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Purpose: Whether Internet of Things (IoT)-based home respiratory muscle training (RMT) benefits patients with comorbid chronic
obstructive pulmonary disease (COPD) remains unclear. Therefore, this study aims to evaluate the effectiveness of loT-based home
RMT for patients with COPD.

Patients and Methods: Seventy-eight patients with stable COPD were randomly divided into two groups. The control group
received routine health education, while the intervention group received IoT-based home RMT (30 inspiratory muscle training [IMT]
and 30 expiratory muscle training [EMT] in different respiratory cycles twice daily for 12 consecutive weeks). Assessments took place
pre-intervention and 12 weeks post-intervention, including lung function tests, respiratory muscle strength tests, the mMRC dyspnea
scale, CAT questionnaires, the HAMA scale, and 6-month COPD-related readmission after intervention.

Results: Seventy-four patients with COPD were analyzed (intervention group = 38, control group = 36), and the mean age and FEV,
of the patients were 68.65 + 7.40 years, 1.21 + 0.54 L. Compared to those of the control population, the intervention group exhibited
higher FEV/FVC (48.23 + 10.97 vs 54.32 + 10.31, p = 0.016), MIP (41.72 + 7.70 vs 47.82 + 10.99, p = 0.008), and MEP (42.94 +
7.85 vs 50.29 £+ 15.74, p = 0.013); lower mMRC (2.00 [2.00-3.00] vs 1.50 [1.00-2.00], p < 0.001), CAT (17.00 [12.00-21.75] vs 11.00
[9.00-13.25], p < 0.001), and HAMA (7.00 [5.00-9.00] vs 2.00 [1.00-3.00], p < 0.001) scores; and a lower incidence rate of 6-month
readmission (22% vs 5%, p = 0.033).

Conclusion: Compared with no intervention, loT-based home RMT may be a more beneficial intervention for patients with COPD.
Keywords: chronic obstructive pulmonary disease, internet of things, respiratory rehabilitation, respiratory muscle training

Introduction
Chronic obstructive pulmonary disease (COPD), one of the most prevalent chronic respiratory illnesses worldwide, is
characterized by progressive and persistent respiratory symptoms and limited airflow." Statistics provided by the World
Health Organization (WHO) in 2023 indicated that COPD is currently the third leading cause of death.” According to
a population-based study conducted in mainland China, the incidence of COPD in individuals aged 20 years or older was
8.6%, with approximately 99.9 million patients.> A simulation study theorized that COPD will be an increasingly heavy
economic burden on society due to its high prevalence and fatality rate, long treatment cycle, and recurrent acute
exacerbation in China from 2020 to 2039.* Thus, more cost-effective interventions are needed to prevent its occurrence
and development.

According to the American Thoracic Society/European Respiratory Society (ATS/ERS), pulmonary rehabilitation
(PR) is defined as a comprehensive intervention based on a thorough patient assessment followed by patient-tailored
therapies, which include but are not limited to exercise training, education, and behavior change.” PR is crucial for the
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physical and psychological conditions of people with chronic respiratory disease (CRD). The Global Initiative for
Chronic Obstructive Lung Disease (GOLD) strongly recommends PR, as it is the most cost-effective strategy for
COPD management.® Respiratory muscle training (RMT), which encompasses inspiratory muscle training (IMT) and
expiratory muscle training (EMT), is an essential component of the PR.”® IMT can help improve inspiratory muscle
strength and exercise capacity while relieving dyspnea,” and EMT can alleviate maximal expiratory pressure (MEP).'
However, the current demand for respiratory rehabilitation for COPD patients has not been met. This is because
traditional in-person respiratory rehabilitation approaches provided by healthcare facilities are hampered by transporta-
tion difficulties, a lack of rehabilitation research, and other health problems.“*13 Therefore, there is an unmet need and
urgency for a more efficient, sustainable, and convenient technique for COPD respiratory rehabilitation that must be
addressed.'*'> The Internet of Things (IoT) is an industrial tide that involves computers, the Internet, and communication
networks and is a vital part of healthcare 4.0.'® Recently, IoT technologies have included many features, such as
continuous evaluation, real-time data transmission, personalized treatment, and remote care, which provide a new
alternative for homebound COPD patients.!” Park et al'® reported that exercise capacity and quality of life can be
improved by including a mobile health care app and IoT wearable devices. However, current IoT-based home RMT for
COPD patients is lacking.

