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Abstract: Background: The value of the phase angle (PhA), measured via bioelectrical impedance
analysis (BIA), could be considered a good marker of the cell mass and the cell damage of a patient;
however, there are new techniques, such as muscle ultrasonography, that allow the quantity and
quality of muscle to be assessed in a minimally invasive way. The aim of this study is to determine
the prognostic value of morphofunctional techniques in the prognosis of mortality in patients with
idiopathic pulmonary fibrosis (IPF). Methods: This multicenter, cross-sectional study included 86 pa-
tients with idiopathic pulmonary fibrosis with a mean age of 71 years, 82.7% of whom were male.
The nutritional risk of the patients was assessed by means of questionnaires, such as the Subjec-
tive Global Assessment (SGA), and non-invasive functional techniques, including BIA, nutritional
ultrasound, and hand grip strength (HGS). Statistical analysis of the sample was performed using
JAMOVI version 2.3.22. Results: Correlations were made between the RF-CSA techniques with PhA
(r = 0.48, p < 0.001), BCM (r = 0.70, p < 0.001), SMI (r = 0.64, p < 0.001), and HGS (r = 0.54, p < 0.001).
The cut-off points for 12-month mortality were PhA = 4.5◦ (AUC = 0.722, sensitivity of 72.7% and
specificity of 66.6%), BCM = 28.8 kg (AUC = 0.609, sensitivity of 32.4% and specificity of 100.0%),
RF-CSA = 3.00 cm2 (AUC = 0.857, sensitivity of 64.4% and specificity of 100.0%), 6MMW = 420 m
(AUC = 0.830, sensitivity of 63.27% and specificity of 100.0%), and TUG = 7.2 s (AUC = 0.771, sensi-
tivity of 100.0% and specificity of 56.67%). In addition, a multivariate analysis was performed with
RF-CSA, HR = 8.11 (1.39–47.16, p = 0.020), and PhA of 6.35 (1.29–31.15, p = 0.023), taking into account
age, sex, and BMI to determine mortality. Finally, a Kaplan–Meier survival analysis was conducted
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with low or normal values for classical parameters (GAP and T6MM) and new parameters (PhA,
BCM, RF-CSA, and TUG). Conclusion: RF-CSA and PhA were shown to be good prognostic markers
of 12-month mortality and could, therefore, be useful screening tools to complement the nutritional
assessment of IPF patients.

Keywords: idiopathic pulmonary fibrosis; phase angle; nutritional ultrasound; morphofunctional
assessment; diseased related malnutrition; mortality

1. Introduction

Idiopathic pulmonary fibrosis (IPF) is an interstitial fibrosing disease with an unknown
etiology, rapid progression, and a poor prognosis [1].

The management and follow-up of patients with this disease are complex, as they
present different comorbidities. Some, such as pulmonary hypertension, emphysema, lung
cancer, or gastroesophageal reflux, have been widely studied [2]. Less is known about
endocrine disorders. However, a low body mass index (BMI) and weight loss have been
associated with increased mortality [3,4]. After the year 2000, the age-standardized death
rate for IPF ranged from 0.5 to 12 per 100,000 population per year [5]. Future therapeutic
advances after 2010 may contribute to increasing survival trends. There may also be
improvements in long-term survival associated with new antifibrotic drugs, as well as the
implementation of new dietary and exercise strategies aimed at preserving cell mass and
reversing the nutritional and metabolic risk situations associated with the disease.

Several factors influence the nutritional status of these patients. These include in-
creased respiratory muscle strain, the release of inflammatory mediators, and the co-
occurrence of hypoxemia and inactivity [6]. All of these impact the clinical outcomes of
IPF, although there is little literature on the nutritional status and clinical variables relevant
to the prognosis of their disease. Patients with IPF suffer from difficulty in exercising in
addition to baseline physical inactivity and a deterioration in their quality of life; however,
it has been described that almost 50% of patients with severe IPF and normal body weight
had a nutritional deficiency, which means that nutritional assessment cannot be limited
to weight or BMI and requires specific assessments to help us detect these nutritional
problems [7].

In addition, disease progression and prognosis vary widely, depending on the pres-
ence of acute exacerbations, comorbidities, disease severity, and the availability and side
effects of anti-fibrotic agents. Disease severity staging systems are critical and helpful
in determining prognoses and guiding management choices. Several clinical predictive
models have been developed for patients with IPF, and the most frequently used is the
Gender, Age and Physiology (GAP) model [8].

Therefore, a new nutritional approach is needed that focuses on assessing nutritional
status by looking at changes in composition and function, using parameters like phase
angle (PhA) and other electrical measurements from bioelectrical impedance analysis
(BIA), hand grip strength (HGS), functional testing, nutritional ultrasound (NU®), or
laboratory values, such as C-reactive protein (CRP)/prealbumin [9]. The new approach
to the morphofunctional assessment of DRM is the integration of classical parameters of
nutritional assessment with emerging nutritional techniques that determine function and
body composition.

One of these tools is the phase angle (PhA), which is measured via bioelectrical
impedance analysis (BIA). It could be considered a good marker of a patient’s cell mass and
cell damage. Several studies have shown that the PhA level is associated with increased
nutritional risk in different pathologies [10–13]. Nevertheless, the use of PhA as a prognostic
risk factor for mortality in patients with IPF has been the subject of only a few studies.

Nutritional Ultrasound® (NU®) is a new approach that uses ultrasound measurements
to identify and assess the thickness of the lean and fat layers. This allows the body
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composition (lean mass and fat mass) of the organism to be extrapolated. The body
compartments of adipose, muscle, connective, vascular, and bone tissue are assessed using
ultrasound. It is an emerging advanced clinical examination tool to assess the different body
compartments, and there are various validation studies of the measurement technique [14].
Although different muscular structures can be assessed, most studies focus on the rectus
femoris (RF), which is one of the most referenced measures for its correlation with strength
and performance or functional tests [15,16].

Morphofunctional assessment has included the evaluation of functional tests, such as
TUG and HGS, to determine the functional status and the effect of the prognosis of patients.
The Timed Up and Go (TUG) test is recommended as a routine screening test for balance
problems and falls in older adults. Some studies have shown that the TUG can be used to
predict a history of falls and exercise capacity in COPD [17]. An impaired TUG was an
independent predictor of increased 5-year mortality in older adults undergoing surgery for
solid tumors [18].

The six-minute walk test (6MWT) is recommended in international guidelines because
of its simplicity, and desaturation during 6MWT is a strong predictor of mortality in IPF
patients [8].

Therefore, the aim of this study is to determine new predictors of mortality using a
morphofunctional assessment of this group of patients.

2. Materials and Methods
2.1. Setting Study

A prospective, observational, bicenter study of routine clinical practice was designed
in the nutrition unit of the Endocrinology and Nutrition Unit of the Virgen de la Victo-
ria University Hospital. Patients with idiopathic pulmonary fibrosis were diagnosed at
different stages, taking advantage of the biannual assessment usually performed in the
pneumology service of our hospital. Patients were received from our hospital and from the
Regional University Hospital of Málaga.

All subjects gave their informed consent for inclusion before they participated in the
study. The study was conducted in accordance with the Declaration of Helsinki and was
approved by the Ethics Committee of Málaga on 5 April 2022. All patients enrolled in our
study met the inclusion criteria (idiopathic pulmonary fibrosis and consent to participate
in the study via accepted informed consent), and none of the exclusion criteria (refusal to
participate or the inability to perform BIA measurement for reasons related to ethnicity,
extensive skin lesions, the extravasation of fluids through the route and local hematomas,
amputation, etc., or a life expectancy of fewer than 3 months). A flow chart diagram shows
the patient selection process for our study (Figure S1).

2.2. Anthropometric and Body Composition Parameters

Body composition analysis was performed using a 50 kHz phase-sensitive impedance
analyzer (BIA 101 Whole Body Bioimpedance Vector Analyzer (AKERN, Florence, Italy))
that delivered 800 µA [19,20] via tetrapolar electrodes placed on the right hand and foot.
PhA was expressed in degrees as arctan (Xc/R) × (180◦/π). An individual standardized
PhA value (SPhA) was determined from the sex- and age-matched reference population
value by subtracting the reference PhA value from the observed patient PhA value and
dividing the result by the respective age- and sex-reference standard deviation (SD) [21].

