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Abstract
Background  Cardiovascular diseases are among the most common and clinically significant comorbidities of 
chronic obstructive pulmonary disease (COPD). Exercise has been shown to reduce the risk of cardiovascular diseases, 
and high-intensity inspiratory muscle training (H-IMT) has emerged as a promising intervention for improving arterial 
stiffness in individuals with COPD. Yet, there is limited evidence from randomized controlled trials (RCTs) regarding the 
impact of H-IMT alone or in combination with exercise on reducing arterial stiffness in COPD. We designed a three-
arm RCT to evaluate the effectiveness of H-IMT, both alone and in combination with exercise, in reducing brachial-
ankle pulse wave velocity (baPWV) in individuals with stable COPD within a community setting.

Methods  This is a three-arm, parallel-group, assessor-blinded, randomized controlled trial with an eight-week 
intervention period and a 24-week follow-up. The trial will recruit a total of at least 162 participants with stable COPD. 
All participants will undergo arterial stiffness assessment using an atherosclerosis detector. Eligible participants will 
then be randomized into either a control group or one of two intervention groups: an H-IMT group combined with 
aerobic and resistance trainin, or an H-IMT group alone. The primary outcome is the baPWV at eight weeks. Secondary 
outcomes include baPWV at 4, 16, and 32 weeks, along with self-reported lifestyle factors, sleep quality, mental health 
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Introduction
Cardiovascular diseases are the most frequent and 
clinically relevant comorbidities of chronic obstructive 
pulmonary disease (COPD), affecting up to 70% of indi-
viduals with COPD [1–3]. Despite a reduction in cardio-
vascular mortality in the general population, mortality in 
individuals with COPD continues to rise [4]. Cardiovas-
cular risk, independent of the effects of smoking and fac-
tors such as physical fitness, accounts for approximately 
50% of deaths among those with COPD [5]. Although the 
mechanisms underlying the increased cardiovascular risk 
in COPD remain unclear, atherosclerosis and the loss of 
large artery elasticity are implicated [6]. Epidemiologi-
cal evidence has indicated that individuals with COPD 
exhibit greater arterial stiffness compared to healthy 
controls [7, 8]. Arterial stiffness has emerged as a valid 
predictor of cardiovascular risk [9] and a promising out-
come to study therapeutic interventions at the early and 
potentially reversible stages of atherogenesis [10]. Arte-
rial stiffness can be assessed non-invasively through 
measurements of brachial-ankle pulse wave velocity 
(baPWV), which is recognized as an essential biomarker 
of increased cardiovascular risk [11–13]. Consequently, 
there is a pressing need for effective intervention strat-
egies to mitigate elevated baPWV in individuals with 
COPD.

It is well-established that exercise can reduce the risk 
of cardiovascular diseases [14]. Specifically, exercise 
enhances muscle function, alleviates symptoms, and 
may offer anti-inflammatory and antioxidant effects [15], 
all of which may contribute to the prevention and man-
agement of cardiovascular diseases in COPD patients. 
For example, an RCT in COPD patients demonstrated 
that exercise training can improve arterial stiffness [16]. 
Moreover, high-intensity inspiratory muscle training 
(H-IMT), an intervention designed to enhance inspira-
tory muscles and reduce dyspnea for pulmonary rehabili-
tation [17, 18], has emerged as a promising intervention 
for improving arterial stiffness and cardiovascular func-
tion, as it promotes benefits for cardiac autonomic con-
trol [19, 20]. Notably, the combination of H-IMT and 

exercise, as non-invasive and non-pharmacological 
interventions, is increasingly recognized as an effective 
strategy to improve muscle function, reduce dyspnea, 
and enhance cardiopulmonary fitness in individuals 
with cardiovascular diseases, often outperforming each 
intervention alone [21–23]. These findings suggest that 
H-IMT and exercise may serve as a promising strategy 
to reduce baPWV among individuals with COPD and 
hold substantial potential for application in stable COPD 
patients within the community setting. For individuals 
with COPD, only a recent RCT using H-IMT combined 
with endurance training reported an improvement in 
functional balance [24]. To date, only a few observational 
studies have shown significant reductions in baPWV with 
exercise and/or pulmonary rehabilitation [16, 25]. Yet, 
limited evidence exists from RCTs regarding the effect of 
H-IMT alone or in combination with exercise on lower-
ing baPWV in individuals with COPD.

