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Background: Considerable heterogeneity exists in patients experiencing acute exacerbation of chronic obstructive pulmonary disease
(AECOPD) concerning etiology, clinical manifestations, phenotypic features, comorbidities, and treatment responsiveness. The
concept of “treatable traits” is adapted to evaluate the clinical features of patients with chronic airway diseases from multiple
dimensions and ultimately guiding precision treatment strategies. This prospective randomized controlled study mainly aims to
evaluate the impact of accurate identification and intervention strategies guided by “treatable traits” on the prognosis of AECOPD
patients.

Methods: This prospective randomized controlled study will be performed in 6 centers in China, with a planned enrollment of 314
AECOPD participants. 314 participants will be randomly assigned to either the precision intervention group or the control group with
a ratio of 1:1. During admission, participants in the precision intervention group will receive accurate identification and intervention
based on “treatable traits”, while patients in the control group receive conventional medical treatment as usual. Patients will be
followed up at 6 and 12 months after discharge. Primary outcomes of the study include the incidence of total acute exacerbations and
hospitalizations due to acute exacerbations during follow-up. Secondary outcomes involve changes in CAT scores and mMRC
classification, and the occurrence of death during follow-up.

Discussion: By employing standardized, multi-dimensional baseline and follow-up assessments, the study seeks to develop
a comprehensive framework of treatable traits encompassing pulmonary, extrapulmonary, and socio-behavioral domains for
AECOPD. It will further evaluate the prognostic impact of precision interventions tailored to these treatable traits in AECOPD
patients for the first time.
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Introduction
Background and Rationale

Chronic obstructive pulmonary disease (COPD) is a prevalent chronic airway condition that is both preventable and
treatable. Despite this, COPD is associated with high rates of mortality and disability, making it a significant global
public health problem.'? Spirometry-confirmed COPD exhibits a notably high prevalence among the Chinese adult
population; The overall prevalence rate of spirometry-diagnosed COPD stands at 8.6%, equating to approximately
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99.9 million individuals living with COPD in China.® Notably, the incidence of young COPD patients continues to
escalate annually, imposing a substantial socioeconomic burden.*

Despite receiving treatment, COPD patients still suffer a considerable burden mainly owning to exacerbations and
comorbidities, which leads to a substantial use of healthcare resources.’ Acute exacerbation of chronic obstructive
pulmonary disease (AECOPD) denotes a phase of the disease marked by a rapid deterioration in respiratory symptoms,
necessitating supplementary treatment.® This deterioration associates with expedited decline of lung function, impairment
of quality of life, and elevated risk of mortality.””® In addition, patients experiencing AECOPD exhibit considerable
heterogeneity in terms of etiology, clinical presentations, phenotypic traits, comorbid conditions, and responsiveness to
treatment.”' Therefore, systematically discerning the clinical attributes of AECOPD patients and formulating persona-
lized intervention strategies hold substantial practical value in enhancing patient prognosis.

“Treatable traits” is a concept in the field of precision medicine. This innovative concept serves as a multi-
dimensional framework for evaluating the clinical traits of patients with chronic airway diseases, pinpointing core
characteristics that correlate with clinical outcomes, and ultimately promoting precision treatment strategies.'' Different
from traditional “one size fits all” stepwise treatment model, treatable traits can help distinguish the individual
phenotypes and underlying causal molecular mechanisms (endotypes), and further identify key therapeutic targets.'>'?
The treatable traits in chronic airway disease can be specifically categorized into pulmonary, extra-pulmonary, and social
behavior traits.'* Data from the NOVELTY study cohort have demonstrated that patients with COPD have an average of
5.4 treatable traits, which is more complex compared with asthma.'> Of note, core TTs in COPD patients can be
predictors of future decline in lung function and quality of life.'® A randomized controlled study revealed that patients
with severe asthma typically exhibit an average of 10.44 treatable traits, encompassing 3.01 pulmonary traits, 4.85 extra-
pulmonary traits, and 2.58 social behavior traits. Follow-up data collected after 16 weeks demonstrated that, in
comparison to the conventional intervention group, individualized precision treatment targeting treatable traits signifi-
cantly enhanced health-related quality of life and asthma control among patients with severe asthma; These findings offer
a novel approach for managing severe asthma.'” Previous studies mainly focused on the TTs in patients during the stable
phase of chronic airway diseases. Translating the treatable traits framework to exacerbation episode of COPD is also
justified. Biologically, an exacerbation often represents the acute decompensation of underlying, modifiable pathological
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traits. For example, an exacerbation may be triggered by the trait of “cosinophilic airway inflammation” or “virus
infection”.'®!° Identifying and treating these traits during the exacerbation targets the root cause, not just the symptom.
Clinically, the exacerbation period is a unique opportunity for intervention, as it is a time of heightened patient awareness
and healthcare contact, allowing for comprehensive assessment and the immediate initiation of targeted therapies.?® This
treatable traits framework aims not only to resolve the current episode more effectively but also to implement preventive
strategies that reduce the risk of future events. Thus, the “treatable traits” framework that traditionally applied in the
management of stable chronic airway disease is also applicable to AECOPD.

