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Background: As chronic obstructive pulmonary disease (COPD) progresses, it can limit physical activity, resulting in reduced
mobility. And patients with COPD have a higher incidence of cognitive impairment compared to normal individuals. The aim of this
study was to investigate the effect of breathing training in COPD patients’ gait and cognitive function by changing the body position.
Study Design and Methods: Eighty-three COPD patients were recruited and randomized (1:1:1) into a head-down strong
abdominal breathing training group (HDBT), a head-down training group (HDT), and a strong abdominal breathing training group
(BT). Cognitive function and gait performance were assessed after the intervention by comparing patients’ stride frequency, stride
length, step speed and Montreal cognitive assessment(MoCA) scores.

Results: 63 patients completed this study. After 12 weeks, in terms of Obstacle walking tasks gait, the HDBT group significantly
improved the performance of COPD patients in obstacle walking tasks in terms of stride length (73.29+0.64, P<0.001), step speed
(97.73£0.47, P=0.018) performance. At the same time, we also found that there was no statistical difference in the gait performance of
each group in the walking task (P > 0.05). In terms of cognition, cognitive function scores(MoCA) were significantly higher in HDBT
(P<0.001) HDT (P<0.001), and BT (P<0.001) compared to baseline.

Conclusion: A 12-week HDBT program elevated cognitive function and improved stride length and speed metrics during an obstacle
walking task in patients with stable COPD.

Clinical Trial Registration Number: chictr2400080452(30/01/2024).

Plain Language Summary:

Why was this study done?

People with chronic obstructive pulmonary disease (COPD) often face challenges with movement and thinking skills as their condition
worsens. Everyday tasks like walking around obstacles can become harder, and memory or focus may decline. This study tested
whether simple breathing exercises—with or without body position changes—could improve walking ability and cognitive health in
people with stable COPD.

What did the researchers do?

Researchers divided 63 adults with COPD into three groups for 12 weeks:

Group 1 practiced breathing techniques while lying head-down.

Group 2 did head-down positioning without breathing exercises.

Group 3 did breathing exercises in normal sitting/standing positions.

They measured changes in walking patterns (step length, speed) during regular and obstacle-filled paths, along with cognitive tests.
What did they find?

The head-down breathing group showed clearer improvements in stepping over obstacles compared to other groups.
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All groups scored better on cognitive tests after 12 weeks.

Simple walking (without obstacles) showed no meaningful changes across groups.

What do these results mean?

Combining breathing practice with position changes may help people with COPD move more confidently in challenging situations like
avoiding tripping hazards. The cognitive improvements across all groups suggest breathing exercises alone—whether lying down or
upright—could support brain health in COPD. While longer studies are needed, these non-drug approaches show potential for helping

people stay active and mentally sharp. Patients and healthcare teams might consider adding similar exercises to daily routines.

Keywords: chronic obstructive pulmonary disease, pulmonary rehabilitation, diaphragm, head-down position, gait analysis, dual-
tasking