Daily assessment of the technical accuracy of the BIA instrument used a precision
circuit supplied by the BIA device manufacturer (Akern). All measured R and capacitance
values were consistently ±1 Ω of the 385 Ohm reference value. We also determined the
in vivo reproducibility of the BIA measurements and found coefficients of variation (CV)
of 1–2% for R (resistance) and Xc (reactance).

At each patient’s first visit, their body weight and standing height were measured.
All BIA measurements were taken with the patient supine on a hospital bed. As fluid
shifts occur when moving from a standing to a lying position and directly affect R and
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Z values, the patient remained in the supine position for five minutes before the BIA
measurements were taken in order to stabilize the BIA values (±2 Ω for R and ±1 Ω for
Xc). BIVA emphasizes the position of the impedance vector derived from R and Xc values
normalized to height (H, m) on the R/Xc graph relative to tolerance ellipses generated
from a sex-matched healthy reference population (e.g., 50, 75, and 97% versus 1, 2, and the
SD) [20]. The BI measurements of the patients were standardized for sex and age using
data from healthy Italian adults [19,22].

Hand grip strength (HGS) was also tested using a JAMAR hand dynamometer (Asi-
mow Engineering Co., Los Angeles, CA, USA). Grip strength was measured in a seated
position with the dominant hand elbow flexed at 90 degrees. Patients were instructed to
perform three maximal isometric contractions with brief pauses between measurements,
and the median value was recorded.

Functional tests (Get Up and Go) were performed with the patient sitting in a chair
and timing in seconds how long it took them to get up, walk 3 m, turn around, and walk
another 3 m to sit down. The same was done with the 6-min walk [23], timing how many
meters the patient traveled in 6 min to assess their ability.

2.3. Abdominal and Muscle Nutritional Ultrasound

Muscle ultrasonography of the quadriceps rectus femoris (QRF) of the lower extremity
with a 10 to 12 MHz probe and a multifrequency linear matrix (Mindray Z50, Madrid,
Spain) was performed with all subjects (each patient in the supine position). The evaluation
was performed without compression at the level of the lower third from the superior
pole of the patella and the anterior superior iliac spine, measuring the anteroposterior
muscle thickness, circumference, and cross-sectional area [14]. The ultrasonography was
performed by the same person who was trained in this technique previously.

The probe was oriented perpendicular to the longitudinal and transverse axes in the
QRF, such as the rectus femoris cross-sectional area (RF-CSA), rectus femoris circunferencia
(RF-CIR), RF-axis (-X-axis, and -Y-axis), and contracting muscle (RF-CON) and L-SAT
(subcutaneous fat of the leg). The ultrasonography was performed by the same person who
was familiar with the technique. Three measurements were performed for each parameter,
and the mean was calculated.

In the abdomen, T-SAT (total subcutaneous abdominal fat), S-SAT (superficial subcuta-
neous abdominal fat), and VAT (preperitoneal or visceral fat) were measured in centimeters
at the midpoint between the xiphoid appendix and the navel [24].

2.4. Assessment of Nutritional Status

Demographics, comorbidities, SGA, and clinical and anthropometric data were col-
lected. A trained nutritionist classified patients into one of three classifications according to
SGA: (A) well nourished, (B) moderately undernourished, or (C) severely undernourished.

2.5. Assessment of Respiratory Status

Currently, the most commonly used prognostic index for IPF is the GAP (2). The GAP
composite index was developed in 2012 and is based on the assessment of gender (G), age
(A), and physiology (P), the latter including two conventional lung function parameters:
forced vital capacity (FVC) and diffusing lung capacity for CO (DLCO) [25]. It gives a
value for each parameter (sex: female = 0 vs. male = 1; age: ≤60 years = 0, 61–65 years = 1,
>65 years = 2; % predicted FVC: >75% = 0, 50–75% = 1, <50% = 2; % predicted DLCO:
>55% = 0, 36–55% = 1, ≤35% = 2, and unable to perform = 3), and the final sum score allows
the estimation of the mean 1-, 2-, and 3-year mortality risk by disease stage (i.e., a score
of 0–3 = stage I; a score of 4–5 = stage II; and a score 6–8 = stage III). The GAP has been
validated with untreated IPF patients and, in recent publications, with treated patients [26].
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2.6. Statistical Analysis

Data analysis was mainly performed using JAMOVI (version 2.2.2 MacOS). Descriptive
statistics were used to characterize the patient cohort. The normality of the distribution of
quantitative variables was checked using the Shapiro–Wilk test. Descriptive statistics were
used to analyze categorical variables (absolute and relative frequencies) and quantitative
variables (means and SDs or medians and interquartile ranges). Clinical data and BIA
values between survival and non-survival were compared using Student’s t-test, the Mann–
Whitney U test, or the Chi-squared test.

The assessment of the diagnostic performance of PhA, RF-CSA, and HGS in detecting
the risk of death was based on receiver operating characteristic (ROC) curves and the area
under the curve (AUC). We estimated the accuracy of these measurements using AUC by
plotting sensitivity versus 1-specificity. ROC curves were used to determine the optimal
cut-off values by finding the point of convergence for the greatest sensitivity and specificity.
The area under the curve (AUC) indicates the discriminatory power of the test. Statistical
significance was set to p < 0.05.

The Kaplan–Meier product-limit estimate at 12 months was used to calculate the
accumulated probability of death, estimate survival, and assess the difference between the
BIVA, NU, and functional test cut-points. Kaplan–Meier survival curves were compared
using the log-rank (Mantel–Cox) test. The time of onset was the day of admission, the event
was defined as death, and all cases were censored at the last observation. Differences were
considered statistically significant at p < 0.05.

Cox regression with proportional hazards was used to assess the association of BIA
and NU with mortality in IPF (idiopathic pulmonary fibrosis). Hazard ratios (HRs) and
their 95% confidence intervals (CIs) were calculated. We used a multivariate model with
RF-CSA and PhA, sex, age, and BMI.

We compared the values of PhA and RF-CSA with established prognostic indicators.

3. Results
3.1. General Characterization of the Population Study

A total of 86 patients with IPF were included. The mean age was 71.0 ± 7.26 years.
A total of 71 patients were men (82.5%), and 15 were women (17.5%). We divided our
population by mortality. Demographic data, anthropometric measures, functional tests,
and patient outcomes are presented in Table 1. No significant difference between age and
BMI or additional nutritional blood test parameters was found, but significant differences
were found between the DLCO (higher in survival, 50.02 vs. 25.25, p < 0.001). However, we
observed in BIVA parameters a significant difference in PhA (lower in non-survival, 4.85◦

vs. 4.27◦ p < 0.05) and FM (higher in non-survival, 23.2 vs. 29.0 kg, p <0.05). In terms of
functional measurement, it was observed that non-survivors had a lower 6WMT (416 vs.
301 m, p < 0.001) and TUG (9.14 vs. 8.21 s, p < 0.05). And, finally, significant differences
were observed according to the GAP stage in survival and non-survival. The differences
between genders can be seen in Supplementary Table S1.

Table 1. Baseline characteristics of the population of study divided 12-month mortality.

All Survival Non-Survival p-Value

N = 86 N = 77 N = 9

Demographic variables
Age (years) 71.0 (7.26) 71.0 (7.37) 71.0 (6.65) 0.949
Weight (kg) 78.30 (12.1) 77.7 (11.7) 83.9 (14.6) 0.144

Weight loss (%) 6.41 (6.78) 6.26 (6.66) 7.71 (8.12) 0.696
BMI (kg/m2) 27.40 (3.44) 27.3 (3.46) 28.0 (3.41) 0.612
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Table 1. Cont.