However, to date, no prospective randomized controlled studies have been undertaken to explore the impact of
treatable traits on the prognosis of patients with AECOPD. This study hypothesizes that, compared with the traditional
generalized intervention mode in AECOPD, the precision intervention strategy based on multi-dimensional treatable
traits has superior clinical value in improving the long-term outcomes in AECOPD patients and reducing the risk of acute
exacerbation recurrence.

Objectives

This study innovatively integrates the new concept of treatable traits in precision medicine into the whole-process
management of patients with AECOPD. For the first time, a prospective randomized controlled study will be conducted
to explore the impact of precision identification and intervention based on treatable traits on AECOPD patients.
Ultimately, the study may help to develop an all-encompassing map of treatable traits, covering pulmonary, extra-
pulmonary, and socio-behavioral dimensions specifically for AECOPD. Additionally, the research is expected to assess
how precision intervention strategies, customized according to these treatable traits, influence the prognosis of AECOPD
patients, including future acute exacerbation, mortality and clinical symptoms.
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Figure | Flowchart of the study.

Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; CAT, COPD assessment test; mMRC, modified Medical Research Council.

Patients and Methods
Study Setting

This prospective randomized controlled study will be performed in 6 centers in Hunan Province (including The Second
Xiangya Hospital of Central South University, Shaodong People’s Hospital, Zhuzhou Central Hospital, Liuyang People’s
Hospital, Qiyang People’s Hospital and Hengshan People’s Hospital), with a planned enrollment of 314 AECOPD
participants. 314 participants will be randomly assigned to either the precision intervention group or the control group
with a ratio of 1:1. The flowchart of the study is demonstrated in Figure 1. The study protocol follows the standards of

SPIRIT.?! Schedule of enrollment, interventions, and assessments of the study are summarized in Table 1.

Table | Schedule of Enrollment, Interventions, and Assessments

Enrollment Post- Follow-Up Close-Out
Randomization
Timepoint -t; to 0 Week 1-2 Month 6 Month 12 Month 12
0 During After After After
Admission Discharge Discharge Discharge
ENROLLMENT:
Eligibility screen X
(Continued)
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Table | (Continued).

Enrollment Post- Follow-Up Close-Out
Randomization

Timepoint -t; to 0 Week 1-2 Month 6 Month 12 Month 12
0 During After After After
Admission Discharge Discharge Discharge
Informed consent X
Randomization X

INTERVENTION/ COMPARATOR:

Precision intervention based on treatable traits (study group) X
Conventional medical treatment as usual (control group) X
ASSESSMENTS:

Age, gender, body mass index, smoking history, occupational X X X

exposure history, biofuel exposure history, blood gas analysis, blood
routine, etiological examination, 6MWT, lung function, history of
acute exacerbation, CAT score, mMRC classification, TAl, inhaler
device technique evaluation, NRS2002, and comorbidity nent

Total acute exacerbation, hospitalization due to acute exacerbation, X X
death, CAT score, and mMRC classification

Abbreviations: X, need to be completed; 6MWT, 6-minute walk test; CAT, COPD assessment test; mMMRC, modified Medical Research Council; TAl, the test of adherence
to inhalers; NRS2002, nutritional risk screening 2002.

