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ABSTRACT Interstitial lung diseases limit daily activities, impair quality of life and result in (exertional)
dyspnoea. This has mainly been attributed to a decline in lung function and impaired gas exchange.
However, the contribution of respiratory muscle dysfunction to these limitations remains to be conclusively
investigated.

Interstitial lung disease patients and matched controls performed body plethysmography, a standardised
6-min walk test, volitional tests (respiratory drive (Po.1), global maximal inspiratory mouth occlusion
pressure (Plmax), sniff nasal pressure (SnPna) and inspiratory muscle load) and nonvolitional tests on
respiratory muscle function and strength (twitch mouth and transdiaphragmatic pressure during bilateral
magnetic phrenic nerve stimulation (TwPmo and TwPdi)).

25 patients and 24 controls were included in the study. Pimax and SnPna remained unaltered (both
p>0.05), whereas Po.1 and the load on the inspiratory muscles were higher (both p<<0.05) in interstitial lung
disease patients compared with controls. TwPmo and TwPdi were lower in interstitial lung disease patients
(mean +SD TwPmo 0.86+0.4 versus 1.32+0.4, p<0.001; TwPdi 1.34+0.6 versus 1.88+0.5, p=0.022).

Diaphragmatic force generation seems to be impaired in this cohort of interstitial lung disease patients
while global respiratory muscle strength remains preserved. Central respiratory drive and the load imposed
on the inspiratory muscles are increased. Whether impaired respiratory muscle function impacts morbidity
and mortality in interstitial lung disease patients needs to be investigated in future studies.

@ERSpublications
Diaphragmatic muscle function is impaired in ILD while global respiratory muscle strength remains
preserved http://ow.ly/l1fmy

Received: July 16 2012 | Accepted after revision: Nov 17 2012 | First published online: Dec 20 2012
Clinical trial: The study was registered at the German Clinical Trials Register with identifier number DRKS00000817.

Conflict of interest: None declared.

Copyright ©ERS 2013

Eur Respir J 2013; 42: 211-219 | DOI: 10.1183/09031936.00109512 211


http://ow.ly/l1fmy

INTERSTITIAL LUNG DISEASE | S. WALTERSPACHER ET AL.

Introduction

The term chronic interstitial lung disease (ILD) comprises a number of different forms, with idiopathic
pulmonary fibrosis (IPF) being the most common [1]. IPF is associated with a very poor prognosis, with a
median survival time of only 2-3 years after diagnosis [2]. ILD is also known to be associated with
limitations in daily activities and impaired quality of life [2]. One of the most troublesome burdens for ILD
patients is dyspnoea during exercise, which extends to the resting state as the disease advances [3]. The two
most important factors that underlie the development of dyspnoea are suggested to be a progressive decline
in total lung capacity (TLC) and vital capacity, along with impairment of diffusion capacity and subsequent
development of (primarily hypoxic) respiratory failure [2]. There is increasing evidence that dyspnoea and
impaired exercise capacity in ILD might, at least in part, be related to respiratory muscle dysfunction [4-7],
although some studies have reported nonaltered respiratory muscle function in ILD patients [8, 9].

It is important to note that studies exclusively using volitional tests to assess respiratory muscle function
share one major limitation; namely, that they rely on the patient exerting a genuine maximal effort [10].
This means that values below the pathological cut-off may be biased by submaximal efforts. Therefore, the
inclusion of nonvolitional tests is required in order to make a definitive diagnosis of impaired respiratory
muscle strength.

To this end, the present study aimed to investigate respiratory muscle strength by the use of both volitional
and nonvolitional tests, including gold standard bilateral anterior magnetic phrenic nerve stimulation
(BAMPS) [10]. In addition, CC chemokine ligand 18 (CCL18), a biomarker that has been shown to be
linked to survival in ILD patients, was assessed and correlated to physiological measures [11].

Material and methods

The study design has been approved by the Institutional Ethics Committee of the University Hospital
Freiburg, Freiburg, Germany, and was performed in accordance with the ethical standards laid down in the
Declaration of Helsinki. All subjects gave their written informed consent. The study was registered at the
German Clinical Trials Register with the identifier number DRKS00000817.