Therefore, we designed a three-arm randomized-con-
trolled trial, named the High-intensity Inspiratory Mus-
cle Training, and Resistance and Aerobic Exercise for 
Cardiovascular Health in COPD (HIRAC-COPD) trial. 
The HIRAC-COPD trial aims to evaluate the effective-
ness of H-IMT, and H-IMT combined with exercise, in 
reducing baPWV in COPD patients within a community 
setting. A secondary aim is to determine whether one 
intervention is more effective than the other.

Methods
The protocol has been meticulously crafted in alignment 
with the Standard Protocol Items: Recommendations for 
Interventional Trials (SPIRIT) statement [26] and the 
interventions are described in accordance with the Tem-
plate for the Intervention Description and Replication 
(TIDieR) framework [27].

Study design overview
This study is a three-arm, parallel, assessor-blinded ran-
domized controlled trial aimed at evaluating baPWV 
among individuals with COPD in China. The study 
includes an 8-week intervention and a 24-week follow-up 

outcomes, self-efficacy, implicit health attitudes, quality of life, and clinical outcomes at 4, 8, 16, and 32 weeks. The 
main analysis will follow the intention-to-treat principle, with the difference in outcome between groups analyzed 
using multi-level regression at eight weeks.

Discussion  This study will provide evidence on the effects of H-IMT and combined exercise interventions for 
individuals with COPD in a community setting, offering insights into the use of integrated approaches to enhance 
cardiovascular health among community-dwelling residents.

Trial registration number  ChiCTR2400085483. Date of registration: June 7, 2024. ​h​t​t​​p​s​:​/​​/​w​w​​w​.​​c​h​i​c​t​r​.​o​r​g​.​c​n​/​i​n​d​e​x​.​a​s​
p​x​​​​​.​​

Keywords  Arterial stiffness, chronic obstructive pulmonary disease, Aerobic training, Resistance training, High-
intensity inspiratory muscle training, Randomized controlled trial
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phase. The primary hypothesize is that participants in the 
two intervention groups will exhibit greater arterial stiff-
ness reduction compared to the control group. The study 
design and participant flow are illustrated in Fig. 1.

Settings and participants
This study is nested in the Chengdu Healthy Lung Cohort 
(CHLC), a comprehensive initiative aimed at identify-
ing risk factors of COPD among community-dwelling 
adults living with COPD in Chengdu Eastern New Area. 
Potential participants with COPD were recruited from 
CHLC, and all will be invited for arterial stiffness exami-
nation using an atherosclerosis detector (Beijing CHIOY 
Medical Technology Co.,Ltd). Eligible participants will 
be randomized into either a control group or one of two 
intervention groups featuring H-IMT with exercise train-
ing, or H-IMT alone.

Eligibility criteria of participants
Inclusion criteria

 	• Being 40 years old or above;

 	• Having stable COPD from mild to severe stages: 
FEV1/FVC < 0.70 after bronchodilator inhalation 
[28];

 	• The baPWV ≥ 1400 mm/s on at least one side of the 
limbs [29].

Exclusion criteria

 	• Having underwent pulmonary resection or 
lobectomy within the past 6 months;

 	• Having pneumothorax or rib fracture;
 	• Severe movement disorders (not caused by 

chronic obstructive pulmonary disease), or other 
neurological, muscular, skeletal, or cardiovascular 
diseases that seriously affect the safety of the 
subject’s training;

 	• Having severe heart disease (acute heart 
failure, myocardial infarction, unstable angina, 
uncontrolled arrhythmia, patients with third degree 
atrioventricular block, unknown causes of chest pain 
and palpitations);

Fig. 1  Flow of study design. baPWV, brachial-ankle pulse wave velocity; COPD, chronic obstructive pulmonary disease; H-IMT, high-intensity inspiratory 
muscle training; HRAC-COPD, High-intensity Inspiratory Muscle Training, and Resistance and Aerobic Exercise for Cardiovascular Health in COPD trial
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 	• Having pulmonary bulla > 1 cm in distended 
diameter;

 	• Having acute exacerbation of COPD, according to 
the GOLD 2023 definition [28];

 	• Being pregnancy or breastfeeding;
 	• Cognitive impairment or unable to communicate, or 

other inability to cooperate with training;
 	• Individuals who have not signed informed consent 

forms;
 	• Participate in other similar experiments.

