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Abstract: Patients with chronic obstructive pulmonary disease (COPD) are frequently comorbid with
mild cognitive impairment (MCI). Whether respiratory muscle training (RMT) is helpful for patients
with COPD comorbid MCI remains unclear. Inspiratory muscle training (IMT) with or without
expiratory muscle training (EMT) was performed. Patients were randomly assigned to the full
training group (EMT + IMT) or the simple training group (IMT only). A total of 49 patients completed
the eight-week course of RMT training. RMT significantly improved the maximal inspiratory pressure
(MIP), the diaphragmatic thickness fraction and excursion, lung function, scores in the COPD
assessment test (CAT), modified Medical Research Council (mMRC) scale scores, and MMSE. The
between-group difference in the full training and single training group was not significant. Subgroup
analysis classified by the forced expiratory volume in one second (FEV1) level of patients showed no
significant differences in MIP, lung function, cognitive function, and walking distance. However, a
significant increase in diaphragmatic thickness was found in patients with FEV1 ≥ 30%. We suggest
that patients with COPD should start RMT earlier in their disease course to improve physical activity.

Keywords: COPD; respiratory muscle training; cognitive impairment; inspiratory muscle training;
expiratory muscle training; FEV1; diaphragmatic thickness fraction

1. Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by chronic airway
inflammation, which causes obstructed airflow from the lungs, resulting in muscle wast-
ing and respiratory failure [1]. Currently, approximately 300 million people world-wide
have COPD, contributing to approximately 64 million disability-adjusted life years [2]. In
addition to smoking cessation, oxygen therapy, and long-acting bronchodilator therapy,
comprehensive pulmonary rehabilitation programs involving aerobic exercise, cough tech-
nique education, and respiratory muscle training (RMT) are crucial in the management
of COPD [3]. Inspiratory muscle training (IMT), the major method of RMT, can improve
inspiratory muscle strength, exercise capacity, quality of life, and dyspnea [4]. Therefore,
IMT has been recommended as a part of pulmonary rehabilitation programs for patients
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with COPD [5,6]. Expiratory muscle training (EMT) can improve vital capacity and peak
expiratory flow [7,8], which are also beneficial for cough function. In addition, the im-
provement in cough function is a vital part of pulmonary rehabilitation; therefore, RMT
including IMT and EMT plays a critical role in the management of COPD [9].

Mild cognitive impairment (MCI) is defined based on the following four criteria [10]:
(1) a change in cognition reported by the patient, caregiver, or clinician; (2) objective evi-
dence of impairment in one or more cognitive domains, which typically includes memory;
(3) preservation of independence in functional abilities; and (4) absence of dementia. Mini-
Mental State Examination (MMSE) scores of 23–27 indicate MCI [11]. Many studies have
revealed an association between COPD and MCI [12–15], and a dose–response relationship
between the duration of COPD and the risk of MCI [13,14]. Furthermore, forced expiratory
volume in one second (FEV1) is positively correlated with cognitive function through-
out adulthood [16] because of the higher risk of neuronal injury in patients with chronic
hypoxemia [17]. The chronic generalized inflammatory status of patients with COPD
can affect MCI pathogenesis [18]. Although aerobic exercise can improve the cognitive
function of patients with dementia [19–21], only one study has evaluated the effect of IMT
on cognitive function [22]. Because FEV1 is associated with cognitive function, and RMT
can improve FEV1 performance, RMT may improve cognitive function. However, whether
RMT provides additional benefits for the cognitive function of patients with COPD whose
MMSE scores are within the range of MCI remains unclear.

Because RMT is an important part of pulmonary rehabilitation, the aim of the current
study investigated the improvement of cognition, lung function, clinical scores, and di-
aphragmatic muscle performance before and after the introduction of RMT in populations
of COPD comorbid with mild cognitive impairment. In subgroup analysis, we want to
compare the training efficacy between the full training group (EMT + IMT) and the single
training group (IMT only) on cognition, lung function test, clinical scores, and diaphrag-
matic muscle performance. Finally, we will evaluate the RMT efficacy on patients with
different severities of lung function impairment classified by the forced expiratory volume
in one second (FEV1) level less than 30%.