This study aims to compare the effects of two interventions (routine health education and IoT-based home RMT) on
lung function, respiratory muscle strength, dyspnea, quality of life, mood state, and 6-month COPD-related readmission
in patients with COPD.

Materials and Methods
Study Design

This study was a single-center randomized controlled trial.

Participants

From April 2023 to June 2023, individuals with COPD from a local community who had just received COPD-related
hospitalization before discharge were enrolled in our study. The inclusion criteria were as follows: (1) aged > 18 years; (2)
diagnosed with stable COPD according to the GOLD criteria and stable for at least 4 weeks before inclusion, postbronch-
odilator forced expiratory volume in a 1 s (FEV)/forced vital capacity (FVC) ratio < 0.7, GOLD stage 1-4 and not worsened
upon enrollment;'? (3) patients or their family caregivers own a smartphone and can utilize the application after training; (4)
patients or their family caregivers can use and are willing to be trained to use the IoT-RMT device; and (5) patients and
families who provided informed consent to participate in the study. The exclusion criteria included patients who received any
research involving PR or patients with a history of severe liver or kidney dysfunctions, malignant tumors, symptomatic
cardiovascular disease, mental illness, or an unwillingness to complete follow-up. All participants were assured of their right
to withdraw from the study at any stage. Ethical approval was obtained through the Xiamen Haicang Hospital Ethics
Committee (No. SY-2022002), and the study was registered at http://www.chictr.org.cn/(ChiCTR2300070633).

Sample Size, Randomization and Allocation
A priori power analysis of lung function-related indicators (FVC, FEV,, and FEV/FVC) was performed using G¥*Power
(version 3.1.9.7, Heinrich-Heine-Universitit Diisseldorf, Germany) to determine the required sample size. The power
(1-p) and a were set to 0.9 and 0.05, respectively, by convention, and the effect sizes d of FVC, FEV,, and FEV/FVC
were 1.082, 0.946, and 0.827, respectively, as determined by Cheng[19] et al.?® The calculated sample size required was
32 in each group. Assuming a 20% withdrawal rate, 76 patients with COPD were expected to be recruited.

The randomization is conducted at the individual level. A random and not repeated sequence was created using
a random number website (https://tools.medsci.cn/rand) containing the numbers 1 to 78. The random sequence was

placed in 78 sequentially numbered, opaque sealed envelopes by someone without direct involvement in the study. Each
envelope was opened in turn according to the order of enrollment. Patients with random sequence numbers ranging from
1-39 (obtained from envelopes) were placed in the control group. The remaining patients were in the intervention group.
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The participants and researchers will know what intervention they have undergone. Therefore, only the assessor will be
blinded (single blinded).

A flowchart of the participants (Figure 1) shows that 88 subjects were enrolled between April 2023 and June 2023,
but 10 participants were excluded because they did not have stable COPD, declined to participate, or had other PRs. Four
COPD patients opted out of the study after enrollment for the following reasons: withdrawal or loss to follow-up for two
patients and personal reasons for the remaining two patients.

Intervention
The control group received routine health education supported by respiratory physicians and nurses via telephone or the
internet at home (including respiratory function exercises [lip contraction breathing and abdominal breathing], effective
coughing, precautions for home oxygen therapy, and drug guidance), and telephone follow-ups.

On the other hand, the intervention group received the following IoT-based home RMT: (1) Materials: the IoT-
based home RMT system (XEEK [Xiamen] Medical Equipment Co., Ltd., China, http://www.xeek.cn/), which
included an IoT-RMT device (Fujian Provincial Food and Drug Administration approved for medical applications

[approval number: 20172070241]), an IoT cloud, and a companion application. The [oT-RMT is a pressure threshold
breathing training device that can independently adjust IMT and EMT loads and record maximal inspiratory pressure
(MIP), MEP, inspiratory/expiratory volume, inspiratory/expiratory times, and total energy. The data obtained from
the IoT-RMT device can be updated in real time on the companion application and the IoT cloud. In this way, the
respiratory physician was allowed to remotely adapt respiratory loads according to patient feedback and make home
PR timely, convenient, and precise for patients. The study staff delivered an IoT-RMT device and assisted
participants or family caregivers with downloading the companion application upon enrollment. All devices were
functionally tested prior to distribution to patients. (2) Procedures: All participants needed to complete the RMT and