Introduction

Chronic obstructive pulmonary disease (COPD) is a prevalent, preventable, and treatable condition marked by persistent
airflow limitation. This disease primarily results from prolonged exposure to inhaled particles, such as cigarette smoke
and environmental pollutants, in addition to genetic, developmental, and socio-environmental factors.! In patients with
COPD, as the disease progresses, the stiffness of neck and shoulder soft tissues and joints restricts the physical activities
of patients, including head extension, high tension of neck muscles,” thoracic kyphosis, and shoulder internal rotation,
weakened contractile properties of diaphragm fibers, reduced elasticity, loss of serial sarcomeres, destruction of muscle
fibrin, and morphological changes of diaphragm.® The diaphragm plays a crucial role in sustaining normal ventilation. In
patients with COPD, systemic inflammation and hyperinflation can result in mechanical alterations that impair diaphrag-
matic function.* These alterations place the diaphragm in a mechanically disadvantaged position, diminishing its capacity
to generate airflow and pressure, increasing the work of breathing, and ultimately leading to diaphragmatic fatigue.’
Furthermore, these alterations can lead to symptoms such as chest tightness, weakness of inspiratory muscles, elevated
respiratory resistance, and dyspnea, and may also impair physical activity and walking capacity.® At the same time,
COPD patients are often accompanied by cognitive impairment, which is mostly manifested by impaired language
learning, language processing, and language memory.”® Long-term hypoxemia and hypercapnia, as well as chronic
inflammatory reactions, may damage brain function, resulting in memory loss, inattention, and executive dysfunction.’
Greater cognitive resources are required when performing cognitive tasks, resulting in increased blood flow to areas of
high neural activity and a corresponding increase in oxygenated hemoglobin (O,Hb) content.'® At the same time, studies
have shown that the stride time variability of COPD patients is greater.'' This will have a significant impact on the
quality of life and independence of patients with COPD. In addition, chronic pain, activity limitations, and psychological
stress can also exacerbate the risk of cognitive decline.'” Therefore, it is particularly important for COPD patients to
improve diaphragm function and pay attention to cognitive function. In rehabilitation training, with the emergence of
handstand equipment, more and more people use this equipment for rehabilitation treatment. A study on head-down
training in older people shows that the change of body position has a certain impact on cerebral blood flow, and can also
reduce the psychological pressure in older people’s life and improve their sleep quality.'® In another study on the
magnitude of diaphragmatic excursion of head down to healthy people, it was concluded that healthy subjects obtained
the best change of hemidiaphragm excursion by using a 30 °head down tilt position,'* and the application of breathing
training could also improve the cognitive function of COPD patients.'® Therefore, the aim of this study was to investigate
the effects of head-down strong abdominal breathing training on gait and cognitive performance in patients with stable
COPD. So as to provide clinical treatment ideas for the rehabilitation of cognitive function and gait stability of COPD
patients. We hypothesized that 12 weeks of head-down strong abdominal breathing training would improve cognitive
function and gait performance in COPD patients.
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Methods

Design

In this study, 83 COPD patients (GOLD I) were recruited and randomly assigned to head down strong abdominal
breathing training group (HDBT), strong abdominal breathing training group (BT), head down training group (HDT)
according to the ratio of 1:1:1. 20 people were lost during the training. All subjects received rehabilitation training (PR)
for 60 min three times a week for 12 weeks.'®!” Cognitive function and gait performance were measured in each group

before and after the experiment.

Subjects

The subjects of this study were patients with mild COPD at a stable stage. The recruitment information was publicized by
posting posters in the community, on-site explanations, and WeChat group publicity. Those who are interested in
participating in this experiment will be uniformly arranged to have lung function screening in the Department of
Respiratory and Critical Care Medicine, Navy Anqing Hospital of the People’s Liberation Army. The screening personnel
underwent specialized training by the chief physician of the respiratory department and adhered strictly to the established
COPD diagnostic criteria during the screening process.

Inclusion Criteria
COPD was diagnosed according to the global onset of obstructive pulmonary disease (GOLD) criteria (1 s forced
expiratory volume (FEV1) / forced vital capacity (FVC) <70%), aged between 55-80 years, and at GOLD stage 1.

Exclusion Criteria

(1) During the first 4 weeks, there was one exacerbation of chronic obstructive pulmonary disease (COPD), a history
of chronic heart failure, stroke, or other high-risk cardiopulmonary or orthopedic conditions, including critical
aortic stenosis, early post-myocardial infarction, or lower limb amputation;

(2) Diagnosis of lung cancer or history of thoracoabdominal surgery;

(3) Body mass index (BMI) > 30;

(4) Hospitalized patients;

(5) Visual or auditory impairments, as well as color vision deficiencies;

(6) Administered medications with the potential to induce cognitive impairment;

(7) Underwent pulmonary rehabilitation within the past 12 months, or is currently engaged in an exercise program;

Randomization and Concealment

Randomization

83 patients with COPD were recruited in this study. All participants were randomly divided into three groups. The
random sequence generator (www.random.org) generated the sequence and sealed the sequence in an envelope before
randomly distributing it to the participants. Then 83 subjects were divided into HDBT, HDT, and BT groups according to
the ratio of 1:1:1.

Allocation Concealment
Place the distribution order in sealed opaque envelopes numbered sequentially. Open the corresponding envelope, and the
subjects will conduct the test according to the order in the envelope.