Termination criteria

 	• Withdrawing informed consent and/or withdrawing 
from the trial;

 	• Development of new serious diseases (e.g., cancer) 
that makes it inappropriate to continue the 
interventions as specified in the trial protocol;

 	• Experiencing serious adverse events during the 
intervention phase.

Randomization and allocation concealment
After recruitment and baseline data collection, eligible 
participants will be randomized using a computer-based 
random number generator (www.random.org) and 
assigned to one of the three arms: (1) the bundle arm, 
provided with H-IMT and aerobic training and resistance 
training of global muscles, (2) the H-IMT arm, provided 
with H-IMT alone, and (3) the control arm, provided 
with routine management (e.g., medical examination, 
consultation, and health literacy education).

Independent statisticians will generate a randomization 
list using a computer-generated random number table, 
assigning potential participants labeled with unique ran-
dom numbers in a 1:1:1 ratio to the three study arms. In 
accordance with central randomization [30], the gen-
erated randomization list will be kept confidential and 
securely transmitted to the central study center respon-
sible for participant enrollment. The allocation labels will 
only be disclosed after all participants have been con-
firmed as eligible and have provided informed consent.

Blinding
Due to the nature of the study, participants and inter-
vention providers cannot be blinded to group allocation. 
However, statisticians and assessors will remain blinded 
throughout the trial period. Statisticians will be assisted 
by a research assistant who is responsible for group 
assignment, assigning a number to each group (e.g., A, 
B, C) instead of using specific group names. Statisticians 
will receive data with anonymized group identifiers, and 
the true allocation will be disclosed only after the sta-
tistical analysis has been completed and the results are 
ready for interpretation. Assessors, who are independent 

research assistants not involved in the intervention deliv-
ery process, will evaluate the outcomes.

Sample size
The primary outcome is the arterial stiffness measured 
by baPWV. Due to the innovative nature of our interven-
tion, there was insufficient prior data to perform formal 
a priori calculations for effect size and sample size esti-
mation for the primary outcome, baPWV, among people 
living with COPD. According to previous studies [31] and 
our internal data, baPWV was normally distributed with 
an standard deviation (SD) of 180 mm/s. We considered 
the minimal clinically important difference of the con-
tinuous measure baPWV over an 8-week period. Assum-
ing a minimal clinical difference of 120 mm/s for H-IMT 
arm and bundle arm, we would need to enroll 111 par-
ticipants (37 per arm) to reject the null hypothesis with a 
power of 0.8. Moreover, we considered a binary measure, 
defined as a mean PWV reduction of 200 mm/s at eight 
weeks, as a favorable outcome based on previous studies 
[32, 33]. Assuming that 10% of individuals in the control 
arm will achieve favorable outcome, improvement targets 
of 15% and 35% were set for H-IMT arm and bundle arm, 
respectively. To achieve a power of 0.80 to obtain a sta-
tistically significant at P < 0.05, p1 = 0.10 for control arm, 
p2 = 0.15 for H-IMT arm, p3 = 0.35 for bundle arm, the 
sample size is estimated as 129 (43 per group) [34]. To 
account for an anticipated attrition rate of 20%, we set a 
recruitment target of 54 participants per group, resulting 
in a total sample size of 162 participants.

Intervention design and strategy
The two intervention groups will receive intervention 
for eight weeks after participants’ recruitment into the 
study. Participants will undergo assessments at baseline, 
4, 8, 16, and 32 weeks to observe changes in their arte-
rial stiffness. This three-arm randomized controlled trial 
will compare the reduction of baPWV in the bundle arm 
and the H-IMT arm with that in the control arm. The 
study will be conducted at the pulmonary rehabilitation 
center of the local town hospital. A total of 16 training 
sessions will be carried out over 8 weeks (2× per week), 
supervised and monitored by two experienced physio-
therapists specialized in pulmonary rehabilitation. The 
detailed intervention strategy is summarized in Table 1.

