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Abstract

Background: Sarcopenia gained importance in the evaluation of patients with chronic respiratory diseases, includ-
ing idiopathic pulmonary fibrosis (IPF), since it may impact negatively on clinical outcomes.

Aim: Aim of this study is to evaluate the prevalence and factors associated with sarcopenia, defined according

to the European Working Group on Sarcopenia in Older People 2 (EWGSOP2) 2019 definition, and to evaluate the
prevalence of the single criteria that define the EWGSOP2 definition (muscle strength, muscle quantity and physical
performance), in a cohort of consecutive patients with IPF prospectively followed up in 9 hospitals in Northern Italy
between December 2018 and May 2021,

Methods: Enrolled patients underwent an extensive pulmonary and nutritional assessment, including bioelectrical
impedance analysis, dynamometry and 4-m gait speed test, both at IPF diagnosis and at 6-month follow-up.

Results: Out of the 83 patients (81% males, mean age 72.5 years) with IPF at disease diagnosis enrolled in the study,
19 (22.9%) showed sarcopenia, including 2 (2.4%) with severe sarcopenia, 5 (6.0%) with confirmed sarcopenia and

12 (14.5%) with probable sarcopenia. Sarcopenia was associated with a significantly higher severity of the disease
and sedentary lifestyle, while no differences were observed in regards to body mass index, history of weight loss and
comorbidities between patients with and without sarcopenia. Out of the 64 patients without sarcopenia at baseline,
16 cases showed alteration of muscle quantity and/or physical performance. In the 51 patients with complete data at
6-month follow-up, there were no cases of severe sarcopenia, 1 case (2.0%) showed confirmed sarcopenia, while the
prevalence of probable sarcopenia was 19.6% (10 cases). No differences in regards to antifibrotic treatment received
and onset of gastrointestinal side effects were observed between patients with and without sarcopenia at follow-up.

Conclusions: The prevalence of sarcopenia in patients with IPF both at diagnosis and at 6-month follow-up was low
but not negligible and was associated with higher severity of the disease and sedentary lifestyle. In IPF patients, a
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comprehensive diagnostic work-up including all the criteria defining the EWGSOP2 definition might be more useful
than a series testing for prompt recognition of nutritional and physical performance abnormalities.

Keywords: Idiopathic pulmonary fibrosis, Sarcopenia, Hand grip, Bioimpedance analysis, Gait speed

Sarcopenia has recently gained importance in the evalu-
ation of patients with chronic respiratory diseases [1],
although its evaluation is hampered by the absence of
standardised definition criteria [2]. In idiopathic pulmo-
nary fibrosis (IPF) low muscle mass, evaluated through
bioimpedance analysis (BIA), has been associated with a
worse prognosis [3—5]. Furthermore, patients with overt
IPF may experience a downward spiral: in fact the restric-
tive pattern and hypoxia secondary to the fibrotic altera-
tions may lead to increased respiratory muscle load and
dyspnea that worsen the sedentary lifestyle leading to
muscle deconditioning and, ultimately, sarcopenia [6].

A new definition published in 2019 by the European
Working Group on Sarcopenia in Older People 2 (EWG-
SOP2), focusing on muscle weakness as principal deter-
minant more than muscle mass, differentiate sarcopenia
in 3 stages: (1) probable sarcopenia if only low muscle
strength, dynapenia, is present (hand grip<27 kg for
men and<16 kg for women); (2) confirmed sarcopenia
if low muscle quantity or quality is also present (appen-
dicular skeletal muscle mass (ASMM)<20 kg for men
and ASMM <15 kg for women); (3) severe sarcopenia if
both prior criteria and low physical performance, defined
as gait speed <0.8 m/sec, occur [7]. The previous defini-
tion has been developed and applied as a series testing,
in which the three measurements are performed sequen-
tially only in case of positivity of the prior one.

In a recent multicenter observational study, we high-
lighted how early signs of nutritional and physical perfor-
mance impairment, including reduction of gait speed and
hand grip strength, can already be observed in patients
with IPF at the time of the diagnosis [8]. However, the
clinical impact as well as the factors associated with these
early alterations and overt sarcopenia are not completely
understood.

Aim of this study is to evaluate the prevalence and fac-
tors associated with sarcopenia, defined according to
EWGSOP2 2019 definition, and to evaluate the preva-
lence of the single criteria that define the EWGSOP2
score, in a cohort of consecutive patients with IPF pro-
spectively followed up in 9 hospitals in Northern Italy
between December 2018 and May 2021.

