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Abstract

The objective of this study was to compare the effectiveness of inspiratory muscle training in COPD patients with obesity
and patients with normal body weight.

Materials and Methods: The study involved 2 groups of patients with COPD (clinical Group D) similar in spirometric
parameters with signs of airflow limitation on spirometry (FEV ,<50% of predicted, a post-bronchodilator FEV /FVC ratio<70%
of predicted). Group 1 consisted of 45 obese COPD patients (BMI>30 kg/m?). Group 2 included 44 COPD patients with normal
body weight (BMI from 18.5 kg/m? to 24.9 kg/m?). The groups were comparable in age, gender, severity of bronchial obstruction,
concomitant pathology, and drug therapy. All patients underwent IMT for 8 weeks. Breathe-Link Live Feedback Software was used
to evaluate such parameter as SI (Strength Index), PIF (Peak Inspiratory Flow), Average Pressure, Average Power, Average Flow,
Average Volume for the entire sessions were estimated. At the baseline and after 8 weeks all patients underwent an assessment
of the lung function using spirometry (including FVC, FEV ), and the severity of dyspnea using the mMRC questionnaire (The
Modified Medical Research Council).

Results: A comparative analysis of the estimated parameters of training sessions showed a significant increase in SI, PIF,
Average Power, and Average Flow in patients of Group 1. In patients of Group 2, we found only a tendency to be increased in
these parameters, with the exception of Average Flow. A statistically significant increase in the FEV, and FVC parameters was
observed only in Group 1. Statistical analysis showed a close correlation between the SI and the severity of dyspnea on the mMRC
scale (r=-0.52, P<0.05) in Group 1.

Conclusion: The results of our study indicate a positive effect of IMT in patients with COPD, and a greater effect in
patients with obesity than in those with normal body weight. Clinically, an improvement in the IMT parameters was expressed in
a decrease in dyspnea and an improvement in spirometric indicators. (International Journal of Biomedicine. 2019;9(4):304-307.)
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Introduction

COPD isawidespread disease that significantly affects QL
of patients; exacerbations and worsening of the disease course are
one of the main reasons for hospitalization, largely determining
the prognosis.” Despite the success of medical treatment for
COPD, many patients continue to notice symptoms of the

disease, such as progressive dyspnea, cough, and poor exercise
tolerance.” Muscle dysfunction in COPD, the most extensively
studied systemic manifestation of the disease, can involve both
respiratory and peripheral muscles.®® It is considered to be of
multifactorial origin, with local and systemic factors interacting
to modify, in different ways, the phenotype and function of
any specific muscle.”® Both pulmonary hyperinflation and
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increased airway resistance increase the work of breathing,
which is mainly dependent on inspiratory muscles.® Like other
striated muscles in the whole body, respiratory muscles can also
be influenced by systemic factors, such as inflammation and
oxidative stress, nutritional depletion and the effect of certain
drugs used in COPD treatment.™-' According to GOLD (2018),
much attention is paid to PR programs that include physical
training, especially of the muscles of the upper shoulder girdle
and respiratory muscles, which have been shown to reduce
the severity of the clinical disease course, the frequency of
exacerbations, and hospitalizations.!-'> A recent meta-analysis
showed that only the use of IMT in patients with moderate and
severe COPD led to a significant reduction in the severity of
dyspnea. In addition, these patients showed an improvement
in exercise tolerance."'® Thus, IMT can be considered as an
addition to treatment in patients with COPD who cannot fully
participate in general physical training due to the presence of
a concomitant pathology. In the available literature, however,
there is very little information about the effectiveness of IMT in
patients with COPD and obesity. Nevertheless, this component
of the PR program in patients with COPD and obesity may
be the most effective and preferred, given the impossibility of
providing adequate exercise regimes due to the presence of a
concomitant pathology of the cardiovascular system, which is
more common in COPD patients with obesity than in COPD
patients with normal body weight.

The objective of this study was to compare the
effectiveness of inspiratory muscle training (IMT) in COPD
patients with obesity and patients with normal body weight.

