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Abstract
Background: Literature focusing on nutritional variables 
and survival in interstitial lung disease (ILD) is limited by its 
focus on weight and BMI and has not considered body com-
position. Objectives: The primary objective of this study was 
to examine whether body composition measures, specifical-
ly fat-free mass index z-score (z-FFMI) and body fat mass in-
dex z-score (z-BFMI), were predictors of survival in fibrotic 
ILD patients. The second objective was to examine if nutri-
tion status was a predictor of survival. Method: Seventy-
eight outpatients diagnosed with fibrotic ILD were recruited 
in this cross-sectional study. Body composition data using 

dual frequency bioelectrical impedance analysis (BodyStat 
1500MD; UK) and nutrition status using the subjective glob-
al assessment (SGA) were determined. To control for age and 
sex, z-FFMI and z-BFMI were calculated using population 
means. Participant charts were reviewed for diagnosis, age, 
disease severity, and exercise capacity. Results: Age (HR 
1.08, 95% CI [1.03–1.13], p < 0.01), BMI (HR 0.90, 95% CI [0.84–
0.97], p < 0.01]), z-FFMI (HR 0.70, 95% CI [0.56–0.87], p = 0.02), 
z-BFMI (HR 0.74, 95% CI [0.57–0.96], p < 0.01), 6-min walk 
distance (6MWD) (HR 0.99, 95% CI [0.99–1.00], p < 0.01), per-
cent predicted diffusing capacity for carbon monoxide 
(%DLco) (HR 0.93, 95% CI [0.89–0.97], p < 0.01), and severe 
malnutrition (SGA-C) (HR 6.98, 95% CI [2.00–24.27], p < 0.01) 
were significant predictors of survival. When controlled for 

Research completed at London Health Sciences Centre, Victoria Hos-
pital, London, ON.
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exercise capacity and disease severity, z-FFMI and severe 
malnutrition were significant predictors of survival indepen-
dent of %DLco. Conclusion: z-FFMI and severe malnutrition 
were significant predictors of survival in fibrotic ILD patients 
independent of disease severity. © 2021 S. Karger AG, Basel

Introduction

Interstitial lung disease (ILD) is a group of disorders 
that involve disruption of the distal lung parenchyma, 
with various degrees of inflammation and/or fibrosis. A 
common form of ILD is idiopathic pulmonary fibrosis 
(IPF) and is characterized by progressive scaring of the 
lung parenchyma, with minimal inflammation. IPF is re-
lentlessly progressive, with a dismal prognosis of 2–5 
years, in the absence of treatment [1]. Clinical markers 
such as lung function, 6-min walk distance (6MWD), 
dyspnea scores, and BMI are reliable predictors of sur-
vival in ILD [2–4]. To date, research examining the rela-
tionship between nutritional factors and survival in ILD 
is limited by its focus on weight and BMI and has not 
fully addressed the influence of body composition and 
overall nutrition status on survival.

Low fat-free mass index (FFMI), fat-free mass (FFM) 
standardized for height, has been shown to be a predictor 
of mortality in various disease states [5, 6]. In IPF, Nishi-
yama et al. [7] found that FFMI, but not BMI, was a sig-
nificant predictor of survival. Age, sex, and height are 
core biological factors affecting FFM, but it may also be 
affected by environmental factors such as physical activ-
ity and protein intake. Therefore, the calculation of an 
FFMI z-score (z-FFMI) aims to account for some of these 
confounding factors by generating a value indicating 
how far away an individual’s measure is from the mean 
of healthy population reference values. Similarly, this can 
be used to calculate body fat mass index z-scores  
(z-BFMI).

In other chronic lung diseases, a significant portion of 
patients have been identified as malnourished [8, 9]. In 
ILD, the prevalence of malnutrition is not well estab-
lished. The gold standard of nutrition assessment is the 
subjective global assessment (SGA), which has been vali-
dated in a variety of disease states [10, 11]. SGA considers 
diet, weight history, functional status, gastrointestinal is-
sues, and disease history, combined with a physical ex-
amination, to identify signs of muscle wasting, subcuta-
neous fat loss, and edema, taken together to determine 
nutritional status.

The primary objective of this study was to examine 
whether measures of body composition, specifically  
z-FFMI and z-BFMI, are independent predictors of sur-
vival in ILD patients. The second objective was to deter-
mine the prevalence of malnutrition using SGA and ex-
amine if nutrition status is a predictor of survival.