Subjects
25 patients were consecutively recruited from the Dept of Pneumology at the University Hospital Freiburg,
after histopathological confirmation of a distinct form of ILD.

Patients with systemic infections (C-reactive protein >5 mg-L '), obstructive pulmonary disorders, thoracic
skeletal abnormalities, neuromuscular disorders or orthopaedic limitations in walking were excluded from
the study. In addition, 24 healthy subjects well-matched for sex, age and body mass index served as controls.

20 patients received individually tailored medication therapy for ILD as follows. Oral corticosteroids (n=19,
dose range: 7.5-30 mg prednisolone equivalents per day; n=1, dose: 100 mg prednisolone equivalents per
day), oral azathioprine (n=3, dose range: 10-50 mg per day; n=5, dose range: 100-150 mg per day),
intermittent intravenous cyclophosphamide (n=2) and methotrexate (n=1, 7.5 mg per week). Patients
with hypoxic respiratory failure received long-term supplemental oxygen therapy in line with current
recommendations [2, 12].

Body plethysmography and exercise testing

Body plethysmography was performed on all participants (MasterLab; CareFusion, Hoechberg, Germany)
based on current recommendations [13] and reference values according to MATTHYS et al. [14]. Subjects
refrained from using bronchodilating drugs for at least 12 h prior to the measurements. Diffusion capacity
of the lung was assessed by the single-breath determination of carbon monoxide uptake [15].

A standardised 6-min walk test (6MWT) was performed in line with recent recommendations [16]. Ratings
of perceived exertion for dyspnoea and limb discomfort were assessed immediately before and after walking
using the modified Borg scale [17]. Blood gases (cobas b221; Roche Diagnostics, Grenzach-Wyhlen,
Germany) and blood lactate (SuperGL, Hitado Diagnostic Systems, M6hnensee, Germany) were measured
from the arterialised earlobe immediately before and after the 6MWT. Patients under long-term oxygen
therapy performed the 6MWT while receiving corresponding flow rates of supplemental oxygen.

Respiratory and peripheral muscle testing

All tests on respiratory muscle function were performed in accordance with recent guidelines [10]. All
participants were naive to magnetic phrenic nerve stimulation and the experimental setting. All tests were
performed by an experienced operator. All subjects were individually instructed for each test procedure and
encouraged to achieve maximal efforts if applicable to the test procedure.

212

DOI: 10.1183/09031936.00109512



DOI: 10.1183/09031936.00109512

INTERSTITIAL LUNG DISEASE | S. WALTERSPACHER ET AL.

All subjects underwent testing in a standardised sitting position using a flanged mouthpiece and noseclip
(except for sniff measurements). All pressures and airflows were recorded by a differential pressure
transducer and pneumotachograph (ZAN 400, ZAN 100; nSpire Health, Oberthulba, Germany). To prevent
glottic closure during maximal inspiratory/expiratory efforts, a standardised leakage was introduced into the
system (length 4 cm, inner diameter 1 mm) [10].

Volitional tests of respiratory muscle function

Respiratory drive was estimated from the mouth occlusion pressure 0.1 s after the onset of inspiration (Po.1)
and measured during quiet breathing [18, 19]. Seven random occlusions of the airway to which the subject
was blinded were applied and assessed. Po.1 is given as the mean value [10].

Maximal static inspiratory mouth occlusion pressure (PImax) was measured from residual lung volume, and
peak pressures are reported [10, 20]. At least five tests were performed. Tests were accepted if 1) a maximal
effort was observed by the operator; 2) the pressure level was sustained for at least 1 s; and 3) the highest
three values differed by <10%. The absolute maximal value is reported in each case.

Maximal static expiratory mouth occlusion pressure (PEmax) was assessed from TLC [10]. The test was
performed analogously to the Pimax manoeuvre with comparable test criteria.