Adherence and Adverse Events

Compliance

Throughout the intervention, patients were monitored weekly via telephone to assess their feelings, feedback, or
suggestions regarding their participation in the study, with responses provided accordingly. Compliance with the trial
protocol was also documented, including reasons for failure to meet inclusion criteria (eg, age, incorrect diagnosis, etc).
Instances where subjects did not complete the assigned intervention, received alternative interventions, or did not adhere
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to the experimental protocol at all were also recorded. Additionally, the number of subjects who were unable to complete
the trial and the associated reasons were documented.'® However, relevant data collected from patients who dropped out
midway through the study were not included in the data analysis in the results section of the study.

Adverse Events
Any adverse events during the trial, including dizziness, headache, nausea, etc.

Experimental Plan

One week before the experiment, patients focused on learning head-down strong abdominal breathing exercises and
training. This ensured that participants could perform the required actions correctly during the formal trial. During the
formal experiment, the lung rehabilitation training of each group will be carried out according to the experimental
operation requirements and the principle from easy to difficult. For the HDBT and HDT groups, subjects were asked to
empty their bowels before each training session and to perform rehabilitation exercises at least 1 h after meals. The
intervention consisted of 60-minute sessions, conducted three times a week. Each session included 5 minutes of warm-up
adaptation exercises at the beginning, followed by 50 minutes of head-down strong abdominal breathing training or head-
down training, and concluded with 5 minutes of stretching exercises for relaxation. For the group involving abdominal
breathing (HDBT, BT), the respiratory rate should be set at 20-30 beats/min (metronome prompt) to maintain the target
heart rate, and the target heart rate = (220 age) x (0.65-0.85)."* 2! Head-down training (see Figure 1) was performed on
an inverted and upside-down fitness device (Patent No. 201821510570.5) with an inclination angle of 0-30 °. For the BT
group, strong abdominal breathing exercises were performed in a seated position. The intervention period is 12 weeks.
During the intervention period, if patients cannot continue to carry out relevant training, they can appropriately increase
the short rest. The cumulative exercise duration of a single intervention can reach the standard.

HDBT

First, lay the patient’s body on the handstand trainer and present a tilted state with the head lower than the feet. The
selection of tilt angle is based on the actual acceptability of patients and adjusted in the range of 0 ° =30 °. Secondly,
strong abdominal breathing is breathing by consciously increasing the respiratory rate based on abdominal breathing.
Finally, the handstand trainer was combined with strong abdominal breathing training.

Exercise plan (number of groups * duration * interval between groups): Week 1-2: 10 groups *3 minutes *2 minutes.
Weeks 3-6: 5 groups *8 minutes *2 minutes. 7-12 weeks: 1 group *50 minutes. Among them, the frequency of each
breath is 20-30 times/min (metronome prompt).

Figure | Head down training.
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Motion sensation: when breathing in the abdominal style, you will feel the fluctuation of the abdomen. At the
same time, because in the head-down state, you may feel the pressure on the chest when breathing in. In addition, to
maintain the balance and stability of the body, this may cause fatigue or soreness in the muscles of the upper and
lower limbs.

The main muscles involved: are the diaphragm, abdominal muscles (including rectus abdominis, external oblique
abdominis, internal oblique abdominis, and transverse abdominis), intercostal muscles, and auxiliary respiratory muscles.

HDT

Place the patient’s body on the handstand trainer and tilt the head below the feet. The selection of tilt angle is based on
the actual acceptability of patients and adjusted in the range of 0 ° —30 °.

Exercise plan (number of groups * duration * interval between groups): Week 1-2: 10 groups *3 minutes *2 minutes.
Weeks 3-6: 5 groups *8 minutes *2 minutes. 7-12 weeks: 1 group *50 minutes.

Motion sensation: in the head-down state, you may feel the chest compression increase during inspiration. At the same
time, in head-down training, the upper and lower limbs may need to provide additional support to maintain the balance and
stability of the body. This may cause fatigue or soreness in the muscles of the upper and lower limbs.

Main muscles involved: mainly involving core muscles (abdominal muscles, back muscles), upper limb muscles
(deltoid muscles, rotator cuff muscles, biceps brachii and triceps brachii), lower limb muscles (quadriceps femoris,
triceps crus, etc), and other auxiliary muscle groups.