Materials and Methods

The study involved 2 groups of patients with COPD
(clinical Group D) (average age of 63.5+7.2 years), similar
in spirometric parameters with signs of airflow limitation on
spirometry (FEV ,<50% of predicted, a post-bronchodilator
FEV /FVC ratio<70% of predicted). Group 1 consisted of 45
obese COPD patients (BMI>30 kg/m?). Group 2 included 44
COPD patients with normal body weight (BMI from 18.5 kg/
m? to 24.9 kg/m?). The groups were comparable in age, gender,
severity of bronchial obstruction, and concomitant pathology.
Exclusion criteria were cardiovascular diseases with increased
LVEDP, a need for oxygen support, COPD exacerbation
within 1 month, a history of spontaneous pneumothorax, signs
of bullous disease in X-ray examination, severe osteoporosis
combined with a history of spontanecous fracture of the ribs,
lung surgery, and damage of the tympanic membrane.

All patients were familiarized with the IMT program; no
additional regular physical exercises were prescribed to anyone.
None of the patients had contraindications or restrictions for
IMT using a breathing trainer. All patients received long-
acting bronchodilators and inhaled glucocorticosteroids on a
regular basis.

Respiratory muscles were trained wusing the
POWERbreathe K5 breathing simulator (POWERbDreathe
International Ltd., Southam, England, United Kingdom).”
The patient was in a sitting position, the air outlet through
the nose when performing a breathing maneuver was blocked

with a nasal clip. Training began with a warm-up for 1 minute
at 50% of the expected full load. Then a training session was
held, consisting of 30 breaths through the device with a certain
resistance. Training was terminated upon completion of the
program or upon the appearance of undesirable symptoms—
cough, dyspnea, feeling of severe tiredness, and pain in the
chest. In order to ensure safety during training sessions,
oxygen saturation was monitored. Training sessions were
performed 3 times a week for 8§ weeks. Breathe-Link Live

Feedback Software (POWERbDreathe International Ltd.,

Southam, England, United Kingdom) was used to evaluate a

number of parameters:

e  SI (Strength Index) is an indicator of the strength of the
respiratory muscles obtained from the peak inspiratory
flow, namely the predicted value of maximum inspiratory
pressure. In contrast to PImax (maximum inspiratory
mouth pressure), dynamic assessment allows for the
evaluation of inspiratory muscle output throughout the
total lung volume. This is considered more appropriate for
measuring inspiratory muscle performance than isometric
assessments. The POWERDreathe has been validated,
and its accuracy to measure dynamic inspiratory muscle
pressure has been demonstrated. Pressure is plotted at
every moment throughout each lung volume, which
creates a line through IMT. The highest point in this line
is called the SI. The use of the SI in clinical practice
is preferable, especially with the integration of this
parameter into automated IMT programs using modern
electronic devices.

e PIF (Peak Inspiratory Flow) is an indicator that reflects
the ability of the respiratory muscles to contract rapidly
and overcome the natural resistance and elasticity of the
respiratory system.

e Average Pressure for the entire session: represents the
average pressure created in the airways due to the force of
the inspiratory muscles during training.

e Average Flow for the entire session: represents the
average flow generated in the airways due to the force of
the respiratory muscles during training.

e Average Power for the entire session: represents the
average power of muscle activity, which combines
strength and speed (pressurexflow), averaged for
individual breaths of the session.

e Average Volume for the entire session: this is a measure
of the average amount of air that was inhaled during
training.

In addition, at the baseline and after 8 weeks all patients
underwent an assessment of the lung function using spirometry
(including FVC, FEV)), and the severity of dyspnea using
the mMRC questionnaire (The Modified Medical Research
Council). All tests were carried out by the same researcher
without knowledge of a group affiliation (participants were
blinded).

The study was carried out in compliance with Ethical
Principles for Medical Research Involving Human Subjects,
Adopted by the 18th WMA General Assembly, Helsinki,
Finland, June 1964, and amended by the 52nd WMA General
Assembly, Edinburgh, Scotland, October 2000. The study was
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approved by the Ethics Committee of Voronezh State Medical
University. Written informed consent was obtained from each
patient.