Materials and Methods

Study Population
In this cross-sectional study, 78 patients diagnosed with ILD 

were recruited from an outpatient ILD clinic between November 
20, 2013, and January 3, 2018. Survival status was determined as of 
January 03, 2020. Inclusion criteria included ambulatory patients 
over 18 years of age with diagnosis of a fibrotic ILD. Patients were 
excluded according to the following criteria: inability to provide 
consent due to communication issues (cognitive and motor), pres-
ence of cardiac implantable electrical devices, nonstable ILD pa-
tients defined as those with infections and/or fever, admitted to 
hospital in the previous month, or presence of an unstable comor-
bid illness. The study protocol was approved by the Western Uni-
versity Research Ethics Board (Protocol No. 104028 and 103186).

Diagnosis, Lung Function, and 6-Min Walk Test
The presence of fibrotic ILD was defined based on high-reso-

lution chest computerized tomography (CT) scan and compatible 
pulmonary function tests (PFTs). After excluding all known causes 
of ILD, IPF was diagnosed based on clinical and radiographic cri-
teria, and when necessary, on surgical lung biopsies, followed by 
multidisciplinary discussion [12, 13]. The diagnosis of fibrotic ILD 
other than IPF was based on clinical presentation; laboratoristic, 
bronchoscopic, and radiographic investigations; and, when indi-
cated (e.g., nonspecific interstitial pneumonia cases), surgical lung 
biopsies. Patients with combined pulmonary fibrosis and emphy-
sema were also excluded from the study, and coexisting emphy-
sema was always minimal (≤5% of total lung volume). Patient 
charts were also reviewed for current medications. Time from di-
agnosis was calculated from the date ILD was diagnosed to the 
study recruitment date. PFTs and 6-min walk test (6MWT) were 
performed according to the American Thoracic Society guidelines 
[14, 15].

Body Composition Assessment
Body composition data were obtained using dual frequency 

bioelectrical impedance analysis (BIA) (BodyStat 1500MD; UK). 
BIA is an easy and convenient bedside tool that is validated in a 
variety of clinical settings [16–18]. Participants were asked to rest 
supine on a bed in the clinic while breathing normally. Resistance 
and reactance were measured via passing a 50-kHz electrical cur-
rent through the body via 2 electrodes placed on the surfaces of the 
right hand and foot while measuring the impedance at fixed fre-
quencies [19]. FFMI and BFMI were calculated using estimates of 
FFM and BFM obtained using BIA according to the following 
equations: FFMI = FFM (kg)/(height [m])2 and BFMI = BFM (kg)/
(height [m])2, respectively. z-FFMI and z-BFMI were then calcu-
lated using population means by age and sex groups [20] according 
to the following equation: z-score = (x − xpopulation mean)/standard 
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deviationpopulation (standard deviation [SD]). FFMI and BFMI cut-
offs suggested by Kyle et al. [20] were used to classify patients into 
the following categories: normal (normal FFMI and BFMI), sarco-
penia (low FFMI and normal BFMI), obesity (normal FFMI and 
high BFMI), and sarcopenic obesity (low FFMI and high BFMI) 
[21].

Nutrition Assessment
SGA was completed according to the method outlined by 

Detsky et al. [10] and was completed by trained registered dieti-
tians (S.R. and J.M.). SGA is considered the gold standard method 
to identify malnutrition combining dietary, weight, functional, 
gastrointestinal, and disease history with a physical examination 
to arrive at a categorical ranking. Categories A, B, and C represent 
well nourished, moderate malnutrition or suspected of being mal-
nourished, and severe malnutrition, respectively.

Outcome
The primary outcome measure was 2-year lung transplant-free 

survival. The survival of patients was assessed starting from the 
time of their BIA assessment up to 2 years following this date.

Statistical Analysis
Descriptive statistics were evaluated; continuous variables are 

expressed as mean ± SD, and categorical variables are displayed as 
frequencies. Then, an independent samples t test was used to com-
pare differences in means between sexes. Cox proportional hazard 
regression models were performed to identify significant predic-
tors of survival. z-FFMI, z-BFMI, %DLco, and 6MWD were in-
cluded in Cox regression models as continuous variables, while 
SGA categories (A, B, and C) were included as categorical vari-
ables. Receiver operator characteristic (ROC) analyses were used 
to determine the best cut point of a variable towards the endpoint, 
by examining accuracy of predicting endpoints (sum of sensitivity 
and specificity). Lung transplant-free survival was evaluated using 
Kaplan-Meier curves and the log-rank test. p values <0.05 were 
regarded as significant. Statistical analysis was performed with 
IBM® SPSS® Statistics Version 26 software package.