BT

With the body in a sitting position, place one hand (usually the right hand) near the belly button of the abdomen to sense
the ups and downs of the abdomen. Inhale slowly and deeply through the nose, and feel the abdomen gradually bulge
outward as you inhale. When inhaling, you should relax your shoulders and chest to avoid the interference of chest
breathing. The inspiratory time can be controlled at about 2 seconds, and then exhale slowly and evenly through the
mouth or nose, while feeling the abdomen gradually concave inward with exhalation. When exhaling, abdominal muscle
contraction is applied to push the diaphragm upward, and all exhaust gases are discharged from the lungs. The exhalation
time can be controlled at about 3 seconds to ensure that the time ratio of inspiration and expiration is 1:2 or 1:3.

Exercise plan (number of groups * training time): 1 group *50 minutes, lasting for 12 weeks

Motion sensation: the body gradually heats up, the breathing deepens and accelerates, and there is slight soreness in
the legs and feet.

Main muscles involved: quadriceps of the thigh, triceps of the calf, gluteus maximus of the hip, etc.

Relevant Outcome Measures

Relevant outcome indicators were cognitive scores at baseline and after 12 weeks and gait during task walking.
Patients’ gait performance was assessed by changes in stride frequency, stride length, and step speed during the task,
while cognitive function was evaluated with the Montreal Cognitive Assessment (MoCA) under resting conditions."!
MoCA is one of the validated ways to evaluate cognitive function.?” It is important to identify the effectiveness of
interventions.

Gait Test

The gait test in this study was tested through a walking task in two contexts. The first type of task is a walking task
(walking back and forth three times on a 10-meter-long trail, a total of 30 meters'®), and the second type of task is the
obstacle walking task (walking back and forth three times on a 10-meter-long trail, a total of 30 meters, at the same time,
barriers about 15cm high were placed on the center of the 10-meter-long trail).® Gait speed is measured based on the
walking speed during home activities. Measurement of gait indexes gait analysis system®* (sab-gait three-dimensional
gait analyzer (Beijing Cyberfit Information Technology Co., Ltd). was used to record the patients’ stride frequency, stride
length, and gait speed indexes during task walking at baseline and after 12 weeks of PR. To reduce experimenter-related
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bias, the same assessor tested all subjects and provided consistent instructions. Each subject performed each task twice:
once for familiarization and once for assessment.

Safety

The safety of the head-down tilt and abdominal breathing protocols was validated through preliminary feasibility testing
and subsequent protocol optimization. However, in order to prevent accidents from occurring, relevant safety arrange-
ments were still made during the experiment implementation phase. Safety officers were designated to oversee and assist
participants throughout the experiment. Any adverse events were promptly documented and reported to the principal
investigator for evaluation of their relevance to the trial. In cases of serious adverse events, clinicians from the Navy
Anqing Hospital of the Chinese People’s Liberation Army were notified to ensure timely medical intervention. For
participants who withdrew from the study, the reasons for withdrawal were recorded in the case report form. Researchers
made efforts to maintain contact with these participants and complete assessments when feasible, and the end-of-trial
form was subsequently filled out.

Ethical Approval and Informed Consent
This experiment was carried out according to the declaration of Helsinki and was approved by the ethics committee of Anqing
Normal University (No: anu2023002), and was approved by the Chinese clinical experiment registry (https:/www.chictr.org.cn/
Clinical trial registration number: chictr2400080452) (30/01/2024).

All participants provided written informed consent after receiving a detailed explanation of the study procedures: low

head tilt breathing exercises, abdominal exercises, and cognitive function assessment. The study protocol emphasized
voluntary participation, unrestricted right to withdraw, pre-intervention health screening, and anonymous data storage.
Risks were minimal (non-invasive methods, standardized protocols). Ethical compliance followed institutional guidelines
and the Declaration of Helsinki.

Statistical Analysis

Sample Size Calculation

The determination of sample size is mainly based on the main outcome indicators of the test. G-Power software was used
to conduct variance analysis to calculate the sample size, in which the effect size was 0.25, a was 0.05, and power was
0.8. The patients also needed to be divided into three groups, and the calculated sample size was 72. With an anticipated
sample loss of 10%—15%, we aim to recruit 83 COPD patients for the study.

