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In individuals with COPD, reduced exercise capacity is multi-
factorial, encompassing not only ventilatory limitation but
also reduced peripheral muscle function, nutritional status,
cardiovascular and other comorbidities.

Pulmonary rehabilitation programs (PRP) are recognized
tools in the comprehensive management of individuals with
persistent breathlessness, exercise limitation, and impaired
health-related quality of life.” Inspiratory muscle training
(IMT) has been proposed as an additional intervention for
PRP. However, multicentre randomized controlled trials
(RCTs) have shown that adding IMT to PRP does not improve
exercise performance as assessed by the six-minute walking
test (6MWT), despite increases in maximal inspiratory pres-
sure (MIP).> ® The same interest has not been devoted to
the potential role of expiratory muscle training (EMT), in
fact standard PRP for individuals with COPD does not include
any specific program of EMT.”

This study aimed to evaluate expiratory muscles
(assessed by maximal expiratory pressure: MEP) compared
with inspiratory and peripheral muscles as a determinant of
exercise capacity assessed by 6MWT in people with COPD
with indications for standard outpatient PRP. If a role in
exercise capacity was indicated then there might be poten-
tial for performing an RCT to evaluate the addition of EMT to
PRP for these individuals.

We performed a post-hoc analysis of data from a larger
dataset collected from 134 individuals admitted to outpa-
tient PRP from 2015 to 2019 (EC 2287, May 14, 2019).” Par-
ticipants had undergone the evaluation of lung function,
MIP, MEP, Maximal voluntary contraction (MVC) of quadriceps
and biceps, and 6MWT. The data are shown as absolute
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values and percentages (%) of predicted.® > We studied the
association between variables by Pearson’s correlation and
conducted a multivariate linear regression, employing a
stepwise method to identify factors related to the 6MWT.
Independent variables included were age, sex, body mass
index (BMI), forced expiratory volume at one second
(FEV+%), arterial oxygen tension to Inspiratory oxygen frac-
tion (Pa0,/Fi0,) ratio, Cumulative Illness Rating Scale (CIRS,
score), MIP (cmH,0), MEP (cmH,0), MVC-biceps (kg), MVC-
quadriceps (kg), and 6MWT (meters). The best model, based
on R%, was presented. A significance threshold of p < 0.05
was used.

As shown in Table 1, according to airway obstruction,
almost 70 % of participants were distributed in GOLD Grades
1 and 2. According to a pre-defined threshold of impairment
(<70 % of predicted values)®° less than 40 % of participants
showed impairment in their respiratory, peripheral muscle
force, or exercise capacity.

Fig. 1 shows the correlation between 6MWT and muscle
force using absolute values. The strongest, although weak,
correlation was found for MEP, whereas MIP showed the
weakest correlation.

When considering % of predicted values,  MIP showed
no significant correlation with 6MWT (R = 0.0098,
P = 0.9103). The correlations of MEP (R = 0.2747,
P = 0.001), quadriceps, and biceps MVC (R = 0.2725,
P = 0.0015 and R = 0.2504, P = 0.0035 respectively) with
6MWT were similar but weaker than when assessed using
absolute values. The multivariate regression model (R%=
0.3828) showed 6MWT (meters) = 416.70 + 2.2353
(Bstandard (Bstd) 0.2371) x MVC-quadriceps + 0.8073
(Bstd 0.2627) x MEP + 1.8053 (Bstd 0.3449) x FEV, -
89.8741 (Bstd —0.2612) X CIRS Severity Index — 4.1009
(Bstd —0.2127) X BMI.

The role of the respiratory muscles at rest and during
exercise has been extensively studied. Unlike at rest,
during exercise, the diaphragm, the main inspiratory
muscle, is primarily a “flow generator”, meaning that
its mechanical output results mainly in velocity of short-
ening rather than pressure.” The abdominal muscles
act on the abdomen and abdominal rib cage and are
expiratory.

While the finding of significant correlations of airway
obstruction and quadriceps MVC (one of the main muscle
groups involved in walking) with 6MWT is not surprising, the
strongest correlation of MEP and the weak or absent
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Table 1  Anthropometric, demographic, physiological characteristics of participants.

