes Yes No No Yes Yes Yes High
Kulkarni T [38] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Li B [39] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Alhamad EH [40] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Dotan Y [41] No Yes Yes Yes No No Yes Yes Yes High
Fang C [42] No Yes Yes Yes No No Yes Yes Yes High
Tkeda K [43] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Jouneau S [44] No NR NR NR No No Yes Yes Yes High
Nakano A [45] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Tang F [46] No NR NR NR No No Yes Yes Yes High
Zaman T [47] No Yes Yes Yes No No Yes Yes Yes High
Kim HJ [48] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Sangani RG [49] No Yes Yes Yes No No Yes Yes Yes High
Suzuki Y [50] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Uchida Y [51] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Zinellu A [52] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Jouneau S [53] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Jouneau S [54] No Yes Yes Yes No No Yes Yes Yes High
Yoo JW [55] No Yes Yes Yes Yes Yes Yes Yes Yes Low
Zinellu A [56] No Yes Yes Yes Yes Yes Yes Yes Yes Low

Legend: NR, not reported.
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3.3.4. Nintedanib Tolerance

Two Japanese studies investigated the potential influence of the BMI on the risk of
early discontinuation of treatment with the antifibrotic drug nintedanib, with contrasting
results. Ikeda et al. observed that lower baseline BMI values were significantly and
independently associated with increased risk of discontinuation in 72 IPF patients [35]. In
contrast, no significant association was observed between the baseline BMI and risk of
early discontinuation after adjusting for FVC (% predicted) in the study by Uchida et al.
involving 78 patients with IPF [51]. In another Japanese study, a BMI of <21.6 kg/m? was
independently associated with a tenfold increase in the risk of developing nausea and a
threefold increase in the risk of developing diarrhea during nintedanib treatment [36].

3.3.5. Other Clinical Outcomes

Two studies reported a negative association between the BMI at baseline and the risk of
hospitalization. Kim et al. observed that a lower BMI was significantly and independently
associated with a higher rate of respiratory-related hospitalizations within two years in 1002
IPF patients [48]. Similarly, Jouneau et al. reported that a lower BMI was independently
associated with one-year hospitalization in 153 patients with IPF [53]. In another study by
Jouneau et al., the associations between BMI tertiles and all-cause hospitalization at one year
were not statistically assessed [54]. Finally, Nishimoto et al. reported that lower BMI values
at baseline were independently associated with a statistically higher risk of pneumothorax
in a retrospective study of 71 IPF patients. In this study, incident pneumothorax was
independently associated with increased mortality after adjusting for age, sex, and FVC (%
predicted) [32].

4. Discussion

In our systematic review, we identified 36 studies assessing the prognostic role of
baseline and temporal changes in BMI values in IPF patients receiving a range of immuno-
suppressive and antifibrotic therapies. Whilst there is currently no evidence of a link
between the BMI and a diagnosis of IPF, the available evidence suggests that this routinely
assessed surrogate marker of body fatness is a promising predictor of mortality, disease
progression, hospitalization, tolerability to specific antifibrotic treatments, and specific
complications, i.e., pneumothorax, in this group. In particular, relatively low BMI values
at baseline and/or greater temporal declines in BMI are associated with adverse clinical
outcomes, barring the risk of disease exacerbation.

