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ABSTRACT

Introduction Bioelectrical impedance analysis (BIA) can
be used to estimate Fat-Free Mass Index (FFMI). However,
the use of directly measured BIA variables, such as phase
angle (PhA), has gained attention. The frequency of low
FFMI and PhA and its associations with exercise capacity
and health-related quality of life (HRQL) in patients with
idiopathic pulmonary fibrosis (IPF) have been scarcely
studied.

Objectives To investigate the frequency of low FFMI and
PhA and their associations with exercise capacity and
HRQL in patients with IPF.

Methods Patients underwent assessment of lung function,
body composition, exercise capacity by the 6 min walk
distance (6MWD), and HRQL by the Medical Outcomes
Study Short-Form 36-item Questionnaire (SF-36). Patients
were classified as presenting normal or low PhA or FFMI,
accordingly to the 10th percentiles of age-sex-body mass
index (BMI)-specific reference values.

Results 98 patients (84 males, age: 68+8 years, forced
vital capacity: 64%=18%predicted) were included. 24
patients presented low PhA. They were characterised

by worse lung function, exercise capacity and HRQL
compared with patients with normal PhA. 10 patients
presented low FFMI, but despite differences in body
composition, no differences were found between

these patients and patients with normal FFMI. In a

single regression analysis, age, lung function and body
composition variables (except FFMI) were related to 6MWD
and SF-36 Physical Summary Score (R2=0.06-0.36,
p<0.05). None of the variables were related to SF-36
Mental Summary Score.

Gonclusion One-fourth of the patients with IPF with
normal to obese BMI present abnormally low PhA. Patients
classified as low PhA presented worse lung function,
exercise capacity and HRQL.

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is
a specific form of chronic, progressive,
fibrosing interstitial pneumonia of unknown
cause characterised by progressive worsening
of dyspnoea and lung function.' It is a rare

What is the key question?

» What is the frequency of abnormal low phase an-
gle (PhA) and fat-free mass index in patients with
idiopathic pulmonary fibrosis (IPF)? Are these body
composition variables associated with lung function,
exercise capacity and health-related quality of life
(HRQL) in this population?

What is the bottom line?

» One-fourth of the patients with IPF with normal to
obese body mass index present abnormally low PhA.
After adjustment for gender, age and lung function,
the effect of being classified as low PhA on 6 min
walk distance was —76.2 m.

Why read on?

» We have demonstrated that body composition is an
important factor associated with exercise capacity
in patients with IPF and the assessment of PhA by
bioelectrical impedance analysis can be used to dis-
criminate patients with IPF with worse lung function,
exercise capacity and HRQL.

disease with an unpredictable clinical course
and high mortality. In Europe, the annual
incidence ranges from 0.22 to 7.4 and the
prevalence from 1.25 to 23.4 cases per 100
000 population.2 Patients with IPF suffer
from exercise intolerance, physical inactivity
and impaired health-related quality of life
(HRQL).*™® Schwebel et al found nearly 50%
of patients with severe IPF with normal body
weight had nutritional depletion.” A prospec-
tive cohort with patients with interstitial lung
disease (ILD), including 40 patients with IPF,
found a significantly lower muscle mass and
higher fat mass in subjects with more impaired
lung function.® In addition, low erector
spine cross-sectional area and low Fat-Free
Mass Index (FFMI) are related to increased
mortality in this population, independent of
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body mass index (BMI).*"" FFMI is frequently assessed
by using bioelectrical impedance analysis (BIA). The esti-
mation of FFMI by this method provides reliable infor-
mation in subjects without significant fluid and electro-
lyte abnormalities when using appropriate population,
age or pathology specific BIA equations and established
procedures.'* However, this commonly used method of
estimating FFMI using BIA equations has been suggested
to present disadvantages.'” On the other hand, the use
of directly measured BIA variables, such as phase angle
(PhA), have gained attention since they are not affected
by some of these disadvantages, such as equation inherent
errors and the necessary assumptions for BIA classifica-
tion of body compartments (consequently for the estima-
tion of FFMI)."?

