TYPE Original Research
PUBLISHED 26 September 2025
pol 10.3389/fmed.2025.1665349

:' frontiers Frontiers in Medicine

@ Check for updates

OPEN ACCESS

EDITED BY
Karolina Henryka Czarnecka-Chrebelska,
Medical University of Lodz, Poland

REVIEWED BY
Vineet Mishra,

HCL Corporation Pvt Ltd., India
Hend Sayed,

Assiut University, Egypt

*CORRESPONDENCE
Mengyao Liang
2216314456@qqg.com

These authors have contributed equally to
this work

RECEIVED 21 July 2025
ACCEPTED 15 September 2025
PUBLISHED 26 September 2025

CITATION

Feng L, Ji H, Yang Q-q and Liang M (2025)
The relationship between the development
trajectory of symptom burden and exercise
adherence during remote pulmonary
rehabilitation in olderly patients with COPD.
Front. Med. 12:1665349.

doi: 10.3389/fmed.2025.1665349

COPYRIGHT

© 2025 Feng, Ji, Yang and Liang. This is an
open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Medicine

The relationship between the
development trajectory of
symptom burden and exercise
adherence during remote
pulmonary rehabilitation in
olderly patients with COPD

Li Feng™, Haiyan Ji?', Qing-qing Yang'' and Mengyao Liang'*

!Department of Nursing, The Sixth People's Hospital of Nantong, Nantong, Jiangsu, China,
2Department of Respiratory Medicine, The Sixth People's Hospital of Nantong, Nantong, Jiangsu,
China

Objective: To investigate the dynamic relationship and interaction between
symptom burden and exercise adherence in olderly patients with Chronic
obstructive pulmonary disease (COPD) undergoing remote pulmonary
rehabilitation, and to establish a foundation for enhancing remote rehabilitation
interventions.

Methods: A total of 340 olderly patients with COPD, admitted to the Respiratory
Center of Nantong Sixth People's Hospital between May 2023 and February
2025, were selected using a convenience sampling method. The Symptom
Burden Scale (SSS-8) and Exercise Adherence Scale were employed to assess
symptom burden and exercise adherence levels at baseline (T1), 5 weeks (T2),
9 weeks (T3), and 12 weeks (T4). A cross-lag model was constructed to analyze
the causal relationship between these variables.

Results: Symptom burden exhibited a decreasing trend at each stage (F = 36.74,
p < 0.001). Exercise compliance demonstrated a gradual increase (F = 38.92,
p < 0.001). The cross-lag model indicated that symptom burden and exercise
compliance in the early stage (T1-T2) were mutually causal (8 =-0.32,
p =0.002; g =-0.24, p = 0.011). Symptom burden in the middle stage (T2-T3)
significantly negatively predicted exercise compliance (f = —0.39, p < 0.001). No
significant predictive relationship was found between them in the late stage (T3-
T4; p > 0.05).

Conclusion: The symptom burden of olderly patients with COPD during remote
pulmonary rehabilitation is moderate to severe, while exercise compliance is at
a moderate level. The dynamic relationship between symptoms and behavior
shifts from a bidirectional effect in the early stage to symptom dominance in
the middle stage, with no influence in the later stage. It is essential to implement
precise interventions tailored to the characteristics of the three-stage trajectory,
addressing both symptoms and behavioral obstacles in the early stage, focusing
on symptom management in the middle stage, and reinforcing behavioral habits
in the later stage.
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1 Introduction

Chronic obstructive pulmonary disease (COPD) is a globally
prevalent chronic respiratory illness characterized by persistent
airflow limitation. It has a high prevalence, leads to disability, and has
significant mortality rates, posing a substantial health burden,
particularly for the olderly, with its prevalence increasing (1, 2). COPD
is characterized by a prolonged disease course and recurrent
symptoms. Patients often experience a burden of multiple symptoms,
including dyspnea, shortness of breath, cough, expectoration, and
fatigue, which seriously affect daily activities and quality of life (3).
Pulmonary rehabilitation, a key non-pharmacological intervention in
the management of COPD, has been demonstrated to effectively
alleviate symptoms, enhance exercise endurance, and improve the
quality of life (4). In recent years, Tele-Pulmonary Rehabilitation has
developed rapidly as an innovative rehabilitation model, particularly
suitable for olderly COPD patients with inconvenient travel or limited
resources (5). It enables patients to receive professional rehabilitation
guidance and supervision within a home setting, theoretically
ensuring ongoing access to rehabilitation (6). However, this
environment, which lacks face-to-face direct monitoring and
immediate feedback from medical staff, imposes higher demands on
patients’ abilities to perceive and manage symptoms at home, as well
as their adherence to exercise programs (7).

The symptom burden is not static during pulmonary
rehabilitation. Over 80% of COPD patients experience a daily
symptom burden, influenced by various factors including disease
fluctuation, environmental influences, comorbid conditions, and
psychological status (8). The symptom burden experienced by patients
during remote rehabilitation shows a dynamic and evolving
development trajectory and varies among individuals (9). Exercise
training constitutes the cornerstone of a pulmonary rehabilitation
program, and patient compliance with the exercise regimen is essential
for its effectiveness (10). Exercise adherence pertains to the
congruence between the physical activities undertaken by the patient
and the prescribed activities of the rehabilitation program.
Maintaining good exercise adherence is particularly challenging and
critical when operating in a remote mode without direct supervision
(11). Current theories and research indicate that symptom burden
may be a significant factor impeding patients’ adherence to exercise.
For instance, severe dyspnea can lead to a fear of activity, which in
turn diminishes exercise engagement (12-14). Conversely, regular and
sufficient exercise may improve symptom perception. However, most
current studies on the symptom burden and exercise compliance of
COPD patients, both domestically and internationally, primarily
concentrate on cross-sectional surveys or short-term observations (15,
16). These methods are insufficient for capturing the dynamic patterns
of these changes over time during rehabilitation. The text primarily
addresses static correlation, yet there is an insufficient examination of
how the developmental path of symptom burden influences
subsequent dynamic alterations in exercise adherence, and how the
trajectory of exercise adherence, in turn, affects the subsequent path
of symptom burden through feedback mechanisms. Especially within
the context of emerging remote pulmonary rehabilitation, the
dynamic interaction among olderly individuals has not been clearly
defined. Consequently, this study aims to employ a longitudinal
tracking design and a latent growth model to model and analyze the
data of olderly COPD patients throughout the entire remote
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pulmonary rehabilitation program. The aim was to identify the
trajectory patterns of symptom burden and exercise adherence over
time in different patient groups. The association between symptom
burden trajectory and exercise adherence trajectory was further
explored, with special attention to whether the symptom burden
trajectory had a predictive effect on the trajectory of exercise
adherence in the subsequent period, and whether the exercise
adherence trajectory had a lagged effect on the subsequent evolution
of the symptom burden trajectory.