Eighty-three consecutive patients (81% males, mean
age 72.5 years) at the time of diagnosis with complete
clinical data were included in the study and performed
extensive respiratory and nutritional assessments both
at diagnosis (before antifibrotic initiation) and after

6 months. Respiratory assessment included complete
pulmonary function tests (PFTs), diffusing capacity
for carbon monoxide (DLCO), six-minute walking test
(6MWT) and Gender-Age-Physiology (GAP) score;
nutritional assessment included anthropometric meas-
urements, International Physical Activity Questionnaire
(IPAQ)), BIA, dynamometry and 4-m gait speed test.
ASMM was calculated according to the formula reported
by Sergi et al. [9] and patients were classified based on
EWGSOP2 2019 definition. Patients were stratified into
two groups: those at any stage of sarcopenia and those
without sarcopenia at baseline. All the baseline charac-
teristics of these two groups were synthesized through
absolute and relative frequencies for categorical variables
and mean and standard deviation (SD) for continuous
variables. The two groups were then compared using chi-
square test and Fisher’s exact test for categorical char-
acteristics and Wilcoxon rank-sum test for continuous
ones. For all tests, the significance level was 0.05. Alluvial
plots, which describe the variation of one or more char-
acteristics in time in form of a flow, were used to com-
pare sarcopenia or the presence of each criteria for its
definition at baseline and after 6 months. Analyses were
performed with statistical software SAS version 9.4 (SAS
Institute, Cary, NC, USA) and R version 4.0.5 (R Pro-
ject for Statistical Computing, www.R-project.org). This
study received Ethics Committee approval (#1867, ASST
Monza, October 2018) and was registered on clinicaltrial.
gov (NCT03770845—NutrIPF study).

At disease diagnosis, 2 (2.4%) patients fulfilled the
criteria for severe sarcopenia, 5 (6.0%) patients for con-
firmed sarcopenia and 12 (14.5%) patients had probable
sarcopenia.

Compared to subjects without sarcopenia (64, 77.1%),
patients with sarcopenia of any degree (19, 22.9%) at
baseline were significantly older, with higher GAP stage,
lower mean percentage values of Forced Vital Capac-
ity (FVC) and DLCO and a lower level of daily physical
activity according to the IPAQ questionnaire: 12 (63.2%)
cases in the sarcopenia group vs 26 (41.0%) non-sarco-
penic cases had an inactive lifestyle (<700 MET), Table 1.
No differences were observed between patients with and
without sarcopenia in regard to gender, body mass index
(BMI), comorbidities, distance walked at 6MWT, and
history of weight loss > 5% in the prior 6 months, Table 1.

Sixty-five out of 83 patients completed the follow-up
at a median (IQR) 6.4 (5.6—7.5) months from disease
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Table 1 Comparison in demographic and clinical characteristics between sarcopenic and non-sarcopenic subjects at IPF diagnosis

Sarcopenia at IPF diagnosis Total (N=83) p-value
No (N=64) Yes (N=19)
Demographics and clinical characteristics at IPF diagnosis
Male gender—N(%) 50 (78.13%) 17 (89.47%) 67 (80.72%) 0.3404
Age at enrollment—Mean (SD) 716 (6.9) 756 (6.1) 725(6.9) 0.0162
BMI—Mean (SD) 280(3.9) 26.6 (4.4) 276 (4.0) 0.1198
GAP stage*—N(%) 0.0223
1 22 (34.38%) 1(5.26%) 23 (27.71%)
2 29 (45.31%) 15 (78.95%) 44 (53.01%)
3 12 (18.75%) 3 (15.79%) 15 (18.07%)
FVC%—Mean (SD) 89.5(22.1) 732(12.6) 85.7 (21.3) 0.0015
DLCO%—Mean (SD) 56.5(19.0) 46.8 (15.4) 54.2(18.6) 0.0442
6MWT (meters walked)*—Mean (SD) 4094 (114.0) 382.6 (102.0) 4032 (111.3) 0.3387
Comorbidities—N(%)
Arrhythmia 6 (9.38%) 2(10.53%) 8(9.64%) 1
Congestive heart failure 2 (3.13%) 0 (0.00%) 2 (2.41%) 1
Coronary artery disease 10 (15.63%) 4 (21.05%) 14 (16.87%) 0.7276
Previous solid neoplasm 10 (15.63%) 3(15.79%) 13 (15.66%) 1
Dysthyroidism 0.7374
Hyperthyroidism 2 (3.13%) 0 (0.00%) 2 (241%)
Hypothyroidism 2 (3.13%) 1(5.26%) 3(3.61%)
MRGE 17 (26.56%) 2 (10.53%) 19 (22.89%) 0.2158
Osteoporosis 5(7.81%) 1(5.26%) 6 (7.23%) 1
Sleep apnea 2(3.13%) 2 (10.53%) 4 (4.82%) 0.2235
Anxiety an depression 5(7.81%) 1(5.26%) 6 (7.23%) 1
Chronic liver disease 5(7.81%) 1(5.26%) 6 (7.23%) 1
Pulmonary hypertension 0 (0.00%) 1 (5.26%) 1(1.21%) 0.2289
Vasculopathy 8(12.50%) 1(5.26%) 9 (10.84%) 0.6768
Diabetes 7 (10.94%) 3(15.79%) 10 (12.05%) 0.6888
Hypertension 26 (40.63%) 7 (36.84%) 33 (39.76%) 1
N comorbidities 0.7673
0-2 38 (59.38%) 12 (63.16%) 50 (60.24%)
>3 26 (40.63%) 7 (36.84%) 33 (39.76%)
Physical performance and nutritional risk screening
Physical activity, IPAQ 0.0028
Mean MET (SD) 2.382(3.296) 9.92 (1.734) 2.077 (3.069)
9% weight loss in 6 months > 5%—N(%) 6 (9.38%) 3(15.79%) 9 (10.84%) 0421