Statistical Methods

The data were statistically and analytically analyzed using SPSS v.27.0. Categorical data were expressed as counts (%
and 95% confidence interval (CI)) and continuous data were expressed as mean (SD) or median (25th—75th percentile)
according to the distribution. Normal Gaussian distributions of the data were verified using the Shapiro—Wilk test. In
comparing the differences between the three groups of subjects after the intervention, ANOVA or non-parametric tests
were used for comparison and analysis. When the ANOVA F ratio was significant (P<0.05), multiple comparisons were
performed using the LSD significant difference post-procedure to determine paired differences. Following a statistically
significant Kruskal-Wallis H-test, post hoc pairwise comparisons were performed using Mann—Whitney U-tests with
Bonferroni correction to control for family-wise error rate. P<0.05 indicates statistical significance.

Results

Baseline Characteristic

Among 218 screened patients, 83 met the inclusion criteria. Twenty participants withdrew during the study, yielding 63
completed cases (HDBT:21, HDT:21, BT:21). Baseline characteristics were balanced across groups (P>0.05; Table 1),
and the study flowchart is provided in Figure 2.
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Table | Demographic and Baseline Characteristics

Characteristics HDBT (n=21) | HDT (n=21) | BT (n =21) | P value
Demographics

Women, n,(%) 16(76.2) 14(66.7) 14(66.7) 0.74
Age, years,xSD 66.71+6.64 66.43+6.79x 67.29+6.85 0916
BMl,kg /m? 26.56+1.00 26.65+1.06 25.94%1.13 0.069
Pulmonary Function

FVC,(L) 2.39+0.45 2.21+0.43 2.25+0.41 0.345
FEVI,(L) 1.49£0.31 1.38+0.27 1.39£0.289 0.401
FEVI/FVC (%) 62.16x3.16 62.79+2.25 61.63+3.28 0.445
Blood Gas Parameters

PO,,mmHg 75.49%1.14 75.75%1.22 75.60%1.22 0.776
PCO,,mmHG 50.82+2.26 51.15+2.42 50.70+2.61 0.826
Gait performance

Stride frequency,(walking task) 1.40£0.11 1.37£0.11 1.38+0.11 0.721
Stride length,(cm, walking task) 73.42+3.18 72.91£3.06 73.74£3.01 0.683
Step speed,(cm/s, walking task) 102.51+4.81 100.06£7.16 101.37£7.17 0.475
Stride frequency,(obstacle walking task) 1.36+0.08 1.35+0.07 1.36+0.07 0.742
Stride length,(cm, obstacle walking task) 70.12+2.99 71.11£2.55 70.83+2.70 0.487
Step speed,(cm/s, obstacle walking task) 95.40+4.04 95.70+3.04 96.40+2.68 0611
Cognitive function scores

MoCA,score 18(18-19) 19(18-20) 19(19-19) 0.85

Notes: Data are presented as percentage, mean * SD, or median (interquartile range) unless otherwise indicated.
BMI=body-mass index. FEVI=forced expiratory volume in | s. FVC=forced vital capacity.PCO2=partial pressure of carbon
dioxide. Level of significance was set at P <0.05.
Abbreviation: PO2, partial pressure of oxygen.

Gait Performance After 12 weeks of Intervention Training

After 12 weeks of the PR program. Comparisons between the three groups showed significant between-group differences in
stride frequency (p=0.017), stride length (p=0.003), and step speed (p=0.033) during the obstacle walking task. In the walking
task, there was no significant difference in the comparison between the three groups (Table 2). Specifically, in the stride frequency
metric for obstacle walking. HDBT demonstrated significantly higher frequency compared to BT (p=0.005), but no differences
were observed between HDBT vs HDT (p=0.19) or HDT vs BT (p=0.112). In the stride length indicator for obstacle walking,
HDBT showed greater stride length than both HDT (p=0.002) and BT (p=0.005), whereas HDT and BT did not differ (p=0.82).
In the step speed indicator for obstacle walking, HDBT exhibited faster speed compared to HDT (p=0.015), and HDT was slower
than BT (p=0.041), but HDBT vs BT showed no difference (p=0.682). The comparison of gait performance before and after PR
showed that there was no statistical difference in all gait indicators of the three groups during the walking task. In the obstacle
walking task, the HDBT group concentrated on the pre-post comparison of stride length and step speed, and there were statistical
differences. In the HDT group, there were statistically significant differences in step speed (P = 0.049). In contrast, stride length
(p=0.01) and step speed (p=0.043) in obstacle walking task in the BT group showed similar significant differences as in the
HDBT group. Unfortunately, By comparing before and after the intervention we found that there was no statistically significant
difference between the three groups in terms of stride frequency, stride length and step speed in the walking task (P>0.05). See
Table 3 for details.