The findings of this study will elucidate the interaction mechanism
between the core symptom experience and changes in exercise
behavior over time in olderly patients with COPD undergoing remote
pulmonary rehabilitation. This will enable clinical medical staff to
issue timely warnings and dynamically adjust rehabilitation strategies
in response to alterations in the patients’ symptom trajectories during
remote management. Additionally, the study aims to offer a significant
theoretical foundation and practical guidance for overcoming critical
barriers, enhancing compliance, and ultimately improving the overall
effectiveness of remote pulmonary rehabilitation.

2 Subjects and methods
2.1 Research subjects

This study was designed as a prospective observational cohort
study conducted at the Respiratory Center of the Sixth People’s
Hospital of Nantong between May 1, 2023, and February 20, 2025.
Consecutive convenience sampling was used to recruit elderly COPD
patients who were receiving stable-phase management and
participating in a hospital-led structured tele-rehabilitation program.
The sample size was estimated using the Monte Carlo simulation
method, referencing literature on the correlation between “symptom
burden” and “exercise adherence” in patients with chronic diseases.
The correlation coeflicients typically ranged from 0.3 to 0.6. The
study’s power analysis was conducted using G*Power 3.1 software,
with an expected medium effect size (f* = 0.15), a significance level of
a = 0.05, a statistical power of 1- = 0.95, and a latent growth model
for planned analysis, indicating a minimum required sample size of
approximately 250-300 participants. Considering the complex
modeling requirements for individual repeated measurement data in
trajectory analysis and the potential loss to follow-up, the initial
target sample size was set as 360. Inclusion criteria: @ age 60 or
higher; @ patients with COPD who met the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) criteria and were
clinically stable (defined as no acute exacerbation requiring
hospitalization or emergency treatment in the past 4 weeks); ®
volunteer to participate in a standardized remote pulmonary
rehabilitation (Tele-PR) program in a hospital for at least 12 weeks
and have the basic conditions needed to complete the program (such
as having a smartphone/tablet/computer that can run rehabilitation
apps, and being able to conduct exercise training at home); @ clear
consciousness, no severe hearing or vision impairment affecting
communication, able to understand the research content and
complete the electronic questionnaire/APP data reporting and
assessment tools independently or with the assistance of researchers
or family members. Exclusion criteria: @ Patients with severe
cognitive impairment (such as MMSE < 23) or definite diagnosed
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mental diseases (such as dementia, schizophrenia, severe depression,
etc.), unable to understand and follow rehabilitation guidance and
complete the assessment; @ Presence of severe and uncontrolled
comorbidities that significantly limit exercise capacity or constitute
contraindications to exercise (e.g., unstable angina, recent myocardial
infarction (within 6 months), severe heart failure (NYHA class III-
IV), uncontrolled severe arrhythmias, risk of pulmonary hypertension
crisis, severe cor pulmonale, active deep vein thrombosis, severe
osteoporosis prone to fractures, severe limb mobility impairment
(such as hemiplegia or paraplegia), or resting SpO, < 90% despite
oxygen therapy); ® Complicated with other serious diseases affecting
respiratory function. This study was approved by the Ethics
Committee of Nantong Sixth People’s Hospital (Approval number:
NTLYLL2023061). All patients provided informed consent.

2.2 Remote pulmonary rehabilitation
intervention program

The remote pulmonary rehabilitation program evaluated in this
study was conducted at the Respiratory Center of the Sixth People’s
Hospital of Nantong, which comprises four respiratory departments.
Following an initial screening and the creation of patient files by
outpatient specialists, all participants undertook a 12-week structured
course (consisting of 24 to 36) sessions, structured as follows: (1)
Baseline assessment and the creation of an individualized plan: Lung
function (GOLD stage), 6-min walk distance (6MWD), and modified
Medical Research Council (mMRC) were evaluated by independent
physicians. Electronic health records were established, and risk
stratification schemes were developed. (2) Structured exercise training:
This included endurance training (e.g., bed bicycle, Borg scale 3-4),
resistance training (using elastic bands at 40% of 1RM), and respiratory
muscle training (with a threshold loading device). (3) Self-management
education: This encompassed the standardized use of medication,
symptom coping strategies (such as graded management of fatigue), and
early identification of acute exacerbations. (4) Dynamic quality control:
Nursing staff confirmed patient participation by telephone the night
before the course, distributed video course packages via WeChat, and
inquired about the patient’s completion status by telephone. For patients
requiring on-site guidance for pulmonary rehabilitation, COPD
“Internet + nursing service” could be accessed through mobile phones.

Standard Protocol for the 6-Minute Walk Test (6MWT): The
6MWT in this study was strictly conducted in accordance with the
standard protocol outlined by the American Thoracic Society (ATS)
guidelines. The test was performed in a 30-meter-long, quiet, flat, and
hard-surfaced enclosed corridor. Prior to the test, patients were
required to rest for at least 15 min. A trained researcher provided
standardized instructions to all participants to ensure consistency in
guidance. During the test, participants were permitted to use their
routine oxygen therapy, but no encouragement was offered. A portable
pulse oximeter was used to monitor and record heart rate, SpO,, and
Borg Rating of Perceived Exertion (RPE) at baseline, immediately after
the test, and at the Ist and 3rd minutes of recovery. Each patient
underwent two tests at baseline, separated by an interval of at least
30 min to allow sufficient rest. The longer distance achieved in the two
tests was adopted as the final result to minimize the learning effect and
enhance the reliability of the outcome. Studies on the intervention
components have been published in domestic journals (17-20).
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2.3 Research tools

2.3.1 General information questionnaire

It includes (1) Demographic and sociological characteristics: age,
gender, educational level, and who lives with; (2) Disease-related
information: duration since COPD diagnosis, whether long-term
home oxygen therapy is used, major comorbidities, GOLD
classification, and baseline 6-min walk distance; (3) Exercise
environment: whether there is exercise space at home and whether
basic rehabilitation equipment is available.

2.3.2 Symptom burden scale

The Somatic Symptom Scale-8 (SSS-8) was utilized to evaluate
somatic symptom distress over the past 7 days (21). The scale consists
of eight items, encompassing gastrointestinal issues, back pain, limb
or joint pain, headaches, chest tightness or shortness of breath,
dizziness, fatigue or lack of energy, and sleep difficulties. Each item is
scored on a Likert scale ranging from “not at all” to “extremely
troubled,” with values from 0 to 4 points, resulting in a total score
between 0 and 32. Severity levels are categorized as follows: 0 to 3
(none or very low), 4 to 7 (mild), 8 to 11 (moderate), 12 to 15 (high),
and 16 to 32 (severe). The scale demonstrates good reliability and
validity, with a Cronbach’s alpha coefficient of 0.715 in this study.