2. Materials and Methods
2.1. Participants

Our study was a prospective study that was approved by the Institutional Review
Board-I (107-A-09 Board Meeting) of Taichung Veterans General Hospital (protocol code:
CF18259A; date of approval: 4 October 2018; clinical trial number: NCT04929990). Par-
ticipants were recruited from the outpatient department of chest medicine in a tertiary
referral center, and written informed consent was obtained from them or their authorized
representatives before enrolment. Patients with the following criteria were enrolled: (1) a
definitive diagnosis of COPD based on a FEV1/forced vital capacity (FVC) value of less
than 0.7 at 10–15 min after short-acting beta-2 agonist (SABA) inhalation, and (2) an MMSE
score between 23 and 27. The exclusion criteria were as follows: (1) being unable to follow
RMT instructions or complete the questionnaires of our study due to cognitive impairment;
(2) difficulty in completing cardiopulmonary exercise testing (CPET) or the 6 min walking
test (6MWT) due to high-risk cardiopulmonary diseases or orthopedic conditions, such as
critical aortic stenosis, early stage of post myocardial infarction, or lower limb amputation;
(3) a diagnosis of lung cancer or a history of thoracoabdominal surgery; and (4) a body
mass index (BMI) of ≥30.

2.2. Protocol of Intervention

After signing the informed consent form, the participants were assigned to the full
RMT training group (EMT + IMT) or the single RMT training group (IMT only) through
simple randomization (i.e., tossing a coin). Neither the participants nor the examiner were
blinded. The patients enrolled into the current study performed both full RMT training or
single RMT training using a threshold-type breathing trainer (Dofin DT11/14, Galemed,
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Taipei, Taiwan) at the hospital, and the RMT program included 30 breaths two times a day,
5 days a week, for a total of 8 weeks at home. IMT was performed after complete and slow
air expiration, followed by quick and forceful air inspiration to overcome the threshold
resistance of the device. By contrast, EMT was performed after complete and slow air
inspiration, followed by quick and forceful air expiration. In the full RMT training group
(IMT + EMT), before training, maximal inspiratory pressure (MIP) and maximal expiratory
pressure (MEP) were measured using a digital pressure gauge (GB60, Jitto International,
Taipei, Taiwan), and the best performance of the three trials was recorded. The procedure
of MIP/MEP measurement resembled that of IMT/EMT training, except the breathing
trainer was replaced with the digital pressure gauge. The initial intensity of training was
set at 30% of MIP and MEP. The intensity was adjusted with the addition of 5% resistance
each week, and a well-trained assistant contacted the participants telephonically to remind
them to adjust the intensity every week.

In the simple RMT training group, only IMT was performed using the same type of
Dofin DT11/14 breathing trainer. The initial resistance of the breathing trainer was set at
30% of MIP, and subsequent adjustments were made in accordance with the protocol of the
experimental group. The participants were instructed to perform training for 30 breaths
twice daily for 8 weeks at home, and they were also telephonically supervised by the same
assistant every week.

2.3. Parameter Measures

Parameter measures in the current study were MMSE score; diaphragmatic thickness
fraction and excursion examined through ultrasound; scores of the COPD assessment test
(CAT) and modified Medical Research Council (mMRC) scale; percentage of predicted
FVC, FEV1, FEV1/FVC, diffusing capacity of the lung for carbon monoxide (DLCO), and
DLCO divided by alveolar volume (VA) examined using a pulmonary function test; dead
space fraction (Vd/Vt) and minute ventilation to CO2 output (VE/VCO2) slope examined
using the cardiopulmonary exercise test (CPET); and distance walked and changes in
oxygen saturation (SpO2) and perceived exertion (Borg scale) during six-minute walking
test (6MWT). All these measures were assessed the day before the initiation of the RMT
program and again 8 weeks later at the end of the program.