All Survival Non-Survival p-Value

N = 86 N = 77 N = 9

BIA
PhA (◦) 4.78 (0.77) 4.85 (0.76) 4.27 (0.65) 0.033
SPhA −1.03 (1.01) −0.98 (0.99) −1.41 (1.06) 0.23

Hydration (%) 74.60(2.31) 74.6 (2.36) 75.1 (1.87) 0.165
NaK 1.18 (0.18) 1.17 (0.18) 1.21 (0.16) 0.548

BCM (kg) 25.5 (5.17) 25.7 (5.28) 23.8 (3.89) 0.287
FFM (kg) 54.5 (7.48) 54.47 (7.61) 54.98 (6.49) 0.868

ASMM (kg) 20.2 (3.29) 20.17 (3.36) 20.38 (2.77) 0.383
SMI (cm2/m2) 8.81 (1.20) 8.85 (1.22) 8.41(1.06) 0.299

FFMI (%) 19.0 (1.74) 19.1 (1.74) 18.4 (1.70) 0.219
FM (kg) 23.8 (7.91) 23.2 (7.37) 29.0 (10.8) 0.038

Echography exploration
RF-CSA (cm2) 3.38 (0.98) 3.43 (0.99) 2.96 (0.84) 0.196
RF-CIR (cm) 8.15 (1.11) 8.19 (1.10) 7.81 (1.23) 0.333

RF-X-axis (cm) 3.43 (0.50) 3.45 (0.50) 3.32 (0.49) 0.466
RF-Y-axis (cm) 1.11 (0.27) 1.12 (0.28) 1.02 (0.16) 0.291

L-SAT (cm) 0.78 (0.52) 0.78 (0.53) 0.78 (0.44) 0.563
T-SAT (cm2) 1.67 (0.71) 1.66 (0.71) 1.73 (0.77) 0.779
S-SAT (cm2) 0.72 (0.30) 0.71 (0.29) 0.79 (0.35) 0.544
VAT (cm2) 0.65 (0.30) 0.62 (0.25) 0.89 (0.56) 0.146

Functional measurement
HGS max (kg) 34.5 (10.4) 34.4 (10.8) 36.0 (5.61) 0.655

HGS mean (kg) 33.0 (10.1) 32.9 (10.5) 34.0 (5.61) 0.761
TUG (s) 8.29 (5.24) 8.21 (5.45) 9.14 (1.93) 0.019

6MW (m) 405.0 (76.2) 416 (61.6) 301 (128) <0.001
Biochemical variables

Glucose (mg/dL) 110 (38.3) 111 (27.5) 105 (80.1) 0.038
Urea (mg/dL) 43.5 (14.8) 42.6 (14.0) 47.0 (18.7) 0.567

Creatinine (mg/dL) 1.05 (0.25) 1.08 (0.26) 0.90 (0.10) 0.165
Total cholesterol (mg/dL) 198 (58.8) 198 (56.3) 199 (85.0) 0.985

Triglycerides (mg/dL) 142 (90.5) 131 (89.5) 195 (91.9) 0.274
FCV (%) 67.9 (15.9) 68.5 (16.5) 62.1 (9.49) 0.265
FEV1 (%) 77.9 (19.4) 78.8 (20.5) 10.0 (5.40) 0.233
DLCO (%) 47.3 (18.2) 50.02 (17.1) 25.25 (10.7) <0.001

Clinicopathological variables
Diagnostic (month) 15.5 (19.2) 16.2 (19.8) 10.1 (11.8) 0.436

GAP Stage: <0.001
I 26 (34.2%) 26.0 (34.2%) 0.0 (0.00%)
II 36 (47.4%) 35.0 (46.1%) 1.0 (1.30%)
III 14 (18.4%) 6.0 (7.9%) 8.0 (10.5%)

SGA 0.396
A 15.0 (17.4%) 15.0 (17.4%) 0.0 (0.0%)
B 52.0 (60.5%) 45.0 (52.3%) 7.0 (8.1%)
C 19.0 (22.1%) 17.0 (19.8%) 2.0 (2.3%)

Data are expressed as means ± standard deviations or percentages. Groups were divided by the 12-month
mortality variables. Abbreviations: BMI, body mass index; BIVA, bioelectrical impedance vectorial analysis; PhA,
phase angle; SPhA, standardized phase angle; NaK, sodium potassium index; BCM, body mass cell; FFM, fat-free
mass; ASMM, appendicular skeletal mass muscle; SMI, skeletal mass index; FFMI, fat-free mass index; FM, fat
mass; HGS mean, mean hand grip strength; HGS max, maximum hand grip strength; TUG, Get Up and Go test;
6MWT, 6-min walk test; RF- CIR, circumference of the quadriceps rectus femoris; RF-CSA, rectus femoris cross-
sectional area; RF-X-axis, rectus femoris X-axis; RF-Y-axis, rectus femoris Y-axis; L-SAT, leg subcutaneous adipose
tissue; SAT, abdominal subcutaneous adipose tissue, total (T) and superficial (S); VAT, visceral adipose tissue; FCV,
forced vital capacity; FEV1, forced expiratory volume in the first second; DLCO, pulmonary carbon monoxide
diffusing capacity; GAP, gender (G), age (A), and physiology (P) index; SGA, subjective global assessment.
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3.2. Correlation Analysis between BIA Muscle Measures, Muscular Ultrasound, HGS with
12-Month Mortality

Correlations existed between the classic body composition parameters of BIVA (BMI,
FFMI, and FMI), BIVA (PhA and BCM), nutritional ultrasound (RF-CSA and RF-AXIS Y),
and functional tests (HGS and TUG), which reflect the relationship between muscle and
adipose tissue (Table 2). For this purpose, we performed a heat map correlation analysis
(Figure 1). We observed that RF-CSA from nutritional ultrasound was strongly correlated
with muscle measurements measured via BIVA. Of note were the correlations of RF-CSA
with BCM (r = 0.70, p < 0.001), HGS (r = 0.54, p < 0.001), FFMI (r = 0.64, p < 0.001), and
ASMI (r = 0.66, p < 0.001). The RF-Y-axis was also correlated with BCM (r = 0.64, p < 0.001)
and FFMI (r = 0.67, p < 0.001). One of the functional parameters, HGS, showed a positive
correlation with BIVA (BCM: r = 0.60, p < 0.001; ASMM: r = 0.61, p < 0.001; and FFM: r = 0.61,
p < 0.001) and ultrasound parameters (RF-CSA: r = 0.54, p < 0.001; and RF-Y-axis: r = 0.46,
p < 0.001) but little correlation with the classic parameter BMI. Similarly, the functional
assessment via TUG did not show a significant relationship with any of the ultrasound
data (RF-Y-axis: r = −0.03, p = 0.800) or BIVA muscle mass (SMI: r = −0.16, p = 0.161). We
obtained a Cronbach’s scale of 0.778 between all techniques.

Table 2. Correlation between BIA muscle measures, nutritional ultrasound, and HGS.

RF-CSA RF-CSAI RF-X-Axis RF-Y-Axis HGS TUG

BMI (kg/m2)
r= 0.25 r = −0.25 r = −0.02 r = 0.42 r = 0.04 r = −0.21
p < 0.05 p = 0.056 p = 0.885 p < 0.001 p = 0.844 p < 0.211

PhA (◦)
r = 0.48 r = 0.49 r = 0.22 r = 0.47 r = 0.348 r = −0.06

p < 0.001 p < 0.001 p = 0.096 p < 0.001 p < 0.001 p = 0.620

BCM(kg) r= 0.70 r = 0.63 r= 0.45 r = 0.64 r = 0.60 r = 0.01
p < 0.001 p = <0.001 p < 0.001 p < 0.001 p < 0.001 p = 912

FFM(kg) r = 0.65 r = 0.55 r = 0.50 r = 0.57 r = 0.61 r = −0.01
p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p = 920

ASMM (kg) r = 0.65 r = 0.54 r = 0.48 r = 0.58 r = 0.62 r = 0.02
p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p = 850

SMI (kg/m) r = 0.64 r = 0.61 r = 0.55 r = 0.54 r = 0.54 r = 0.16
p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p = 0.161

FFMI(Kg/m) r = 0.64 r = 0.64 r = 0.42 r = 0.63 r = 0.42 r = 0.04
p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.739

ASMI (Kg/m) r = 0.66 r = 0.64 r = 0.44 r = 0.67 r = 0.50 r = 0.07
p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.800

Handgrip strength (kg) r = 0.54 r = 0.54 r = 0.41 r = 0.46 -- r = −0.358
p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001

TUG
r = 0.05 r = 0.07 r = 0.14 r = −0.03 r = −0.358 --

p < 0.651 p < 0.555 p < 0.633 p < 0.800 p < 0.001

Abbreviations: BMI, body mass index; BIVA, bioelectrical impedance vectorial analysis; PhA, phase angle; BCM,
body mass cell; FFM, fat-free mass; ASMM, appendicular skeletal mass muscle; SMI, skeletal mass index; FFMI,
fat-free mass index; ASMI, appendicular skeletal muscle index; HGS, hand grip strength; TUG, Get Up and Go
test; RF-CSA, rectus femoris cross-sectional area: RF-CSAI, rectus femoris cross-sectional area index; RF-X-axis,
rectus femoris X-axis; RF-Y-axis, rectus femoris Y-axis; HGS, hand grip strength.