Measures n (%) Mean=+SD Median (25;75th percentiles)
Participants 134

Male 103 (76.9)

Age, years 69.03 +7.59 70 (63;74)

BMI, kg/m? 26.41 £5.54 25.87 (22.69; 27.71)
CIRS Severity Index, score 1.67 +0.34 1.6 (1.4;1.8)

CIRS Comorbidity Index, score 3.02 +1.81 3.00 (2.00;4.00)
Pa0,, mmHg (n = 124) 73.37 £10.11 73.70 (66.35;80.25)
PaCO,, mmHg (n = 124) 37.61 £5.06 37.30 (34.38;40.2)
Pa0,/FiO, (n = 124) 345.14 + 53.08 345.71 (304.17;383.33)
pH (n = 124) 7.43 +£0.03 7.43 (7.41;7.45)

CRF 14 (10.5)

FEV4,% pred ° 59.65 + 20.41 62.00 (44.25; 72.75)
FVC,% pred 88.12 +£22.66 88.00 (72.50; 100.00)
FEV,/FVC, ratio 50.50 + 12.16 50.00 (42.00; 59.26)
RV,% pred © (n = 95) 144.75 + 43.94 138.00 (112.00; 165.00)
GOLD 1 (FEV, >80 % pred) 19 (14.2)

GOLD 2 (FEV4 50—79 % pred) 73 (54.5)

GOLD 3 (FEV4 30—49 % pred) 30 (22.4)

GOLD 4 (FEV,< 30% pred) 12 (8.9)

6MWT, meters 428.54 + 106.78 450 (361.25; 510.00)
6MWT,% pred ° 78.05 + 19.09 81.74 (66.97; 91.16)
6MWT <70 % pred 40 (29.9)

MVC-quadriceps, kg 29.52 +11.33 27.89 (21.54; 35.15)
MVC-quadriceps,% pred & 85.57 +26.54 84.65 (65.39; 100.69)
MVC-quadriceps < 70 % pred 46 (34.3)

MVC-biceps, kg 22.17 £ 6.87 22.29 (16.73; 27.13)
MVC-biceps,% pred ® 96.42 +20.71 95.13 (79.68; 109.87)
MVC-biceps < 70 % pred 14 (10.4)

MIP, cmH,0 74.60 +22.82 74.50 (59.50; 88.00)
MIP,% pred ’ 78.09 +£22.78 75.52 (61.87; 94.97)
MIP< 70 % pred 50 (37.3)

MEP, cmH,0 104.60 + 34.75 103.50 (801.50; 122.00)
MEP,% pred ” 83.06 + 24.75 80.91 (65.76; 103.26)
MEP < 70 % pred 43 (32.1)

Legend: Data are shown as mean=SD and median (25—75th percentiles), or n (%).

Abbreviations: 6MWT: Six-minute walking distance test; BMI: Body-mass Index; CIRS: Cumulative Illness Rating Scale; CRF: Chronic respira-
tory failure; FEV4: Forced Expiratory Volume at 1 s; FVC: Forced Vital Capacity; MVC: Maximal Voluntary Contraction; MEP: Maximal Expi-
ratory Pressure; MIP: Maximal Inspiratory pressure; PaCO,: Arterial carbon dioxide tension PaO,: Arterial oxygen tension; RV: Residual

Volume.

correlation of MIP with 6MWT are the original findings of our
study. These results may lead to some considerations for
PRP.

First, the accepted standard PRP includes different
modalities of leg exercise training with undisputed
success.”' The positive correlation between quadriceps
MVC and 6MWT must be considered with caution when con-
sidering the success of leg training in improving 6MWT. It has
not been convincingly demonstrated so far that increasing
leg muscle strength with a specific intervention during PR
(i.e. lower limb resistance training) will result in greater
improvements in 6MWT."®

Second, the weakest correlation between MIP and 6MWT
may be one explanation for the failure in improving 6MWT of
well-conducted RCT studies regarding IMT, although all trials
were able (with different success rates) to increase MIP.>~>
Apart from the physiological reasons reported elsewhere,®
what is the rationale of training muscles such as the
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inspiratory ones, which are not (or shardly) involved in the
assessed outcome? However, this issue is far from a final defi-
nition, and further studies are required.'®