Diaphragmatic thickness fraction and excursion were measured using an ultrasound
machine (Alpinion E-cube i7, who Medical Co., Ltd., Taipei, Taiwan). With the participant
in the supine position, diaphragmatic thickness at the intercostal space between the 7th and
8th or the 8th and 9th ribs in the anterior axillary line was examined using a high-frequency
ultrasound probe (10–15 MHz). The thickness of the diaphragmatic apposition zone was
visualized below the intercostal muscles (Figure 1). The diaphragmatic thickness fraction
was calculated as follows: (end-inspiration thickness—end-expiration thickness)/end-
expiration thickness [23]. Diaphragmatic excursion was measured by placing a 2–6-MHz
ultrasound probe at the right mid-clavicular line, and the amount of movement of the
posterior edge of the liver was traced and measured using M mode ultra-sonography [24].
Limitations, such as the variations of probe tilting angle and the impact of the increased
echogenicity of the liver, were considered in our study. The sonographic measurements
were performed by one single examiner, which could reduce the inter-observer variability,
and none of our participants’ liver echogenicity was too high to clearly identify the posterior
edge of liver.

CAT consists of eight questions, each scored from 0 to 5. mMRC only has one question,
which is graded from 0 to 4. Both questionnaires are useful in discerning the respiratory
difficulty encountered in daily life for patients with COPD, and in categorizing them for
guiding treatment [25]. Regarding the assessment of dementia severity, the MMSE is one of
the most widely adopted questionnaires in health care settings. The highest total score on
the MMSE is 30, and a score of 23–27 indicates MCI [11], which was used in our study.

For patients with COPD, the pulmonary function test is crucial for grading disease
severity, and predicting prognosis. In patients with FEV1/FVC < 0.7 [26], COPD severity
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can be further categorized into four groups according to the extent to which FEV1 reaches
the predicted level: <30%, 30–50%, 50–80%, and >80%. In addition to spirometry data,
a diffusion study, including DLCO and DLCO/VA, was conducted using a pulmonary
function measurement machine (Vmax Encore VS229, Carefusion Co., Ltd., San Diego,
CA, USA).
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ercise test; IMT: inspiratory muscle training; EMT: expiratory muscle training; 6MWT: six-minute
walking test.

In patients with COPD, exercise performance and cardiopulmonary endurance fre-
quently worsen as the disease progresses. Moreover, 6MWT involves walking as far as
possible for 6 min, and is a common indicator of oxidative capacity in patients with car-
diopulmonary diseases [27]. We established 6MWT distance by having our participants
walk back and forth on a 30 m-long walkway with two cones placed at both ends, and we
recorded changes in oxygen saturation and perceived exertion on the Borg scale during
6MWT. In addition, a cardiopulmonary exercise test can detect any gas exchange abnor-
malities during exercise in patients with COPD [28,29]. Patients with COPD have a higher
VE/VCO2 slope [29] and Vd/Vt [28] during exercise. In this study, we measured these
parameters during peak exercise. CPET was performed using an electro-magnetically
braked cycle ergometer, and a mask was used to collect the partial pressure of O2 and CO2
simultaneously; a 10 W/min ramp protocol was used. All the testing procedures followed
the guidelines of the American Heart Association [30].

2.4. Statistical Analysis

SPSS 17.0 (IBM, Chicago, IL, USA) was used to perform the statistical analysis. Categor-
ical variables were presented as frequency and percent, and analyzed using the chi-squared
test to determine significance. For nonparametric data distribution, differences between
groups were assessed using the nonparametric Mann–Whitney U test or Wilcoxon signed
ranks test. Results are presented as the mean and standard deviation (SD). To determine
the sample size, we adopted G*Power 3.1.9.7 (Heinrich-Heine-Universität Düsseldorf,
Germany) to analyze improvements in the MMSE score after physical exercise training,
as described previously [21]. With a difference in the improvement of MMSE between
2.67 ± 1.88 and 0.2 ± 2.87 under the setting of α = 0.05 and power –1 − β) = 0.8, the effect
size was 1.018, and at least 36 cases were deemed necessary to achieve sufficient statistical
power. All tests were two-sided, with p < 0.05 considered significant.