PhA is a measure of the relationship between reac-
tance and resistance, two different electrical proper-
ties of tissues, obtained from BIA, that are affected in
various ways by disease, nutrition and hydration status.'”
PhA has been suggested to be an indicator of cellular
health where higher values reflect higher cellularity, cell
membrane integrity and better cell function."® This vari-
able has shown to be an independent predictor of muscle
strength, more strongly associated to handgrip strength
and respiratory muscle strength than BIA-based estimates
of FFMI or anthropometric parameters in patients with
chronic obstructive pulmonary disease (COPD)."* In
addition, PhA is independently associated with measures
of physical function, disease severity and early all-cause
mortality in this population.'”'°

Recently, Rinaldi et al'” showed that in fibrotic ILD,
low FFMI controlled for age and sex is significantly asso-
ciated with exercise capacity independent of lung func-
tion. This same research group also investigated whether
PhA is an appropriate surrogate marker of nutrition
status as assessed using the subjective global assessment,"!
however, a comparison of the frequency of patients with
abnormal low FFMI and PhA, and which of these vari-
ables are strongly associated with exercise capacity and
HRQL was not investigated. Based on previous findings
in other populations, such as COPD'*"® and elderly
patients with cancer,'® it seems reasonable to hypothesise
that PhA is related to these outcomes and can offer infor-
mation beyond BMI and FFMI in patients with IPF. Thus,
the aim of this study was to investigate the frequency of
abnormal low PhA and FFMI and their associations with
exercise capacity and HRQL in patients with IPF. Prelimi-
nary results of this study have been previously reported in
the form of abstract in the European Respiratory Society
congress 2020."

MATERIALS AND METHODS

Participants and study design

This study assessed for eligibility, all patients with IPF
referred to the specialised rehabilitation centre (Schoen
Klinik Berchtesgadener Land, Schoenau, Germany) from
March 2012 to November 2017. The diagnosis of IPF has

been previously confirmed according to the criteria of
current guidelines.! No patient presented clinical condi-
tions that potentially influence fluid balance (eg, renal
failure, cirrhosis, myocardial disease). All patients have
signed an informed consent term at time of admission to
authorise the use of data from all measures throughout
the time of stay for further research. As all data included
in this study were already collected an ethic approval was
waived. During a prerehabilitation assessment demo-
graphic data (sex and age), lung function and smoking
history, body composition, exercise capacity and HRQL
were collected.

Assessments

Lung function was evaluated by body plethysmography
(MasterScreen Body; Jaeger, Germany). The test proce-
dures were performed according to ATS/ERS standard-
isation. Forced vital capacity (FVC), forced expiratory
volume in the first second (FEV,), total lung capacity
(TLC), residual volume and diffusion capacity for carbon
monoxide (DLCO) were determined. Arterial oxygen
tension (Pa0O,), arterial carbon dioxide tension from the
hyperaemic earlobe and C reactive protein (CRP)) were
also assessed.

Body weight was measured using a calibrated electronic
scale to the nearest 0.1 kg and height was measured in an
anthropometer to the nearest 0.5 cm. For both measures,
patients were barefoot and in underwear. Body mass
index (BMI) was calculated as the ratio between weight
and height squared (kg/m®. Body composition was
assessed by BIA using a multifrequency impedance anal-
yser (Nutriguard-MS; Data Input, Germany). Assessments
were performed between 7:00 and 7:45 hours, after an
overnight fast and after a time of 10 min in the supine
position. The procedure was performed according to
manufacturer’s instructions. Fat-free mass was adjusted
for differences in body surface by dividing by squared
height, and FFMI was calculated.

FFMI values were compared with previously published
age-sex-BMI-specific reference values obtained from
the general population.”’ PhA was also assessed and
compared with previously published age-sex-BMI-specific
reference values obtained from a German population.*
Values of FFMI or PhA lower than the 10th percentile of
the reference values were considered low. Other variables
such as fat mass index, body cell mass, extracellular mass,
body water, intracellular and extracellular water were also
assessed.