Assessed for eligibility

(n=88)
Excluded (n=10):
| Not meeting stable COPD (n=5)
Declined to participate (n=3)
With other pulmonary rehabilitation (n=2)
RANDOMIZED (n=78)
Y Y
INTERVENTION (n=39) Allocation CONTROL (n=39)

Y A

Withdrawal from follow-up (n=3):
Withdrawal from follow-up (n=1):
Lost follow-up (n=2)
For personal reasons (n=1)
For personal reasons (n=1)

Y A

ANALYZED (n=38) Analysis ANALYZED (n=36)

Figure | Participants flowchart.
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IMT for twelve consecutive weeks. (3) Intervention providers: The IoT-based home RMT procedures were carried
out by two respiratory nurses, who had 3 years of experience in respiratory rehabilitation and were properly trained
in the use of the device. (4) The modes of delivery of the intervention: respiratory nurses demonstrated (face-to-
face) the detailed steps of device and companion application use and how to perform respiratory training until
participants could independently repeat these steps. If participants reported any difficulties during the study, the
study staff provided remote video coaching. (5) Intervention location: Participants learned about the IoT-based home
RMT procedures at the outpatient respiratory clinic of Xiamen Haicang Hospital on the day of enrollment, after
which they could complete the IMT and EMT training at home. (6) The number of times the intervention occurred:
All participants needed to complete 30 IMT and 30 EMT iterations in different respiratory cycles twice daily for
twelve consecutive weeks. (7) Tailoring: The initial inspiratory/expiratory loads of the [oT-RMT device were set by
the respiratory physician per 30% of MIP/MEP of patients on the day of enrollment. (8) Modifications: Weekly
contact asking how participants feel when they train. If they felt they were slightly strenuous, the physician
maintained their original inspiratory and expiratory load, whereas if they felt they were not strenuous at all/not
very strenuous, the inspiratory/expiratory load adjusted remotely by the physician per 30% of the average MIP/MEP
of the final week via the connection between the [oT-RMT device and the IoT cloud. (9) Regarding intervention
adherence, the study staff obtained training data from the IoT cloud, and they sent reminders to participants at 21:00
by telephone if training completion was not acquired by the IoT cloud; additionally, the study staff will phone the
participants the next day and then ask verbally about reasons if there is still no training.

Outcome Measures and Data Collection

The primary outcome measures were lung function-related indicators (FVC, FEV;, and FEV/FVC). The secondary
outcome measures were respiratory muscle strength-related indicators (MIP and MEP), the modified Medical Research
Council dyspnea scale (nMRC, one entry scored from 0-4),>' the COPD Assessment Test (CAT, consisting of eight
entries [cough, expectoration, chest tightness, shortness of breath, ability to perform daily activities, ability to go out,
sleep, and energy] with each entry score ranging from 0-5),%* the Hamilton Anxiety Scale (HAMA, 14 entries and scored
from 0-4),> 6-month COPD-related readmissions after the intervention began (emergencies were excluded), and the
feasibility of the [oT-based home RMT system intervention.

Patient demographic and clinical data were collected from an electronic medical system; if necessary, patients were
consulted by telephone for unclear or missing information. All COPD patients completed the lung function test,
respiratory muscle test, mMRC dyspnea scale, CAT questionnaires, and HAMA scale before the intervention and 12
weeks after the intervention at the outpatient respiratory clinic. The lung function test was performed using a lung
function instrument (PowerCube-body™, GANSHORN, Niederlauer, Germany). The respiratory muscle strength test was
performed using an IoT-RMT device (portable pulmonary function instrument X2®, XEEK, Xiamen, China). Dyspnea
was measured with the mMRC dyspnea scale, quality of life was measured with the CAT questionnaires, and mood state
was measured with the HAMA scale. COPD patients were asked to complete the questionnaires above on site. Participant
adherence information was collected from the IoT cloud after the end of the intervention. Thirty patients who completed
the IMT or EMT were considered to have one adherence, and the outcome of the feasibility of the intervention was
measured as the adherence rate (adherence times/total number of times X 100%). Six months after the start of the
intervention, the study staff will phone the patients and verbally ask about COPD-related readmissions. Before collecting
the data, all the investigators received unified training.