3. Results
3.1. Patients’ Clinical and Demographic Characteristics

From June 2019 to February 2021, a total of 70 patients were enrolled into the study,
and 49 participants completed the 8-week course of the RMT program for the final analysis.
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Because there was only one female patient, the study also excluded her data to reduce the
effect of gender difference. Table 1 presents a summary of the demographic characteristics,
and clinical and physiological parameters of all participants. Among them, 29 and 20 par-
ticipants were included in the full RMT training group (IMT + EMT) and the single training
group (IMT only), respectively. Figure 1 presents the flowchart of participant recruitment
and the case numbers in the subgroup of RMT training. Classified by the FEV1 level, 28.6%
of participants were <30% (n = 14), and 71.4% of patients were ≥30% (n = 35).

Table 1. Demographic characteristics, and clinical and physiological parameters in patients with
COPD enrolled into respiratory muscle training program (n = 48).

Characteristics Mean ± SD (n, %)

Age (years) 67.23 ± 7.32
Body mass index (kg/m2) 23.02 ± 3.89
Pulmonary function test

FVC (%) 78.77 ± 21.36
FEV1 (%) 41.08 ± 15.26

FEV1/FVC (%) 42.83 ± 14.19
DLCO (%) 78.05 ± 24.63
DLCO/VA 83.76 ± 25.82

Clinical score
CAT score 14.17 ± 8.39

mMRC score 1.63 ± 0.98
MMSE 24.39 ± 2.50

MIP (cmH2O) 69.41 ± 28.02
MEP (cmH2O) 85.30 ± 18.07

6MWT
6MWT distance (m) 328.25 ± 71.72

SpO2 at rest (%) 95.19 ± 4.98
Nadir SpO2 in 6MWT 92.69 ± 7.97

Borg scale at rest 1.17 ± 1.32
Borg scale after 6MWT 2.89 ± 1.83
Sonography evaluation

Diaphragmatic thickness fraction 39.38 ± 28.50
Diaphragmatic excursion (cm) 3.00 ± 1.10

CPET
Vd/Vt 32.80 ± 7.04

VE/VCO2 slope 36.81 ± 6.34
FEV1 subgroup

<30% 14 (29.17%)
≥30% 34 (70.83%)

Respiratory training subgroup
IMT 20 (41.67%)

IMT + EMT 28 (58.33%)
IMT, inspiratory muscle training; EMT, expiratory muscle training; CAT, chronic obstructive pulmonary disease
assessment test; mMRC, modified Medical Research Council; 6MWT, 6-min walking test; Vd/Vt, dead space
fraction; VE/VCO2, minute ventilation to CO2 output; FVC, forced vital capacity; FEV1, forced expiratory volume
in 1 s; DLCO, diffusing capacity of the lung for carbon monoxide; VA, alveolar volume; MMSE, Mini-Mental
State Examination.

3.2. Differences between before and after RMT Program

Before and after RMT were compared with respect to all parameters (Table 2). After
RMT, patients exhibited significant improvements in FEV1 (%), CAT score, mMRC score,
MMSE score, MIP (cmH2O), MEP (cmH2O), SpO2 at rest (%), diaphragmatic thickness
fraction, and diaphragmatic excursion (all p < 0.01). In addition, the Borg scale after 6MWT
was significantly decreased after the RMT program (p = 0.016). No significant differences
were observed in DLCO (%), 6MWT distance (m), and CPET test after RMT program (all
p > 0.05).
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Table 2. Comparison of the difference of parameters between before and after RMT program implementation.