Participants

In this study, we will recruit hospitalized AECOPD patients. AECOPD is defined as an acute worsening of respiratory
symptoms in patients, necessitating additional treatment. According to severity, AECOPD can be classified: (1) Mild:
only requiring short-acting bronchodilators; (2) Moderate: using short-acting bronchodilators and antimicrobial agents,
with or without the addition of oral glucocorticoids; (3) Severe: requiring hospitalization or treatment in the emergency
department and intensive care unit (ICU).%2

Inclusion Criteria
(1) Age >40 years old;
(2) Meet the diagnostic criteria for AECOPD in the 2021 Chinese COPD guidelines;
(3) Can independently complete COPD assessment test (CAT), modified Medical Research Council (mMRC) and
other questionnaires.

Exclusion Criteria
(1) Patients with lung cancer and other malignant tumors;
(2) Patients with severe intellectual or cognitive impairments;
(3) Participate in other clinical trials involving interventions.

Randomization and Allocation Concealment

Patients who meet the eligibility criteria will be randomly assigned to either the precision intervention group or the
control group. The randomization process for this study was carried out by an impartial researcher, who employed
a computer - generated random number sequence to ensure a 1:1 allocation ratio between the two groups. Treatment
allocation is concealed prior to participant recruitment.
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Blinding

Given the inherent nature of this study, neither the intervention practitioner nor the participant can remain blinded to the
treatment plan. Therefore, blinding can only be applied during the data collection and evaluation processes. The
multidimensional assessment for treatable traits will be performed by independent investigator, and physicians will be
blinded to the results of the multidimensional assessment for treatable traits in the control group. While physicians will
be informed about the results of the multidimensional assessment for treatable traits in the intervention group.

Grouping and Interventions

Grouping

The subjects will be randomly assigned to the precision intervention group based on treatable traits and the control group
using a random allocation method as previously described.

Interventions

Study Group

To identify their treatable traits individually, comprehensive and multi-dimensional assessment of the intervention group
of AECOPD patients will be performed based on the evaluation criteria for treatable traits related to pulmonary,
extrapulmonary, and social behavior listed in Table 2. A multidisciplinary expert discussion involving clinicians,
pulmonary rehabilitation therapists, clinical nutritionists, psychological counselors, nurses and relatives of patients is
conducted to summarize the treatable traits identified in patients with AECOPD in the intervention group and develop
feasible individualized intervention strategies, the schematic diagram is shown in Figure 2. The multidisciplinary expert
discussion will be performed on days 3-7 after admission, and necessary individual specialist consultations will be
conducted before discharge when new data emerge (eg a positive microbial test). The precise intervention strategies
proposed by multidisciplinary experts will be performed on participants. Specific intervention measures are shown in
Table 2.

Control Group

Patients in the control group do not receive the above interventions for study group and receive conventional medical
treatment as usual. Conventional medical treatment in the control group will follow the guideline,** mainly including
pharmacological treatment (bronchodilators, glucocorticoids, antibiotics, etc.) and respiratory support.

Outcomes

Patients will be followed up at 6 and 12 months after discharge. Clinical outcomes include total acute exacerbation,
hospitalization due to acute exacerbation, death, CAT score, and mMRC classification changes. During the follow-up
period, the time interval between two acute exacerbations is at least 14 days. All relevant data will be obtained by
research assistants through direct interviews with patients, patient self-management diaries, review of medical records, or
telephone contact with family members.

Primary Outcome Measures
Primary outcomes include the incidence of total acute exacerbations and hospitalizations due to acute exacerbations
during the follow-up period.

Secondary Outcomes
Secondary outcomes of the study involve changes in CAT scores and mMRC classification during follow-up, and the
occurrence of death during follow-up.