Results

Patient characteristics including diagnosis, clinical 
characteristics, body composition, and nutrition status 
are shown in Table 1. Mean age was 68.4 ± 10.0 years. 
51.3% of participants were female. Mean BMI was 30.8 ± 
7.3 kg/m2. As expected, FFMI was significantly greater in 
males versus females (p < 0.001), and BFMI was signifi-
cantly lower in males versus females (p < 0.001). Mean 
z-FFMI and z-BFMI, standardized for age and sex popu-
lation norms [20], were 0.39 ± 1.98 SD and 2.27 ± 2.15 SD, 
respectively. The majority of patients were diagnosed 
with moderate malnutrition (48.7%). 60.3% of partici-
pants were classified as obese, while 11.5% had a normal 
body composition, 20.5% had sarcopenia, and 7.7% had 
sarcopenic obesity. Mean observation time was 19.4 ± 7.3 

Table 1. Patient demographics (N = 78)

Clinical characteristics Mean ± SD

Age, years 68.4±10.0
Anthropometry and nutritional indices

BMI, kg/m2 30.8±7.3
FFMI, kg/m2 18.2±3.6*

Male 20.0±3.6
Female 16.4±2.7

BFMI, kg/m2 12.6±5.5*
Male 9.9±3.8
Female 15.2±5.7

FFMI z-score (SD) 0.39±1.98
BFMI z-score (SD) 2.27±2.15

Pulmonary function and exercise capacity
FEV1 (% predicted) 75.1±18.9
FVC (% predicted) 71.1±19.5
DLco (% predicted) 40.6±17.1
6MWD, m 335.6±109.8
6MWD (% predicted) 74.4±22.9

Clinical characteristics Frequency (%)

Scleroderma-related ILD 3 (3.8)
Vasculitis-related ILD 2 (2.6)
Sarcoidosis (stages III-IV) 2 (2.6)
ILD medications

Proton pump inhibitors 43 (55.1)
Oxygen supplementation 24 (30.8)
Pirfenidone 16 (20.5)
N-acetylcysteine 12 (15.4)
Nintedanib 2 (2.6)

Body composition
Normal 9 (11.5)
Sarcopenia 16 (20.5)
Obesity 47 (60.3)
Sarcopenic obesity 6 (7.7)

Nutrition status
SGA-A (well nourished) 34 (43.6)
SGA-B (moderate malnutrition) 38 (48.7)
SGA-C (severe malnutrition) 6 (7.7)

Clinical characteristics Median (range)

Years from diagnosis 1 (0–13)

Continuous, parametric variables are expressed as mean ± 
standard deviation. Continuous, nonparametric variables are ex-
pressed as median (range). BFMI, body fat mass index; FFMI, fat-
free mass index; ILD, interstitial lung disease; SD, standard devia-
tion; SGA, subjective global assessment; 6MWD, 6-min walk dis-
tance; %DLco, percent predicted diffusing capacity for carbon 
monoxide; %FEV, percent predicted forced expiratory volume; 
%FVC, percent predicted forced vital capacity. *  Independent 
samples t test indicated significant difference (p < 0.001) between 
sexes.
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months. At the end of the 2-year observation period, 26% 
(n = 20) of participants had passed and 10% (n = 8) re-
ceived a lung transplant.

The results of the univariate Cox proportional hazard 
model are summarized in Table 2. Age was not included 
in the models as z-FFMI, z-BFMI, and %DLco values con-
trol for differences in age. z-FFMI and SGA were not in-
cluded in the same model as a component of SGA in-
cludes assessment of loss of lean body mass. The results 
of the multiple Cox proportional hazard models are 
shown in Table 3. z-FFMI was a significant predictor of 
survival independent of z-BFMI and %DLco but not 
6MWD (models 1–3, Table 3). SGA-C (severe malnutri-
tion) as compared to SGA-A (well nourished) was a sig-
nificant predictor of survival independent of %DLco but 
not 6MWD (models 4–5, Table 3).

Results of ROC analysis for z-FFMI are displayed in 
Table 4. The ideal z-FFMI cutoff was <0.37 SD with 62.1% 

sensitivity and 80.0% specificity. Kaplan-Meier survival 
curves using the ideal cutoffs determined using ROC 
analysis for z-FFMI are shown in Figure 1.