BMI body mass index, GAP Gender-Age-Physiology, FVC Forced Vital Capacity, DLCO diffusing capacity for carbon monoxide, SMWT six-minute walking test, IPAQ

International Physical Activity Questionnaire

diagnosis, while 15 patients were lost and 3 died dur-
ing follow-up, due to worsening of IPF. No differences
in regard to age, gender, GAP stage, PFTs and IPAQ
at baseline were observed between patients who com-
pleted and those lost to follow-up, Table 2. Among
those who died, one was non-sarcopenic, one had prob-
able sarcopenia and one had confirmed sarcopenia. In
the 51 patients with complete data in whom the evalu-
ation of sarcopenia could be performed, there were
no cases of severe sarcopenia, 1 case (2.0%) showed

confirmed sarcopenia, while the prevalence of prob-
able sarcopenia was 19.6% (10 cases). No differences in
regards to antifibrotic treatment received, dose reduc-
tion of specific therapy and onset of gastrointestinal
side effects were observed between patients with and
without sarcopenia at follow-up. In particular, among
the patients with sarcopenia 1 received pirfenidone and
9 nintedanib, while among patients without sarcopenia
12 received pirfenidone, 19 nintedanib and 1 switched
from pirfenidone to nintedanib. Comparison in the
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Table 2 Comparison between lost to follow-up and others and between sarcopenic and non-sarcopenic patients at 6-month

follow-up
Lost to follow-up at 6 months Total (N=83) p-value
No (N=68) Yes (N=15)
Age at enrolment, Mean (SD) 72.0(7.0) 75.1 (6.0) 72.5(6.9) 0.0879
GAP stage* 0.1206
1 21 (30.88%) 2(13.33%) 23 (27.71%)
2 36 (52.94%) 8(53.33%) 44 (53,01%)
3 11 (16.18%) 4 (26.67%) 15 (18,07%)
FVC%*, Mean (SD) 86.8(21.9) 805 (18.1) 85.7(21.3) 04447
DLCO%, Mean (SD) 53.5(184) 57.5(20.1) 54.2(18.6) 03818
IPAQ*, Mean MET (SD) 2.2330(3.1908) 1.3804 (2.4177) 2.0771 (3.0685) 0.0788
Sarcopenia at 6-month follow-up Total (N=51) p-value
No (N=40) Yes (N=11)
Age at enrolment, Mean (SD) 69.5(7.2) 770 (5.6) 71.1(7.5) 0.0021
Pneumological visit at 6-month follow-up
GAP stage 0.8476
1 16 (40.00%) 3(27.27%) 19 (37.25%)
2 14 (35.00%) 5 (45.45%) 19 (37.25%)
3 5(12.50%) 2(18.18%) 7 (13.73%)
Missing 5(12.50%) 1 (9.09%) 6 (11.76%)
FVC%®°, Mean (SD) 90.9 (27.0) 88.2 (15.0) 90.3 (24.6) 1
DLCO%**, Mean (SD) 526(17.1) 454 (15.5) 51.0(16.9) 0.2866
IPAQ®, Mean MET (SD) 24492 (3.4330) 299.1 (248.5) 2.0424 (3.1989) 0.0079

*1 missing value, °3 missing values, **4 missing values, °°10 missing values. GAP Gender-Age-Physiology, FVC Forced Vital Capacity; DLCO diffusing capacity for carbon

monoxide, IPAQ International Physical Activity Questionnaire

sarcopenic status between baseline and 6-month fol-
low-up is summarised in Fig. 1a. In addition, patients
with sarcopenia at 6-month follow-up were signifi-
cantly older and with a more sedentary lifestyle com-
pared to those without sarcopenia, Table 2.