On the other hand, a correlation was made between the values of fat mass measured
via BIVA and the adipose tissue measurement via nutritional ultrasound (Figure 2). It can
be observed that the BMI value (the classically used parameter) correlates strongly with
FMI-BIVA (r = 0.84, p < 0.001) and L-SAT (r = 0.40, <0.001) and weakly but significantly
with T-SAT (r = 0.17, <0.001), S-SAT (r = 0.21, <0.001), and VAT (r = 0.19, <0.001).
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Figure 1. Pearson’s correlation heatmap between the BIVA muscular parameters, muscle nutritional
ultrasound, and HGS. Abbreviations: BMI, body mass index; PhA, phase angle; BCM, body mass cell;
SMI, skeletal mass index; FFMI, fat-free mass index; ASMI, appendicular skeletal muscle index; HGS,
hand grip strength; RF-CSA, rectus femoris cross-sectional area; TUG, Get Up and Go test.
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Figure 2. Pearson’s correlation heatmap between the BIVA fat measures and abdominal nutritional
ultrasound. Abbreviations: BMI, body mass index; FMI, fat mass index; L-SAT, leg subcutaneous adi-
pose tissue, SAT, abdominal adipose tissue, total (T) and superficial (S); VAT, visceral adipose tissue.

3.3. Cut-Off Point for 12-Month Mortality in IPF Patients

To investigate the cut-off point parameters for predicting 12-month mortality in our
population, we performed ROC analysis. We determined the cut-off point for 12-month
mortality in IPF patients for BIVA, nutritional ultrasound, and functional tests (Table 3).
We found a cut-off point of PhA = 4.5◦ with an AUC value of 0.722 (sensitivity of 72.7%
and specificity of 66.6%). We also obtained a cut-off point of BCM = 28.8 kg with an
AUC value of 0.609 (sensitivity of 32.4% and specificity of 100.0%), SPhA = −0.44 with
an AUC value of 0.618 (sensitivity of 35.0% and specificity of 88.9%), and NaK with
AUC = 0.562, cut-off = 1.17 (sensitivity of 66.67% and specificity of 53.25%). On the other
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hand, muscular nutritional ultrasound is also a good predictor of 12-month mortality
(RF-CSA = 3.00 cm2 with an AUC value of 0.857, sensitivity of 64.41%, and specificity
of 100.0% and RF-Y-axis = 1.10 with AUC = 0.615 (sensitivity of 47.37% and a specificity
of 88.89%)) (Figure 3a). However, we could observe that the AUC values of the adipose
tissue measurement of the nutritional ultrasound were not very decisive. We obtained a
cut-off of T-SAT = 0.83 with an AUC = 0.474 (sensitivity of 94.94% and specificity of 22.22%)
and S-SAT = 0.30 with an AUC = 0.437 (sensitivity of 97.37% and specificity of 11.11%);
more importance can be given to the value of VAT with AUC = 0.658 (sensitivity of 62.50%
and specificity of 72.97%). Finally, analyzing the functional parameters, we observed that
the 6MMW with a cut-off of 420 m is a good determinant of 12-month mortality with
AUC = 0.830 (sensitivity of 63.27% and specificity of 100.0%), as well as TUG with a cut-off
of 7.2 s and AUC = 0.771 (sensitivity of 100.0% and specificity of 56.67%). However, the
HGS shows a cut-off of 44 kg and AUC = 0.468 (sensitivity of 21.33% and specificity of
100.0%). Among the blood test parameters, we wanted to give preference to the CRP
protein value, which is associated with inflammation at the time of mortality. We obtained a
cut-off value of CRP protein = 7 g/dl with AUC = 0.731 (sensitivity of 100% and specificity
of 55.56%) (Figure 3b).

Table 3. Predictive value of 12-month mortality with BIVA, nutritional ultrasound, and functional
tests of IPF patients.

AUC Cut-Off
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Abdominal

T-SAT 0.474 0.83 94,94% 22.22%
S-SAT 0.437 0.30 97.37% 11.11%
VAT 0.658 0.75 62.50% 72.97%
BIA

SPhA 0.618 −0.44 35.0% 88.9%
PhA 0.722 4.5 72.7% 66.6%
BCM 0.609 28.8 32.47% 100.0%
NaK 0.562 1.17 66.67% 53.25%

Functional test
HGS 0.468 44.0 21.33% 100.0%
TUG 0.771 7.20 100.0% 56.76%
6MM 0.830 420.0 63.27% 100.0%

Blood test
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Receiver operating characteristic (ROC) for the nutritional ultrasound, BIA, and functional tests with the 12-month
mortality of IPF patients. AUC, the area under the ROC curve.
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cut-off without adjusting for variables.
Abbreviations: AUC, area under curve; RF-CSA, rectus femoris cross-sectional area: RF-CIR, circumference
of quadriceps rectus femoris; RF-X-axis; rectus femoris X-axis; RF-Y-axis, rectus femoris Y-axis; L-SAT, leg
subcutaneous adipose tissue; SAT, abdominal subcutaneous adipose tissue, total (T) and superficial (S); VAT,
visceral adipose tissue; BIVA, bioelectrical impedance vectorial analysis; PhA, phase angle; SPhA, standardized
phase angle; BCM, body mass cell; NaK, sodium potassium index; HGS, hand grip strength; TUG, Get Up and Go
test; 6MWT, 6-min walk test.

3.4. 12-Month Mortality Risk for IPF Patients

We performed a multivariate analysis for the 12-month mortality of RF-CSA and PhA
adjusted for age, gender, and BMI. We found that PhA–mortality has HR = 6.35 (1.29–31.15,
p = 0.023) (Table 4); RF-CSA–mortality (HR = 8.11 (1.39–47.16, p = 0.020)) (Table 5) was
independently associated with death (Figure 4A,B).
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Figure 3. Comparative analysis of ROC curve of BIVA measurements (BMI, BCM, PhA, SPhA, and
NaK), nutritional ultrasound (RF-CSA and RF-Y-axis), blood test (CRP protein), and functional
tests (HGS, 6MWT, and TUG) with established cut-off for 12-month mortality in IPF patients. Ab-
breviations: BMI, body mass index; RF-CSA, rectus femoris cross-sectional area; RF-Y-axis, rectus
femoris Y-axis; VAT, visceral adipose tissue; BIVA, bioelectrical impedance vectorial analysis; PhA,
phase angle; SPhA, standardized phase angle; BCM, body mass cell; NaK, sodium potassium index;
HGS, hand grip strength; TUG, Get Up and Go test; 6MWT, 6-min walk test. (a) morphofunctional
parameters in IPF patients. (b) Inflammation parameters (NaK, CRP protein, and VAT) and Get Up
and Go test in IPF patients.

Table 4. Model multivariate analysis to evaluate the utility of PhA as a prognostic indicator of
12-month mortality in IPF patients.

Dependent:
Survival (My Time, My Outcome) All HR (Univariable) HR (Multivariable)

PhA–mortality Survival 49 (57.0) - -
Non-survival 37 (43.0) 5.92 (1.23–28.55, p = 0.027) 6.35 (1.29–31.15, p = 0.023)

Gender Male 71 (82.6) - -
Female 15 (17.4) 0.67 (0.08–5.38, p = 0.706) 0.39 (0.04–3.62, p = 0.405)

Age Mean (SD) 71.0 (7.3) 1.02 (0.93–1.12, p = 0.669) 1.01 (0.88–1.36, p = 0.416)
BMI Mean (SD) 27.4 (3.4) 1.06 (0.87–1.28, p = 0.579) 1.09 (0.88–1.36, p = 0.416)

Abbreviations: HR, hazard ratio; PhA, phase angle; BMI, body mass index.

Table 5. Model multivariate analysis to evaluate the utility of RF-CSA as a prognostic indicator of
12-month mortality in IPF patients.