The bundle arm consists of three components of exer-
cise training: H-IMT, aerobic training, and resistance 
training for global muscles. After recruitment, partici-
pants will initially start the H-IMT program at 50% of 
their oral maximal inspiratory pressure (MIP), assessed 
at baseline. The assessment and training procedures will 
be implemented using a hand-held digital device (Blue 
Whale™, Xeek, Xiamen, China) with a tapered flow resis-
tance in sitting position. A total of 30 repetitions will be 

http://www.random.org
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performed, divided into three sets with a one-minute 
recovery interval between sets. An increment of 5% MIP 
will be set each week after two sessions for progression. 
Aerobic training will be conducted using an ergometer. 
Instead of adjusting the intensity by watts, participants 
will be asked to maintain their Borg scale at 4–6/10 
through the training. The duration of the aerobic train-
ing will be 20  min, including two-minute warm-up and 
two-minute cool-down. Physiotherapists will continu-
ously and closely monitor patients’ peripheral saturation 
and heart rate to avoid adverse events. Resistance train-
ing will target global muscles of the upper and lower 
extremities using three functional movements: arm ver-
tical extension (shoulder abduction with elbow exten-
sion at frontal plane), arm horizontal extension (shoulder 
extension with elbow extension at horizontal plane), and 
half-squat (leaning on a swiss-ball against the wall with 
a 60-degree knee flexion). The one-repetition maximum 
(1-RM) will be firstly assessed at baseline, and the inten-
sity of resistance training will be conducted at 60% 1-RM 
(10 × 4/d), considering the deconditioned fitness of all 
participants. After four weeks, a re-assessment of 1-RM 
will be conducted to reset the intensity. The interven-
tion will be guided by the self-efficacy theory to improve 
participants’ adherence to intervention and behavior 
maintenance [35]. We will assist participants in setting 
realistic training goals and continuously monitor their 
performance throughout the training process. Those who 
successfully complete the training will be recognized and 
rewarded for their achievements. For participants facing 
obstacles during training, we will provide encouragement 
and support to help them overcome challenges and com-
plete the program.

In contrast, the H-IMT arm will solely undergo H-IMT 
program without aerobic and resistance training. The 
H-IMT training parameters will follow the same crite-
ria as those in the bundle arm. The training schedules 

between the bundle and H-IMT arms will be allocated to 
different two days each week to avoid potential influence 
on patients’ compliance with the study and contamina-
tion of different trainings. The intervention will also be 
guided by self-efficacy theory.

In the controlled arm, no training will be adminis-
tered throughout the 8-week duration. In all three arms, 
physiotherapists will routinely and equally offer regu-
lar medical consultations, health literacy education, and 
answer any questions participants may have about their 
condition.

Data collection and outcomes
Data will be collected onsite at baseline, 4, 8, 16, and 32 
weeks. Information such as basic demographics and 
lifestyles will be collected using online questionnaires. 
Physical examinations will be conducted by doctors with 
at least 5 years of clinical experience, and blood samples 
will be collected by trained nurses. The stool samples will 
be collected by laboratory technicians and nurses. All 
procedures for questionnaire survey, physical examina-
tions, and sample collection and storage will be in strict 
accordance with the Standard Operating Procedures.

Primary outcomes
The primary outcome is the baPWV after the interven-
tion at 8 weeks. baPWV will be measured using an ath-
erosclerosis detector, with patients in the supine position 
after at least 5 min of rest, as previously reported [36, 37]. 
In detail, four oscillometric cuffs are utilized, each featur-
ing a plethysmographic sensor to ascertain the volume 
pulse, which is correlated with an oscillometric pressure 
sensor designed to measure blood pressure. These cuffs 
were positioned on both the brachial regions and the 
ankles. After measurement, two simultaneous measure-
ments of baPWV will be recorded on both the right and 
left sides.

Table 1  Overview of training parameters of the three trial arms
H-IMT Aerobic Training Resistance Training

Bundle arm • Tapered flow resistance device
• 50% MIP
• 10 × 3, 1-minute interval
• 2 times/week
• 5% MIP increment per week

• Ergometer
• Borg 4–6/10
• 20 min
• Consistent training including 2-minute 
warm-up and 2-minute cool-down
• 2 times/week
• Workload progression according to Borg 
scale (4–6/10)

• Elastic band, free body weight
• Upper extremities: arm vertical ex-
tension, arm horizontal extension
• Lower extremities: half-squat
• 60% 1-RM
• 10 × 4, 1-minute interval
• 2 times/week
• Re-assessment of 1-RM at 4th 
week for progression

H-IMT arm • Tapered flow resistance device
• 50% MIP
• 10 × 3, 1-minute interval
• 2 times/week
• 5% MIP increment per week