Characteristics before RMT after RMT p Value

Pulmonary function test
FVC (%) 78.25 ± 20.68 81.93 ± 19.14 0.318
FEV1 (%) 40.05 ± 15.09 43.75 ± 15.72 0.002 **

FEV1/FVC (%) 42.05 ± 14.27 41.81 ± 15.82 0.372
DLCO (%) 79.83 ± 26.93 80.33 ± 22.62 0.969
DLCO/VA 86.42 ± 31.44 84.67 ± 27.47 0.563

Clinical score
CAT score 14.17 ± 8.39 9.06 ± 6.06 <0.001 **

mMRC score 1.63 ± 0.98 1.13 ± 0.67 <0.001 **
MMSE 24.39 ± 2.50 26.00 ± 4.13 0.002 **

MIP (cmH2O) 64.08 ± 30.42 80.79 ± 36.93 0.001 **
MEP (cmH2O) 80.86 ± 23.48 99.81 ± 34.57 0.036 *

6MWT
6MWT distance (m) 331.28 ± 70.05 338.80 ± 68.91 0.381

SpO2 at rest (%) 95.19 ± 4.98 96.67 ± 2.77 0.005 *
Nadir SpO2 in 6MWT 92.69 ± 7.97 93.78 ± 4.11 0.466

SpO2 change in 6MWT 2.50 ± 5.82 2.89 ± 3.34 0.174
Borg scale at rest 1.17 ± 1.32 0.83 ± 0.97 0.167

Borg scale after 6MWT 2.89 ± 1.83 2.19 ± 1.65 0.020 *
Borg scale change in 6MWT 1.72 ± 1.61 1.36 ± 1.22 0.232

Sonography evaluation
Diaphragmatic thickness fraction 39.38 ± 28.50 56.40 ± 28.16 <0.001 **

Diaphragmatic excursion 3.00 ± 1.10 3.83 ± 1.31 <0.001 **
CPET
Vd/Vt 32.83 ± 7.18 32.98 ± 6.54 0.576

VE/VCO2 slope 36.63 ± 6.41 36.51 ± 5.62 1.000
CAT, chronic obstructive pulmonary disease assessment test; DLCO, diffusing capacity of the lung for carbon
monoxide; EMT, expiratory muscle training; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 s;
IMT, inspiratory muscle training; MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure; mMRC,
modified Medical Research Council; MMSE, Mini-Mental State Examination; 6MWT, 6-min walking test; SpO2,
oxygen saturation; Vd/Vt, dead space fraction; VE/VCO2, minute ventilation to CO2 output; VA, alveolar volume;
* p < 0.05, ** p < 0.01.

3.3. Differences between the Full RMT Training and Single RMT Training Group

The characteristics of the full RMT training and single RMT training groups were
compared (Table 3). After 8 weeks, both groups exhibited increases in lung function, MIP,
diaphragmatic excursion, and thickness fraction (Figure 2). However, the between-group
difference in the full training (IMT + EMT) and single training (IMT only) groups was not
significant in all parameters listed in Table 3.
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Figure 2. Ultrasonographic evaluation of diaphragm. (A) Diaphragmatic thickness was measured
below the intercostal muscles between the ribs. +: Markers of the anterior and posterior edges of
diaphragm. (B) Amount of diaphragmatic excursion was measured using the M mode to trace the
movement of the posterior edge of liver. +: Markers of the posterior edge of liver during respiration.
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Table 3. The differences between the single training group (IMT only) and the full training group
(IMT + EMT) in patients with COPD after RMT program implementation.