Dependent:
Survival (My Time, My Outcome) All HR (Univariable) HR (Multivariable)

RF-CSA–mortality Survival 40 (47.1) - -
Non-survival 45 (52.9) 3.92 (0.81–18.97, p = 0.089) 8.11 (1.39–47.16, p = 0.020)

Gender Male 70 (82.4) - -
Female 15 (17.6) 0.66 (0.08–5.34, p = 0.700) 0.16 (0.01–1.82, p = 0.138)

Age Mean (SD) 70.9 (7.3) 1.02 (0.93–1.12, p = 0.655) 1.01 (0.92–1.11, p = 0.854)
BMI Mean (SD) 27.3 (3.2) 1.07 (0.87–1.31, p = 0.521) 1.28 (0.97–1.68, p = 0.083)

Abbreviations: HR, hazard ratio; RF-CSA, rectus femoris cross-sectional area; BMI, body mass index.

3.5. Kaplan–Meier Survival Curve of 12-Month Mortality in IPF Patients with Morphofunctional
Assessment Techniques

The median follow-up time was 12 months, during which nine patients died. IPF
patients with low RF-CSA (<3.00 cm2) died earlier (survival probability: 41.1% [19–90%,
95% CI]) than patients with normal RF-CSA (survival: 100% [100–100%]: OR = 40.71 [2.27 to
728.21, p = 0.011) (Figure 5A).
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The mortality rate of patients with low PhA (<4.5◦) was higher (survival: 53.2%
[31–92.5%, 95% CI]) than that of patients with normal PhA (95.0% [88–92.5%, 95% CI],
OR = 5.48 [1.23–38.49, p = 0.042]) (Figure 5B).

Patients with low BCM (<28.8 kg) achieved lower survival (survival probability:
69.3% [53−91.3%, 95% CI]) than patients with normal BCM (100% [100−100%, 95% CI],
OR = 39.11 [2.1894 to 698.9], p = 0.0127) (Figure 5C).

Patients with low TUG (<7.2 s) achieved lower survival (survival probability: 97%
[91−100.0%, 95% CI]) than patients with normal TUG (65% [43–96.9%, 95% CI], OR = 8.80
[1.41−170.71, p = 0.049] (Figure 5D).

Patients with low 6MWT (<420 m) achieved lower survival (survival probability: 60%
[35−100%, 95% CI]) than patients with normal 6MWT (100% [100−100%, 95% CI], OR:
18.72 [0.9789 to 358.3, p = 0.051]) (Figure 5E).

Patients with GAP stage I achieved higher survival (survival probability: 100.0%
[100–100%, 95% CI]) than patients with GAP stage II (63% [63−100%, 95% CI]) and stage
III (23% [7–76%, 95% CI]; stage III vs. stage III, OR = 5.00 [0.79–31.63, p = 0.087]; stage I
vs. stage II, OR = 0.71 [0.203–2.50, p = 0.599]; Stage II vs. stage III, OR = 7.00 [1.20–40.82,
p = 0.0306]) (Figure 5F).

However, a low HGS value was not a determinant of 12-month mortality. Lower HGS
was associated with lower survival (survival probability: 74% [58−92.7%, 95% CI]) than
a normal HGS (100% [100−100%, 95% CI], OR 1.56 (0.28–12.00, p = 0.629)) (Figure 5G).
The same applied to a lower BMI value, which was also associated with lower survival
(survival probability: 33% [7–100%, 95% CI]), compared to patients with a normal BMI
(84 [74%−96.8%, 95% CI], OR 0.58 (0.14–2.90, p = 0.460)).

4. Discussion

To the best of our knowledge, this is the first study that has related morphofunc-
tional assessment techniques (PhA via BIVA, RF-CSA via nutritional ultrasound, and the
functional tests 6MWT and TUG) with the risk of mortality in patients with idiopathic
pulmonary fibrosis, establishing cut-off points from which we can predict a worse clinical
evolution for our patients.

Among these parameters, we obtained cut-off values of PhA < 4.6◦, RF-CSA < 3.00 cm2,
6MWT < 420 m, and TUG > 7.2 s, which are among the best morphological parameters for
predicting 12-month mortality.
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This study included IPF patients with common characteristics of this disease, as they
were mostly men with a normal BMI [27]. As described in the literature, a worse prognosis
was found for patients with a higher GAP [28] and an altered functional test (6MWT) [29],
with both parameters increasing mortality, which was related to the published results.

In our series, there were no differences between survival and non-survival patients’
general data, such as their age, sex, weight, weight loss, and BMI. Nakatsuka et al. found
that >5% weight loss was associated with poor survival and that weight loss > 6.1a was
an independent predictor of mortality [3]. Other studies have examined the relationship
between malnutrition and mortality for IPF patients by measuring BMI or weight loss,
but BMI provided contradictory results [30]. Although BMI < 21 kg/m2 is used to define
malnutrition in patients with chronic diseases, such as COPD [31], versus BMI < 25 for IPF
patients [32], it is not sensitive enough to identify patients with a low muscle mass (FFM)
in these studies.

However, there are clear differences in morphofunctional values with a decrease in
PhA in the survival vs. non-survival groups (4.85◦ vs. 4.27◦ p = 0.033) according to BIVA.
Gómez-Martínez et al. showed that low PhA (5.11◦ vs. 4.62◦, p = 0.008) was independently
associated with a worse prognosis for COPD patients [33]. Machado et al. showed that a
quarter of IPF patients with a normal to obese BMI had abnormally low PhA, and patients
with IPF classified as low-PhA had worse lung function, exercise capacity, and HRQL [34].

The other classical factors, GAP (p < 0.001) and DLCO (50.02 vs. 25.25, p < 0.001),
showed significant differences in our series.

Our study adds to the current literature regarding the clinical applications of BIVA
with bioelectrical values such as PhA in the prognosis of IPF patients. We found that the
stratification of IPF patients according to their mortality risk is associated with a low PhA
value. Previous studies have shown that high or low FFMI classification identified patients
with significantly lower weight due to tissue depletion, including not only lower FFMI but
also lower body cell mass and body water [34].

In this work, low PhA determined worse lung function in patients with IPF, as well as
lower exercise capacity, despite no differences in BMI or other body composition variables
(except for a higher amount of extracellular water). Increased extracellular water leads
to a decrease in PhA, which is associated with a worse prognosis [35]. These findings
support the use of PhA as a proxy indicator of cellular health (an increased cell number
with improved membrane integrity and function) [36].

Regarding functional techniques, there were no differences in HGS, but there were
differences in TUG (8.21 vs. 9.14 s, p < 0.019) and 6MWT (416 m vs. 301 m, p < 0.001).
Mezquita et al. showed that a TUG time of 11.2 s had good sensitivity (0.75) and specificity
(0.83) for identifying patients with a baseline 6-min walk distance <350 m, that the TUG
is valid and responsive in COPD, and that an abnormal result is indicative of poor health
outcomes. These differences in TUG, 6MWT, and GAP have been described in other
papers [17,28,29].

There is an important correlation in the results of assessments of body composition
using morphofunctional techniques for different pathologies [12,37]; thus, a correlation has
been demonstrated between RF-CSA and PhA [13,15]. Also found in other publications
were lines between more established techniques, such as BIVA (the correlation of RF-CSA
with FFMI (r = 0.780; p < 0.001)) and new ultrasonography techniques (RF-CSA with HGS;
r = 0.790; p < 0.001) [16]. These parameters relate what would be cellular and muscle mass
with the importance of nutrition and the parameters of sarcopenia and muscle function.
However, it is also important to highlight how morphofunctional techniques show good
correlation when assessing adiposity classically represented through BMI, with good
correlation of the content measured via BIVA (FMI) and abdominal ultrasound (L-SAT,
T-SAT, S-SAT, and VAT). This aspect of excess fat assessment is important, as IPF combines
overweight and fat gain with a disease-related decrease in muscle mass [38].

These aspects are very interesting, as they are techniques of different natures with
ultrasound, bioelectrical, and functional techniques with an adequate clinical correlation
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that allows them to be evaluated together when establishing diagnostic and prognostic
tools. Their future role in the diagnosis of malnutrition and other problems affecting body
composition and function, such as obesity and metabolic diseases, remains to be definitively
established on the basis of future publications [37].

In addition, the establishment of cut-off-point predictors of mortality to assess these
patients may have important clinical value. The nutritional ultrasound technique yields
an RF-CSA value with adequate sensitivity and specificity to predict 12-month mortality.
Other techniques, such as CT [39] or MRI [40], have already established their prognostic
value for IPF patients and other pulmonary diseases [41]. De Paula et al. [40] have obtained
preliminary findings suggesting that other factors, such as hypoxia (but not inflammation),
may play a role in the peripheral skeletal muscle dysfunction observed in IPF patients, in
addition to disuse atrophy.