The 6 min walk test (6MWT) was used to assess exer-
cise capacity and was performed according to the current
international guidelines in a 30 m corridor.”® The
predicted values for the 6 min walk distance (6MWD)
were calculated according to the reference values of
Troosters et al.**

HRQL was assessed using a validated German version
of the Medical Outcomes Study Short-Form 36-item
Questionnaire (SF-36). The questionnaire consisted
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of 36 questions covering eight health concepts: phys-
ical function, role-physical, bodily pain, general health,
vitality, social functioning, role-emotional and mental
health. These eight health components were combined
in two summary dimensions: the Physical Summary and
the Mental Summary Scores. The score ranges from 0 to
100, with higher scores indicating better HRQL.*

Statistical analysis

Data are reported as mean+SD or median (IQR
25%—75%). Variables were examined for normality
with histograms and qq-plots. For continuous variables,
comparisons between patients with normal and low PhA
and normal and low FFMI were performed with Student’s
t-test for independent samples or Mann-Whitney U test,
according to normality in data distribution. For cate-
gorical variables, between-group comparisons were
performed with the x” test. The analysis of covariance was
used to compare 6MWD between patients with normal
and low PhA and FFMI, while adjusting for gender and
age. Simple linear regression analysis was used to assess
the relationship between the variables of body compo-
sition and lung function with the variables of exercise
capacity and HRQL. Multiple linear regression analyses
were performed to compare 6MWD between patients
with normal and low PhA and FFMI, while adjusting for
gender, age and lung function. The x* test was used to
compare the proportion of patients with normal and
low PhA who present increased risk of mortality, by
presenting 6MWD lower than 250 m.” The software used
for performing the statistical analyses was SPSS V.25.0
(IBMA). The significance level was set at p<0.05.

Patient and public involvement

There is no patient or public involvement to report in the
design, conduction or dissemination of this retrospective
observational study.

RESULTS

Table 1 displays the main characteristics of the 98
patients with IPF analysed in the study. Overall, 86% of
the patients were male, 56% were on long-term oxygen
therapy (LTOT), and 22% were never smokers. As a
group, patients demonstrated moderate restrictive lung
function impairment with severe diffusion abnormality.
In addition, patients presented moderate exercise intol-
erance and impaired HRQL. Finally, accordingly with
BMI, most patients were classified as overweight or
normal weight (41% and 37%, respectively) whereas 20%
of the patients were classified as obese and 2% as under-
weight. The frequency of patients with low FFMI was 9%,
whereas 26% of the patients presented low PhA.

Table 2 displays the comparisons between patients with
normal and low FFMI or PhA. Patients with low FFMI
presented lower, BMI, FFMI, body cell mass, body water
and PhA compared with patients with normal FFMI. On
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Table 1 Characteristics of the sample

Variables (n=98)
Sex (male), n (%) 84 (85.7)
Age (years) 68+8
BMI (kg/m?) 26.6+4.3
Underweight, n (%) 2 (2.0
Normal weight, n (%) 36 (36.7)
Overweight, n (%) 40 (40.8)
Obese, n (%) 20 (20.4)
FFMI (kg/m?) 19.8+2.6
FMI (kg/m?) 6.7+2.7
Low FFMI, n (%) 9(9.2)
Body cell mass (kg) 29+6
Extracellular mass (kg) 32+6
Body water (L) 44+8
Intracellular water (L) 26+3
Extracellular water (L) 19+4
Phase angle (°) 5.2+0.9
Low phase angle, n (%) 25 (25.5)
Never smoker, n (%) 22 (22.4)
Pack years 20(10-40)
FVC (%predicted) 64+18
FEV, (%predicted) 72+19
TLC (Y%predicted) 71£14
RV (% predicted) 86+21
DLCO (%predicted)* 31+15
PaO, (mm Hg) 67+12
PaCO, (mm Hg) 37+4
LTOT, n (%) 55 (56.1)
CRP (mg/dL) 6 (3-13)
6MWD (m) 383+114
6MWD (%predicted) 68+20
SF-36 Physical Summary Score 37+10
SF-36 Mental Summary Score 43+14

Data expressed as frequency, mean+SD or median (IQR 25%-—
75%).