Sniff nasal pressure (SnPna) was assessed at functional residual capacity [10]. SnPna was measured through a
foam-plug (ATMOS MedizinTechnik, Lenzkirch, Germany). The sniff probe was inserted in the nostril that
subjectively showed the best airflow, while the sniff manoeuvre was carried out through the contralateral
nostril. At least five tests were performed. Tests were accepted if 1) a maximal effort was observed by the
operator; 2) the sniff manoeuvre lasted <500 ms; and 3) the highest three values differed by <10%. The
absolute maximal value is reported in each case.

Nonvolitional tests of respiratory muscle strength

Twitch mouth and transdiaphragmatic pressures (TwPmo and TwPdi) were assessed during BAMPS at
maximal stimulator output (100%) using two coupled stimulators (Magstim 2002; Magstim, Whitland,
UK) with two 45-mm figure-of-eight coils (Magstim) [10]. An automated triggering technique was applied,
as described previously in detail [21, 22]. In brief, an inspiratory pressure trigger set at 0.5 kPa was used.
Triggering started during quiet breathing at functional residual capacity. Twitches were not accepted if
mouth pressure was >0.75 kPa (50% above trigger criterion) and if the volume change exceeded 60 mL
upon triggering. Five measurements of TwPmo (and of respective TwPdi) that adhered to the trigger criteria
were collected. The highest and lowest values were discarded and the mean of the remaining three
measurements is provided in the results section. Twitch pressure recordings were also carefully checked for
no change in oesophageal pressure swings at the time of magnetic stimulation. In the event that oesophageal
pressure indicated a change from baseline levels, the corresponding twitch pressure assessment was rejected.

To avoid twitch potentiation, a 15-min resting period was maintained prior to magnetic stimulation [23].
As BAMPS has repeatedly been demonstrated to achieve supramaximal phrenic nerve stimulation in most
occasions, this parameter was not re-tested in the present study and all twitch pressures were assessed at
maximal output (100%) of the magnetic stimulators [24, 25]. TwPdi was recorded after insertion of a
double balloon catheter (ZAN; nSpire Health) [10, 21, 22]. Transdiaphragmatic pressures were calculated
by subtraction of twitch oesophageal pressures from twitch gastric pressures following BAMPS. The time
span between trigger impulse and the pressure maximum of TwPmo (ftrig-max) was automatically assessed
and used as a surrogate for phrenic nerve conduction time (ie. higher values for ftrig-max indicate a
pronounced delay between nerve stimulation and diaphragmatic contraction).

Peripheral muscle strength was assessed by hand-grip force (Martin Vigorimeter; Gebrueder Martin GmbH,
Tuttlingen, Germany).

Laboratory investigations

A venous blood sample was drawn prior to the study from the seated patient and CCL18 concentration was
measured using a DuoSet ELISA Development System kit (R&D Systems Europe, Abingdon, UK) with a
detection limit of 7 ng-mL™". CCL18 values of <45 ng-mL™" were considered to be normal [11]. CCL18
concentration was assessed because it was previously reported that compromised survival in patients with
IPF is linked to elevated CCL18 values [11].

Statistical analysis

Statistical analysis was performed using SigmaPlot 11.2 (Systat, Point Richmond, CA, USA). The null
hypothesis (Ho) was defined as no difference between ILD patients and controls in the mean TwPmo.
According to the sample size determination (unpaired t-test, expected difference 0.3 kPa, power 0.8, two-sided
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type I error 0.05), Ho can be rejected with 23 participants in each group, based on an estimated standard
deviation of 0.35 kPa for TwPmo [26, 27].

Data were analysed for normal distribution prior to further statistical calculations. Normally distributed
data are presented as mean+sp and non-normally distributed data are presented as median with
interquartile ranges. Statistical significance was assumed when p<<0.05. The unpaired t-test (normally
distributed data) or Mann—Whitney rank-sum test (non-normally distributed data) was used for comparing
the two groups. Sex differences between groups were calculated using the Fisher’s exact test. Before and after
comparisons within the same group were performed by the paired t-test (normally distributed data) or the
Mann-Whitney rank-sum test (non-normally distributed data). When comparing more than two groups,
one-way ANOVA was used. Correlations were analysed using the Pearson product moment correlation.