These imaging techniques are expensive and can only be used opportunistically to
determine muscle mass. It is, therefore, necessary to establish routine clinical practice
techniques, such as ultrasound, that can be performed at the point of patient care in a
flexible, individualized, and repeated manner over time. Nutritional ultrasound techniques
to assess muscle mass and adipose tissue have been used to diagnose nutritional status and
metabolic disorders such as obesity. Point-of-care ultrasound (POCUS) [42] is an advanced
diagnostic ultrasound test performed and interpreted by the treating physician as a bedside
test. There are several advantages to incorporating POCUS into daily clinical practice.
POCUS is a cost-effective approach that directly and indirectly saves healthcare costs on an
international scale [43].

Many factors contribute to reduced muscle mass in IPF patients, including aging, smok-
ing, reduced caloric intake, increased respiratory muscle demand, reduced physical activity,
systemic inflammation, and the side effects of steroid and anti-fibrotic treatments [6].

On the other hand, BIVA is a widely used instrument in clinical practice and has been
of particular interest in recent years for bioelectrical measurements. The phase angle in
health and disease plays an increasing role in lines of research [15].

Among the absolute variables detected via BIA, the phase angle (PhA) represents
an interesting parameter for assessing the state of health of patients with respiratory
diseases. In contrast, easier methods that provide indirect information, such as BIA, are
susceptible to errors due to changes in the hydration of a fat-free mass. The use of raw BIVA
measurements avoids inherent assumptions. PhA is a basic bioimpedance measurement
that provides a qualitative index of fluid status and body cell mass or lean soft tissue mass.

In our study, the RF-CSA and PhA model showed a good predictive ability for
12-month mortality adjusted for age, sex, and BMI. Other factors, such as BCM, TUG,
6MWT, and GAP, showed a determinant value for predicting mortality.

In light of our findings, RF-CSA and PhA values could be employed in the routine
clinical evaluation of IPF patients for better prognostic risk stratification of IPF patients.

Nevertheless, this study faced limitations. All the patients were from only two areas,
so the results need to be confirmed for other IPF populations. Second, we did not have
analytical data with which to assess systemic inflammation or mitochondrial damage, but
we collected these samples for the second phase of the study; this could have slightly
influenced our results. Finally, we did not record the causes of death. Large-sample,
multi-center studies involving more female patients are required in the future to clarify the
differences in our findings.

5. Conclusions

In summary, PhA via BIVA and RF-CSA via nutritional point-of-care ultrasound
(nutritional POSE) can accurately predict the 12-month mortality measurements of IPF
patients, which could guide the care process for more individualized treatment decisions,
nutritional support, exercise, etc. There is a need to identify new biomarkers to support
classical prognostic factors, such as GAP and T6MW. Since PhA and RF-CSA are identifiers
of nutritional and muscular impairment, this is relevant to address the prognosis of IPF
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patients with the aim of improving their quality of life and survival. Future studies will
determine whether a dedicated intervention could improve outcomes for IPF patients.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu15204473/s1, Figure S1: Flow chart in idiopathic pulmonary
fibrosis patients; Table S1: Baseline characteristics of the population of study divided by sex.

Author Contributions: Conceptualization, E.C.C.; Validation, E.C.C.; Investigation, R.F.-J., E.C.C.,
A.S.G., I.M.V.-A., M.d.M.A.-C., I.C.-P., V.S.-F., M.M., L.G.-S., A.M.M., M.B.-C.G., L.D.-R. and M.G.O.;
Writing—review & editing, I.C.-P. and J.M.G.-A.; Visualization, J.L.V.-G.; Supervision, F.E.H. and
P.G.-P.; Project administration, E.C.C., L.P.-J. and F.T.-M. All authors have read and agreed to the
published version of the manuscript.

Funding: This study is part of a Ph.D. Program in Biomedicine, Translational Research, and New
Health Technologies in the Faculty of Medicine of the University of Málaga in Spain. The ANEJOMA
covered the publication cost. No other funding was provided.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and was approved by the Ethics Committee of Málaga on 5 April 2022 (1743-N-21).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: We would like to thank Fresenius Kabi for their support in carrying out the
project. L.G.-S. was supported by the Nicolás Monardes Program from Consejería de Salud de
Andalucía (Spain) (C-0028-2018). M.M. was supported by Miguel Servet II program (CPII22/00013)
from the ISCIII (Spain), Nicolás Monardes Program from Consejería de Salud de Andalucía (Spain)
(C1-0002-2022), UMA18-FEDERJA-285 cofunded Junta de Andalucía and FEDER funds, PY20-00447
and PI-0297-2018 cofunded by FEDER funds, and Junta de Andalucía, Spain.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study, in the collection, analyses, or interpretation of the data, in the writing of the manuscript,
or in the decision to publish the results.

References
1. Raghu, G.; Collard, H.R.; Egan, J.J.; Martinez, F.J.; Behr, J.; Brown, K.K.; Colby, T.V. 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. [CrossRef] [PubMed]

2. Kreuter, M.; Ehlers-Tenenbaum, S.; Palmowski, K.; Bruhwyler, J.; Oltmanns, U.; Muley, T.; Heussel, C.P.; Warth, A.; Kolb, M.;
Herth, F.J.F. Impact of Comorbidities on Mortality in Patients with Idiopathic Pulmonary Fibrosis. PLoS ONE 2016, 11, e0151425.
[CrossRef] [PubMed]

3. Nakatsuka, Y.; Handa, T.; Kokosi, M.; Tanizawa, K.; Puglisi, S.; Jacob, J.; Sokai, A.; Ikezoe, K.; Kanatani, K.T.; Kubo, T.; et al. The
Clinical Significance of Body Weight Loss in Idiopathic Pulmonary Fibrosis Patients. Respiration 2018, 96, 338–347. [CrossRef]
[PubMed]

4. Murphy, A.M.; Thomas, A.; Crinion, S.J.; Kent, B.D.; Tambuwala, M.M.; Fabre, A.; Pepin, J.-L.; Roche, H.M.; Arnaud, C.; Ryan, S.
Intermittent hypoxia in obstructive sleep apnoea mediates insulin resistance through adipose tissue inflammation. Eur. Respir. J.
2017, 49, 1601731. [CrossRef] [PubMed]

5. Zheng, Q.; Cox, I.A.; Campbell, J.A.; Xia, Q.; Otahal, P.; de Graaff, B.; Corte, T.J.; Teoh, A.K.Y.; Walters, E.H.; Palmer, A.J. Mortality
and survival in idiopathic pulmonary fibrosis: A systematic review and meta-analysis. ERJ Open Res. 2022, 8, 00591–02021.
[CrossRef]

6. Faverio, P.; Bocchino, M.; Caminati, A.; Fumagalli, A.; Gasbarra, M.; Iovino, P.; Petruzzi, A.; Scalfi, L.; Sebastiani, A.; Stanziola,
A.A.; et al. Nutrition in Patients with Idiopathic Pulmonary Fibrosis: Critical Issues Analysis and Future Research Directions.
Nutrients 2020, 12, 1131. [CrossRef] [PubMed]

7. Schwebel, C.; Pin, I.; Barnoud, D.; Devouassoux, G.; Brichon, P.Y.; Chaffanjon, P.; Chavanon, O. Prevalence and consequences of
nutritional depletion in lung transplant candidates. Eur. Respir. J. 2000, 16, 1050–1055. [CrossRef]

8. Lee, J.H.; Jang, J.H.; Jang, H.J.; Kim, S.Y.; Chung, M.P.; Yoo, H.; Jeong, S.H.; Song, J.W. New prognostic scoring system for mortality
in idiopathic pulmonary fibrosis by modifying the gender, age, and physiology model with desaturation during the six-minute
walk test. Front. Med. 2023, 10, 1052129. [CrossRef] [PubMed]