None None

Control arm None None None
H-IMT, high-intensity inspiratory muscle training; MIP, maximal inspiratory pressure; RM, repetition maximum
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Secondary outcomes
Secondary outcomes include baPWV at 4, 16, and 32 
weeks, as well as lifestyle factors, sleep quality, mental 
health outcomes, self-efficacy, implicit health attitudes, 
quality of life, and clinical outcomes at 4, 8, 16, and 32 
weeks, with further details as follows:

 
Scales

 
Lifestyles

 
Lifestyles will be measured by questionnaire, including 
smoking status, alcohol intake, physical activity mea-
sured by International Physical Activity Questionnaire 
[38], dietary habits measured by Food Frequency Ques-
tionnaire [39].

 
Sleep quality

 
Sleep quality will be measured with the Pittsburgh Sleep 
Quality Index (PSQI) [40].

 
Mental health outcomes

 
Anxiety and depression will be evaluated with the 7-item 
scale for General Anxiety Disorder (GAD-7) [41] and the 
Patient Health Questionnaire Depression Module (PHQ-
9) [42], respectively.

 
Health-related self-efficacy

 
Self-efficacy will be measured with reference to the Gen-
eral Self-Efficacy Scale (GSES) [43].

 
Implicit health attitudes

 
Implicit health attitudes will be measured using the lay 
theories of healthy behavior intentions scale [44].

 
Quality of life

 
Quality of life will be measured by 36-Item Short Form 
Health Survey (SF-36) [45].

 
Clinical outcomes

 
The study will evaluate clinical outcomes associated with 
arterial stiffness and COPD, encompassing conditions 
such as general obesity, central obesity, hypertension, 
diabetes mellitus, dyslipidemia, sarcopenia, arterio-
sclerosis, and syndromes such as metabolic syndrome. 
These outcomes will be correlated with patients’ medical 
histories, complemented by physical examinations and 
laboratory test results. Venous blood samples, obtained 

after a minimum of 8 h of overnight fasting, will be uti-
lized for clinical laboratory assessments, which include 
complete blood counts, fasting blood glucose levels, 
lipid profiles, and hepatic function tests. Besides, cardio-
vascular biomarkers such as apolipoproteins and serum 
creatine kinase isoenzymes will also be measured. Body 
composition will be analyzed using Inbody 370. The mea-
surements of body circumference, blood pressure, grip 
strength, and physiological indicators will be conducted 
using medical examination tools or equipment of stan-
dard specifications.

 
Multi-omics data

 
Gut microbiota, along with its metabolites and RNA, will 
be detected through transcriptomic, metagenomic, and 
metabolomic analyses. Venous blood will be collected 
from participants following an overnight fast of at least 
8  h, utilizing vacuum blood collection tubes and blood 
lancets. Concurrently, blood samples and stool samples 
will be obtained and store at biobank in West China 
School of Sichuan University through cold chain trans-
portation within two hours, and delivered to a Third-
Party Medical Laboratory for multi-omics analysis.

Timeline of data collection
Demographic characteristics and medical record data 
will be surveyed or extracted at baseline. The primary 
and secondary outcomes, assessed by physical examina-
tions, will be collected at five measurement points: base-
line, 4 weeks, primary end-point (8 weeks), the 16-week 
follow-up, and the 32-week follow-up. Secondary out-
comes assessed through questionnaires will be collected 
at three measurement points: baseline, the primary end-
point (8 weeks), the 16-week follow-up, and the 32-week 
follow-up, and the laboratory indicators will be collected 
at three measurement points: baseline, the primary end-
point (8 weeks), and the 32-week follow-up (Table 2).

Data analysis
Data analyses will be conducted using R software on 
Windows. Categorical variables will be summarized as 
frequencies and percentage, both overall and by inter-
vention group. Continues variables will be summarized 
as mean ± standard deviation or median (interquartile 
range), also reported overall and by intervention group.