Statistical Analysis
All the data were entered twice into Excel, and all the statistical analyses were performed using R programming language
version 4.3.1 (R Foundation for Statistical Computing, https://www.r-project.org/). Student’s ¢ tests and Mann—Whitney

U-tests (either group that did not follow the normal distribution) were used for metrological data. The Chi-square test and
Fisher’s exact test were used for enumeration data. All tests of statistical significance were two-sided, with a significance
value of p < 0.05.
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Results

Seventy-four (95%) patients completed the study, and the mean adherence rate of seventy-four patients was 81%
(attendance ranged between 65% and 100%). The mean (SD) age was 68.08 (5.90) years for the 36 patients in the
intervention group and 69.19 (8.64) years for the 38 patients in the control group. The baseline demographic and clinical
characteristics are presented in Table 1, and there were no significant differences between the two groups before the
intervention (all p > 0.05).

As shown in Table 2, the pro-training mean (SD) of FEV; (p = 0.049), FEV/FVC (p = 0.008), MIP (p = 0.042), and
MEP (p = 0.044) in the intervention group were markedly higher, and the mMRC score (p < 0.001) was lower than the
pre-training mean. For group comparisons, there were significant differences in FEV{/FVC (p = 0.016), MIP (p = 0.008),
MEP (p = 0.013), and mMRC scores (p < 0.001) between the two groups.

The CAT and HAMA scores of the COPD patients were significantly improved in the group comparison and before
and after intervention comparison (p < 0.001), as presented in Table 3.

A lower incidence of COPD patients with a 6-month readmission was observed in the intervention group (2/38) than
in the control group (8/36) and was statistically significant (x’=4.549, p = 0.033).

Table | Baseline Demographic and Clinical Characteristics

Variable Total Control Group Intervention Group tizlx* p value
(n=74) (n=36) (n=38)
Age (y), mean (SD) 68.65 + 7.40 68.08 + 5.90 69.19 £ 8.64 —0.646 0.520%
Male, n (%) 67 (90.5) 34 (94.4) 33 (86.8) 0518 0.472°
Height (m), mean (SD) 1.65 + 0.08 1.66 + 0.06 1.65 + 0.09 0.467 0.642%
Weight (kg), mean (SD) 60.66 * 9.65 60.83 + 10.68 60.51 +8.70 0.144 0.886*
BMI (kg/m?), mean (SD) 2220 + 3.14 22.18 £ 3.66 2222 +2.60 —0.063 0.950*
Smoker, n (%) 67 (90.5) 34 (94.4) 33 (86.8) 0518 0.472°
Use of medication, n (%) 48 (64.9) 25 (69.4) 23 (60.5) 0.645 0.422°
Use of long-term oxygen, n (%) 47 (63.5) 23 (63,9) 24 (63.2) 0.004 0.948 °
GOLD stage, n (%) - 0.570°
Stage | 34.1) 1 (2.8) 2(5.3)
Stage 2 23 (324) 12 (33.3) 12 (31.6)
Stage 3 28 (37.8) 16 (44.4) 12 (31.6)
Stage 4 19 (25.7) 7 (194) 12 (31.6)
GOLD ABE assessment, n (%) 0.029 0.084°
B group 26 (35.1) 13 (36.1) 13 (34.2)
E group 48 (64.9) 23 (63.9) 25 (65.8)
FVC (L), mean (SD) 244 £ 0.76 2,61 £0.82 2.27 + 0.68 1.973 0.052%
FVC% predicted (%), mean (SD) 75.13 £ 1227 7543 £ 17.27 7484 £ 17.52 0.146 0.884*
FEV, (L), mean (SD) 1.21 £ 0.54 1.31 £ 0.54 I.Il £0.52 1.587 0.117%
FEV,% predicted (%), mean (SD) 44.13 + 2036 46.04 + 18.06 42.32 + 2241 0.783 0.436*
FEV,/FVC (%), mean (SD) 48.58 + 12.07 49.80 + 12.34 4742 + 11.86 0.846 0.400*
MIP (cmH,0), mean (SD) 41.95 + 10.93 42.00 * 6.90 41.89 + 13.82 0.042 0.967%
MEP (cmH,O), mean (SD) 43.77 + 10.54 44.11 * 6.81 4345 % 1323 0.273 0.786%
mMRC score, median (IQR) 2.00 (2.00-3.00) 2.00 (2.00-3.00) 3.00 (2.00-3.00) —-1.814 0.070¢
CAT score, median (IQR) 18.00 (14.75-23.25) | 17.50 (12.00-20.00) 18.50 (16.00-24.25) —1.661 0.097¢
HAMA score, median (IQR) 6.00 (5.00-7.00) 6.00 (5.00-7.00) 5.00 (2.00-6.00) —1.564 0.118¢