*N=78.

BMI, body mass index; CRP, C reactive protein; DLCO, diffusion
capacity for carbon monoxide; FEV1, forced expiratory volume in
1's; FFMI, Fat-Free Mass Index; FMI, Fat Mass Index; FVC, forced
vital capacity; LTOT, long-term oxygen therapy; 6MWD, 6 min walk
distance; PaCO2, arterial carbon dioxidetension; PaO2, arterial
oxygen tension; RV, residual volume; SF-36, Short-Form 36-item
Questionnaire; TLC, total lung capacity.

the other hand, patients with low PhA presented lower
FVC, FEV,, PaOQ, 6MWD and SF-36 Physical Summary
score, but higher amount of extracellular mass, CRP
levels and pack years compared with patients with normal
PhA. In addition, the proportion of patients on LTOT
where higher in patients with low PhA compared with
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Table 2 Comparisons between patients with normal and low phase angle (PhA) or Fat-Free Mass Index (FFMI)

Variables PhA FFMI
Normal (n=73) Low (n=25) P value Normal (n=89) Low (n=9) P value

Sex (male), n (%) 62 (85) 22 (88) 0.70 76 (85) 8 (89) 0.77
Age (years) 69+4 66+10 0.28 68+8 715 0.21
BMI (kg/m?) 26.3+4.3 27.4+4.3 0.31 27.0+4.1 23.3+5.0 0.01
FFMI (kg/m2) 19.8+2.7 19.9+25 0.87 20.1+£2.5 16.7+£2.2 <0.01
FMI (kg/m?) 6.5+2.5 7.4+3.0 0.14 6.8+2.6 5.7+3.1 0.23
Body cell mass (kg) 2917 27+6 0.10 2916 23+6 <0.01
Extracellular mass (kg) 30+5 36+6 <0.01 32+6 29+7 0.14
Body water (L) 4448 46+8 0.27 45+8 38+8 0.01
Intracellular water (L) 26+4 26+3 0.67 26+3 23+10 0.02
Extracellular water (L) 18+4 204 0.11 194 155 0.01
Phase angle (°) 5.5+0.7 4.4+0.7 <0.01 5.3+0.8 4.7+1.0 0.05
Pack years 13(8-34) 40(15-50) 0.02 20(9-40) 30(10-50) 0.25
FVC (%predicted) 67+19 555118 <0.01 65+19 58+12 0.25
FEV, (%predicted) 75+20 63+14 <0.01 73+20 67+14 0.50
TLC (%predicted) 72+14 66+13 0.05 7114 66+14 0.45
RV (%predicted) 85+20 89+24 0.44 86+21 86+21 0.97
DLCO (%predicted) 32+16 26+14 0.14 31+15 27+18 0.69
PaO, (mm Hg) 69+11 60+12 <0.01 6711 61+13 0.15
PaCO, (mm Hg) 374 36+5 0.80 374 37+4 0.99
LTOT, n (%) 36 (49) 19 (76) 0.02 49 (55) 6 (67) 0.50
CRP (mg/dL) 5(3-10) 8 (5-18) 0.03 6 (3-13) 6 (3-25) 0.93
6MWD (m) 407+109 312+103 <0.01 387+114 344+117 0.28
6MWD (% predicted) 73+19 5417 <0.01 69+20 61+21 0.23
SF-36 Physical Summary Score 3949 33+8 <0.01 37+10 38+7 0.80
SF-36 Mental Summary Score 44414 41+14 0.47 43+14 44414 0.95

Data expressed as frequency, mean+SD or median (IQR 25%-75%).

BMI, body mass index; CRP, C reactive protein; DLCO, diffusion capacity for carbon monoxide; FEV1, forced expiratory volume in the first
second; FMI, fat mass index; FVC, forced vital capacity; LTOT, long-term oxygen therapy; 6MWD, 6 min walk distance; PaCO2, arterial
carbon dioxide tension; PaO2, arterial oxygen tension; RV, residual volume; SF-36, Short-Form 36-item Questionnaire; TLC, total lung

capacity.

patients with normal PhA. After controlling for gender
and age, the mean difference in 6MWD between patients
with normal and low PhA was -106 m (95% CI -154 to
-58 m; p<0.001), (figure 1).