All data was evaluated with STATGRAPHICS Plus 5.1.
The normality of distribution of continuous variables was
tested by the Kolmogorov-Smirnov test with the Lilliefors
correction and Shapiro-Wilk test. Baseline characteristics were
summarized as frequencies and percentages for categorical
variables and as mean+SD for continuous variables. Student’s
unpaired and paired t-tests were used to compare two groups for
data with normal distribution. Pearson’s correlation coefficient
(r) was used to determine the strength of the relationship
between the two continuous variables. A probability value of
P<0.05 was considered statistically significant.

Results and Discussion

A comparative analysis of the estimated parameters
of training sessions showed a significant increase in SI, PIF,
Average Power, and Average Flow in patients of Group 1. In
patients of Group 2, we found only a tendency to be increased in
these parameters, with the exception of Average Flow (Table 1).

Table 1.

IMT parameters in the studied groups before and after training
sessions

1 W |
E before P after 8 before P after
weeks 8 weeks
SrISH,o 19.7::4.58/<0.05[28.83:6.21|18.80::5.11(>0.05[21.33+7.92| <0.05
o5 [0.76£0.21<0.05| 1.5320.32{ 0.78+0.26 [~0.05| 0.87+0.34 | <0.05
Average

pressure, [6.99+2.31{>0.05| 9.344+4.7 | 5.10+3.61 [>0.05| 6.59+2.58 | >0.05
cmH,0

Average
power, (0.31+0.11{<0.05{0.83+0.26 | 0.24+0.12 [>0.05| 0.36+0.21 | <0.05
watt

Average

0.48+0.12|<0.05[0.80+0.17 | 0.46+0.16 |<0.05| 0.78+0.26 | >0.05
flow, I/ sec|

Average

0.71+0.28/>0.05(0.74+0.51 | 0.91£0.35 |>0.05| 1.10+0.62 | >0.05
volume, |

According to the estimated spirometric parameters, after
8 weeks of IMT, statistically significant differences between
the groups were observed. In Group 1, FEV | increased from
44.143.3% to 48+2.7%, and FVC from 62+3.6% to 68+4.1%
(P<0.05). Group 2 also showed an improvement in these
parameters, but no statistically significant changes were found.

According to the severity of dyspnea at the baseline,
in accordance with the mMRC questionnaire, there were
no significant differences between the groups. Statistically
significant differences were noted after 8§ weeks from the
beginning of IMT and were manifested in a significant decrease

in mMRC scores in Group 1, and the lack of improvement in
Group 2 (3.4+0.5 and 2.8+0.5, P=0.01; 3.5+0.6 and 3.4+0.2,
P=0.12, respectively). Statistical analysis showed a close
correlation between the SI and the severity of dyspnea on the
mMRC scale (r=-0.52, P<0.05) in Group 1.

The data obtained do not contradict the results of a study
by Villiot-Danger et al., in which 20 patients with morbid
obesity (BMI=45+7 kg/m?) took part.!'” Despite the fact that
the authors did not show an increase in the strength of the
respiratory muscles, a decrease in dyspnea was observed in
COPD patients. In addition, IMT significantly improved the
results of 6MWT and QL, while in the group without IMT
changes were not observed. It was also suggested, that IMT
could potentially prevent the early onset of respiratory muscle
fatigue during exercise, and that in obese patients exercise
tolerance may be increased due to a decrease in dyspnea,
which, in turn, could be the basis of the improvement in QL
observed in patients.