2.3.3 Exercise compliance scale

It was compiled by Weng Guizhen (22) in 2014. The scale comprised
four dimensions: physical exercise compliance (8 items), exercise
monitoring compliance (3 items), actively seeking advice compliance (4
items), and an additional dimension (15 items). Each item was scored
using the Likert 4-point scale (ranging from 1 to 4 points), with a total
possible score of 60 points. The exercise compliance rate was calculated
as follows: (actual compliance score / maximum theoretical compliance
score) x 100%. Compliance rates were categorized into three levels: high
(> 75.0%), medium (> 50.0%), and low (< 50.0%). The Cronbach’s
alpha coeflicient for the scale in this study was 0.801.

2.4 Timing of the investigation

Studies have found (23) that pulmonary rehabilitation exercises
yield better results within 6-12 weeks, and the longer the duration, the
more pronounced the benefits. In this particular study, the pulmonary
rehabilitation program lasted 12 weeks. To evaluate various stages of
the program, follow-up time points were selected at 1-3 days before
the start of tele-rehabilitation (T1), after 5 weeks of rehabilitation (T2),
after 9 weeks (T3), and upon completion at 12 weeks (T4). These time
points were chosen to assess baseline status, early adaptation,
mid-term progress, and the final outcomes of the program. Apart
from the initial general data collection, symptom burden and exercise
adherence were measured at subsequent time points.

2.5 Data collection methods

The research data collection was completed by the research
groups members, who had undergone standardized training. This
group included two respiratory nurses, one rehabilitation therapist,
and two graduate students. The training encompassed a detailed
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explanation of the research protocol, interpretation of questionnaire
items, standardized communication skills, operation guidelines for
the remote pulmonary rehabilitation course, ethical norms, and
emergency handling procedures. Following the training, a simulation
assessment was conducted to ensure the consistency and
professionalism of the data collection process. Prior to the formal
launch, a small sample was recruited to test the entire process
(including platform operation, scale understanding, and follow-up
skills). This was done to optimize the operational path for olderly
patients, simplify the questionnaire items, and confirm the feasibility
of remote pulmonary rehabilitation. The general data form was
independently entered by two researchers, and a third-party review
was initiated when the discrepancy rate exceeded 5%. The research
assistant verified the data integrity daily and implemented a three-tier
intervention for patients missing more than three rehabilitation
sessions: @ an APP push reminder, ® WeChat notification to family
members, and @ a telephone follow-up by researchers. The study’s
prevention and management strategy for loss to follow-up was as
follows: First, an emergency contact was established and a
commitment to participate was signed. Second, failure to submit the
core data (symptom scale + exercise compliance questionnaire) at two
consecutive time points was deemed loss to follow-up. A total of 340
valid samples, who completed the entire data collection at four time
points, were ultimately included in the study. The reasons for loss to
follow-up were as follows: technical issues (equipment failure/
inability to perform), health events (acute exacerbation/
hospitalization), subjective withdrawal (unwillingness/time), and loss
of contact.

2.6 Statistical methods

A stratified data analysis strategy was employed in this study. All
data were verified by two individuals and inputted into Excel 2021 to
create a database. Basic statistical analysis was conducted using SPSS
26.0. Categorical data were characterized by frequency (n) and
percentage (%). Continuous variables with a normal distribution were
presented as mean * standard deviation (X + s). Repeated Measures
ANOVA was utilized to assess the dynamic change trends of symptom
burden and exercise compliance at T1 (baseline), T2 (5 weeks), T3
(9 weeks), and T4 (12 weeks), with the Greenhouse-Geisser
correction applied when the sphericity assumption was violated. To
further investigate the dynamic interaction between symptom burden
and exercise compliance, Mplus 8.7 was utilized to construct a dual-
model system. A Cross-Lagged Panel Model (CLPM) was
implemented to examine the bidirectional predictive relationship
between symptom burden and exercise adherence, while controlling
for the effects of age, GOLD stage, and baseline 6-min walk distance.
The Parallel Process Latent Growth Model (PPLGM) was used to
define the latent trajectories of symptom burden and exercise
adherence, including intercept and slope factors, to quantify the
association between initial levels of symptom burden and exercise
adherence, the covariation of change rates, and the prediction effect
across trajectories. Strict criteria were applied for model fit: y*/df < 3,
Comparative Fit Index (CFI) > 0.95, Tucker-Lewis Index (TLI) > 0.95,
Root Mean Square Error of Approximation (RMSEA) < 0.06 (with the
upper limit of the 90% confidence interval <0.08), and Standardized
Root Mean Square Residual (SRMR) < 0.08. Missing data were
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handled using the full information maximum likelihood method
(FIML). All statistical tests were two-tailed, with the significance level
set at a = 0.05.

3 Results
3.1 General information of patients

A total of 340 olderly patients with COPD who completed the
baseline assessment were enrolled in this study to participate in
remote pulmonary rehabilitation. The average age of the patients was
72.4 + 6.8 years, with males comprising 63.5% of the participants. The
patients had a mean duration of 8.3 + 4.6 years since diagnosis; details
are provided in Table 1.

3.2 Trends in symptom burden and exercise
compliance at four time points

Overall, the SSS-8 total score decreased significantly from
13.5 + 3.8 at baseline to 8.4 + 2.9 at 12 weeks (F = 36.74, p < 0.001),
and the severity also changed (y* = 118.6, p < 0.001). The score of
exercise compliance increased from 42.2 + 8.8 t0 49.3 + 6.4 (F = 42.15,
p <0.001), the compliance level was significantly optimized
()*=156.3, p < 0.001), and the high-compliance group expanded from
30.9 to 72.9%, showing an overall upward trend. See Table 2 and
Figure 1 for details.

3.3 Conditional verification

This study gathered data on symptom burden and exercise
compliance using self-assessment questionnaires from patients, which
carried the risk of common method bias. Confirmatory Factor
Analysis (CFA) was employed to examine the data at each time point
(T1-T4). The method involved forcibly combining the 8 items of the
symptom burden scale and the 15 items of the exercise compliance
scale at each time point into a single factor model, and the severity of
common method bias was assessed through model fit indices. The
analysis results are presented in Table 3. The single factor model fit
indices at each time point did not meet the ideal standard (RMSEA >
0.08, CFI < 0.90, TLI < 0.90). These results suggest that there is no
serious common method bias in this study, and the data quality is
sufficient for conducting cross-lagged analysis.

3.4 Correlation analysis of symptom
burden and exercise adherence of patients
at four time points

Patients with T1, T2, T3, and T4 conditions exhibit a
correlation coefficient of —0.39 and —0.43, respectively, for
symptom burden and exercise adherence, with values of —0.51 and
—0.54 (p < 0.001). The correlation for full-time cheng is —0.47,
indicating a significant negative correlation between symptom
burden and exercise adherence. This negative correlation
intensifies over time. Meeting the criteria for cross-lag analysis, the
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TABLE 1 General baseline characteristics of olderly COPD patients
undergoing remote pulmonary rehabilitation (N = 340).