IMT Only (n = 20) IMT + EMT (n = 28) p Value

Pulmonary function test
FVC (%) 83.11 ± 19.54 80.86 ± 19.20 0.722
FEV1 (%) 46.32 ± 16.93 41.43 ± 14.56 0.371

FEV1/FVC (%) 43.55 ± 18.88 40.24 ± 12.72 0.386
DLCO (%) 80.00 ± 27.95 72.29 ± 15.13 0.624
DLCO/VA 90.00 ± 28.66 83.36 ± 25.68 0.711

Clinical score
CAT score 7.75 ± 4.46 10.00 ± 6.91 0.396

mMRC score 1.20 ± 0.62 1.07 ± 0.72 0.667
MMSE 25.78 ± 5.47 26.14 ± 3.23 0.585

MIP (cmH2O) 75.25 ± 38.30 83.82 ± 37.69 0.714
MEP (cmH2O) 99.81 ± 34.57 ---

6MWT
6MWT distance (m) 321.75 ± 73.09 351.92 ± 63.83 0.166

SpO2 at rest (%) 95.95 ± 2.67 96.16 ± 3.45 0.289
Nadir SpO2 in 6MWT 92.25 ± 4.89 92.72 ± 4.93 0.680

SpO2 change in 6MWT 3.70 ± 3.15 3.44 ± 3.88 0.549
Borg scale at rest 0.95 ± 0.89 0.64 ± 0.95 0.160

Borg scale after 6MWT 2.30 ± 1.98 2.60 ± 1.80 0.523
Borg scale change in 6MWT 1.35 ± 1.63 1.96 ± 1.43 0.076

Sonography evaluation
Diaphragmatic thickness fraction 50.74 ± 28.74 60.44 ± 27.55 0.098

Diaphragmatic excursion (cm) 4.00 ± 1.17 3.72 ± 1.40 0.523
CPET
Vd/Vt 31.70 ± 8.52 33.96 ± 4.40 0.230

VE/VCO2 slope 36.21 ± 5.75 36.75 ± 5.62 0.991
Mann–Whitney U test.

3.4. Differences of RMT Training Effect between FEV1 < 30% and FEV1 ≥ 30% among Patients
with COPD

The subgroup analysis of the RMT training effect between different severities of FEV1
in patients with COPD was compared (Table 4). After 8 weeks, both groups exhibited
increases in FVC (%), FEV1 (%), and the distance of 6MWT; and decreases in CAT score,
mMRC score, and Borg scale sore (Table 4). In addition, cognitive function in terms of the
MMSE score improved in both groups. However, only diaphragmatic thickness fraction
exhibited significant between-group differences in improvement (p = 0.044) (Figure 3).
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Table 4. Comparison of the RMT training effect between FEV1 < 30% and FEV1 ≥ 30% in patients
with COPD.

FEV1 < 30% FEV1 ≥ 30% p Value

Pulmonary function test
∆FVC (%) 3.33 ± 17.41 3.82 ± 18.62 0.821
∆FEV1 (%) 3.00 ± 5.22 4.00 ± 7.32 0.666

∆FEV1/FVC (%) −1.80 ± 13.23 0.43 ± 7.34 0.867
∆DLCO (%) 9.33 ± 5.03 −2.44 ± 20.28 0.195
∆DLCO/VA 0.00 ± 6.08 −2.33 ± 10.99 0.864
Clinical score
∆CAT score −6.86 ± 7.49 −4.38 ± 6.92 0.265

∆mMRC score −0.86 ± 1.10 −0.35 ± 0.69 0.074
∆MMSE 2.00 ± 1.87 1.50 ± 2.48 1.000

∆MIP (cmH2O) 8.33 ± 15.64 15.79 ± 23.35 0.549
∆MEP (cmH2O) 18.80 ± 6.08 19.00 ± 23.27 1.000

6MWT
∆6MWT distance (m) 15.92 ± 65.42 4.21 ± 29.50 0.951

∆SpO2 at rest (%) 1.86 ± 1.21 1.38 ± 4.03 0.152
∆Nadir SpO2 in 6MWT 1.57 ± 2.70 0.97 ± 7.20 0.302