9. García Almeida, J.M.; García García, C.; Vegas Aguilar, I.M.; Bellido Castañeda, V.; Bellido Guerrero, D. Morphofunctional
assessment of patient’s nutritional status: A global approach. Nutr. Hosp. 2021, 38, 592–600. [PubMed]

https://www.mdpi.com/article/10.3390/nu15204473/s1
https://www.mdpi.com/article/10.3390/nu15204473/s1
https://doi.org/10.1164/rccm.2009-040GL
https://www.ncbi.nlm.nih.gov/pubmed/21471066
https://doi.org/10.1371/journal.pone.0151425
https://www.ncbi.nlm.nih.gov/pubmed/27023440
https://doi.org/10.1159/000490355
https://www.ncbi.nlm.nih.gov/pubmed/30130749
https://doi.org/10.1183/13993003.01731-2016
https://www.ncbi.nlm.nih.gov/pubmed/28424360
https://doi.org/10.1183/23120541.00591-2021
https://doi.org/10.3390/nu12041131
https://www.ncbi.nlm.nih.gov/pubmed/32316662
https://doi.org/10.1034/j.1399-3003.2000.16f05.x
https://doi.org/10.3389/fmed.2023.1052129
https://www.ncbi.nlm.nih.gov/pubmed/36760404
https://www.ncbi.nlm.nih.gov/pubmed/33749304


Nutrients 2023, 15, 4473 16 of 17

10. Garlini, L.M.; Alves, F.D.; Ceretta, L.B.; Perry, I.S.; Souza, G.C.; Clausell, N.O. Phase angle and mortality: A systematic review.
Eur. J. Clin. Nutr. 2019, 73, 495–508. [CrossRef]

11. De Benedetto, F.; Marinari, S.; De Blasio, F. Phase angle in assessment and monitoring treatment of individuals with respiratory
disease. Rev. Endocr. Metab. Disord. 2023, 24, 491–502. [CrossRef] [PubMed]

12. Cornejo-Pareja, I.; Vegas-Aguilar, I.M.; García-Almeida, J.M.; Bellido-Guerrero, D.; Talluri, A.; Lukaski, H.; Tinahones, F.J. Phase
angle and standardized phase angle from bioelectrical impedance measurements as a prognostic factor for mortality at 90 days in
patients with COVID-19: A longitudinal cohort study. Clin. Nutr. 2021, 41, 3106–3114. [CrossRef] [PubMed]

13. Vegas-Aguilar, I.M.; Guirado-Peláez, P.; Fernández-Jiménez, R.; Boughanem, H.; Tinahones, F.J.; Garcia-Almeida, J.M. Exploratory
Assessment of Nutritional Evaluation Tools as Predictors of Complications and Sarcopenia in Patients with Colorectal Cancer.
Cancers 2023, 15, 847. [CrossRef]

14. García-Almeida, J.M.; García-García, C.; Vegas-Aguilar, I.M.; Ballesteros Pomar, M.D.; Cornejo-Pareja, I.M.; Medina, B.F.; de Luis
Roman, D.A. Nutritional ultrasound®: Conceptualisation, technical considerations and standardisation. Endocrinol. Diabetes Nutr.
2023, 70, 74–84. [CrossRef]

15. García-García, C.; Vegas-Aguilar, I.M.; Rioja-Vázquez, R.; Cornejo-Pareja, I.; Tinahones, F.J.; García-Almeida, J.M. Rectus Femoris
Muscle and Phase Angle as Prognostic Factor for 12-Month Mortality in a Longitudinal Cohort of Patients with Cancer (AnyVida
Trial). Nutrients 2023, 15, 522. [CrossRef] [PubMed]

16. Sánchez-Torralvo, F.J.; Porras, N.; Ruiz-García, I.; Maldonado-Araque, C.; García-Olivares, M.; Girón, M.V.; Gonzalo-Marín,
M.; Olveira, C.; Olveira, G. Usefulness of Muscle Ultrasonography in the Nutritional Assessment of Adult Patients with Cystic
Fibrosis. Nutrients 2022, 14, 3377. [CrossRef]

17. Mesquita, R.; Wilke, S.; Smid, D.E.; Janssen, D.J.; Franssen, F.M.; Probst, V.S.; Wouters, E.F.; Muris, J.W.; Pitta, F.; A Spruit, M.
Measurement properties of the Timed Up & Go test in patients with COPD. Chronic Respir. Dis. 2016, 13, 344–352.

18. Hendriks, S.; Huisman, M.G.; Ghignone, F.; Vigano, A.; de Liguori Carino, N.; Farinella, E.; Girocchi, R.; Audisio, R.A.; van
Munster, B.; de Bock, G.H.; et al. Timed up and go test and long-term survival in older adults after oncologic surgery. BMC
Geriatr. 2022, 22, 934. [CrossRef]

19. Piccoli, A.; Nigrelli, S.; Caberlotto, A.; Bottazzo, S.; Rossi, B.; Pillon, L.; Maggiore, Q. Bivariate normal values of the bioelectrical
impedance vector in adult and elderly populations. Am. J. Clin. Nutr. 1995, 61, 269–270. [CrossRef]

20. Piccoli, A.; Rossi, B.; Pillon, L.; Bucciante, G. A new method for monitoring body fluid variation by bioimpedance analysis: The
RXc graph. Kidney Int. 1994, 46, 534–539. [CrossRef]

21. Cardinal, T.R.; Wazlawik, E.; Bastos, J.L.; Nakazora, L.M.; Scheunemann, L. Standardized phase angle indicates nutritional status
in hospitalized preoperative patients. Nutr. Res. 2010, 30, 594–600. [CrossRef]

22. De Palo, T.; Messina, G.; Edefonti, A.; Perfumo, F.; Pisanello, L.; Peruzzi, L.; Di Iorio, B.; Mignozzi, M.; Vienna, A.; Conti, G.; et al.
Normal values of the bioelectrical impedance vector in childhood and puberty. Nutrition 2000, 16, 417–424. [CrossRef]

23. ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories. ATS statement: Guidelines for the
six-minute walk test. Am. J. Respir. Crit. Care Med. 2002, 166, 111–117. [CrossRef]

24. Hamagawa, K.; Matsumura, Y.; Kubo, T.; Hayato, K.; Okawa, M.; Tanioka, K.; Yamasaki, N.; Kitaoka, H.; Yabe, T.; Nishinaga,
M.; et al. Abdominal visceral fat thickness measured by ultrasonography predicts the presence and severity of coronary artery
disease. Ultrasound Med. Biol. 2010, 36, 1769–1775. [CrossRef] [PubMed]

25. Torrisi, S.E.; Ley, B.; Kreuter, M.; Wijsenbeek, M.; Vittinghoff, E.; Collard, H.R.; Vancheri, C. The added value of comorbidities
in predicting survival in idiopathic pulmonary fibrosis: A multicentre observational study. Eur. Respir. J. 2019, 53, 1801587.
[CrossRef] [PubMed]

26. Zhang, J.; Xu, P.; Wang, Y.; Wang, M.; Li, H.; Lin, S.; Mao, C.; Wang, B.; Song, X.; Lv, C. Astaxanthin prevents pulmonary fibrosis
by promoting myofibroblast apoptosis dependent on Drp1-mediated mitochondrial fission. J. Cell. Mol. Med. 2015, 19, 2215–2231.
[CrossRef] [PubMed]

27. Ley, B.; Ryerson, C.J.; Vittinghoff, E.; Ryu, J.H.; Tomassetti, S.; Lee, J.S.; Poletti, V.; Buccioli, M.; Elicker, B.M.; Jones, K.D.; et al. A
multidimensional index and staging system for idiopathic pulmonary fibrosis. Ann. Intern. Med. 2012, 156, 684–691. [CrossRef]

28. Lacedonia, D.; De Pace, C.C.; Rea, G.; Capitelli, L.; Gallo, C.; Scioscia, G.; Tondo, P.; Bocchino, M. Machine Learning and BMI
Improve the Prognostic Value of GAP Index in Treated IPF Patients. Bioengineering 2023, 10, 251. [CrossRef]

29. Nathan, S.D.; du Bois, R.M.; Albera, C.; Bradford, W.Z.; Costabel, U.; Kartashov, A.; Noble, P.W.; Sahn, S.A.; Valeyre, D.; Weycker,
D.; et al. Validation of test performance characteristics and minimal clinically important difference of the 6-minute walk test in
patients with idiopathic pulmonary fibrosis. Respir. Med. 2015, 109, 914–922. [CrossRef]

30. Alakhras, M.; Decker, P.A.; Nadrous, H.F.; Collazo-Clavell, M.; Ryu, J.H. Body mass index and mortality in patients with
idiopathic pulmonary fibrosis. Chest 2007, 131, 1448–1453. [CrossRef]