Data Collection and Management

The following information was collected at admission: age, gender, body mass index, smoking history, occupational
exposure history, biofuel exposure history, blood gas analysis, blood routine, etiological examination, 6-minute walk test
(6MWT), lung function, history of acute exacerbation, CAT score, mMRC classification, the test of adherence to inhalers

International Journal of Chronic Obstructive Pulmonary Disease 2026:2| https: 5



:sdyyy

17:970 @seasiq AJeuow|ng dARdNIISqQO dIUOIYD) JO [BUINO[ [BUOREBUIDIU|

Table 2 Treatable Traits, Evaluation Criteria, and Intervention Measures for Patients with AECOPD

Treatable Traits

Evaluation Criteria

Intervention Measures

Pulmonary
Airway obstruction
Eosinophilic airway inflammation

Respiratory bacterial infection

Respiratory virus infection

Hypoxaemia

Type 2 respiratory failure

Mucus plugging

Comorbidity of asthma

Comorbidity of bronchiectasis
Comorbidity of obstructive sleep apnea
Activity intolerance
Extra-pulmonary

Malnutrition

Comorbidity of coronary heart disease

Comorbidity of heart failure

Comorbidity of hypertension

Comorbidity of atrial fibrillation

Comorbidity of pulmonary hypertension

Comorbidity of pulmonary embolism

Comorbidity of diabetes mellitus

Comorbidity of depression and/or anxiety

Comorbidity of osteoporosis

Post-bronchodilator FEV|/FVC is less than 0.7 by pulmonary function test
Blood eosinophilic count=0.3%1079/L

Sputum culture bacteria positive and judged as pathogenic bacteria
Virus nucleic acid test positive

Arterial PaO,<55mmHg, or SpO,<88%
Arterial pH<7.35 and PaCO,245mmHg
Mucus plugging signs on chest CT

The diagnosis of past medical history is clear, or positive bronchodilation test, or
positive bronchial provocation test

The diagnosis of past medical history is clear or bronchiectasis signs on chest CT

The diagnosis of past medical history is clear; Diagnosis by polysomnography

6MWT<350m or mMRC22

NRS200223 or BMI<|8.5kg/m2

The diagnosis of past medical history is clear, or diagnosis is made based on
comprehensive evaluation of clinical manifestations, myocardial enzymes, troponin,
electrocardiogram, cardiac ultrasound, coronary CTA, coronary angiography, etc.
The diagnosis of past medical history is clear, or diagnosis based on comprehensive
evaluation of clinical manifestations, NT-proBNP, cardiac ultrasound, etc.

The diagnosis of past medical history is clear, or monitor blood pressure (systolic
pressure2140 mmHg and/or diastolic pressure290 mmHg)

The diagnosis of past medical history is clear, or electrocardiogram indicates atrial
fibrillation

The diagnosis of past medical history is clear, or diagnosis based on comprehensive
evaluation of clinical manifestations, cardiac ultrasound, right heart catheterization, etc.

Diagnosis based on comprehensive evaluation of clinical manifestations, cardiac
ultrasound, CTPA, radionuclide lung ventilation/perfusion imaging, etc.

The diagnosis of past medical history is clear, or diagnosis based on comprehensive
evaluation of clinical manifestations, blood glucose test, OGTT test, HbAlc, etc.

The diagnosis of past medical history is clear, or anxiety scale GAD-7 25, or depression
scale PHQ-9 2 5

The diagnosis of past medical history is clear; or bone density detection T-score <—2.5

Bronchodilators
Inhaled corticosteroids, biologicals as appropriate

Prescribe antibiotic precisely when no antibiotic was prescribed, or evaluate the
necessity of adjusting antibiotic if antibiotic has been empirically used

Antiviral treatment when necessary, mainly including antiviral agents against influenza and
SARS-CoV-2

Controlled oxygen therapy or mechanical ventilation as appropriate
Non-invasive mechanical ventilation or invasive mechanical ventilation as appropriate
Mucolytics, chest physiotherapy, etc. as appropriate

Treatment based on specific disease guideline, including inhaled corticosteroids,
bronchodilators, leukotriene receptor antagonists, biologics, etc.