Thus, taking into account the results of our study, the
IMT program was more effective in patients with COPD and
obesity than in patients with normal body weight, especially in
relation to such significant integral parameters as SI and PIF.
A possible explanation for this may be that obese patients had
worse muscle condition due to the peculiarities of their behavior
with limited physical activity and lifestyle. By analogy with
skeletal muscles, training and increasing the strength of the
respiratory muscles is dose-dependent. Training with a constant
ongoing load limits the load that a patient with COPD can
reach, as fatigue develops quickly and rest is required.®” IMT
protocols, suggesting an interval approach with the inclusion of
rest periods, during which there is a decrease in the severity of
symptoms that appear in the exercise period, are more effective
and allow optimizing the achievement of tolerance to large
loads. This in turn contributes to the maximum increase in
strength and endurance of the trained respiratory muscles.?!??

Thus, the results of our study indicate a positive effect
of IMT in patients with COPD, and a greater effect in patients
with obesity than in those with normal body weight. Clinically,
an improvement in the IMT parameters was expressed in a
decrease in dyspnea and an improvement in spirometric
indicators. However, further studies are needed to finally
assess the effect of various types and modes of respiratory
muscle training in patients with COPD and obesity.

Competing Interests

The authors declare that they have no competing
interests.

Sources of Funding

The reported study was funded by a grant of Council of
the President of the Russian Federation for the state support of
leading scientific schools (grant NSh 4994.2018.7).

*Corresponding author: Evgeniy S. Ovsyannikov, PhD.
Department of faculty therapy, Voronezh State Medical University named
after N.N. Burdenko. Voronezh, Russia. E-mail: ovses@yandex.ru



E. S. Ovsyannikov et al. / International Journal of Biomedicine 9(4) (2019) 304-307 307

References

1. Global Initiative for Chronic Obstructive Lung Disease
(GOLD). Global strategy for the diagnosis, management, and
prevention of COPD. Available at: https://goldcopd.org/wp-
content/uploads/2017/11/GOLD-2018-v6.0-FINAL-revised-
20-Nov_WMS.pdf. Accessed 20 January 2019.

2. Aisanov Z, Avdeev S, Arkhipov V, Belevskiy A, Chuchalin
A, Leshchenko I, et al. Russian guidelines for the management
of COPD: algorithm of pharmacologic treatment. Int J Chron
Obstruct Pulmon Dis. 2018;13:183-187. doi: 10.2147/COPD.
S153770.

3. Maltais F, Decramer M, Casaburi R, Barreiro E, Burelle
Y, Debigaré R, et al.; ATS/ERS Ad Hoc Committee on Limb
Muscle Dysfunction in COPD. An official American Thoracic
Society/European Respiratory Society statement: update on
limb muscle dysfunction in chronic obstructive pulmonary
disease. Am J Respir Crit Care Med. 2014;189(9):e15-62. doi:
10.1164/rccm.201402-0373ST.

4. Rochester DF, Braun NM, Arora NS. Respiratory muscle
strength in chronic obstructive pulmonary disease. Am Rev
Respir Dis. 1979;119(2 Pt 2):151-4.

5. Similowski T, Yan S, Gauthier AP, Macklem PT, Bellemare
F. Contractile properties of the human diaphragm during
chronic hyperinflation. N Engl J Med. 1991;325(13):917-23.
6. Di Francia M, Barbier D, Mege JL, Orehek J.Tumor
necrosis factor-alpha levels and weight loss in chronic
obstructive pulmonary disease. Am J Respir Crit Care Med.
1994;150(5 Pt 1):1453-5.

7. Gea J, Pascual S, Casadevall C, Orozco-Levi M, Barreiro
E. Muscle dysfunction in chronic obstructive pulmonary
disease: update on causes and biological findings. J Thorac Dis.
2015;7(10):E418-38. doi: 10.3978/j.issn.2072-1439.2015.08.04.
8. Barreiro E, Gea J. Respiratory and Limb Muscle
Dysfunction in COPD. COPD. 2015;12(4):413-26. doi:
10.3109/15412555.2014.974737.

9. Di Francia M, Barbier D, Mege JL, Orehek J. Tumor
necrosis factor-alpha levels and weight loss in chronic
obstructive pulmonary disease. Am J Respir Crit Care Med.
1994;150(5 Pt 1):1453-5.