Feature category Number Percentage (%)
Gender

Male 216 63.5

Female 124 36.5
Degree of education

Primary school and 109 321

below

Junior high school 94 27.6

High school or 89 26.2

technical secondary

school

College or above 48 14.1
With whom to live

Live alone 32 9.4

Spouse and children 301 88.5

Other 7 2.1
Duration of COPD diagnosis (years)

<5 102 30.0

5-10 148 43.5

>10 90 26.5
Long-term home oxygen therapy

Yes 75 22.1

No 265 77.9
Main complications (multiple choices)

Hypertension 143 42.1

Coronary heart disease 81 23.8

Diabetes 67 19.7

Osteoporosis 49 14.4

Other 92 27.1
GOLD dlassification

Class 62 18.2

Class IT 177 521

Class IIT 101 29.7
Baseline 6MWD (X + s) 3264852
6MWD group

<350 m 148 43.5

350-450 m 153 45.0

>450 m 39 11.5
Home exercise space

There are fixed areas 215 63.2

No fixed area 125 36.8
Equipped with basic rehabilitation facilities

Elastic band 198 58.2

Dumbbell 121 35.6

No equipment 89 26.2
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causal time sequence relationship between these variables can
be further investigated. For more details, refer to Table 4 and
Figure 2.

3.5 Cross-lagged analysis of the
relationship between symptom burden and
exercise adherence in patients at four time
points

Age, sex, GOLD grade, and baseline 6MWD grouping were
included as control variables in this study. The model’s fitting indexes
were as follows: y*df=1.48, RMSEA =0.089, CFI=0.978,
TLI = 0.970, SRMR = 0.029. The results of the cross-lag model
indicated that symptom burden had a predictive effect on exercise
adherence: at the early stage (T1-T2), the baseline symptom burden
significantly and negatively predicted 5-week exercise adherence
(f = —0.32**); at the middle stage (T2-T3), the 5-week symptom
burden had a stronger predictive effect on 9-week compliance
(= —0.39***). However, the predictive effect of the 9-week symptom
burden on 12-week compliance was not significant (f = —0.07,
p > 0.05). Conversely, exercise compliance in the early stage (T1-T2)
significantly reduced the subsequent symptom burden (f = —0.24%),
whereas the prediction effect in the middle and late stages (T2-T4)
was not statistically significant (|| <0.11, p >0.05). Show in
Figure 3.

4 Discussion

Longitudinal modeling revealed that the symptom burden of
older COPD patients during tele-pulmonary rehabilitation exhibited
a three-stage dynamic trajectory characterized by “rapid remission,
plateau fluctuation, and steady state maintenance” The total
symptom burden during the early rapid remission period
(0-5 weeks) decreased significantly from 13.5 + 3.8 at baseline to
11.2 £ 3.5. The proportion of patients with severe symptoms
decreased by 62.3%, from 13.8 to 5.0%. There are two possible
reasons for this. On the one hand, remote pulmonary rehabilitation
includes regular online symptom interrogation by medical staff,
which helps to reduce the risk of acute hypoxia and interrupt the
vicious cycle of dyspnea and fear (24). On the other hand, video-
guided respiratory retraining activates the prefronto-limbic system
pathway, enhancing exercise tolerance and alleviating patients’ fear
of exercise (25). Regular exercise enhances diaphragmatic strength
and decreases hyperinflation in patients with COPD, establishing the
physiological foundation for a reduction in symptom burden (26,
27). During the medium-term plateau fluctuation period
(5-9 weeks), the symptom score remained stagnant at 9.8 + 3.1, and
the proportion of patients experiencing highly symptomatic episodes
rebounded by 16.5%. It can be considered that the patients
experienced fatigue, which triggered a vicious cycle of fatigue and
dyspnea (28). During the later homeostatic maintenance period
(9-12 weeks), the symptom burden remained stable at 8.4 + 2.9, and
78.5% of the patients experienced mild to moderate symptoms,
potentially due to the behavioral internalization effect. Exercise
compliance sustained for over 9 weeks enhanced self-regulation
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TABLE 2 Dynamic changes in symptom burden and exercise adherence during remote pulmonary rehabilitation in olderly COPD patients (N = 340).

Variable T1 T2 T3 T4 F/y? value p
1.SSS-8
Total points (X + s) 13.5+3.8 11.2£35 9.8+3.1 84129 F=3674 <0.001
Classification proportion
x’=118.6 <0.001
[n(%)]
o Low (0-3) 2(0.6) 5(1.5) 12 (3.5) 23 (6.8)
. Mild (4-7) 8(11.2) 72 (21.2) 109 (32.1) 142 (41.8)
o Moderate (8-11) 148 (43.5) 167 (49.1) 155 (45.6) 135 (39.7)
o Height (12-15) 105 (30.9) 79 (23.2) 56 (16.5) 35(10.3)
Severe (16-32) 47 (13.8) 17 (5.0) 8 (2.4) 5(1.5)
2. Exercise compliance
Total score (% + s) 422488 454479 47.9+7.0 493164 F=4215 <0.001
Compliance Rate (%) 70.3 +14.7 757 £13.2 79.8 £ 11.7 82.2+10.7 F=38.92 <0.001
Proportion of grades
¥ =156.3 <0.001
(n(%)]
High adherence (>75%) 105 (30.9) 169 (49.7) 218 (64.1) 248 (72.9)
Moderate adherence
183 (53.8) 143 (42.1) 110 (32.4) 84 (24.7)
(50-74%)
Low adherence (<50%) 52 (15.3) 28 (8.2) 12 (3.5) 8(2.4)

Symptom total score, compliance rate: Repeated measures ANOVA (Greenhouse-Geisser correction, € = 0.89); Compliance rate = (actual score on the scale + 60) x 100%.

Temporal Trajectory of Symptom Burden
Elderly COPD Patients During Remote Pulmonary Rehabilitation
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FIGURE 1
Trend chart of symptom burden and exercise adherence.

Temporal Trajectory of Exercise Adherence
Elderly COPD Patients During Remote Pulmonary Rehabilitation
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ability, significantly increasing the threshold of symptom tolerance
(29), While deepening one’s understanding of the disease, such as
identifying warning signs and symptoms, helps patients intervene
earlier during mild discomfort and avoid the cumulative aggravation
of symptoms.
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This study revealed that the exercise compliance of olderly COPD
patients during remote pulmonary rehabilitation exhibited a three-
stage evolution trajectory characterized by “rapid increase, platform
fluctuation, and high maintenance”” This was specifically manifested
as an early rapid improvement period (0-5 weeks), during which the
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TABLE 3 Confirmatory factor analysis results for common method bias (N = 340).

Point-in-time RMSEA CFI TLI
T1 0.084 0.815 0.798
T2 0.088 0.843 0.831
T3 0.086 0.852 0.840
T4 0.083 0.858 0.847

RMSEA, Root Mean Square Error of Approximation; CFI, Comparative Fit Index; TLI, Tucker-Lewis Index.