The BMI was first described by Quetelet, a Belgian scientist, as an anthropometric
index in the nineteenth century under the denomination “social physics” [61]. Following the
first publication under its current name in 1972 [62], the BMI has been extensively used in
clinical practice and public health screening and intervention programs to categorize people
as underweight (<18.5 kg/m?), normal weight (>18.5 and <25.0 kg/m?), overweight (>25.0
and <30.0 kg/m?), and obese (>30.0 kg/m?). Although several experts have questioned the
physiological significance of the BMI as a reliable indicator of adiposity and excess fat, its
use has significantly contributed to the stratification of short- and long-term risks associated
with key disease states, e.g., cardiovascular disease, diabetes, and several types of cancer,
and to promote lifestyle interventions aimed at reducing this risk both individually and at
the population level [15-18,63]. However, while the health risks associated with relatively
higher BMI values are well established, an increasing number of studies over the last
decade have reported that individuals with relatively higher BMI and specific overt disease
states, e.g., heart failure and cancer, have a more favorable prognosis than those with lower
BMI values [64,65]. This phenomenon, known as the “obesity paradox,” has also been
described in respiratory conditions such as chronic obstructive pulmonary disease [66,67].
One possible explanation for the putative protective effects of higher BMI values in these
conditions and IPF is related to the inherent limitations of this index as a reliable measure
of excess fat mass and adiposity. The formula used for its calculation (body weight in kg
divided by height in m?) does not take into consideration whether changes in body weight
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are secondary to changes of specific body composition compartments, e.g., fat mass vs.
fat-free mass, and/or their distribution, e.g., visceral vs. subcutaneous adiposity [68,69].
Furthermore, a concomitant increase in fat mass (obesity) and a reduction in fat-free mass
(sarcopenia) can occur in the same individual. This condition, also known as sarcopenic
obesity, is associated with a worse prognosis in disease states such as heart failure and
cancer [70-72]. Therefore, it is possible that a higher BMI in patients with IPF experiencing
a more favorable prognosis is not primarily associated with an increase in fat mass, but
rather with an increase in fat-free mass, e.g., muscle mass. This might lead to increased
exercise tolerance and cardiorespiratory fitness through increased oxygen consumption
via increased muscle diffusion, mitochondrial respiration capacity, and skeletal muscle
strength, as already proposed in patients with heart failure [73,74]. This hypothesis is
further supported by the results of studies reporting that lower skeletal muscle mass and
strength are significantly associated with advanced disease and mortality in patients with
IPF [75-77]. Furthermore, one study in our systematic review reported a significant and
positive association between BMI and the cross-sectional area of elector spine muscles, an
imaging parameter used to investigate sarcopenia and cachexia. However, no significant
associations were reported with another parameter, muscle attenuation of elector spine
muscles [33]. In another study, a significant and positive association was reported between
the relative temporal decline in BMI and temporal reduction in the cross-sectional area of
elector spine muscles in IPF patients [45]. Another possibility is that interplay between the
BMI and clinical outcomes in patients with IPF is modulated by the coexistence of disease
states, e.g., heart failure, where an inverse association between BMI values and adverse
outcomes has been described [64]. However, this hypothesis requires further investigation
as the presence of comorbidities was described in only nine of the studies identified in our
systematic review [23,25,29,40-42,49,52,53].

It is important to emphasize that several studies failed to report significant associa-
tions between the BMI and mortality [22,23,26,30,32,33,37,39,40,45,54] or disease progres-
sion [44,47]. Possible reasons for such discrepancies include between study differences in
baseline patient characteristics, including severity of IPF, comorbidity burden, ethnicity,
and specific treatment received. However, as previously mentioned, information regard-
ing comorbidities was provided in a limited number of studies [23,25,29,40-42,49,52,53].
More research is required to investigate possible differences in studies reporting negative
findings and to determine whether the prognostic significance of the BMI varies across IPF
subgroups.

Another intriguing observation is the possible reduced tolerance to the antifibrotic agent
nintedanib in IPF patients with lower BMI reported in two of three studies [35,36,51]. This
issue is clinically relevant as the early discontinuation of antifibrotic therapy is associated with
worse outcomes in this group [78]. Nintedanib is a relatively fat-soluble drug with a large
volume of distribution in humans [79,80]. Assuming that a lower BMI value is secondary, at
least partly, to a reduced fat mass, the consequent reduction in the volume of distribution
might theoretically lead to higher circulating concentrations of this agent. However, whether
this phenomenon accounts for increased risk of toxicity and early treatment discontinuation
deserves further study.

In order to establish the prognostic significance of the BMI in IPF, larger and appro-
priately designed prospective studies are warranted to confirm the findings of our review.
Such trials should investigate the predictive capacity of the BMI, singly or in combination
with other clinical characteristics and lung function parameters, in IPF patients with a
wide range of clinical severity, comorbid status, sarcopenia, and immunosuppressive and
antifibrotic treatments. The potential utility of combining the BMI with other parameters in
prediction models was recently reported by Zinellu et al. in a study where the incorpora-
tion of BMI with 6MWD, FVC, and Dy co significantly increased the AUC for predicting
four-year mortality [56].

The strengths of our systematic review include the assessment of a wide range of
clinical endpoints as well as the association between the BMI and other relevant patient
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characteristics, including parameters of lung function and functional capacity. Furthermore,
the selected studies investigated Asian, European, and North American patient populations,
ensuring some degree of generalization of the findings, and the risk of bias was considered
low in the majority of studies (20 out of 36). The limitations of our review include the lack
of meta-analytical evaluation given the between study differences in the assessment of the
BMI as a continuous variable or cut-off value, baseline variable vs. temporal changes, type
of endpoint assessed, and the paucity of details regarding specific comorbidities, markers
of muscle mass, and sarcopenia in most studies.

5. Conclusions

Our systematic review has shown that the BMI has the potential to be used as an
easily measured and inexpensive predictive marker in IPF, particularly for mortality, dis-
ease progression, risk of hospitalization, and tolerability to specific therapies. However,
prospective, accurately designed studies are warranted to convincingly demonstrate the
prognostic utility of this anthropometric parameter and justify its widespread use in the
routine management of patients with IPE.
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