Results

Anthropometric and lung function data for all participants are provided in table 1. Diffusing capacity of the
lung for carbon monoxide was measured at 4.02+ 1.9 mmol-min!-kPa! in ILD patients. The classification
of ILD was as follows: usual interstitial pneumonia (n=16), nonspecific interstitial pneumonia (n=3),
extrinsic allergic alveolitis (n=1), acute interstitial pneumonia (n=1) and not further specified ILD (n=4).
None of the patients suffered from inflammatory myopathies or systemic diseases that are known to directly
affect the respiratory muscles (e.g. dermato-polymyositis). 14 patients were on long-term oxygen therapy
due to hypoxic respiratory failure. The results from the 6MWT are presented in table 2. All patients
presented with higher levels of exertional dyspnoea compared to limb discomfort at the termination of
exercise (p=0.03).

Indices of muscle function are presented in table 3. Peripheral muscle strength, as assessed by hand-grip
force in line with Pimax, PEmax and SnPna, were not different between patients and controls (table 3 and
fig. 1, respectively). Po.1 was higher in patients compared to controls, while respiratory capacity (P0.1/Plmax)
was reduced (table 3). Furthermore, the load imposed on the inspiratory muscles, as assessed by the specific
inspiratory impedance (Po.1 X fI/VT), was higher in ILD patients (table 3). Interestingly, nonvolitional
assessment of respiratory muscle strength by the use of TwPmo and TwPdi during BAMPS revealed a highly
statistically significant difference, with lower values for ILD patients in comparison to healthy control
subjects (table 3 and fig. 2, respectively).

Results from CCL18 measurements (n=23) are shown in table 4 and disclosed 10 patients with CCL18
values <150 ng-mL™" and 13 patients with CCL18 values >150 ng-mL™". For the latter high-risk cohort,
subgroup analysis revealed that CCL18 correlated with Po.1 (r=0.61; p<<0.001) and was inversely related to
the 6-min walking distance (r=-0.72; p<<0.001). No such correlation was observed in patients with CCL18
values <150 ng'mL’1 (low-risk cohort, all p>0.05). Furthermore, Pimax values were higher in patients with
CCL18 >150 ng-mL"' compared with those with CCL18 <150 ng-mL™" (p=0.003).

TABLE 1 Anthropometric and lung function parameters

ILD Controls p-value
Subjects 25 24
Male/female 22/3 1717 0.53
Age years 66 (55-70) 61 (55-65) 0.1
BMI kg-m™2 26.5+3.6 26+3.6 0.65
ITGV % pred 55+16 89+16 <0.001
FVC % pred b4+24 107418 <0.001
FEV1 % pred 62+20 100414 <0.001
FEV1/FVC % 8148 76+3 0.01
RV % pred 59+19 14422 <0.001
TLC % pred 55+16 100412 <0.001
PEF % pred 92+26 98+21% 0.5

Data are presented as n, median (interquartile range) or mean+sb, unless otherwise stated. ILD: interstitial
lung disease; BMI: body mass index; ITGV: intrathoracic gas volume (estimating functional residual capacity);
% pred: % predicted; FVC: forced vital capacity; FEV1: forced expiratory volume in 1 s; RV: residual volume;
TLC: total lung capacity; PEF: peak expiratory flow. #: n=12.
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ILD Controls p-value

Distance m 383 (285-454) 552 (503-598) <0.001
Oxygen L-min™" 1 (0-3) 0 (0-0) <0.001
Dyspnoea