Notes: ® Student’s t-test; ® Chi-square test;  Fisher’s exact test ¢ Mann—-Whitney U-test.

Abbreviations: BMI, body mass index; GLOD, Global Initiative for Chronic Obstructive Lung Disease; FVC, forced vital capacity; FEV|, forced expiratory
volume in | s; FEV,/FVC, forced expiratory volume in | s/ forced vital capacity; MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure; mMRC,
the modified Medical Research Council dyspnea scale; CAT, the COPD Assessment Test questionnaires; HAMA, the Hamilton Anxiety scale; SD, standard
deviation; IQR, interquartile range.
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Table 2 Comparison of Lung Function-Related Indicators, Respiratory Muscle
Strength-Related Indicators and Dyspnea in COPD Patients Between Two Groups

Variable Control Group | Intervention Group | p, value
(n=36) (n=38)
FVC (L), mean (SD)
Pre-training 261 +0.82 2.27 £ 0.68
Post-training 2.59 £ 0.78 248 = 0.12 0.520%
Mean difference —0.02 £ 0.25 0.21 +0.21
95% ClI —0.10 to 0.07 0.14 to 0.28
p2 value 0.923° 0.206°
FVC% predicted (%), mean (SD)
Pre-training 7543 £ 17.27 7484 + 17.52
Post-training 75.21 £ 16.98 82.17 + 21.81 0.1317
Mean difference -0.22 + 6.49 733 £8.16
95% ClI —242to 1.97 4.65 to 10.01
p2 value 0.956* 0.110*
FEV, (L), mean (SD)
Pre-training 1.31 £ 0.54 1.1l £0.52
Post-training 1.25 + 0.45 1.36 + 0.55 0.342*
Mean difference —0.06 £ 0.21 025+ 0.16
95% ClI —0.13 to 0.0 0.19 to 0.30
p2 value 0.605* 0.049*
FEV,% predicted (%), mean (SD)
Pre-training 46.04 + 18.06 42.32 + 2241
Post-training 44.04 £ 15.66 51.90 + 25.18 -0.079 *
Mean difference —2.00 + 6.69 9.57 + 7.42
95% ClI —4.26 to 0.26 7.13 to 12.01
p2 value 0.618* 0.084*
FEV,/FVC (%), mean (SD)
Pre-training 49.80 + 12.34 4742 + 11.86
Post-training 4823 £ 10.97 54.32 + 10.31 0.016
Mean difference —1.57 £ 5.61 6.90 + 8.22
95% ClI —3.47 t0 0.32 4.20 to 9.60
p2 value 0.570% 0.008°
MIP (cmH,0), mean (SD)
Pre-training 42.00 + 6.90 41.89 + 13.82
Post-training 4172 £7.70 47.82 + 10.99 0.008*
Mean difference —0.28 *+ 4.05 592 + 76l
95% ClI —1.65 to 1.09 3.42 to 8.42
p2 value 0.872* 0.042*
MEP (cmH,0), mean (SD)
Pre-training 44.11 + 6.81 4345 + 1323
Post-training 42.94 £ 7.85 50.29 + 15.74 0.013*
Mean difference —0.17 £ 4.77 6.84 £ 5.10
95% ClI —2.78 to 0.45 5.17 to 8.52
p2 value 0.503* 0.044*
mMRC score, median (IQR)
Pre-training 2.00 (2.00-3.00) 3.00 (2.00-3.00)
Post-training 2.00 (2.00-3.00) 1.50 (1.00-2.00) <0.001°
Mean difference N.A. N.A.
95% ClI N.A. N.A.
p value 0.682° <0.001°
Notes: *Student’s t-test; bmann—Whitney U-test.
Abbreviations: FVC, forced vital capacity; FEV|, forced expiratory volume in | s; FEV|/FVC, forced
expiratory volume in | s/ forced vital capacity; MIP, maximal inspiratory pressure; MEP, maximal expiratory
pressure; mMMRC, the modified Medical Research Council dyspnea scale; SD, standard deviation; 95% Cl, 95%
confidence interval.
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Table 3 Comparison of Quality of Life and Mood State in COPD Patients Between
Two Groups