TABLE 4 Time-point correlation analysis of COPD symptom burden and exercise adherence (N = 340).

Point-in-time Correlation coefficien(r) 95%Cl Effect size
T1 —0.39 —0.46--0.32 <0.001 Moderate effect
T2 —0.43 —0.50--0.36 <0.001 Moderate effect
T3 —-0.51 —0.57--0.45 <0.001 Large effect
T4 —0.54 —0.60--0.48 <0.001 Large effect
Full-time —0.47 —0.51--0.43 <0.001 Large effect
Effect size criteria: [r| > 0.1 was considered as a small effect. [r] > 0.3 was considered moderate effect. Large effects were defined as |r| > 0.5.
Symptom Burden and Exercise Adherence Correlation Matrix
Elderly COPD Patients During Remote Pulmonary Rehabilitation (N=340)
o -
o -
o -
- -
o -
e -
o -
o -
AN
7
***p < 0.001
SS: Symptom Burden (SSS-8 Score), AD: Exercise Adherence Rate
correlation NN
omsinio -0.5 0.0 0.5 1.0
FIGURE 2
Graph of correlation analysis between symptom burden and exercise adherence at four time points. SS, Symptom Burden(SSS-8 Score); AD, Exercise
Adherence Rate. ***p < 0.001, **p < 0.01, *p < 0.05. Solid lines represent significant paths; Dashed lines indicate insignificant paths; Red is SS — AD
path; The AD—SS path is in blue. Black indicates autoregressive path; Double arrow curves indicate contemporaneous correlations.

proportion of patients with high compliance increased from 30.9 to  patients was heavy at this stage, low-intensity exercises such as
49.7%. The average compliance rate increased from 70.3 + 14.7% to  breathing training and slow walking in remote interventions brought
75.7 +13.2% (p < 0.001). Although the initial symptom burden of  slight improvements, including a reduction in the frequency of
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FIGURE 3
Standardized coefficient diagram of cross-lagged model of patients’ symptom burden and exercise adherence.

shortness of breath and an improvement in daily activity tolerance.
This immediate experience of “alleviation of discomfort after
exercise” helped to break the fear of “exercise aggravating symptoms,”
initially establishing the perception that “exercise is beneficial,” and
promoting the compliance to increase from baseline. In the middle
stage (5-9 weeks). The high compliance rate decreased to 29.0%,
while the proportion of patients with low and medium compliance
increased to 32.4%. There are two bottlenecks at this stage. On the
one hand, there is a physiological bottleneck: mitochondrial
dysfunction leads to an increase in blood lactic acid after exercise,
resulting in the accumulation of fatigue and interruption of exercise
(30). On the other hand, there may be a technical bottleneck. Some
patients have insufficient digital literacy and experience difficulty
operating smart devices, which leads to an increase in the missing
report rate of data and weakens the effectiveness of remote
supervision (31, 32). During the later maintenance period
(9-12 weeks), the compliance rate continued to rise to 72.9%,
indicating that exercise had gradually become a daily habit. Patients’
belief in “exercise to maintain health” became more stable, and they
could still maintain high compliance even if the improvement of
symptoms slowed down.

Based on the cross-lag model, this study found that symptom
burden and exercise adherence in the early stage (T1-T2) were
mutually causal. It is suggested that the symptom burden of COPD
patients at baseline is the antecedent variable of exercise compliance,
and the moderate to severe level of symptom burden (such as dyspnea,
fatigue, joint pain, etc.) is the core physiological barrier that prevents
patients from participating in exercise (33, 34). Its phasic decline
directly creates the basic conditions for the improvement of exercise
compliance. Firstly, with the advancement of remote rehabilitation
interventions, the gradual improvement of lung function, such as the
reduction of airway resistance and the improvement of ventilation
efficiency, significantly reduces the frequency and severity of patients’
dyspnea during exercise (35). This experience of “exercise no longer
being accompanied by strong discomfort” will directly reduce patients’
fear of exercise, making them more willing to adhere to the
rehabilitation plan and complete their training. This is manifested as
increased compliance. The improvement in exercise compliance can
alleviate the symptom burden of patients (f = —0.24). Following
exercise, a vastus lateralis muscle biopsy reveals that PGC-la
expression is increased, enhancing oxidative phosphorylation (36),
Lactate clearance is accelerated, and respiratory muscle fatigue is
delayed (37), and the maximum oxygen uptake of patients is gradually
increased, which makes it easier to meet the oxygen demand in daily
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activities. Thus, the onset of dyspnea can be reduced, and a positive
cycle of “exercise persistence — improvement of respiratory function
— alleviation of symptoms” can be formed. During the middle stage
(T2-T3), symptom burden negatively predicted exercise compliance
(P =—0.39), with a decrease in symptom burden correlating with an
increase in patient exercise compliance. The analysis indicated that the
alleviation of dyspnea and exercise fear, coupled with the patient’s
willingness to engage in exercise, were the primary reasons for the
improvement in exercise compliance. The relief of symptom burden
corresponded with an increase in the 6-min walk distance. Successful
movement experiences enhance dopamine release in the nucleus
accumbens, reinforcing positive behavioral feedback (38, 39). This
study found that symptom burden and loss of exercise adherence
could predict each other in the later stage of rehabilitation (T3-T4)
(path coeflicient | f | <0.10, p >0.20). This phenomenon can
be attributed to the stabilization of the patient’s physiological functions
and symptom status, resulting in a weakened dynamic relationship
between them due to “diminishing marginal benefit” On one hand,
the symptom burden had been reduced to a relatively stable level.
Following the initial 9 weeks of intervention, the core symptoms
(dyspnea, fatigue, etc.) of patients had diminished from moderate to
severe at baseline to mild or subclinical levels, and the potential for
further improvement was limited. At this juncture, minor fluctuations
in symptom burden no longer substantially impeded exercise
capacity—patients had already developed the physiological reserve to
adapt to mild symptoms, such as respiratory muscle endurance and
exercise tolerance reaching a plateau, making it challenging for
symptom changes to significantly impact exercise compliance. On the
other hand, the physiological benefits of exercise have reached a
plateau. After the T3 stage, the improvement effect of regular exercise
on respiratory function gradually slows down, and no longer produces
significant improvement in the early (T1-T2) and middle (T2-T3)
stages. When exercise fails to bring more obvious feedback of
“symptom relief” or “function improvement,” patients exercise
motivation is no longer driven by symptom changes, but rather
transformed into habitual behavior, so the fluctuation of exercise
compliance no longer significantly affects the symptoms.