When applying the criteria used for the definition
of sarcopenia at baseline as a parallel testing, 4 (4.8%),
10 (12.0%) and 2 (2.4%) patients without low muscle
strength had low muscle quantity, low physical perfor-
mance and the contemporary presence of both low mus-
cle quantity and low physical performance, respectively,
Fig. 1b. These changes would have been missed applying
the criteria as a series testing. Furthermore, when looking
at the criteria indicated in the EWGSOP2 definition of
sarcopenia, we observed a high variability between base-
line and 6-month visit in regards to single criteria, e.g.
low muscle strength, and associations of criteria, Fig. 1b.
These findings may suggest that in frail patients at high
risk of progressive pulmonary deterioration a diagnos-
tic approach with high positive predictive value but low
sensitivity, as series testing, might hamper the ability to
make an early diagnosis of nutritional and physical per-
formance impairment and to start an early treatment.

Different speculations can also be raised on the high
variability observed among the visits. First of all, the
EWGSOP2 2019 definition may have a poor repeatability
in a population of IPF patients; secondly, the definition
may not be specific enough for this cohort of patients.
On the other hand, also the single criteria composing the
definition may vary among time points and this may be
due to (1) a successful therapeutic or life-style approach
between visits that may revert the nutritional and/or
physical performance impairment; (2) the cut-offt points
used for the main variables (e.g. hand-grip strength)
which may lead to a change in the sarcopenia category for
a small change in the scores of the single variables. These
are also some of the reasons why we suggest to perfom a
complete nutritional evaluation, assessing in parallel both
muscle strength, quantity and physical performance,
instead of a series testing, to better phenotype the patient
in regard to nutritional and physical performance status,
as reported both for IPF and chronic obstructive pulmo-
nary disease patients [8, 10].

Patients with sarcopenia at baseline were also those
with higher severity of the disease, evaluated through
GAP index, and more sedentary lifestyle. Although IPF is
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Fig. 1. a Alluvial plot of sarcopenia during the first and the second nutritional visit; b alluvial plot of the combination of criteria for sarcopenia
during the first and the second nutritional visit. LMS Low muscle strength, LMQ Low muscle quantity, LPP Low physical performance

indisputably considered a progressive disease, in contrast
sarcopenia may be approached with nutritional and reha-
bilitation programs.

Despite the growing evidence on the positive impact of
pulmonary rehabilitation in patients with IPF [11], only
2 patients in our cohort underwent to such intervention.

Recent literature has evaluated the prevalence of
dynapenia and sarcopenia in patients with fibrosing
interstitial lung diseases at various stages [12—14].

A recent study by Hanada et al. applied the diag-
nostic criteria of the Asian Working Group for Sarco-
penia 2019 in a cohort of 78 patients with interstitial
lung diseases (ILD) of Asian ethnicity and observed a
prevalence of sarcopenia of 32%, higher than the one
we observed in our cohort of patients with IPF at diag-
nosis [12]; however, these differences may be due to
the different ethnicity of the study population (in our
study all patients were Caucasian) and to the different
underlying pulmonary disease. On the contrary, Boc-
chino et al. in a cohort of Italian patients with IPF at
various stages of the disease reported a prevalence of
dynapenia defined in accordance to the EWGSOP2 cri-
teria (hand grip <27 kg for men and < 16 kg for women)
exactly comparable to ours (22.9 and 21.6% in our
cohort at disease diagnosis and at 6-month follow-up,

respectively, and 23.5% in the cohort by Bocchino et al.)
[13]. Furthermore, similarly to our study, Bocchino
et al. observed an association between disease sever-
ity and dynapenia, and Guler et al. observed that ILD
severity impacted on both grip strength, gait speed and
body composition [13, 14].

Among the main strengths of our study we acknowl-
edge the prospective multicentric design, which included
specialist IPF clinics in both university and non-univer-
sity hospitals, that increased the generalizability of the
results.

Our study presents also some limitations: the main
one is the number of patients lost lo follow-up; however,
part of the study was performed during the COVID-19
pandemic with major limitations in following-up IPF
patients and this may have contributed to the lost to fol-
low-up and the limited access to pulmonary rehabilita-
tion centers.

In conclusion, the prevalence of sarcopenia in patients
with IPF at diagnosis is low but not negligible (23% of
cases) and it is associated with a significantly higher
severity of the disease and sedentary lifestyle. In IPF
patients, a comprehensive diagnostic work-up includ-
ing both muscle strength, muscle quantity and physical
performance may prove to be more useful than a series
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testing for prompt recognition and early nutritional
impairment.
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