Variable Control Group Intervention Group | p, value

(n=36)

(n=38)

CAT score, median (IQR)

Pre-training

Post-training 17.00 (12.00-21.75) 11.00 (9.00-13.25) < 0.001
Mean difference —0.03 +2.24 —742 + 4.68
95% ClI —0.78 t0 0.73 —8.96 to —5.88
b, value 0.955 < 0.001
HAMA score, median (IQR)
Pre-training 6.00 (5.00-7.00) 5.00 (2.00-6.00)
Post-training 7.00 (5.00-9.00) 2.00 (1.00-3.00) < 0.001

17.50 (12.00-20.00)

18.50 (16.00-24.25)

Mean difference 1.14 £2.23 —3.53 £2.96
95% ClI 0.38 to 1.89 —4.50 to —2.55
p, value 0.307 < 0.001

Note: Analyzed by Mann—Whitney U-test.
Abbreviations: CAT, the COPD Assessment Test questionnaires; HAMA, the Hamilton Anxiety scale; IQR,
interquartile range; 95% Cl, 95% confidence interval.

Discussion

This study aimed to compare the effects of routine health education and loT-based home RMT interventions in patients
with COPD. The results showed that compared to the control population, the intervention group exhibited higher FEV1/
FVC, MIP, and MEP; lower mMRC, CAT, and HAMA scores; and a lower incidence rate of 6-month readmission.

The COVID-19 pandemic has driven the increased use of telemedicine.”* We have seen that advanced informa-
tion and communications technology implementations, such as the IoT, have grown enormously in medicine in
recent years.”> However, little attention has been given to pulmonary telerehabilitation, and the practical function-
ality of the IoT in PR remains largely unexplored. IoT-based telerehabilitation has simplified medical visits or
treatments because it allows continuous monitoring and direct access to data by healthcare providers. In this study,
our research group evaluated the benefits of the IoT-based home RMT system in COPD for the first time. The
feasibility and efficacy of loT-based telerehabilitation have been reported in other fields, such as cardiac rehabilita-
tion, limb rehabilitation after chronic stroke, and postoperative rehabilitation after total hip replacement.® 2
Currently, IoT-based management of home noninvasive positive pressure ventilation is emerging and yielding
positive findings. In our study, our results were positive. Researchers who are concerned about the age of the
COPD population are relatively more concerned that they may not have accepted new things, but our findings
showed otherwise. Even though the mean age of the intervention group was 69.19 years, their adherence rate (81%)
was not low due to sufficient training, continuous technical support and exercise reminders. Patients who adhered to
training provided feedback that the IoT-based RMT addresses the needs of home-based rehabilitation and doctor—
patient communication. Meanwhile, some patients who did not adhere provided feedback that they wanted to reduce
training days per week so that they could take care of grandchildren on weekends. Therefore, an appropriate number
of training days per week need to be considered in our follow-up study.

Watsford et al’s?® report on a study of older women indicated that eight weeks of RMT significantly increased
MIP by 22%, MEP by 30%, and improved FVC. Similarly, we found that the MIP and MEP in the intervention
group were greater before and after the intervention, but the improvement in the MIP did not exceed the minimum
clinically important difference (MICID). According to a recent Cochrane review of the IMT, the mean difference in
the MIP (14.57 cmH,0) was also not consistent with that of the MICID (17.2 cmH,0).*° IMT with a 30% MIP
inspiratory load was proven to be effective in enhancing MIP and respiratory muscle endurance.’! In a recent
systematic review, EMT was considered beneficial and led to a small but significant improvement.'® Previous works
also demonstrated that muscle plasticity at different age stages varied, but progressive resistive training in older
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individuals was similarly effective.*? Therefore, in our study, the IoT-based home RMT also improved respiratory
muscle strength for COPD patients with a higher mean age (68.65 + 7.40 years). Unlike in Watsford et al’s*® study,
in our study, the FEV,; and FEV,/FVC improved after training more than before training, but no significant
difference in the FVC was found between the two groups. A systematic review showed that IMT combined with
EMT improved the MIP and MEP compared with those in the control group.® Our results may be because the
combined effect of IMT plus EMT increases the strength of respiratory muscles and improves airway resistance,
which in turn improves lung function.