∆Borg scale at rest 0.29 ± 0.76 −0.48 ± 1.43 0.122
∆Borg scale after 6MWT −0.71 ± 1.70 −0.69 ± 1.71 0.922
Sonography evaluation

∆Diaphragmatic thickness fraction −6.84 ± 56.35 26.84 ± 28.55 0.048 *
∆Diaphragmatic excursion (cm) 1.09 ± 1.50 0.73 ± 1.14 0.734

CPET
∆Vd/Vt 0.46 ± 5.92 0.02 ± 4.94 0.565

∆VE/VCO2 slope −0.38 ± 3.71 −0.01 ± 5.18 0.678
Mann–Whitney U test. * p < 0.05, ∆: value of parameter after training—value of parameter before training.

4. Discussion

This study yielded three major findings. First, the results of our study indicated
that RMT, both in the full training group (IMT + EMT) and simple training group (only
IMT), could significantly improve not only cognition, but also inspiratory strength, di-
aphragmatic performance, FEV1, and dyspnea scores in the patients with COPD comorbid
with mild cognitive impairment. Second, we observed that even with a baseline FEV1
of <30%, benefits could be derived from RMT in terms of the outcome measures. Third,
we found that patients with preserved lung function (FEV1 ≥ 30%) significantly increased
in diaphragmatic thickness fraction after RMT training. The strength of current study is
that it is the first to use not only clinical score and lung function test, but also apply both
diaphragmatic ultrasonography and the cardiopulmonary exercise test to evaluate the
effect of RMT. To the best of our knowledge, this is the first study to evaluate the different
RMT training models and the impact of RMT in different severities of patients with COPD.

IMT was necessary in both full and simple RMT training groups in the current study,
and the FEV1 was improved after RMT training. Several studies have demonstrated
that IMT can elevate FEV1 [31–34] due to the improvement in trunk control, with more
favorable respiratory biomechanics [35]. In addition, IMT can improve cognitive function,
as reported in a previous study [22]. Many studies have demonstrated the relationship
between hypoxemia and cognitive impairment [36,37]; however, we cannot conclude that
the cognition improvement of our patients was due to the increase of resting SpO2. That is
because the level of SpO2 in our participants never reached the threshold level of hypoxemia.
Since FEV1 level was positively correlated with cognitive function [16], we suggest that
the cognition improvement of this cohort was due to the increase in FEV1 rather than the
increase of resting SpO2 after RMT implementation. However, the underlying mechanism
requires further study.

Our study revealed that RMT implementation, both in the simple and full training
group, improved not only cognition, and FEV1 and SpO2 at rest, but also MIP, diaphrag-
matic thickness fraction, diaphragmatic excursion, and CAT and mMRC scores. The results
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are consistent with those of previous studies [9,38,39]. Weiner et al. reported that dyspnea
was alleviated in IMT-only and IMT + EMT groups, but not in the EMT-only group [38].
Weiner and McConnell concluded that no additional benefit was obtained by adding EMT
to IMT [39]. Xu et al. revealed improved scores of mMRC, CAT, and St George’s Respiratory
Questionnaire in both IMT and IMT + EMT groups, with no significant between-group
differences [9]. One important reason is that expiration is predominantly accomplished
by elastic recoil instead of active muscle contraction, and therefore, the improvement of
inspiratory capacity can also facilitate the performance of expiration. On the contrary,
the improvement of expiratory strength may not be so practical in daily respiration, and
thus, the indicators of life quality, such as CAT and mMRC scores, cannot be further im-
proved through EMT. Our results also showed that the between-group difference in the
full training (IMT + EMT) and single training (IMT only) groups was not significant in all
parameters. In addition, our study further provided the image evidence of ultrasonography
in diaphragmatic excursion and thickness fraction to support the viewpoint that IMT is the
most important part of RMT.