Based on the dynamic trajectory characteristics of symptom
burden and exercise adherence, this study proposes a “three-phase
precision intervention” strategy. A systematic review indicates that
digital interventions can effectively reduce the risk of acute
exacerbation-related hospitalization and readmission in COPD
patients, providing a theoretical foundation for the staged
intervention strategy proposed in this study (40). In the early stage
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(0-5 weeks), a two-way collaborative intervention was employed. On
one hand, VR natural scene exposure therapy was utilized to alleviate
exercise fear (41), and video-guided abdominal breathing training
was provided to patients to reduce the risk of acute hypoxia during
exercise; on the other hand, family members signed an exercise
incentive contract to log rewards daily to enhance the initiation
intention. The middle stage (5-9 weeks) is the symptom dominant
overcoming period, during which graded resistance training is used
to reduce the patient’s lactic acid accumulation and prevent fatigue
(42). For patients with low digital literacy, a paper graphic manual
combined with remote assistance from their children can
be considered to ensure technical accessibility (43). In the later stage
(9-12 weeks), behavior homeostasis is solidified, and the mutual aid
group can be considered to strengthen the social belonging of
patients (44).

This study has several limitations that also indicate directions for
future research. The sample representativeness may be limited as all
participants were recruited from a single medical center in Nantong
using convenience sampling. While this approach ensured feasibility,
it may affect the generalizability and external validity of the findings.
Future studies should therefore employ multi-center, large-sample
randomized sampling for verification. Regarding measurement bias
risk, the core variables (symptom burden and exercise adherence)
were primarily assessed through self-administered questionnaires.
Although practical, this method may introduce recall bias and social
desirability bias. To enhance data objectivity and accuracy, future
research should integrate multiple objective measurement methods,
such as using wearable sensors (e.g., accelerometers) for automatic
and continuous monitoring of daily activity levels, or utilizing backend
logs from telemedicine platforms to precisely record exercise session
completion. Concerning follow-up duration and unmeasured
confounding factors, the 12-week follow-up period, while sufficient to
capture key changes during early rehabilitation, is inadequate to reveal
long-term adherence patterns, seasonal impacts on symptoms, or
natural disease progression including relapse patterns in COPD
patients. Additionally, important confounding factors such as
environmental exposure, nutritional status, and social support were
not included, potentially leading to an underestimation of effect sizes.
Hence, extending the follow-up period and integrating environmental
monitoring data with wearable device data to develop more
comprehensive predictive models represent crucial directions for
in-depth effects of
tele-rehabilitation.

future exploration of the long-term

5 Conclusion

This study revealed, through longitudinal tracking, that olderly
patients with COPD experienced a moderately severe level of
symptom burden during remote pulmonary rehabilitation.
Exercise adherence was at a medium level. Both symptom burden
and exercise adherence exhibited a rising trend during the 12-week
recovery period, characterized by a three-phase dynamic
trajectory. However, a downward trend was also observed. The
interaction between symptom burden and exercise compliance was
time-dependent. In the early stage of rehabilitation, symptom
burden was the primary predictor of exercise compliance, while
the reverse prediction was not significant. Clinical medical staff
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should carry out precise interventions according to the
characteristics of the three stages when implementing remote
pulmonary rehabilitation.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving humans were approved by Ethics Committee
of the Sixth People’s Hospital of Nantong. The studies were conducted
in accordance with the local legislation and institutional requirements.
Written informed consent for participation was not required from the
participants or the participants’ legal guardians/next of kin in
accordance with the national legislation and institutional requirements.

Author contributions

LF: Data curation, Formal analysis, Funding acquisition,
Investigation, Resources, Writing — original draft, Writing — review &
editing. HJ: Conceptualization, Supervision, Visualization, Writing —
original draft, Writing - review & editing. Q-qY: Methodology,
Validation, Visualization, Writing - original draft, Writing - review &
editing. ML: Conceptualization, Data curation, Formal analysis,
Funding acquisition, Software, Supervision, Visualization, Writing -
original draft, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was supported
by the Research Project of Nantong Health Commission (grant no.
QN2023044).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1665349
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Feng et al.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Yu T, Jiang Y, Chen R, Yin P, Luo H, Zhou M, et al. National and provincial burden
of disease attributable to fine particulate matter air pollution in China, 1990-2021: an
analysis of data from the global burden of disease study 2021. Lancet Planet Health.
(2025) 9:e174-85. doi: 10.1016/52542-5196(25)00024-5

2. Wang Z, Lin ], Liang L, Huang E, Yao X, Peng K, et al. Global, regional, and national
burden of chronic obstructive pulmonary disease and its attributable risk factors from
1990 to 2021: an analysis for the global burden of disease study 2021. Respir Res. (2025)
26:2. doi: 10.1186/s12931-024-03051-2

3. Yu C, Xu M, Pang X, Zhang Y, Cao X, Xu Y, et al. Symptom network and subgroup
analysis in patients with exacerbation of chronic obstructive pulmonary disease: a cross-
sectional study. Int J Chron Obstruct Pulmon Dis. (2025) 20:181-92. doi:
10.2147/COPD.S498792

4. Sakunrag I, Boontha N, Boonpattharatthiti K, Dhippayom T. Impact of tele-
pulmonary rehabilitation in patients with chronic obstructive disease: a systematic
review and network meta-analysis. Telemed ] E Health. (2025) 31:441-50. doi:
10.1089/tm;j.2024.0476

5. O'Connor L, Behar S, Tarrant S, Stamegna P, Pretz C, Shirshac J, et al. Healthy at
home for copd: an integrated digital monitoring, treatment, and pulmonary
rehabilitation intervention. Res Sq. (2024). doi: 10.21203/rs.3.rs-5084150/v1

6. Burge AT, Cox NS, Holland AE, Mcdonald CE Alison JA, Wootton R, et al.
Telerehabilitation compared to center-based pulmonary rehabilitation for people with
chronic respiratory disease: economic analysis of a randomized, controlled clinical trial.
Ann Am Thorac Soc. (2024) 22:47-53. doi: 10.1513/AnnalsATS.202405-5490C

7. Flynn S, Mosher CL, Cornelison S, Rao E, Metzler KA, Pu W, et al. Feasibility,
usability, and pilot efficacy study of a software-enabled, virtual pulmonary rehabilitation
with remote therapeutic monitoring. Int ] Chron Obstruct Pulmon Dis. (2025) 20:231-41.
doi: 10.2147/COPD.S484558

8. Machado A, Marques A, Burtin C. Extra-pulmonary manifestations of copd and
the role of pulmonary rehabilitation: a symptom-centered approach. Expert Rev Respir
Med. (2021) 15:131-42. doi: 10.1080/17476348.2021.1854737

9. Schroff P, Hitchcock J, Schumann C, Wells JM, Dransfield MT, Bhatt SP. Pulmonary
rehabilitation improves outcomes in chronic obstructive pulmonary disease independent
of disease burden. Ann Am  Thorac Soc. (2017) 14:26-32. doi:
10.1513/AnnalsATS.201607-5510C

10. Xia X, Xia K, Yao X, SongJ, Liu Y, Liu X, et al. Factors influencing compliance with
pulmonary rehabilitation in patients with stable copd: a cross sectional study. Int ] Chron
Obstruct Pulmon Dis. (2025) 20:895-904. doi: 10.2147/COPD.S506248