Treatment based on specific disease guideline, including drainage, oral or nebulized
antibiotics, vaccination, surgery, etc.

Treatment based on specific disease guideline, including smoking cessation and alcohol
abstinence, sleep in a lateral position, non-invasive positive airway pressure ventilation,
oral appliances, surgery, etc.

Pulmonary rehabilitation

Nutrition consultation; Nutrition education; Nutritional support therapy

Cardiology consultation; Use antiplatelet drugs, lipid-regulating drugs, nitrates, beta
blockers, calcium antagonists and other drugs as appropriate

Cardiology consultation; For chronic heart failure, use diuretics including spironolactone,
ARNI/ACEI/ARB, beta blockers, SGLT2i, etc. as appropriate; For acute heart failure, use
oxygen therapy, ventilation support, cardiotonic agents, diuretics, and vasodilators, etc. as
appropriate

Cardiology consultation; Use antihypertensive drugs as appropriate
Cardiology consultation; Antiarrhythmic and anticoagulant therapy as appropriate

Cardiology consultation; After identifying the type of pulmonary hypertension (PAH,
CTEPH, left-sided heart disease-related pulmonary hypertension, and COPD-related
pulmonary hypertension), treat it according to the corresponding principles

Anticoagulant therapy, reperfusion therapy, catheter-directed therapy, etc. as appropriate

Endocrinology consultation; Use hypoglycemic agents, insulin and other drugs as
appropriate

Psychiatric consultation; Cognitive behavioral therapy, including abdominal breathing,
appropriate physical exercise, distraction, confiding with others, and psychological
treatment as appropriate; Drug therapy as appropriate

Endocrinology consultation; Use calcium, vitamin D, bisphosphonates, desoxymethasone
and other medications as appropriate
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Comorbidity of gastroesophageal reflux

Comorbidity of anemia

Social behavior

Smoking (including cigarettes, vaping, and e-
cigarettes)

Occupational exposure
Biofuel exposure
Poor treatment adherence

Inadequate inhaler device technique

The diagnosis of past medical history is clear, or diagnosis based on screening scale
GerdQ scale (28) and gastroscopy diagnosis

Hemoglobin levels below 120 g/L in males and below |10 g/L in adult females

Self-report

Self-report
Self-report
TAI questionnaire score < 46 points

Direct observation by healthcare staff

Gastroenterology consultation; Use acid-suppressive drugs as appropriate; Endoscopic or
surgical treatment

Perform the assessment of iron metabolism, folate, and vitamin B12 levels, and
supplement hematopoietic raw materials if abnormalities are detected; Determine the
presence of anemia related to the digestive system, autoimmune diseases,
hypothyroidism, kidney diseases, tumors, and hematological disorders, etc; After
corresponding specialist consultations, initiate targeted treatment based on the
underlying cause

Smoking cessation support

Enhance education on strengthening protection
Enhance education on strengthening protection
Patient education

Patient education

Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; FEV, forced expiratory volume in one second; FVC, forced vital capacity; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2; CT,
computed tomography; 6MWT, 6-minute walk test; nMRC, modified Medical Research Council dyspnea grade; NRS2002, nutritional risk screening 2002; BMI, body mass index; CTA, computed tomography angiography; NT-proBNP, N-
terminal pro-brain natriuretic peptide; ARNI, angiotensin receptor-neprilysin inhibitor; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blockers; SGLT2i, sodium-glucose cotransporter-2 inhibitor; PAH,
pulmonary arterial hypertension; CTEPH, chronic thromboembolic pulmonary hypertension; CTPA, CT Pulmonary angiography; COPD, chronic obstructive pulmonary disease; OGTT, oral glucose tolerance test; HbAlc, glycated
hemoglobin AIC; GAD-7, generalized anxiety disorder-7; PHQ-9, patient health questionnaire-9; GerdQ, gastroesophageal reflux disease questionnaire; TAl, the test of adherence to inhalers.
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Figure 2 The schematic diagram of feasible “treatable traits”-guiding individualized intervention strategies by multidisciplinary experts. This figure was created with
BioRender.com.
Abbreviation: AECOPD, acute exacerbation of chronic obstructive pulmonary disease.