Discussion/Conclusion

This study examined the influence of body composi-
tion parameters, z-FFMI and z-BFMI, and nutrition sta-
tus on survival in a group of fibrotic ILD patients. z-FF-
MI, z-BFMI, and severe malnutrition (SGA-C) were 
shown to be significant predictors of survival in ILD. 
However, when controlled for disease severity, only z-FF-
MI and severe malnutrition were independent predictors 
of survival in ILD patients.

In our univariate analysis, BMI was found to be a sig-
nificant predictor of survival in ILD patients. Research 
focusing on BMI and survival in IPF patients has demon-
strated a paradoxical effect of obesity on survival, in that, 
an increased BMI acts as a protective factor on mortality. 

Table 2. Univariate Cox proportional analysis

Variable HR 95% CI p value

Sex 1.76 (0.72–4.32) 0.22
Age 1.08 (1.03–1.13) <0.01
Time from diagnosis 1.00 (0.85–1.17) 0.96
Prednisone 0.75 (0.29–1.95) 0.56
Pirfenidone 1.91 (0.73–4.98) 0.19
N-acetylcysteine 3.17 (1.21–8.28) 0.02
Supplemental oxygen 1.76 (0.72–4.31) 0.22
MMF 0.04 (0.00–10.03) 0.25
%FEV1 0.99 (0.97–1.02) 0.51
%FVC 0.99 (0.97–1.01) 0.36
%DLco 0.93 (0.89–0.97) <0.01
BMI 0.90 (0.84–0.97) <0.01
z-FFMI 0.70 (0.56–0.87) <0.01
z-BFMI 0.74 (0.57–0.96) 0.02
6MWD 0.99 (0.99–1.00) <0.01
SGA-A (well nourished) 1 – –
SGA-B (moderate malnutrition) 2.04 (0.70–5.96) 0.20
SGA-C (severe malnutrition) 6.98 (2.00–24.27) <0.01
Normal 1 – –
Sarcopenia 5.49 (0.69–43.97) 0.11
Obesity 1.66 (0.21–13.28) 0.63
Sarcopenic obesity 5.61 (0.58–54.06) 0.14
Obesity 1 – –
Sarcopenic obesity 3.23 (0.85–12.21) 0.08

CI, confidence interval; HR, hazard ratio; SGA, subjective 
global assessment; z-BFMI, body fat mass index z-score; z-FFMI, 
fat-free mass index z-score; 6MWD, 6-min walk distance; %DLco, 
percent predicted diffusing capacity for carbon monoxide; %FEV, 
percent predicted forced expiratory volume; %FVC, percent 
predicted forced vital capacity. 

Table 3. Cox regression analyses to identify independent predictors 
of lung transplant-free survival

Variables HR 95% CI p value

Model 1
z-FFMI (SD) 0.72 (0.53–0.98) 0.03
z-BFMI (SD) 0.78 (0.69–1.32) 0.78

Model 2
z-FFMI (SD) 0.67 (0.51–0.86) <0.01
DLco (% pred) 0.92 (0.88–0.97) <0.01

Model 3
z-FFMI (SD) 0.82 (0.65–1.03) 0.09
6MWD, m 0.99 (0.99–1.00) <0.01

Model 4
SGA-A (well nourished) 1 – –
SGA-B (moderate 
malnutrition) 2.06 (0.56–7.63) 0.28
SGA-C (severe malnutrition) 7.24 (1.68–31.15) <0.01
DLco (% pred) 0.93 (0.89–0.97) <0.01

Model 5
SGA-A (well nourished) 1 – –
SGA-B (moderate 
malnutrition) 1.42 (0.47–4.26) 0.54
SGA-C (severe malnutrition) 3.13 (0.75–13.01) 0.12
6MWD, m 0.99 (0.99–1.00) <0.01