Rest 0 (0-0.5) 0 (0-0) 0.005

Post-exercise 3.25 (1-7.5) 0 (0-0.25) <0.001
Limb discomfort

Rest 0 (0-0)% 0 (0-0)7 0.44

Post-exercise 0.25 (0-2.75) 0 (0-0) 0.045
pH

Rest 7.42 (7.61-7.44) 7.41 (7.40-7.43) 0.1

Post-exercise 7.42+0.04" 7.414+0.04" 0.2
Sa0, %

Rest 95 (94-96) 97 (96-98) <0.001

Post-exercise 83 (76-90)* 97 (96-98) <0.001
Pa0, mmHg

Rest 73 (81-63) 76 (72-82) 0.10

Post-exercise 56 (45-69)* 86 (81-90) <0.001
Paco, mmHg

Rest 37 (34-42) 37 (35-40) 0.8

Post-exercise 37 (33-42)* 37 (34-39) 0.94

Data are presented as median (interquartile range) or mean +sp, unless otherwise stated. ILD: interstitial lung
disease; Sa0,: arterial oxygen saturation; Pa0,: arterial oxygen tension; PaC0,: arterial carbon dioxide tension.
#, n=18; 1. n=12; ©: n=23.

Discussion

The main finding of this study was that, in the investigated cohort of ILD patients, volitionally assessed
global respiratory muscle strength was preserved, while results from nonvolitional measurements point
towards a notable reduction in diaphragmatic muscle strength.

Respiratory muscle function: current findings in light of the available body of literature
Investigation of respiratory muscle function in ILD patients by the use of volitional techniques has led to
contradictory reports in the literature: some studies have observed impaired inspiratory muscle strength (i.e.
reduced Pimax) [28-30], while others have reported preserved Pimax (as in the present study) [3, 8, 9, 31].
These disparate findings might be explained by the fact that the degree of restrictive lung function
impairment varies greatly amongst ILD patients (mean vital capacity ranged from 63% to 77% predicted),
whereby disease severity probably represents an important confounding factor for the interpretation of data
gained by volitional measurements. Interestingly, the current data revealed no difference in expiratory
muscle strength between ILD patients and healthy controls, despite the fact that TLC was markedly lower in
the former group. This finding might suggest that global expiratory muscle function in ILD patients is not
only comparable with that of healthy subjects but might even be enhanced in this cohort. It is of note that
earlier work in ILD patients also revealed that PEmax values were not reduced when compared with healthy
controls [3, 31].

Pathophysiological considerations

Several pathophysiological mechanisms responsible for the alteration in respiratory muscle function in ILD
patients have been proposed. First, avoidance of activities provoking dyspnoea results in physical
deconditioning and muscle wasting [6]. In addition, the systemic inflammatory state due to elevated levels
of pro-inflammatory cytokines might also impair muscle function [32]. In these “systemic” scenarios, a
similar impairment of both peripheral skeletal and respiratory muscles might occur. It is of note that the
current study revealed that peripheral muscle strength (hand-grip force) remained unchanged, while
respiratory muscle strength (TwPmo and TwPdi) was significantly impaired in ILD patients. However, a
retrospective study based on predicted values for maximal voluntary contraction of the quadriceps muscle
without a control group suggested peripheral muscle dysfunction in ILD patients [31].

Secondly, immunosuppressive agents might alter (respiratory) muscle function. Corticosteroids are
particularly known to cause both peripheral and respiratory myopathy [33]. However, WANG et al. [34]
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TABLE 3 Muscle function

ILD Controls p-value
Pimax kPa 9.3+3.4 8.7+2.8 0.51
PEmax kPa 14.2+5.5 15.8+4.7 0.30
Po.1 kPa 0.3 (0.3-0.5) 0.2 (0.1-0.3) 0.01
Po.1/Pimax % 4.0 (2-7) 2.0 (0-3) 0.006
fR L-min”" 214+ 6% 1845 0.04
VrL 0.73+0.28% 0.75+0.27 0.80
Po.1 x ti/VT kPa-s-L™" 0.56 (0.4-0.61)% 0.38 (0.28-0.51)" 0.049
SnPna kPa 8.6 (7.3-9.8) 8.3 (6.3-10.3) 0.99
TwPmo kPa 0.86+0.4 1.3240.4 <0.001
TwPoes kPa 0.92+0.4% 1.15+0.3% 0.17
TwPga kPa -0.474+0.3" -0.7740.28 0.01
TwPdi kPa 1.3240.6" 1.8840.5° 0.02
ttrig-max ms 129+16 139+ 11 0.049
Hand-grip force
Right kPa 107 +20¢ 116+ 40%# 0.66
Left kPa 103 + 25/ 108 + 35%# 0.76