In a single regression analysis (table 3), age, body cell
mass, PhA, FVC, FEV , TLC and DLCO, but not FFMI,
were significantly related to 6MWD, whereas the same
variables, except age and body cell mass were significantly
related with SF-36 Physical Summary Score (p<0.05, for
all). None of the variables were significantly related with
SF-36 Mental Summary Score. Table 4 displays the impact
of low PhA and FFMI, after adjustment for gender, age,
DLCO and FVC, the mean difference in 6MWD between
patients with normal and low PhA was -76.2 m (95% CI
-119.1 to -33.3 m; p=0.001), whereas the mean differ-
ence in 6MWD between patients with normal and low
FFMI was -7.4 m (95% CI -75.6 to 60.7 m; p=0.83). The
proportion of patients who presented a 6MWD lower

than 250 m showed statistically significant difference
between patients with normal and low PhA (7% vs 39%;
p<0.01).

DISCUSSION

This is the first study to report (1) the frequency of low
FFMI and PhA according to the 10th percentile of age-
sex-BMI-specific reference values and (2) the clinical
impact of presenting low FFMI and PhA in terms of lung
function, exercise capacity and HRQL in patients with
IPF. It was demonstrated that PhA is associated with exer-
cise capacity and HRQL, whereas FFMI was not related to
these outcomes. In addition, stratification of patients in
normal and low PhA could better discriminate patients
with worse lung function, exercise capacity and HRQL,
compared with stratification in normal and low FFMI.
After adjustment for gender, age and lung function, the
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Figure 1 Comparisons of 6 min walk distance (6MWD)

between patients with normal and low fat-freemass index
(FFMI) and phase angle (PhA). Adjusted means and Cls
reported from ANCOVA, after adjusting for gender and age.
*P<0.05. ANCOVA, analysis of covariance.

effect of being classified as low PhA on 6MWD was -76.2
m. These findings are in accordance with a previous study,
that included a large cohort of patients with COPD, and
demonstrated that PhA is a valid functional and prog-
nostic biomarker, offering information beyond FFMI,
which did not identify patients with the greatest level of
impairment or disease severity.l‘

The 6MWT has been demonstrated as a valid, reliable
and responsive measure for the assessment of exercise
capacity’” *® and as an independent predictor of mortality
in patients with IPE.*® A previous study identified several
determinants of the 6MWD, including cardiac, circula-
tory and pulmonary variables, suggesting a multifacto-
rial nature of exercise limitation in this population.”’
This study demonstrated that body composition is also
an important factor associated with exercise capacity in
patients with IPF and could be a factor limiting exercise
capacity or a consequence of reduced exercise capacity
and physical inactivity in this population.

HRQL is a component of the broader concept of quality
of life and is defined as satisfaction with health.”” Many
different instruments have been used to assess HRQL in
patients with IPF, one of the most used is the SF—?>6,3 31
which have been demonstrated as a valid questionnaire.™
Patients with IPF have significantly impaired HRQL in
both Physical and Mental Summary Scores,” ** however,
recently Cox et al’' showed that domain scores reflecting
physical wellness (activity and symptoms) were generally
worse than those reflecting emotional wellness (impact),
which agrees with the findings of this study. No factor
was associated with the Mental Summary Score of the
SF-36. This could be explained due to the fact that the
Mental Summary Score includes questions that measure
mainly individual’s perception, and these measures tend
to be more highly correlated with other perception-based
measures such as reported dyspnoea, in other words,
patients with objectively equal physiological parameters
can present different self-reported quality of life.”