The main analysis will be conducted based on the 
intention-to-treat (ITT) population. The primary out-
come will utilize both continuous outcomes (baPWV 
values, or change in baPWV values) and categorical out-
comes (favorable outcome vs. not, or percentage change 
in favorable outcome), which will be analyzed using gen-
eralized linear mixed effects regression at eight weeks 
[46]. Categorical variables for randomization groups 
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Study Period
Enrolment Allocation Post-allocation Close-out

Timepoint -t1 0 t1

(Baseline)

t2

(4 weeks)

t3

(8 weeks)

t4

(16 weeks)

tx

(32 weeks)

ENROLMENT:
Eligibility screen X
Informed consent X
Randomization X
Allocation X
Blinding X
INTERVENTIONS:
Bundle arm X X X
IMT arm X X X
Control arm X X X
ASSESSMENTS:
Demographics X X X X X
Medical records X X X X
Questionnaire
Smoking X X X X
Drinking X X X X
FFQ X X X X
IPAQ X X X X
PSQI X X X X
GAD-7 X X X X
PHQ-9 X X X X
mGSES X X X X
Implicit health attitude X X X X
SF-36 X X X X
Satisfaction and adherence evaluation X
Physical examination
Height X
Weight X X X X X
Body circumferencea X X X X X
Pulmonary functionb X X X X X
Pulse rate X X X X X
Finger pulse oxygen X X X X X
Body composition X X X X X
Blood pressure X X X X X
Grip strength X X X X X
SPPBc X X X X X
PWV X X X X X
24 h wearable device X X X
Electrocardiogram X X X
Laboratory test

Table 2  Schedule for events and measurements of enrolment, interventions, and assessments
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will be included in the model as the explanatory vari-
able (with the control group as the reference group). 
The model will include a random intercept for partici-
pants and fixed effects for demographics and regions 
(i.e., communities), as well as an interaction term for 
time point and intervention group. The treatment effect 
at eight weeks (immediately after intervention) will be 
presented as odds ratio. For secondary outcomes, we will 
use a similar analysis strategy to that used for the primary 
outcome. For continuous outcomes, longitudinal analy-
sis of covariance (ANCOVA) models can be estimated 
with time and time-group interaction, adjusted for the 
respective outcome at baseline and incorporating ran-
dom intercepts for participants as well as a fixed effect 
for demographics and regions (i.e., communities) [47]. 
Estimates of differences in continuous outcomes between 
groups at different time points will be analyzed post hoc 
using a group×time repeated measures ANCOVA, with 
between and within arms. For two-period data, t-tests or 
chi-square tests can also be used as analytical strategies.

Missing values
The attrition and dropout rates will be presented as fre-
quencies and percentages. Additionally, patterns of 
missing data will be analyzed, and corresponding tables 
and illustrations will be provided. For the main analysis, 
missing data will not be imputed (complete case analy-
sis). Multiple imputation on 100 sets using chained equa-
tions, with models according to variables’ scale levels, 
will be performed for all sensitivity analyses [48]. Other 
imputation methods, such as predictive mean matching 
and regression imputation, will be used alternatively if 
applicable.

Subgroup analysis
We will perform subgroup analyses based on sex and age. 
To investigate the heterogeneity of intervention effects 
across subgroups, we will incorporate an interaction term 
between intervention assignment and subgroup in the 
regression models, with statistical significance assessed 
using Wald tests.

Safety and harms
The Independent Supervisory Group of the Second 
People’s Hospital of Eastern New Area will monitor the 
trial’s proper conduct and ensure participants’ safety. 
During the RCT, participants’ interests will be closely 
monitored and safeguarded. The overall conduct of the 
trial will be supervised, and participant safety will be 
ensured through a systematic review of adverse events 
and timely responses to any severe distress. In the event 
of any adverse event or emergency, participants will be 
strongly encouraged to seek additional help and counsel-
ing, ensuring their well-being throughout the trial.

An adverse event is defined as any unfavorable or unin-
tended medical occurrence experienced by a partici-
pant following an intervention, irrespective of whether 
it is directly related to the intervention. Should a par-
ticipant’s condition be linked to a pre-existing medical 
issue documented in their medical history, it will not be 
classified as an adverse event unless there is a notable 
change in its nature, severity, or relation to the interven-
tion. All adverse events will be carefully recorded, detail-
ing the timing, symptoms, and treatments administered, 
and will be reported to the Supervisory Group and the 
Ethics Committee. Each adverse event will be moni-
tored until it is medically resolved. Given that this study 
does not entail invasive procedures or pharmacological 

Study Period
Enrolment Allocation Post-allocation Close-out

Timepoint -t1 0 t1

(Baseline)

t2

(4 weeks)

t3

(8 weeks)

t4

(16 weeks)

tx

(32 weeks)