Assessment of Cognitive Function Before and After Intervention

To further prove the impact of our PR scheme on the cognitive function of COPD patients, We combined patients’
MoCA scores before and after the intervention to assess changes in cognitive functioning. As can be seen in
Table 1, there was no statistical difference between the three groups in terms of cognitive function scores at
baseline. As can be concluded from Table 2, after 12 weeks of intervention, the difference between the three groups
was statistically significant (p < 0.05). Specifically, HDBT had higher cognitive scores than HDT (p=0.048) and BT
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Figure 2 Experimental flow chart.

(p=0.028), while HDT and BT were comparable (p=0.851). Table 3 reveals the changes in cognitive function scores
of the three groups in terms of pre- and post-PR comparisons. Cognitive functioning improved significantly in all

three groups after the intervention (P<0.001).

Table 2 Gait and Cognitive Index Characteristics Among Groups After 12 weeks

Characteristics HDBT (n=21) | HDT (n=21) | BT (n =21) | P value
Gait performance

Stride frequency,(walking task) 1.40+0.04 1.39+0.04 1.37+0.05 0.166
Stride length,(cm, walking task) 73.67%1.10 73.38+1.08 74.24+1.21 0.051
Step speed,(cm/s, walking task) 103.01+2.79 102.29+2.99 101.97+2.60 | 0.470
Stride frequency,(obstacle walking task) 1.33+0.01 1.34£0.02 1.35+£0.01 0.017"
Stride length,(cm, obstacle walking task) 73.29+0.64 72.42+1.06 72.49£0.89 | 0.003"®
Step speed,(cm/s, obstacle walking task) 97.73+0.47 97.00+1.08 97.61%1.13 0.033™
Cognitive function scores

MoCA,score 24(23-24) 23(22.5-23) 23(22-23) 0.015™

Notes: Data are presented as percentage, mean+SD, or median (interquartile range) unless otherwise indicated.Level of
significance was set at P <0.05.%p < 0.05, **p < 0.0l. a HDBT vs HDT: P=0.19; HDBT vs BT: P=0.005**; HDT vs BT:
P=0.112. b HDBT vs HDT: P=0.002** HDBT vs BT: P=0.005**; HDT vs BT: P= 0.82. ¢ HDBT vs HDT: P=0.015% HDBT vs
BT: P=0.682; HDT vs BT: P=0.041*. d HDBT vs HDT: P=0.048*; HDBT vs BT: P= 0.028% HDT vs BT: P=0.851.
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Table 3 Gait and Cognitive Index Characteristics Between Groups Before and After PR

Characteristics HDBT (n=21) P value HDT (n=21) P value BT (n =21) P value

Before PR After PR Before PR After PR Before PR After PR

Gait performance

Stride frequency,(walking task) 1.400.11 1.40+£0.04 0.953 1.37£0.11 1.39+£0.04 0471 1.38+0.11 1.37£0.05 0.922
Stride length,(cm, walking task) 73.42+3.18 73.67x1.10 0.734 72.91+3.06 73.38+1.08 0.482 73.74%3.01 74.24%1.21 0.464
Step speed,(cm/s, walking task) 102.51£4.81 103.01£2.79 0.708 100.06£7.16 102.29£2.99 0.211 101.37£7.17 101.97£2.60 0.761
Stride frequency,(obstacle walking task) 1.36£0.08 1.33£0.01 0.087 1.35+0.07 1.34£0.02 0.622 1.36+0.07 1.35£0.01 0.292

Stride length,(cm, obstacle walking task) 70.12+2.99 73.29+0.64 <0.00** 71.11£2,55 72.42+1.06 0.057 70.83+2.70 72.49+0.89 0.010*
Step speed,(cm/s, obstacle walking task) 95.40+4.04 97.73£0.47 0.018* 95.70+3.04 97.00£1.08 0.049* 96.40+2.68 97.61%1.13 0.043*
Cognitive function scores
MoCA,score 18(18-19) 24(23-24) <0.00** 19(18-20) 23(22.5-23) | <0.001** 19(19-19) 23(22-23) <0.00 | **

Notes: Data are presented as percentage, mean+SD, or median (interquartile range) unless otherwise indicated.Level of significance was set at P <0.05.%p < 0.05, **p < 0.01.