Thirdly, although EMT has been suggested as a tool to
improve effective cough in diseases and conditions other
than COPD, unfortunately, to the best of our knowledge no
high-quality RCT on the effect of EMT on exercise capacity
has been conducted in COPD populations so far."” The stron-
gest correlation of MEP with 6MWT may suggest the need for
future RCTs investigating the effects of EMT on exercise
capacity in individuals with COPD, using appropriate techni-
ques (such as active “core” muscle training, abdominal
muscles electrostimulation, or using dedicated breathing
devices). However, the overall weakness of correlations con-
firms the multifactorial influence on exercise capacity and it
can be argued that this may also forecast an unsuccessful
outcome for EMT alone. In addition, the physiological basis
for EMT may be controversial. Unlike at rest, the expiratory
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muscles play an active role in breathing during exercise. 3
While it is possible that increased intra-abdominal pressures
during exercise may help to improve diaphragmatic
function, studies have shown that this increased expiratory
muscle activity does not attenuate the increase in end-expi-
ratory lung volume (EELV), the relatively early mechanical
limitation of ventilation and the associated dyspnoea.'®
Therefore, interventions aimed at improving expiratory
muscle function may not be as useful as assumed. However,
these theoretical considerations should not prevent further
RCTs.

To avoid any bias associated with anthropometrics and
demographics, we also tested the correlations using % of
predicted values, which showed similar hierarchies and
directions but were weaker than when using absolute values.
Anthropometric, and demographic characteristics, may
influence PRP success. '’

Our participants had mild to moderate levels of static
hyperinflation as assessed by residual volume. It remains to
be elucidated, whether the results of the present study will
be found also in individuals with more severe static hyperin-
flation. In people with COPD, static hyperinflation may influ-
ence exercise capacity as assessed by the 6MWT. " However,
dynamic hyperinflation (DH) was not assessed in our partici-
pants and we cannot confirm previous findings of DH as a
potential mechanism of reduced physical activity in non-
severe COPD without cardio-vascular comorbidities such as
our participants.?’

The main limitations of our study are related to its retro-
spective, single-centre design which resulted in some miss-
ing data or lack of important physiological measures such as
DH or level of dyspnoea during the 6MWT. However, in addi-
tion to the relatively new approach to analysis, our study
represents a real-life condition at a time when even RCTs
are being questioned.?’

Among the accepted outcome measures of PRP only 6MWT
was assessed: whether our results also apply to other out-
comes such as dyspnoea should be specifically evaluated. Our
results apply mainly to people with mild to moderate COPD.

In conclusion, with the limitations mentioned above, our
study shows that in individuals with COPD, expiratory muscle
force as assessed by MEP has the strongest correlation with
exercise capacity as assessed by 6MWT, whereas inspiratory
muscle force assessed by MIP has the weakest correlation.
Although the overall weak correlations do not predict suc-
cessful results and physiological bases for EMT are question-
able, our findings may suggest the need for RCT to evaluate
the effectiveness of EMT in improving the exercise capacity
of these individuals. It does not seem reasonable to exclude
any muscle group a priori from these future studies in order
to provide the much-needed evidence to find out which indi-
viduals might benefit from adding these specific exercises to
their PR program. The current lack of evidence for EMT (and
IMT) should not by any means be confused with evidence of
absence of any potential effect. The history of research is
full of unexpected results, isn’t it?

395



M. Paneroni, M. Vitacca, B. Salvi et al.

Declaration of competing interest

Nicolino Ambrosino is the Chief Editor of Pulmonology. The
other authors declare no potential conflicts of interest con-
cerning the research, authorship, and/or publication of this
article.

Acknowledgments

The authors thank Laura Comini and Adriana Olivares for
their technical assistance. This work was supported by the
“Ricerca Corrente” Funding scheme of the Ministry of
Health, Italy.

References

1. Spruit MA, Watkins ML, Edwards LD, et al. Evaluation of COPD longi-
tudinally to Identify predictive surrogate endpoints (ECLIPSE) study
investigators. Determinants of poor 6-min walking distance in
patients with COPD: the ECLIPSE cohort. Respir Med. 2010;104:
849-57. https://doi.org/10.1016/j.rmed.2009.12.007.