Blood laboratory testsd X X X
Stool laboratory testse X X X
FFQ, Food Frequency Questionnaire; IPAQ, short version of the International Physical Activity Questionnaire; PSQI, Pittsburgh Sleep Quality Index; GAD-7, 7-item 
scale for General Anxiety Disorder; PHQ-9, patient health questionnaire depression module; mGSES, modified General Self-Efficacy Scale; SF-36, 36-item short form 
survey; SPPB, Short Physical Performance Battery; PWV, pulse wave velocity
aBody circumference included neck, waist, belly, hip, arm and leg circumference
bPulmonary function assessment includes Forced Expiratory Volume in 1 s (FEV1), Forced Vital Capacity (FVC), FEV1% predicted (FEV1%Pre), Maximum Inspiratory 
Pressure (MIP), and Maximum Expiratory Pressure (MEP)
cSPPB included feet together test, semi-tandem stand test, tandem stand test, 4-meter walk test, and five times sit-to-stand test
dBlood tests include complete blood count (CBC) testing and biochemical analysis. The former encompasses indicators such as total white blood cell count (WBC), 
red blood cells (RBC), hemoglobin (HGB), platelets (PLT), lymphocytes, monocytes, neutrophils, and eosinophils. The latter includes indicators such as fasting 
blood glucose (FBG), triglycerides (TG), cholesterol (CHOL), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), total protein 
(TP), albumin, globulin, alanine transaminase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transpeptidase (GGT), creatinine (Cr), urea, uric acid (UA), 
C-reactive protein (CRP), high-sensitivity C-reactive protein (hsCRP), serum iron, alkaline phosphatase (ALP), total bilirubin (TBIL), apolipoprotein A-I (ApoA-I), 
apolipoprotein B (ApoB), creatine kinase-isoenzymes (CK-MB), hemoglobin A1c, interleukin 6 (IL-6), interleukin 10 (IL-10), insulin (INS), and C-peptide (C-P)
eStool laboratory tests include transcriptomic, metagenomic, and metabolomic analyses

X The item will be implemented or on relevant time point

Table 2  (continued) 
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interventions, any anticipated adverse events are likely to 
arise from the participant’s underlying health condition 
or the study’s operational circumstances. Participants 
have the right to discontinue or withdraw from the study 
at any point and are encouraged to communicate any 
concerns to the research team.

Quality control
All assessors will receive offline training on the study 
protocol before group assignment, including ethical 
norms and detailed instructions with respect to the eval-
uation process. Health professionals from local health 
community hospitals will help schedule participants for 
the intervention and be responsible for addressing any 
issues that may arise during the implementation of the 
intervention. During the intervention period, a series 
of forms will be designed to document implementation 
and monitor participants’ safety and compliance, includ-
ing a form for MIP adjustment for participants, diaries 
detailing their adherence to the intervention measures. 
Through these forms, we will be able to identify individu-
als at risk and take timely action to improve or enhance 
interventions.

Quality control (QC) measures for questionnaire inves-
tigations will involve data oversight by inspectors who 
will evaluate for outliers and human error during data 
collection. For medical examinations, QC procedures 
will include verifying the functionality of measurement 
instruments, and ensuring adherence to Standard Oper-
ating Procedures. In terms of clinical laboratory tests, 
QC will be maintained by sending blinded sample pan-
els to independent third-party laboratories for validation. 
Additionally, data QC will involve two independent assis-
tants who will cross-verify electronically entered data 
against trial record sheets, excluding any data identified 
as unqualified from the final analysis.

Data monitoring and confidentiality
Questionnaires survey, physical examination, and sample 
collection will be conducted by medical staff, with strict 
adherence to confidentiality protocols. The responsible 
investigator and other research team members will use 
de-identified names during the intervention and data 
analysis, employing unique ID numbers to match results. 
No individual information will be disclosed in the pub-
lication of the study’s findings. During the intervention 
phase, the intervention will be carried out using these 
ID numbers. All research team members are required to 
sign a confidentiality agreement to ensure data security.

Ethics approval, protocol amendments and consent
This trial will be conducted in accordance with the 
study protocol, the Declaration of Helsinki, and good 
clinical practice. Ethical approval for this study has been 

granted by the Ethics Committee of the West China 
School of Public Health and West China Fourth Hospi-
tal (Gwll2024146). The trial has been registered with the 
Chinese Clinical Trials Registry (ChiCTR2400085483, 
https:/​/www.ch​ictr.or​g.cn​/index.aspx). The design and 
implementation of this RCT adhere to the extension of 
the SPIRIT 2013 statement [26], and reporting of the trial 
will follow the Consolidated Standards of Reporting Tri-
als (CONSORT) statement [49]. Any significant protocol 
modifications will be communicated to all relevant par-
ties, including the supervisory committee, trial registries, 
the ethical committee, and researchers.