Discuss

Our preliminary study based on the rehabilitation effect of head-down abdominal breathing training on COPD patients
showed that the 12-week HDBT program elevated cognitive function and improved stride length and speed metrics
during an obstacle walking task in patients with stable COPD. This is almost consistent with our research hypothesis. In
addition, head-down strong abdominal breathing training did not significantly change the gait of a walking task.

The emergence of this result may improve cognitive tasks and gait performance through synergistic mechanisms.
First, head-down tilt improves cerebral hypoxia through gravitational blood redistribution*> and supports prefrontal lobe
function; second, abdominal breathing optimizes oxygen delivery by increasing diaphragmatic efficiency®® and alleviates
hypoxemia during dual-task walking; and then the tilt angle (0°-30°) stimulates vestibular-intuitional adaptations and
improves dynamic balance.?’

Head-down strong abdominal breathing training is very rare in the field of rehabilitation. Of course, our conception of
this scheme is not without theoretical basis. First of all, head-down training is a kind of resistance training against gravity.
As a medical exercise rehabilitation treatment method, it first appeared in 1694 and is mainly used for clinical diagnosis,
treatment, intervention measures, and other research.”® Head-down training has also been involved in recent studies. For
example, two weeks of head-down training can effectively protect the cardiopulmonary health of adults aged 55-65
years,”” and head-down training can significantly improve cerebral blood flow”® and cerebral oxygenation.>' Abdominal
breathing is one of the ways of breathing, and its effects on lung function®® and cognitive function®® have been
confirmed. The head-down tilt angle in this trial was determined through a dual evidence-based approach, synthesizing
maximal safe angles reported in healthy populations (up to —30°'* and —90°'* under controlled conditions) and down-
regulating these thresholds according to the compromised cardiopulmonary reserve characteristic of elderly COPD
patients. A dynamically adjusted protocol (0°to —30°) was implemented to balance intervention efficacy with respiratory
mechanics tolerance, incorporating real-time biofeedback to individualize angle progression.

In this study, the exploration of gait is mainly analyzed from the frequency, stride length, and step speed. Due to the lack of
direct comparison with previous studies on gait in head-down training. We only analyze from the perspective of abdominal
breathing. When we increase the frequency of abdominal breathing, we also change some indicators of gait, which is
consistent with Tassani et al’s study on abdominal breathing.*> However, the analysis of gait under tasks should also be
comprehensively analyzed in combination with gait variability, step width,''=* and the interaction of head down and strong
abdominal breathing. In future exploration, more indicators can be combined to comprehensively explore and analyze the
deep-seated mechanism. In addition, the gait stability of COPD patients is correlated with the occurrence of fall risk, and the
study found that COPD patients are 55% more likely to fall than non-COPD patients.*® There is a close link between COPD
disease itself and fall risk. This also shows that our study on the gait of COPD patients has certain practical significance.

In terms of cognitive function, the MoCA was chosen in this study as a single measure of cognitive function in COPD
patients, and its applicability needs to be discussed objectively. The MoCA covers multidimensional cognitive domains

36,37

(executive function, visuospatial, etc). and has significant sensitivity in identifying cognitive function, and its scores
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are negatively correlated with pulmonary function parameters (eg, FEV1%pred), supporting clinical correlation validity.
However, MoCA has limited assessment of complex attention and language function, and education dependence may
introduce bias in older, less educated populations. Nonetheless, its brevity (<10 min) significantly reduces the testing
burden in patients with respiratory limitation, and there are similar studies exploring the status of altered cognitive
functioning in patients by applying MoCA only.**** Although multimodal assessments (eg, neuroimaging) can improve
accuracy, MoCA remains a reasonable choice for the trade-off between validity and practicability based on the feasibility
and patient tolerability goals of this study. The results of this study showed the efficacy of head-down strong abdominal
breathing exercise in significantly improving cognitive function in COPD patients. However, this result is inconsistent
with the conclusion of BASNER et al. Head-down bed rest for 30—60 days in pilots does not improve the cognitive
function of patients.*” This may be explained by the correlation with the subject population and the addition of breathing
exercises in this study. Another study found no significant improvement in step speed or stride time variability during
dual-task performance following pulmonary rehabilitation.'" Considering that cognitive task performance can be detri-
mental to patients with COPD and that there are currently no definitive pulmonary rehabilitation measures to improve
this, it is important to explore in greater depth the implementation options to identify measures to improve cognitive
performance in these patients. Therefore, implementation programs should be explored in greater depth to identify
rehabilitation measures to improve cognitive performance in these patients.