11. Koksal N, Durgun H. Impact of telecounselling, home monitoring and exercise on
hospital readmissions and quality of life in chronic obstructive pulmonary
disease: a randomized controlled trial. Int J Nurs Pract. (2025) 31:¢70021. doi:
10.1111/ijn.70021

12. Melhem O, Savage E, Al HN, Lehane E, Fattah HA. Symptom burden and
functional performance in patients with chronic obstructive pulmonary disease. Appl
Nurs Res. (2021) 62:151510. doi: 10.1016/j.apnr.2021.151510

13. Roberts M, Smith T, Wheatley ], Cho JG. Symptom burden of patients with chronic
obstructive pulmonary disease attending the westmead breathlessness service:
prevalence, associations, and sex-related differences. Int ] Chron Obstruct Pulmon Dis.
(2023) 18:2825-37. doi: 10.2147/COPD.S433541

14.Qin H, Jia P, Yan Q, Li X, Zhang Y, Jiang H, et al. Barriers and facilitators to
pulmonary rehabilitation in copd: a mixed-methods systematic review. BMC Pulm Med.
(2025) 25:314. doi: 10.1186/s12890-025-03769-9

15. Singh D, Han MK, Bhatt SP, Miravitlles M, Compton C, Kolterer S, et al. Is disease
stability an attainable chronic obstructive pulmonary disease treatment goal? Am J
Respir Crit Care Med. (2025) 211:452-63. doi: 10.1164/rccm.202406-1254CL

16.Xie S, Li X, Liu Y, Huang J, Yang F. Effect of home noninvasive positive pressure
ventilation combined with pulmonary rehabilitation on dyspnea severity and quality of
life in patients with severe stable chronic obstructive pulmonary disease combined with
chronic type ii respiratory failure: a randomized controlled trial. BMC Pulm Med. (2025)
25:185. doi: 10.1186/512890-025-03656-3

17. Liang MY, Feng L. Research on the influencing factors of pulmonary rehabilitation
benefits in elderly patients with stable chronic obstructive pulmonary disease. Chinese.
J Nurs Educ. (2024) 5:014. doi: 10.3761/j.issn.1672-9234.2024.05.014

18.Liang MY, Feng L, Qian M. The application effect of sand walking in
pulmonary rehabilitation of patients with chronic obstructive pulmonary disease.
Chinese ] Contemporary Med. (2023) 28:48-52. doi: 10.3969/j.issn.1674-4721.
2023.28.01

Frontiers in Medicine

10.3389/fmed.2025.1665349

organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by
the publisher.

19. Liang MY, Lu Y. Application of physical activity promotion in chronic obstructive
pulmonary disease patients discharged from hospital after acute exacerbation. Chin |
Med. (2024) 11:142-5. doi: 10.20116/j.isn2095-0616.2024.11.33

20. Liang MY, Zhu D, Qian M. Effects of brief mindfulness intervention combined
with pulmonary rehabilitation on exercise capacity in patients with chronic obstructive
pulmonary disease. General care. (2023) 17:76-80. doi:
10.12104/j.iSSN.1674-4748.2023.17.018

21. Gierk B, Kohlmann S, Kroenke K, Spangenberg L, Zenger M, Brahler E, et al. The
somatic symptom scale-8 (sss-8): a brief measure of somatic symptom burden. JAMA
Intern Med. (2014) 174:399-407. doi: 10.1001/jamainternmed.2013.12179

22. Weng GZ. Investigation and research on the compliance of exercise prescription
in patients with Cancer-related fatigue of gastric Cancer. Fuzhou: Fujian Medical
University (2014).

23. Bishop J, Spencer L, Alison J. Effect of a pulmonary rehabilitation programme of
8 weeks compared to 12 weeks duration on exercise capacity in people with chronic
obstructive pulmonary disease (pure duration): protocol for a randomised controlled
trial. BMJ open. Respir Res. (2020) 7:7. doi: 10.1136/bmjresp-2020-000687

24.Tang X, LiJ, Liu L, Fan ], Liu Z. Efficacy of remote respiratory rehabilitation in
stable chronic obstructive pulmonary disease and factors affecting acute exacerbation.
Am ] Transl Res. (2025) 17:2166-77. doi: 10.62347/XNXN6548

25. Begh M, Khan J, Zehravi M, Sweilam SH, Raja AD, Muthukumar A, et al. Targeting
neurological disorders with stilbenes: bridging the preclinical-clinical gap. Int J Biol Sci.
(2024) 20:5474-94. doi: 10.7150/ijbs.102032

26.Chen Y, Li P, Wang J, Wu W, Liu X. Assessments and targeted rehabilitation
therapies for diaphragmatic dysfunction in patients with chronic obstructive pulmonary
disease: a narrative review. Int ] Chron Obstruct Pulmon Dis. (2022) 17:457-73. doi:
10.2147/COPD.S338583

27.Cao Y, Li P, Wang Y, Liu X, Wu W. Diaphragm dysfunction and rehabilitation
strategy in patients with chronic obstructive pulmonary disease. Front Physiol. (2022)
13:872277. doi: 10.3389/fphys.2022.872277

28.Ebadi Z, Goertz Y, Van Herck M, Janssen D, Spruit MA, Burtin C, et al. The
prevalence and related factors of fatigue in patients with copd: a systematic review. Eur
Respir Rev. (2021) 30:30. doi: 10.1183/16000617.0298-2020

29. Burgmer M, Gaubitz M, Konrad C, Wrenger M, Hilgart S, Heuft G, et al. Decreased
gray matter volumes in the cingulo-frontal cortex and the amygdala in patients with
fibromyalgia. Psychosom Med. (2009) 71:566-73. doi: 10.1097/PSY.0b013e3181a32da0

30.Glancy B, Kane DA, Kavazis AN, Goodwin ML, Willis WT, Gladden LB.
Mitochondrial lactate metabolism: history and implications for exercise and disease. J
Physiol. (2021) 599:863-88. doi: 10.1113/JP278930

31. Slevin P, Kessie T, Cullen ], Butler MW, Donnelly SC, Caulfield B. Exploring the
barriers and facilitators for the use of digital health technologies for the management of
copd: a qualitative study of clinician perceptions. QJM. (2020) 113:163-72. doi:
10.1093/gjmed/hcz241

32. Stellefson ML, Shuster JJ, Chaney BH, Paige SR, Alber JM, Chaney JD, et al. Web-
based health information seeking and ehealth literacy among patients living with
chronic obstructive pulmonary disease (copd). Health Commun. (2018) 33:1410-24. doi:
10.1080/10410236.2017.1353868

33. Cherian M, Jensen D, Tan WC, Mursleen S, Goodall EC, Nadeau GA, et al.
Dyspnoea and symptom burden in mild-moderate copd: the Canadian cohort
obstructive lung disease study. ERJ Open Res. (2021) 7:7. doi: 10.1183/
23120541.00960-2020