CI, confidence interval; HR, hazard ratio; SD, standard devia-
tion; SGA, subjective global assessment; z-FFMI, fat-free mass in-
dex z-score; z-BFMI, body fat mass index z-score; 6MWD, 6-min 
walk distance; %DLco, percent predicted diffusing capacity for 
carbon monoxide.
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In a study by Alakhras et al. [4], individuals with BMIs in 
the obese category (>30 kg/m2) were shown to have sig-
nificantly greater survival times than those with BMIs in 
the overweight category (25–30 kg/m2) and the normal 
category (<25 kg/m2) [4]. Similarly, Mura et al. [22] re-
ported that for every 1-unit increase in BMI, there was a 
11% lower risk of death at 3-year follow-up in IPF pa-
tients (HR 0.89, 95% CI [0.80–0.98], p = 0.0165). Adding 
to these results, progressive weight loss >5% of total body 
weight in 1 year has also been found to be an independent 
predictor of decreased survival in IPF [23]. Limited stud-
ies exist showing the relationship between increased BMI 
and decreased mortality in ILDs other than IPF. One re-
cent study, which included a diverse group of ILDs in-
cluding ILD secondary to connective tissue disease, hy-
persensitivity pneumonitis, and unclassifiable subtypes 
found that a loss in BMI >5% in 1 year was associated with 
significantly shorter survival times, and there was a 2-fold 
higher risk of death compared to those with a ≤5% loss in 
BMI in 1 year [24]. These results suggest that excess 
weight may act as a nutritional reserve in times of poor 
intake secondary to harsh side effects of medications, or 
during acute exacerbations of the disease. Interestingly, 
we found that only use of N-acetylcholine, an ILD medi-
cation used for its antioxidant effect [25], was associated 
with worsened mortality, but corticosteroids and other 
antifibrotic and anti-inflammatory medications were not 
related to survival.

A strong relationship exists between decreased FFMI 
and poor prognosis in other chronic respiratory diseases 
such as chronic obstructive pulmonary disease [5, 26, 27]; 
however, fewer studies exist in ILD. We demonstrated a 
30% reduction in risk of death for every 1 SD increase in 
z-FFMI in our sample of 78 fibrotic ILD patients. Two 
recent studies exist examining FFMI and survival in IPF 
patients. The first study by Nishiyama et al. [7] found a 
36% lower risk of death with every 1-unit increase in 
FFMI (HR 0.64, 95% CI [0.43–0.94], p = 0.02) in a group 
of Japanese IPF patients. Conversely, a study of IPF pa-
tients by Patel et al. [28] found no significant association 

between FFMI and all-cause mortality at 1-year. Although 
conflicting results, neither study controlled for age or sex 
when analyzing FFMI. Notably, despite not controlling 
for confounding factors, Nishiyama et al. [7] did demon-
strate FFMI to be a significant predictor of survival in 
their study. This could be due to a nonsignificant differ-
ence in FFMI in males versus females in this sample. Dif-
ferent body composition norms in Japanese versus Cau-
casian cohorts such as lower BMI and FFMI have been 
demonstrated in previous studies [29]. However, be-
tween-sex statistics were not reported. Patel et al. [28] did 
not adjust for sex differences in their univariate analysis 
using FFMI as a continuous variable; however, when 
FFMI was used as a categorical variable, sex specific cut-
offs were applied (FFMI ≥15 kg/m2 for females and ≥17 
kg/m2 for males). A reference source for these cutoffs was 
not indicated; however, it is assumed that these cutoffs are 
based on the European Society for Parenteral and Enteral 
Nutrition diagnostic criteria for malnutrition [30]. Al-

Table 4. Results of ROC analysis

AUC (95% CI) p value Cutoff (SD) Sensitivity, % Specificity, %

z-FFMI 0.74 (0.62–0.87) <0.01 0.37 62.1 80.0

ROC, receiver operator characteristic; AUC, area under the curve; CI, confidence interval; SD, standard 
deviation; z-FFMI, fat-free mass index z-score.
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Fig. 1. Kaplan-Meier survival curve using ideal cutoff for z-FFMI 
(p = 0.001). The solid line represents z-FFMI ≥0.37 SD, and the 
dotted line represents z-FFMI <0.37 SD. Survival curves were com-
pared using log-rank statistics (• represents censored cases). 
 z-FFMI, fat-free mass index z-score.
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though an important contributor to survival, cutoffs de-
rived for identification of malnutrition may not be sensi-
tive or specific to predicting survival outcomes, thus in-
fluencing these nonsignificant findings. Our study 
intended to control for patient characteristics such as age 
and sex which influence FFMI. Using z-FFMI, we were 
able to include both males and females together in our 
analyses, and we were able to control for factors such as 
age-related FFM loss which can skew results.