. Gloeckl R, Zwick RH, Furlinger U, et al. Prescribing and adjusting
exercise training in chronic respiratory diseases - Expert-based
practical recommendations. Pulmonology. 2023;29:306—14.
https://doi.org/10.1016/j.pulmoe.2022.09.004.

. Schultz K, Jelusic D, Wittmann M, et al. Inspiratory muscle
training does not improve clinical outcomes in 3-week COPD
rehabilitation: results from a randomised controlled trial. Eur
Respir J. 2018;51:1702000. https://doi.org/10.1183/13993003.
02000-2017.

. Beaumont M, Mialon P, Le Ber C, et al. Effects of inspiratory
muscle training on dyspnoea in severe COPD patients during pul-
monary rehabilitation: controlled randomised trial. Eur Respir
J. 2018;51:1701107. https://doi.org/10.1183/13993003.01107-
2017.

. Charususin N, Gosselink R, Decramer M, et al. Randomised
controlled trial of adjunctive inspiratory muscle training for
patients with COPD. Thorax. 2018;73:942—50. https://doi.org/
10.1136/thoraxjnl-2017-211417.

. Polkey MI, Ambrosino N. Inspiratory muscle training in COPD:
can data finally beat emotion? Thorax. 2018;73:900—1.
https://doi.org/10.1136/thoraxjnl-2018-212070.

. Simonelli C, Vitacca M, Ambrosino N, et al. Therapist driven
rehabilitation protocol for patients with chronic heart and lung
diseases: a real-life study. Int J Environ Res Public Health.
2020;17:1016. https://doi.org/10.3390/ijerph17031016.

. Quanjer PH, Stanojevic S, Cole TJ, et al. Multi-ethnic reference
values for spirometry for the 3-95-yr age range: the global lung
function 2012 equations. Eur Respir J. 2012;40:1324—43.
https://doi.org/10.1183/09031936.00080312.

. Hall GL, Filipow N, Ruppel G, et al. Official ERS technical stan-
dard: global lung function initiative reference values for static
lung volumes in individuals of European ancestry. Eur Respir J.
2021;57:2000289. https://doi.org/10.1183/13993003.00289-
2020.

. Bruschi C, Cerveri |, Zoia MC, et al. Reference values of maximal
respiratory mouth pressures: a population-based study. Am Rev
Respir Dis. 1992;146:790—3. https://doi.org/10.1164/ajrccm/
146.3.790.

396

11. Andrews AW, Thomas MW, Bohannon RW. Normative values for
isometric muscle force measurements obtained with hand-held
dynamometers. Phys Ther. 1996;76:248—-59. https://doi.org/
10.1093/ptj/76.3.248.

. Delbressine JM, Jensen D, Vaes AW, et al. Reference values for
six-minute walk distance and six-minute walk work in Caucasian
adults. Pulmonology. 2023;29:399-409. https://doi.org/10.
1016/j.pulmoe.2023.02.014.

. Aliverti A, Cala SJ, Duranti R, et al. Human respiratory muscle
actions and control during exercise. J Appl Physiol (1985).
1997;83:1256—69. https://doi.org/10.1152/jappl.1997.83.4.1256.

. Vitacca M, Malovini A, Spanevello A, et al. Clusters of individu-
als recovering from an exacerbation of chronic obstructive pul-
monary disease and response to in-hospital pulmonary
rehabilitation. Pulmonology. 2023;29:230—9. https://doi.org/
10.1016/j.pulmoe.2023.01.002.

. lepsen UW, Jargensen KJ, Ringbaek T, et al. A combination of
resistance and endurance training increases leg muscle strength
in COPD: an evidence-based recommendation based on system-
atic review with meta-analyses. Chron Respir Dis. 2015;12:
132—45. https://doi.org/10.1177/1479972315575318.

. Ammous O, Feki W, Lotfi T, et al. Inspiratory muscle training,
with or without concomitant pulmonary rehabilitation, for
chronic obstructive pulmonary disease (COPD). Cochrane Data-
base Syst Rev. 2023;1:CD013778. https://doi.org/10.1002/
14651858.CD013778.pub2.