Although the curative effect of abdominal breathing has been generally recognized, we want to appropriately increase
the respiratory rate (respiratory rate is 20—30 times/min, metronome prompt) based on routine training intensity, and
continuously and strongly intervene in the respiratory muscles, to explore the curative effect of this way. The final result
is consistent with our expectations. Through this PR program, COPD patients also gained benefits under strong
abdominal breathing exercises. However, it needs to be considered whether this training method of increasing respiratory
rate and changing body position applies in patients with moderate to severe COPD, which still lacks theoretical and
practical basis. The condition of moderate and severe patients is more serious, which can be further explored by reducing
the intensity of head-down strong abdominal breathing exercises in the future.

We specially selected patients with mild COPD in the stable stage, because our rehabilitation program was applied to
COPD patients for the first time, taking into account the possible adverse reactions. Such as increased heart rate,
psychological discomfort, dizziness, and nausea.'>*' However, one case of adverse event was still reported during the
experimental implementation phase. One subject complained of significant dizziness on day 2 of formal training, which
was determined to be an intervention-related adverse event (AE). The research team immediately initiated a contingency
plan to complete a hemodynamic assessment (blood pressure: 112/74 mmHg; heart rate: 88 bpm) and systematic cause
screening. A structured interview revealed that the patient had a history of severe sleep deprivation the night before
(stayed up until 3 am). Taking into account the recommendations of the GOLD Guidelines on the safety of pulmonary
rehabilitation, the team adopted a dual-track intervention strategy: (1) strengthened health behavioral education, explicitly
requiring the patient to maintain a regular work and rest schedule; (2) adjusted the training program to reduce the angle of
the head-down tilt from 15 © to 8 © in order to reduce the risk of postural hypotension. After the above interventions, the
patient successfully completed the subsequent rehabilitation program and no further AE was reported.

Home pulmonary rehabilitation has been selected and recognized by many patients for its characteristics of providing
flexibility,” promoting self-management,*® and personalized rehabilitation plans.***> HDBT can also be used as
a practical family therapy, which is very suitable for people who find it inconvenient to travel or have limited time to
recover in the outpatient clinic. Although supervised pulmonary rehabilitation programs provide a lot of help to solve the
common symptoms of COPD, they are not suitable for office workers with limited rehabilitation time and patients who
often stay indoors. These data support the role of HDBT in managing those who are unable or unwilling to participate in
such programs. In addition, the cost of head down training device is relatively cheap compared with other professional
rehabilitation devices, which is easy to implement in the general population.

There are still some deficiencies in our study. First, the proportion of men and women is not balanced enough. This is
because this study, as a preliminary study, chose the intervention study in the community considering the acceptance of
patients, adverse reactions, attrition rate, etc. There are many uncontrollable factors in the community, such as health
concepts, living habits, etc. There is a certain degree of imbalance in the proportion of men and women who finally
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participate in this study. Future research can be further studied by balancing the gender ratio. Secondly, the research on
gait is not deep enough. For example, further analysis of the gait cycle, range of joint motion, and gait variability can
make the evidence of relevant results more powerful. Finally, the measurement of cognitive function can be further
explored in combination with fMRI,*® fNIRS,*’ and other instruments.

Conclusion

A 12-week HDBT program elevated cognitive function and improved stride length and speed metrics during an obstacle
walking task in patients with stable COPD. These data support the role of HDBT in managing patients who are unable or
unwilling to participate in current pulmonary rehabilitation programs. The duration of the effect and the impact on health
status need further follow-up investigation.
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