Before participation, interested participants will be 
provided with a written informed consent form that 
outlines the details of the trial, explains the potential 
risks and benefits, and includes contact information for 
the study team. Participants have right to decline par-
ticipation in this study or to request withdrawal at any 
time by informing the investigator, without any adverse 
impact on their rights. The investigator may discontinue 
a subject’s participation in the study if the subject fails 
to adhere to the study protocol, or if an injury related to 
intervention.

Discussion
COPD is highly prevalent in community populations, 
particularly in China, where recent epidemiological stud-
ies have reported a prevalence rate of approximately 
13.7% among adults aged 40 years and above [50]. Con-
currently, comorbidities of atherosclerosis, as indicated 
by PWV, are frequently observed in patients with COPD, 
leading to a substantial health burden [1]. Physical exer-
cise and pulmonary rehabilitation have emerged as 
potential strategies for managing both PWV and COPD 
comorbidities, as suggested by existing literature [51, 52]. 
However, there is a paucity of studies investigating the 
combined effects of exercise and pulmonary rehabilita-
tion on improving atherosclerosis and COPD comor-
bidities. The intervention proposed in this protocol aims 
to fill this gap by providing an integrated approach that 
may offer a novel solution for managing the complex 
comorbidities.

Our study has several strengths. First, our intervention 
targets a community population characterized by a high 
prevalence of COPD, predominantly in the stable stage of 
the disease rather than acute exacerbations. This popu-
lation is especially well-suited for non-pharmacological 
interventions, such as physical exercise, due to the high 
cost-effectiveness and the potential for broader dis-
semination [50]. Second, we implemented a three-arm 
randomized controlled trial design, which enables us to 
compare differences across intervention arms and better 
evaluate the effects of individual versus combined inter-
ventions (i.e., H-IMT, aerobic training, and resistance 

https://www.chictr.org.cn/index.aspx
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training). Third, our exercise intervention incorporates 
both aerobic and anaerobic exercise, as previous stud-
ies have demonstrated that combined models are more 
effective in lowering the baPWV in COPD than single-
mode exercise interventions like aerobic, resistance, or 
endurance training alone [53]. This design maximizes 
the potential benefits of exercise interventions. More-
over, our intervention is guided by self-efficacy theory 
and conducted with support from family members and 
healthcare professionals to enhance participants’ con-
fidence in managing their condition. Finally, we utilized 
diverse approaches for data collection, including ques-
tionnaires, medical examination, and wearable devices, 
allowing us to capture multidimensional indicators. With 
estimates of the short-, medium-, and long-term inter-
vention’s effects on changes in indicators of interest, we 
can identify key points where the intervention begins to 
have an effect.

Our protocol provides valuable insights into potential 
applications in routine practice, translating research find-
ings into real-world settings and assessing strategies for 
COPD management and comorbidity prevention. In the 
context of Chinese model of physical and medical inte-
gration [54], implementing H-IMT and exercise inter-
ventions presents a community-based case for reducing 
arterial stiffness in COPD, which may also improve 
the lung capacity, and overall quality of life for COPD 
patients. If this intervention proves to be effective, it has 
potential for widespread validation and dissemination 
throughout China and internationally.

Several limitations should be cautious. First, the study 
findings may have limited representativeness due to vol-
unteer bias from community recruitment. Second, for 
some secondary outcomes (e.g., lifestyle factors), we pri-
marily relied on questionnaire indicators, which could be 
influenced by recall bias or tendencies to provide socially 
desirable responses. Third, there may be challenges for 
participant’s adherence, as the intervention requires 
supervised and regular training (i.e., training twice a 
week). However, we incorporated self-efficacy theory and 
offered incentives, such as gifts  (e.g., household goods), 
to motivate participants. Additionally, family members 
can provide encouragement to support the intervention. 
Despite these limitations, the trial represents a pioneer-
ing initiative aimed at providing important measures and 
strategies for interventions in cardiovascular health in 
COPD within a community setting.
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