Data are presented as median (interquartile range) or mean +sp, unless otherwise stated. ILD: interstitial lung
disease; Plmax: maximal inspiratory mouth occlusion pressure; PEmax: maximal expiratory mouth occlusion
pressure; Po.1: mouth occlusion pressure 0.1 s after the onset of inspiration; fR: respiratory frequency; VT: tidal
volume; ti: inspiratory time; SnPna: sniff nasal pressure; TwPmo: twitch mouth pressure; TwPoes: twitch
oesophageal pressure; TwPga: twitch gastric pressure; TwPdi: twitch transdiaphragmatic pressure; ttrig-max:
time between trigger impulse and maximum TwPmo. #.n=20; Y. n=17;": n=10: 5. n=11; /: n=22; ##. n=5.

showed that respiratory muscle strength remained unaltered when <20 mg of prednisolone was
administered per day. Interestingly, the above-mentioned ILD cohort with peripheral muscle dysfunction
did not receive corticosteroid treatment [31]. Again, the current study revealed that peripheral muscle
strength did not change in ILD patients despite a significant reduction in diaphragmatic strength.

Thirdly, the potential presence of polyneuropathy in the ILD cohort might have impaired respiratory
muscle function. This is of special importance to the twitch pressure results, since neuropathic processes
occurring secondarily to axonal loss and/or demyelination could reduce twitch pressure values. Importantly,
none of the ILD patients included in this study suffered from the presence of polyneuropathy according to
their medical history or upon physical examination, and no associated symptoms were reported by the
patients. Additionally, frig-max as a surrogate of phrenic nerve conduction time was not prolonged in ILD
patients and did not differ from that of control subjects. For these reasons, relevant demyelination of the
phrenic nerves in ILD patients is unlikely, whereas axonal loss cannot be ruled out with any certainty.
Further studies are therefore needed to investigate this issue.

Finally, mechanical diaphragmatic restraints (i.e. stiffness of the lung) cause increased work of breathing
[28, 35]. This could either train the respiratory muscles [28] or cause chronic overload [36].
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Respiratory drive and load imposed on inspiratory muscles in ILD patients

The present study and several previous studies have shown that central respiratory drive (estimated by Po.1)
is elevated in ILD patients [9, 29, 37]. However, diaphragmatic electromyography revealed that Po.1 does
not adequately reflect the neural output to the inspiratory muscles in ILD patients [30]. Thus, care must be
taken when respiratory drive is estimated by Po.1 in the presence of inspiratory muscle dysfunction [30].
Indeed, inspiratory muscle dysfunction was detected in ILD patients in the present study, as reflected by the
reduced twitch pressures.

TABLE 4 Subgroup analysis of interstitial lung disease patients

CCL18 p-value
<150 ng-mL"" >150 ng-mL""

Subjects 10 13
Male/female 7/3 13/0 0.07
FVC % pred 69+25 60+23 0.38
TLC % pred 62 (51-74) 57 (37-77) 0.59
FEV1 % pred 61+20 62+21 0.93
FEV1/FVC % 80+6 82+9 0.56
Pimax kPa 6.942.4 10.94+2.9 0.003
Po.1 kPa 0.39+0.2 0.36+0.22 0.87
SnPna kPa 8.1+2 85422 0.78
TwPmo kPa 0.96+0.5 0.79+0.4 0.22
ttrig-max ms 130+ 14 128+18 0.83
6-min walk distance m 406+127 299 +188 0.16
Dyspnoea