. Cai Y, Ren X, Wang J, Ma B, Chen O. Effects of breathing exer-
cises in patients with chronic obstructive pulmonary disease: a
network meta-analysis. Arch Phys Med Rehabil. 2023;S0003-
9993(23):00283—6. https://doi.org/10.1016/j.apmr.2023.04.
014.

. Laveneziana P, Webb KA, Wadell K, Neder JA, O’Donnell DE.
Does expiratory muscle activity influence dynamic hyperinfla-
tion and exertional dyspnea in COPD? Respir Physiol Neurobiol.
2014;199:24—33. https://doi.org/10.1016/j.resp.2014.04.005.

. Ladeira I, Oliveira P, Gomes J, Lima R, Guimaraes M. Can static

hyperinflation predict exercise capacity in COPD? Pulmonology.

2023;29:544—53. https://doi.org/10.1016/j.pulmoe.2021.08.011.

Cherneva RV, Youroukova VM, Cherneva ZV. Dynamic hyperinfla-

tion, chronotropic intolerance and abnormal heart rate recovery

in non-severe chronic obstructive pulmonary disease patients-
reflections in the mirror. Pulmonology. 2022;28:440—8. https://
doi.org/10.1016/j.pulmoe.2020.12.004.

Duarte-de-ArauJo AN, Teixeira P, Hespanhol V, Correia-de-Sousa

JCOPD. How can evidence from randomised controlled trials apply

to patients treated in everyday clinical practice? Pulmonology.

2022;28:431—9. https://doi.org/10.1016/j.pulmoe.2020.02.003.

20.

21.

M.
M.

Paneroni®*, M. Vitacca®, B. Salvi®, C. Simonelli?,
Arici?, N. Ambrosino®

2 Respiratory Rehabilitation of the Institute of Lumezzane,
Istituti Clinici Scientifici Maugeri IRCCS, Brescia, Italy

b Respiratory Rehabilitation of the Institute of Montescano,
Istituti Clinici Scientifici Maugeri IRCCS, Pavia, Italy

" Corresponding author at: Istituti Clinici Scientifici Maugeri
IRCCS, Institute of Lumezzane, Via G. Mazzini 129, 25065
Lumezzane, Brescia, Italy.

E-mail address: mara.paneroni@icsmaugeri.it (M. Paneroni).
Received 7 February 2024; Accepted 9 April 2024

Available online 4 May 2024


https://doi.org/10.1016/j.rmed.2009.12.007
https://doi.org/10.1016/j.pulmoe.2022.09.004
https://doi.org/10.1183/13993003.02000-2017
https://doi.org/10.1183/13993003.02000-2017
https://doi.org/10.1183/13993003.01107-2017
https://doi.org/10.1183/13993003.01107-2017
https://doi.org/10.1136/thoraxjnl-2017-211417
https://doi.org/10.1136/thoraxjnl-2018-212070
https://doi.org/10.3390/ijerph17031016
https://doi.org/10.1183/09031936.00080312
https://doi.org/10.1183/13993003.00289-2020
https://doi.org/10.1183/13993003.00289-2020
https://doi.org/10.1164/ajrccm/146.3.790
https://doi.org/10.1164/ajrccm/146.3.790
https://doi.org/10.1093/ptj/76.3.248
https://doi.org/10.1016/j.pulmoe.2023.02.014
https://doi.org/10.1016/j.pulmoe.2023.02.014
https://doi.org/10.1152/jappl.1997.83.4.1256
https://doi.org/10.1016/j.pulmoe.2023.01.002
https://doi.org/10.1177/1479972315575318
https://doi.org/10.1002/14651858.CD013778.pub2
https://doi.org/10.1002/14651858.CD013778.pub2
https://doi.org/10.1016/j.apmr.2023.04.014
https://doi.org/10.1016/j.apmr.2023.04.014
https://doi.org/10.1016/j.resp.2014.04.005
https://doi.org/10.1016/j.pulmoe.2021.08.011
https://doi.org/10.1016/j.pulmoe.2020.12.004
https://doi.org/10.1016/j.pulmoe.2020.02.003
mailto:mara.paneroni@icsmaugeri.it

	Is there any physiological reason to train expiratory muscles in people with mild COPD?
	Declaration of competing interest
	Acknowledgments
	References