31. Vestbo, J.; Prescott, E.; Almdal, T.; Dahl, M.; Nordestgaard, B.G.; Andersen, T.; Sørensen, T.I.A. Body mass, fat-free body mass,
and prognosis in patients with chronic obstructive pulmonary disease from a random population sample: Findings from the
Copenhagen City Heart Study. Am. J. Respir. Crit. Care Med. 2006, 173, 79–83. [CrossRef] [PubMed]

32. Jouneau, S.; Rousseau, C.; Lederlin, M.; Lescoat, A.; Kerjouan, M.; Chauvin, P.; Luque-Paz, D.; Guillot, S.; Oger, E.; Vernhet,
L.; et al. Malnutrition and decreased food intake at diagnosis are associated with hospitalization and mortality of idiopathic
pulmonary fibrosis patients. Clin. Nutr. 2022, 41, 1335–1342. [CrossRef] [PubMed]

https://doi.org/10.1038/s41430-018-0159-1
https://doi.org/10.1007/s11154-023-09786-5
https://www.ncbi.nlm.nih.gov/pubmed/36694055
https://doi.org/10.1016/j.clnu.2021.02.017
https://www.ncbi.nlm.nih.gov/pubmed/33642143
https://doi.org/10.3390/cancers15030847
https://doi.org/10.1016/j.endinu.2022.03.008
https://doi.org/10.3390/nu15030522
https://www.ncbi.nlm.nih.gov/pubmed/36771229
https://doi.org/10.3390/nu14163377
https://doi.org/10.1186/s12877-022-03585-4
https://doi.org/10.1093/ajcn/61.2.269
https://doi.org/10.1038/ki.1994.305
https://doi.org/10.1016/j.nutres.2010.08.009
https://doi.org/10.1016/S0899-9007(00)00269-0
https://doi.org/10.1164/ajrccm.166.1.at1102
https://doi.org/10.1016/j.ultrasmedbio.2010.08.004
https://www.ncbi.nlm.nih.gov/pubmed/20870342
https://doi.org/10.1183/13993003.01587-2018
https://www.ncbi.nlm.nih.gov/pubmed/30578385
https://doi.org/10.1111/jcmm.12609
https://www.ncbi.nlm.nih.gov/pubmed/26119034
https://doi.org/10.7326/0003-4819-156-10-201205150-00004
https://doi.org/10.3390/bioengineering10020251
https://doi.org/10.1016/j.rmed.2015.04.008
https://doi.org/10.1378/chest.06-2784
https://doi.org/10.1164/rccm.200506-969OC
https://www.ncbi.nlm.nih.gov/pubmed/16368793
https://doi.org/10.1016/j.clnu.2022.05.001
https://www.ncbi.nlm.nih.gov/pubmed/35580539


Nutrients 2023, 15, 4473 17 of 17

33. Gómez-Martínez, M.; Rodríguez-García, W.; González-Islas, D.; Orea-Tejeda, A.; Keirns-Davis, C.; Salgado-Fernández, F.;
Hernandez-Lopez, S. Impact of Body Composition and Sarcopenia on Mortality in Chronic Obstructive Pulmonary Disease
Patients. J. Clin. Med. 2023, 12, 1321. [CrossRef]

34. Machado, F.V.C.; Bloem, A.E.M.; Schneeberger, T.; Jarosch, I.; Gloeckl, R.; Winterkamp, S.; Franssen, F.M.E.; Koczulla, A.R.; Pitta,
F.; Spruit, M.A.; et al. Relationship between body composition, exercise capacity and health-related quality of life in idiopathic
pulmonary fibrosis. BMJ Open Respir. Res. 2021, 8, e001039. [CrossRef]

35. Lukaski, H.C.; Talluri, A. Phase angle as an index of physiological status: Validating bioelectrical assessments of hydration and
cell mass in health and disease. Rev. Endocr. Metab. Disord. 2022, 24, 371–379. [CrossRef]

36. da Silva, B.R.; Orsso, C.E.; Gonzalez, M.C.; Sicchieri, J.M.F.; Mialich, M.S.; Jordao, A.A.; Prado, C.M. Phase angle and cellular
health: Inflammation and oxidative damage. Rev. Endocr. Metab. Disord. 2022, 24, 543–562. [CrossRef]

37. García-Almeida, J.M.; García-García, C.; Ballesteros-Pomar, M.D.; Olveira, G.; Lopez-Gomez, J.J.; Bellido, V.; Lesmes, I.B.; Burgos,
R.; Sanz-Paris, A.; Matia-Martin, P.; et al. Expert Consensus on Morphofunctional Assessment in Disease-Related Malnutrition.
Grade Review and Delphi Study. Nutrients 2023, 15, 612. [CrossRef]

38. Wu, W.; Li, C.; Zhu, X.; Liu, X.; Li, P.; Wan, R.; Wu, X.; Chen, S. Genetic association of telomere length, obesity and tobacoo
smoking with idiopathic pulmonary fibrosis risk. BMC Public Health 2023, 23, 868. [CrossRef] [PubMed]

39. Suzuki, Y.; Yoshimura, K.; Enomoto, Y.; Yasui, H.; Hozumi, H.; Karayama, M.; Furuhashi, K.; Enomoto, N.; Fujisawa, T.;
Nakamura, Y.; et al. Distinct profile and prognostic impact of body composition changes in idiopathic pulmonary fibrosis and
idiopathic pleuroparenchymal fibroelastosis. Sci. Rep. 2018, 8, 14074. [CrossRef]

40. de Paula, W.D.; Rodrigues, M.P.; Ferreira, N.M.C.; Passini, V.V.; Melo-Silva, C.A. Noninvasive assessment of peripheral skeletal
muscle weakness in idiopathic pulmonary fibrosis: A pilot study with multiparametric MRI of the rectus femoris muscle.
Multidiscip. Respir. Med. 2020, 15, 707.

41. Zhi, J.; Shan, Q.; Liang, L.; Liu, H.; Huang, H. Low skeletal muscle area as a prognostic marker for chronic obstructive pulmonary
disease in elderly patients admitted to ICU. Sci. Rep. 2019, 9, 19117. [CrossRef] [PubMed]

42. Moore, C.A.; Ross, D.W.; Pivert, K.A.; Lang, V.J.; Sozio, S.M.; O’Neill, W.C. Point-of-Care Ultrasound Training during Nephrology
Fellowship: A National Survey of Fellows and Program Directors. Clin. J. Am. Soc. Nephrol. 2022, 17, 1487–1494. [CrossRef]
[PubMed]

43. Hashim, A.; Tahir, M.J.; Ullah, I.; Asghar, M.S.; Siddiqi, H.; Yousaf, Z. The utility of point of care ultrasonography (POCUS). Ann.
Med. Surg. 2021, 71, 102982. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm12041321
https://doi.org/10.1136/bmjresp-2021-001039
https://doi.org/10.1007/s11154-022-09764-3
https://doi.org/10.1007/s11154-022-09775-0
https://doi.org/10.3390/nu15030612
https://doi.org/10.1186/s12889-023-15733-5
https://www.ncbi.nlm.nih.gov/pubmed/37170112
https://doi.org/10.1038/s41598-018-32478-z
https://doi.org/10.1038/s41598-019-55737-z
https://www.ncbi.nlm.nih.gov/pubmed/31836824
https://doi.org/10.2215/CJN.01850222
https://www.ncbi.nlm.nih.gov/pubmed/36130826
https://doi.org/10.1016/j.amsu.2021.102982
https://www.ncbi.nlm.nih.gov/pubmed/34840746

	Introduction 
	Materials and Methods 
	Setting Study 
	Anthropometric and Body Composition Parameters 
	Abdominal and Muscle Nutritional Ultrasound 
	Assessment of Nutritional Status 
	Assessment of Respiratory Status 
	Statistical Analysis 

	Results 
	General Characterization of the Population Study 
	Correlation Analysis between BIA Muscle Measures, Muscular Ultrasound, HGS with 12-Month Mortality 
	Cut-Off Point for 12-Month Mortality in IPF Patients 
	12-Month Mortality Risk for IPF Patients 
	Kaplan–Meier Survival Curve of 12-Month Mortality in IPF Patients with Morphofunctional Assessment Techniques 

	Discussion 
	Conclusions 
	References