Rest 0 (0-0.5) 0 (0-0.5) 0.77

Post-exercise 2 (0-7) 5 (2-8) 0.21
pH

Rest 7.43+0.02 7.42+0.02 0.78

Post-exercise 7.43+0.02 7.43+0.03 0.91
Pao, mmHg

Rest 68+ 11 60+15 0.15

Post-exercise 76+10 55+ 14 0.51
Paco, mmHg

Rest 3947 38+4 0.97

Post-exercise 4048 38+5 0.52

Data are presented as n, mean +sb or median (interquartile range), unless otherwise stated. FVC: forced vital
capacity; % pred: % predicted; TLC: total lung capacity; FEV1: forced expiratory volume in 1 s; Pimax: maximal
inspiratory mouth occlusion pressure; P0.1: mouth occlusion pressure 0.1 s after the onset of inspiration;
SnPna: sniff nasasl pressure; TwPmo: twitch mouth pressure; ttrig-max: time between trigger impulse and
maximum TwPmo; Pa0,: arterial oxygen tension; PaC0,: arterial carbon dioxide tension.

217



INTERSTITIAL LUNG DISEASE | S. WALTERSPACHER ET AL.

The present study revealed that there is an increased load on the inspiratory muscles in ILD patients. Along
with rapid shallow breathing (i.e. high breathing frequency and low tidal volume), which is common in ILD
patients [36, 38], the development of force by the inspiratory muscles is impaired, and this contributes to
the increase in breathlessness [39]. Exercise impairment in ILD patients has been mainly attributed to
impaired gas exchange, pathological pulmonary circulation and peripheral muscle weakness [6, 31]. The
current results, however, suggest that impaired respiratory muscle function might also play an important
role in these processes.

Biomarker

Increased CCL18 plasma levels (i.e. >150 ng-mL™") predict poor survival in patients with IPF [11]. In the
present study, increased CCL18 levels were linked to an elevated Po.1 and reduced 6-min walking distance.
This is of particular importance, given that the 6MWT has been postulated as a valid end-point in clinical
ILD trials [40].

Interestingly, increased CCL18 levels were also associated with higher Pimax values. This finding is
surprising, however, as a higher risk of death implies that respiratory muscle function is more severely
impaired. However, the pathophysiological changes in ILD that increase the load on the inspiratory muscles
might actually impart a training effect on the respiratory muscles, as proposed by DE TROYER and YERNAULT
[28]. Once the disease progresses further, however, this effect is suspected to fail, as suggested by the
occurrence of hypercapnic respiratory failure [35].

Critique of methods

There are certain limitations of the current study that need to be addressed. First, instead of focusing on one
single distinct type of ILD, this study, like several others [28, 29, 36, 37], was comprised of ILD patients with
miscellaneous aetiologies. This needs to be taken into account when interpreting the current findings, as
(respiratory) muscle impairment can vary amongst patients with different aetiologies. This is of special
importance with respect to the underlying conditions known to affect the (respiratory) muscles per se (e.g.
inflammatory myopathies such as dermato-polymyositis and others [41]). To this end, the current study did
not include ILD patients with inflammatory myopathies. The majority of ILD was suggested to
predominantly affect the lung (parenchyma) rather than the respiratory muscles [2]. However, the present
results do indicate that respiratory muscle impairment in ILD might have been underestimated in the past.

Secondly, peripheral muscle strength was solely assessed by volitional hand-grip force, which, in line with
previous findings [31], was not reduced in ILD patients. In contrast, volitionally assessed quadriceps muscle
strength was reported to be reduced in these patients [31]. Detailed assessment of peripheral muscle
function was beyond the scope of the present study; thus, nonvolitional assessment of peripheral muscle
strength (e.g. magnetic femoral nerve stimulation) should be incorporated into future studies to verify these
contradictory preliminary observations.

Conclusion

This study indicates that diaphragmatic force generation might be significantly impaired in the currently
investigated cohort of ILD patients, while global respiratory muscle strength is preserved and the load
imposed on the inspiratory muscles is increased. Future studies should therefore aim to assess the potential
impact of impaired respiratory muscle function on morbidity and mortality in ILD patients.
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