Dyspnea is a common clinical symptom in patients with moderate, severe, or very severe COPD. Some patients avoid
dyspnea by becoming sedentary or using a high proportion of MIPs to inhale; however, these activities may further
aggravate the feeling of dyspnea.’® Evidence-based clinical practice guidelines note that in addition to optimal medical
therapy, IMT may be considered for treating dyspnea symptoms.** In our study, we found that patients who participated
in the IoT-based home RMT intervention experienced significantly less exertional dyspnea than did those in the control
group. Ramirez-Sarmiento et al*> reported in a randomized trial that both the strength and endurance of the inspiratory
muscle increased in the IMT group, and this improvement was associated with structural remodeling of the inspiratory
muscles (including increases in the proportion of type I muscle fibers [anti-fatigue] and the size of type I muscle fibers
[generate strength]). Therefore, the lower dyspnea in the intervention group may be because of structural remodeling of
the inspiratory muscles, which may increase the strength and endurance of the inspiratory muscle and improve the work
efficiency of the inspiratory muscle.*®

Some studies have demonstrated that the threshold IMT device can reduce dyspnea and improve respiratory muscle
strength, quality of life, and depressive and anxious moods.>”** A previous study revealed that EMT reduces symptoms
and improves the quality of life of patients with severe COPD.*® The findings of the present study corroborate the above

studies. Dyspnea is an important variable that affects quality of life,*

and a decrease in quality of life potentially
underlies the development of anxiety.*' Thus, we speculate that continuous RMT mitigating dyspnea could increase
patients’ quality of life. Furthermore, the potentially enhanced self-care ability associated with these two factors may
have a composite and positive impact on anxiety.

Previous studies established that a 17.9-63.0% incidence of COPD patients with a 6-month readmission,** and
compared with no readmission, COPD readmission was an independent risk factor for in-hospital mortality.*> We found
that the percentage of COPD patients who were readmitted six months after IoT-based home RMT was significantly
lower than that of the control group (5% vs 22%; p = 0.033). Previous studies revealed that higher CAT scores (OR: 1.14;
95% CI: 1.04-1.24)* and dyspnea (OR: 1.87; 95% CI: 0.98-3.28)*° were significant risk factors for COPD readmission.
Puhan et al*® reported a reduction in readmission following respiratory rehabilitation after acute exacerbation of COPD
(pooled relative risk: 0.26). Therefore, RMT might relieve dyspnea and decrease CAT scores, reducing the overall
occurrence of readmission in COPD patients.

Study Limitations

The main limitation of this study is that there is no traditional combined RMT group for identifying the differences or
superiorities of loT-based RMT systems. Second, although this study was single-blind (assessor-blinded), it is possible
that the assessor was aware of the patient group because the participants may have revealed their allocated group to the
assessor (detection bias). Third, the sample size was relatively small; thus, we could not perform any subgroup
analyses per the GOLD guidelines. Fourth, the number of follow-ups (only two times) was low, which does not allow
for assessing the effects four or eight weeks postintervention or the best timeframe for the intervention. Fifth, we did
not assess subject satisfaction or attitude regarding the IoT-based home RMT. Moreover, in follow-up research, we will
focus on patient-relevant outcomes, such as quality of life, and the other limitations above will be explored further in
future research.

Conclusion
Our research group evaluated the benefits of the IoT-based home RMT system in COPD for the first time. Compared with
routine health education, this 12-week loT-based home RMT program may be effective at improving pulmonary function
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and lowering mMRC scores, CAT scores, HAMA scores, and 6-month readmission of COPD patients. Regarding
respiratory muscle strength, the improvement in the MIP was also statistically significant but not clinically significant
because it did not exceed the MCID. This study provides essential evidence for respiratory rehabilitation via IoT.
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