10. Rahman I, Morrison D, Donaldson K, MacNee W.
Systemic oxidative stress in asthma, COPD, and smokers. Am
J Respir Crit Care Med. 1996;154(4 Pt 1):1055-60.

11. A Agusti A, Edwards LD, Rennard SI, MacNee W,
Tal-Singer R, Miller BE, et al.; Evaluation of COPD
Longitudinally to Identify Predictive Surrogate Endpoints
(ECLIPSE) Investigators. Persistent systemic inflammation
is associated with poor clinical outcomes in COPD: a novel
phenotype. PLoS One. 2012;7(5):e37483. doi: 10.1371/
journal.pone.0037483.

12. Remels AH, Gosker HR, Langen RC, Schols AM. The

mechanisms of cachexia underlying muscle dysfunction in
COPD. J Appl Physiol (1985). 2013;114(9):1253-62. doi:
10.1152/japplphysiol.00790.2012.

13. Budnevsky AV, Ovsyannikov ES, Labzhania NB. [Chronic
obstructive pulmonary disease concurrent with metabolic
syndrome: Pathophysiological and clinical features]. Ter Arkh.
2017;89(1):123-127. doi: 10.17116/terarkh2017891123-127.
[Article in Russian].

14. Kozhevnikova SA, Budnevsky AV, Ovsyannikov ES,
Belov VN. Particularity of the clinical course and quality of
life of patients with chronic obstrustive pulmonary disease on
the background of the metabolic syndrome. Medical News
of the North Caucasus. 2017;12(1):20-23. doi: 10.14300/
mnnc.2017.12006. [Article in Russian].

15. Budnevsky AV, Isaeva YV, Malysh EY, Kozhevnikova
SA. [Pulmonary rehabilitation as an effective method for
optimizing therapeutic and preventive measures in patients
with chronic obstructive pulmonary disease concurrent with
metabolic syndrome]. Ter Arkh. 2016;88(8):25-29. doi:
10.17116/terarkh201688825-29. [Article in Russian].

16. Geddes EL, O’Brien K, Reid WD, Brooks D, Crowe J.
Inspiratory muscle training in adults with chronic obstructive
pulmonary disease: an update of a systematic review. Respir
Med.2008;102(12):1715-29.doi: 10.1016/.rmed.2008.07.005
17. Minahan C, Sheehan B, Doutreband R, Kirkwood T,
Reeves D, Cross T. Repeated-sprint cycling does not induce
respiratory muscle fatigue in active adults: measurements
from the powerbreathe® inspiratory muscle trainer. J Sport
Sci Med. 2015;14(1):233-8

18. Silva PE, de Carvalho KL, Frazdo M, Maldaner V, Daniel
CR, Gomes-Neto M. Assessment of Maximum Dynamic
Inspiratory Pressure. Respir Care. 2018; 63(10):1231-1238.
doi: 10.4187/respcare.06058.

19. Villiot-Danger JC, Villiot-Danger E, Borel JC, Pépin JL,
Wuyam B, Vergées S. Respiratory muscle endurance training
in obese patients. Int J Obes (Lond). 2011;35(5):692-9. doi:
10.1038/ij0.2010.191.

20. Puhan MA, Busching G, Schunemann HJ, VanOort
E, Zaugg C, Frey M. Interval versus continuous high-
intensity exercise in chronic obstructive pulmonary disease:
a randomized trial. Ann Intern Med. 2006;145:816-25. doi:
10.7326/0003-4819-145-11-200612050-00006

21. Morris T, Sumners DP, Green DA. Inspiratory high
frequency airway oscillation attenuates resistive loaded
dyspnea and modulates respiratory function in young healthy
individuals. PLoS One. 2014;9(3):¢91291. doi: 10.1371/
journal.pone.0091291.

22. Sturdy G, Hillman D, Green D, Jenkins SC, Cecins N,
Eastwood P. Feasibility of high-intensity, interval-based
respiratory muscle training in COPD. Chest. 2003;123(1):142-
50. doi: 10.1378/chest.123.1.142