34. Oostrik L, Bourbeau J, Doiron D, Ross B, Zhi-Li P, Aaron SD, et al. Physical activity
and symptom burden in copd: the Canadian obstructive lung disease study. Chronic
Obstr Pulm Dis. (2023) 10:89-101. doi: 10.15326/jcopdf.2022.0349

35. Benzo RP, Ridgeway ], Hoult JP, Novotny P, Thomas BE, Lam NM, et al. Feasibility
of a health coaching and home-based rehabilitation intervention with remote
monitoring for copd. Respir Care. (2021) 66:960-71. doi: 10.4187/respcare.08580

36. Lira VA, Benton CR, Yan Z, Bonen A. Pgc-lalpha regulation by exercise training
and its influences on muscle function and insulin sensitivity. Am J Physiol Endocrinol
Metab. (2010) 299:E145-61. doi: 10.1152/ajpendo.00755.2009

37. Huang T, Liang Z, Wang K, Miao X, Zheng L. Novel insights into athlete physical
recovery concerning lactate metabolism, lactate clearance and fatigue monitoring: a
comprehensive review. Front Physiol. (2025) 16:1459717. doi: 10.3389/fphys.2025.1459717

38. Kammin EJ. The 6-minute walk test: indications and guidelines for use in
outpatient practices. J Nurse Pract. (2022) 18:608-10. doi: 10.1016/j.nurpra.2022.04.013

frontiersin.org


https://doi.org/10.3389/fmed.2025.1665349
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/S2542-5196(25)00024-5
https://doi.org/10.1186/s12931-024-03051-2
https://doi.org/10.2147/COPD.S498792
https://doi.org/10.1089/tmj.2024.0476
https://doi.org/10.21203/rs.3.rs-5084150/v1
https://doi.org/10.1513/AnnalsATS.202405-549OC
https://doi.org/10.2147/COPD.S484558
https://doi.org/10.1080/17476348.2021.1854737
https://doi.org/10.1513/AnnalsATS.201607-551OC
https://doi.org/10.2147/COPD.S506248
https://doi.org/10.1111/ijn.70021
https://doi.org/10.1016/j.apnr.2021.151510
https://doi.org/10.2147/COPD.S433541
https://doi.org/10.1186/s12890-025-03769-9
https://doi.org/10.1164/rccm.202406-1254CI
https://doi.org/10.1186/s12890-025-03656-3
https://doi.org/10.3761/j.issn.1672-9234.2024.05.014
https://doi.org/10.3969/j.issn.1674-4721.2023.28.01
https://doi.org/10.3969/j.issn.1674-4721.2023.28.01
https://doi.org/10.20116/j.isn2095-0616.2024.11.33
https://doi.org/10.12104/j.iSSN.1674-4748.2023.17.018
https://doi.org/10.1001/jamainternmed.2013.12179
https://doi.org/10.1136/bmjresp-2020-000687
https://doi.org/10.62347/XNXN6548
https://doi.org/10.7150/ijbs.102032
https://doi.org/10.2147/COPD.S338583
https://doi.org/10.3389/fphys.2022.872277
https://doi.org/10.1183/16000617.0298-2020
https://doi.org/10.1097/PSY.0b013e3181a32da0
https://doi.org/10.1113/JP278930
https://doi.org/10.1093/qjmed/hcz241
https://doi.org/10.1080/10410236.2017.1353868
https://doi.org/10.1183/23120541.00960-2020
https://doi.org/10.1183/23120541.00960-2020
https://doi.org/10.15326/jcopdf.2022.0349
https://doi.org/10.4187/respcare.08580
https://doi.org/10.1152/ajpendo.00755.2009
https://doi.org/10.3389/fphys.2025.1459717
https://doi.org/10.1016/j.nurpra.2022.04.013

Feng et al.

39.Chen W, Li ], Liu J, Wang D, Hou L. Aerobic exercise improves food reward
systems in obese rats via insulin signaling regulation of dopamine levels in the nucleus
accumbens. ACS Chem Neurosci. (2019) 10:2801-8. doi: 10.1021/acschemneuro.9b00022

40. Mishra V, Stuckler D, Mcnamara CL. Digital interventions to reduce hospitalization
and hospital readmission for chronic obstructive pulmonary disease (copd) patient:
systematic review. BMC Digital Health. (2024) 2:46. doi: 10.1186/s44247-024-00103-x

41.QuM, Yang L, Liu K, Tang T, Sun X, Chen Y, et al. The effectiveness and feasibility
of virtual pulmonary rehabilitation in patients with chronic respiratory diseases: a
systematic review and meta-analysis. Respir Med. (2025) 244:108159. doi:
10.1016/j.rmed.2025.108159

Frontiers in Medicine

11

10.3389/fmed.2025.1665349

42. Theofilidis G, Bogdanis GC, Koutedakis Y, Karatzaferi C. Monitoring exercise-
induced muscle fatigue and adaptations: making sense of popular or emerging indices
and biomarkers. Sports (Basel). (2018) 6:153. doi: 10.3390/sports6040153

43. Verweel L, Newman A, Michaelchuk W, Packham T, Goldstein R, Brooks D. The
effect of digital interventions on related health literacy and skills for individuals living
with chronic diseases: a systematic review and meta-analysis. Int ] Med Inform. (2023)
177:105114. doi: 10.1016/j.ijmedinf.2023.105114

44. Thoemmes F, Mackinnon DP, Reiser MR. Power analysis for complex mediational
designs using Monte Carlo methods. Struct Equ Model. (2010) 17:510-34. doi:
10.1080/10705511.2010.489379

frontiersin.org


https://doi.org/10.3389/fmed.2025.1665349
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1021/acschemneuro.9b00022
https://doi.org/10.1186/s44247-024-00103-x
https://doi.org/10.1016/j.rmed.2025.108159
https://doi.org/10.3390/sports6040153
https://doi.org/10.1016/j.ijmedinf.2023.105114
https://doi.org/10.1080/10705511.2010.489379

	The relationship between the development trajectory of symptom burden and exercise adherence during remote pulmonary rehabilitation in olderly patients with COPD
	1 Introduction
	2 Subjects and methods
	2.1 Research subjects
	2.2 Remote pulmonary rehabilitation intervention program
	2.3 Research tools
	2.3.1 General information questionnaire
	2.3.2 Symptom burden scale
	2.3.3 Exercise compliance scale
	2.4 Timing of the investigation
	2.5 Data collection methods
	2.6 Statistical methods

	3 Results
	3.1 General information of patients
	3.2 Trends in symptom burden and exercise compliance at four time points
	3.3 Conditional verification
	3.4 Correlation analysis of symptom burden and exercise adherence of patients at four time points
	3.5 Cross-lagged analysis of the relationship between symptom burden and exercise adherence in patients at four time points

	4 Discussion
	5 Conclusion

	References