We also addressed the impact of body fat on survival. 
Interestingly, we found that z-BFMI was a significant pre-
dictor of survival. Although it has been demonstrated that 
excess weight can increase the workload of breathing and 
decrease physical performance [31], our results seem to 
suggest that greater amounts of body fat may be protec-
tive on survival. It is very likely that the protective effect 
of excess body fat on survival observed in this study is re-
lated to the relationship between FFM and body fat, in 
that, as body fat mass increases, greater amounts of FFM 
may be required to support this excess weight. Therefore, 
FFMI may be maintained through a weight-bearing ef-
fect. This is further supported by results of our analysis, 
in which z-BFMI was no longer a significant predictor of 
survival when controlled for z-FFMI. These results ap-
pear to suggest a component of sarcopenic obesity affect-
ing the significance of z-BFMI as a predictor of survival 
in the presence of worsened disease status and poor exer-
cise capacity. Specifically, research has shown that excess 
body fat, especially in the presence of low muscle mass, 
can have direct detrimental effects on physical perfor-
mance [32], systemic inflammation [32], quality of life 
[32, 33], and prognosis [34]. We attempted to determine 
the influence of body composition on survival; however, 
we found no significant difference in odds of death in 
those with sarcopenia, obesity, nor sarcopenic obesity 
versus those with a normal body composition. Addition-
ally, we assessed the specific difference between the obese 
and sarcopenic obese groups; however, there was not a 
significant difference (p = 0.085) in chance of death in 
sarcopenic obesity versus obesity. However, with only 6 
patients identified as sarcopenic obese, our statistical 
power was limited.

Prevalence of malnutrition in ILD patients has been 
understudied, and clinical practice guidelines for the 
treatment and management of ILD offer limited guidance 
related to nutrition [1, 13]. Of the existing research, mal-
nutrition prevalence varies greatly and is often identified 
by a single measure. Jouneau et al. [35] found that 28% of 
patients were malnourished using FFM, 4% were mal-
nourished using BMI, and 5% were malnourished using 

midarm circumference. A conference abstract by Autore 
et al. [36] reported that 26% of patients were at risk of 
malnutrition using the Mini Nutritional Assessment 
Short Form, a validated screening tool designed for pop-
ulations >65 years. In our study, the majority of patients 
were diagnosed with malnutrition, and those with severe 
malnutrition had a 7-fold increased risk of death com-
pared to well-nourished patients. To the best of our 
knowledge, this study is the first to use a comprehensive 
nutrition assessment tool validated to diagnose malnutri-
tion.

The modest sample size was a limiting factor of this 
study. First, we were limited to including no more than 
2 predictor variables in the multiple Cox regression 
models keeping in line with the general recommenda-
tion that for each predictor variable, n = 10 outcomes, 
in this case deaths/tranplantations, are required to re-
duce the risk of overfitting the model [37]. Therefore, 
we were not able to control for both disease severity and 
exercise capacity with body composition parameters 
and nutrition status in the same model which may have 
produced different results. Second, with only 6 partici-
pants identified as sarcopenic obese, we were not able to 
fully address the question of whether increased body fat 
is protective in all cases. Similarly, limited numbers in 
our severe malnutrition group limited statistical power 
in our analyses. Diet history is included in the overall 
SGA score. We did not assess the influence of specific 
nutrients in the diet, such as protein, on survival, as it 
was not the aim of this study. We acknowledge, how-
ever, the potential that nutrition intake has on body 
composition. Our cross-sectional study only assessed 
body composition, lung function, and exercise capacity 
at 1 time point; however, monitoring changes over time, 
such as change in body composition or change in %FVC, 
can provide additional insights into their influences on 
survival. Additionally, we did not use a cohort of healthy 
individuals for comparison with our sample. However, 
the nature of calculating z-scores of body composition 
parameters innately compares our sample to healthy 
population norms of FFMI and BFMI. Lastly, it would 
be remiss to not acknowledge that BIA provides estima-
tions of body composition using prediction equations. 
Our results are limited due to the use of estimates of 
FFM and BFM rather than actual measurements; there-
fore, to be able to truly determine an association be-
tween body composition and survival, these results 
would need to be confirmed using gold standard meth-
ods, for example, CT scans which have been used in oth-
er lung diseases [38].
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These results are sufficiently encouraging to warrant 
further research into the nutritional status of ILD patients. 
Future research should focus on the influence of sarcope-
nic obesity on survival and how nutrition interventions 
targeted at maintaining or increasing muscle mass over 
time can affect survival in ILD patients. Furthermore, as-
sessment of fat-free mass should be considered alongside 
or in place of BMI as a nutritional variable when analyzing 
survival risk of ILD patients as it can better identify those 
at risk of death. Additionally, chest CT scans are complet-
ed as part of diagnosis and clinical monitoring of ILD and 
should be leveraged to measure body composition param-
eters using a gold standard method. In conclusion, in our 
sample of 78 fibrotic ILD patients, z-FFMI and severe mal-
nutrition independent of disease severity were significant 
predictors of survival in ILD patients.
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