This study adds to the current literature information
regarding the clinical applications of BIA in patients
with IPF. We found that stratification of patients with IPF
into normal and low PhA or FFMI discriminates patients
with clearly different characteristics. While stratification
into low FFMI identified patients with significantly lower
weight due to tissue depletion, including not only lower
FFMI, but also lower body cell mass and body water, the
stratification into low PhA performed better to discrimi-
nate patients with worse lung function, exercise capacity
and HRQL, despite no differences in BMI and other
body composition variables (except for higher amount
of extracellular). Extracellular mass includes all meta-
bolically inactive tissues of the body, and a higher extra-
cellular mass/body cell mass ratio is an early warning
sign of worsening nutritional status.”” ** These findings
support the ability of PhA as a proxy of cellular health
(higher number of cells with better membrane integrity
and function).” A limitation of the study is the use of
only a generic instrument to measure HRQL, it could be

Table 3 Relationship between exercise capacity and health related quality of life with body composition and lung function

Variables 6MWD(m) SF-36 (physical summary) SF-36 (mental summary)
Age (years) 0.07* NS NS
FFEMI (kg/m2) NS NS NS
Body cell mass (kg) 0.13* NS NS
Phase angle (°) 0.29* 0.06™* NS
FVC (%predicted) 0.24* 0.21* NS
FEV, (%predicted) 017 0.20* NS
TLC (% predicted) 0.16* 0.21* NS
DLCO (%predicted) 0.36* 0.26* NS

Single regression analysis. R2 values are shown.
*p<0.01.
**p<0.05.

DLCO, diffusion capacity for carbon monoxide; FEV1, forced expiratory volume in the first second; FFMI, fat-free mass index; FVC, forced
vital capacity; BMWD, 6 min walk distance; NS, not significant; SF-36, Short-Form 36-item Questionnaire; TLC, total lung capacity.
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Table 4 Multiple linear regression analyses to compare 6MWD between patients with normal and low PHA and FFMI, while

adjusting for gender, age and lung function

Model Correlates Beta 95% CI P value
6MWD (m) (Constant) 557.9 388.0 to 727.8 <0.001
Adjusted R?=0.54 Sex (male) -33.6 -17.7 t0 84.8 0.19
ST Age (vears) 5.2 —75t0-2.9 <0.001
DLCO (%predicted) 3.7 2.2t05.2 <0.001
FVC (%predicted) 0.9 -0.5t02.2 0.20
Phase Angle (Low) -76.2 -119.1 to -33.3 0.001
6MWD (m) (Constant) 480.4 301.6 to 659.1 <0.001
Adjusted R*=0.46 Sex (male) 28.6 _26.9 10 84.2 0.31
P<0.001
Age (years) -4.7 -7.2t0-2.2 <0.001
DLCO (%predicted) 3.6 2.0t05.3 <0.001
FVC (Y% predicted) 1.4 -0.02t02.8 0.05
FFMI (Low) -7.4 -75.51060.7 0.83

DLCO, diffusion capacity for carbon monoxide; FFMI, Fat-Free Mass Index; FVC, forced vital capacity; 6MWD, 6 min walk distance.

valuable to compare whether the results would be similar
when using a disease-specific instrument, such as the
IPF-specific version of the St George’s Respiratory Ques-
tionnaire and the King’s Brief Interstitial Lung Disease
questionnaire, which are able to capture unique aspects
of the disease.

It is already known that a 12-week supervised exercise
training programme is clinically beneficial to enhance
exercise capacity, quality of life, physical activity and body
composition outcomes in patients with IPF* *; however,
there are no studies showing if improvement in these
outcomes are associated. Thus, future studies should
investigate whether PhA is a stronger prognostic factor
than FFMI and can be improved after interventions, such
as pulmonary rehabilitation and nutritional support/
counselling. Finally, it would be interesting to under-
stand the associations between body composition, exer-
cise capacity and HRQL in a prospective study design to
better explore cause-consequence understanding.

CONCLUSION

The findings of this study indicate that the frequency
of abnormal low PhA (26%) is higher than expected,
according to the use of the 10th percentile of the refer-
ence values for the general population. While the use
of BMI and FFMI would identify only 2% and 9% of the
patients with low weight and muscle mass, the use of
PhA revealed two groups of patients with clearly distinct
characteristics, it should be noted that patients with low
PhA present worse lung function, exercise capacity and
HRQL.
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