In the current study, the VE/VCO2 slope and Vd/Vt during peak exercise did not
significantly change after the training program in either group. The VE/VCO2 slope, also
known as exercise ventilatory efficiency, is an essential prognostic factor in COPD. Vd/Vt,
also called the dead space fraction, is considered a comprehensive marker of gas exchange
in patients with COPD [40]. RMT cannot enhance ventilator efficiency, and the dead space
fraction is probably because RMT can only improve respiratory muscle strength, and not
alveolar function of gas exchange.

Most of the previous studies recruited patients with higher FEV1, as easy fatigue
during training and poor compliance of training protocol are more common in patients
with FEV1 < 30% [41–43]. However, the subgroup analysis of the current study revealed no
significant between-group difference exhibited in patients with FEV1 < 30% and ≥30%. A
study compared the effect of IMT between patients with baseline FEV1 < 50% and ≥50%,
and revealed that patients with poor lung function (FEV1 < 50%) demonstrated significant
improvement in the sensation of dyspnea after 3 weeks of respiratory training [44]. In our
study, we found that the decreases of CAT score and mMRC score were larger in patients
with FEV1 < 30%, although it did not reach the statistical difference, which may owe to
the small case numbers in the FEV1 < 30% group. A recent meta-analysis demonstrated
the benefit of IMT in improving COPD parameters; the authors reported that a shorter
intervention time (≤4 weeks) improved MIP only, and a longer training period (6–8 weeks)
also improved functional capacity, such as 6MWT distance [45]. Although the training
period of our study was up to 8 weeks, no significant change was found in the 6MWT
distance. One primary reason for this may be that our participants’ MMSE scores were in
the range of MCI, which may affect their ability to achieve full exertion during 6MWT. On
the other hand, 6MWT distance reflects cardiopulmonary aerobic capacity, which could
be improved only after aerobic exercise training theoretically. RMT, which is a form of
strength training, can produce little effect on aerobic capacity. Therefore, inconsistent
results were also mentioned in the past meta-analysis regarding the effect of RMT on
6MWT distance [45]. Further studies may be required to elucidate it.

A major strength of our study is that we incorporated the result of diaphragmatic
ultrasonography to validate improvements in MIP and MEP. Furthermore, parameters
including the VE/VCO2 slope and Vd/Vt obtained in CPET were analyzed to determine
the reason for the change. However, our study has some limitations. First, although
the total number of participants was as per the required sample size for this study, only
14 patients had a baseline FEV1 < 30%, which may have been too few to achieve sufficient
statistical power. The data of the improvement of diaphragmatic thickness fraction from
two patients with FEV1 < 30% even became outliers. The data of the improvement of
diaphragmatic thickness fraction from two patients with FEV1 < 30% even became outliers.
Future studies should include more patients with COPD and a baseline FEV1 < 30% to
validate our findings. Second, MMSE has limited sensitivity and specificity for diagnosing
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MCI against healthy controls [46]. Our participants only had MCI according to MMSE
scores, but they did not have a confirmed diagnosis of MCI. Third, our participants had
MMSE scores suggestive of MCI, which may have affected their compliance with the
RMT program at home, despite us having assigned an assistant to contact and encourage
the participants every week via telephone. Finally, we excluded those with BMI ≥ 30
to improve the reliability of ultrasonographic results, and none of our participants were
female. Therefore, our results may only be applicable to male and non-obese patients
with COPD.

5. Conclusions

Our study results revealed that the 8-week RMT program improved not only cognitive
function, but also CAT score, mMRC score, and diaphragmatic thickness in male and
non-obese patients with COPD comorbid mild cognitive impairment. In addition, we
found that IMT is the most important part of RMT, as the combination of EMT with IMT
was not superior to IMT alone. Furthermore, even patients with a baseline FEV1 of <30%
derive benefits from RMT. Patients with preserved lung function (FEV1 ≥ 30%) significantly
increased in diaphragmatic thickness fraction after RMT training. We suggest that patients
with COPD should start to receive IMT earlier in their disease course to increase their
respiratory strength, and thus, achieve a high quality of life.
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