(TAI), inhaler device technique evaluation, nutritional risk screening 2002 (NRS2002), and comorbidity assessment. All
medical records and assessment data gathered from the participants will be securely stored within an electronic data
capture system. Informed consent for participation in the study will be obtained from all participants in written forms.
Access to the study data will be granted exclusively to authorized research assistants, and research assistants will fully
inform the patients of the intervention measures to improve adherence to intervention protocols. According to the
participant’s request, the participant has the right to withdraw from the trial during the trial phase.

Data Monitoring
To safeguard data integrity, independent investigators will be responsible for data error detection and correction. Statistical
analyses will be carried out under the guidance of professional statisticians, adhering to stringent methodological criteria.
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Additionally, any substantial change to the research protocol will undergo approval from the research ethics committee. These
changes will then be promptly communicated to the research team, updated in relevant registries, and disclosed to participants as
and when necessary. In this study, we will strictly follow the intention-to-treat principle for primary efficacy analysis, and all
randomized participants will be accounted for in their originally assigned groups. We will use multiple imputation to handle
missing data, and conduct sensitivity analysis to verify the stability of results. In the submitted manuscript reporting final study
outcomes, a complete participant flow chart will be added to show the number of participants excluded, lost to follow-up and
finally included in the analysis.

Harms
During the whole trial phase, investigators plan to collect, assess, report, and manage solicited and spontaneously
reported adverse events and other unintended effects of trial interventions.

Auditing
This study will receive audits from the research ethics committee annually, and the research ethics committee has the
access to these interim results and make the final decision to terminate the trial.

Sample Size Estimation

Sample size calculation was performed by “Tests for the Ratio of Two Negative Binomial Rates” in the software of PASS
2025. We calculated the sample size based on the estimated results of hospitalization due to acute exacerbation during the
one-year follow-up period, which is also the primary endpoint of this study. Based on the results of the preliminary study,
we anticipated a mean hospitalization rate due to acute exacerbation during the one-year follow-up period in control
group of 1.25 (A1); We anticipated a mean hospitalization rate due to acute exacerbation during the one-year follow-up
period in intervention group of 0.75 (A2). Thus, the event rate ratio (RR) is 0.6. Other calculation parameters used were:
0=0.05, power=0.8, the negative binomial dispersion parameter=1. The sample size calculated using these parameters
was 125 cases in each group, and 250 cases in total. Considering the expected loss of 20% of the sample, we used 314
cases as the final estimated sample size.

Statistical Analysis

The statistical analysis will be conducted using SPSS version 22.0. Baseline characteristics including age, gender, body
mass index, smoking history, occupational exposure history, biofuel exposure history, blood gas analysis, blood routine,
etiological examination, 6MWT, lung function, history of acute exacerbation, CAT score, mMRC classification, TAI,
inhaler device technique evaluation, NRS2002, and comorbidity assessment will be compared. Measurement data that
conform to normal distribution will be expressed as mean * standard deviation (Mean+SD), and those that do not
conform to normal distribution will be expressed as median [interquartile range] (Median [IQR]). The categorical data
will be described by the composition ratio of the number of cases, and count data such as exacerbations will be assessed
by negative binomial model. The comparison between groups for continuous variables will be performed using #-tests
and Mann Whitney U nonparametric tests, while the comparison between groups for categorical variables will be
performed using chi-square tests. For the count outcome (number of acute exacerbations), the final negative binomial
model will adjust for baseline covariates including age, gender, smoking history, baseline lung function, etc. For time-to-
event outcomes including acute exacerbation, hospitalization and all-cause death during follow-up, we will first plot the
Kaplan—Meier survival curves to visualize the dynamic trajectory of event occurrence in each group, and perform the Log
rank test for preliminary unadjusted between-group comparison. Subsequently, we will construct a Cox regression model
to adjust for confounding variables and center effects, to estimate the adjusted hazard ratio (HR) and corresponding 95%
confidence interval (CI) for the intervention. p<0.05 will be considered statistically significant.

Discussion
The disease burden of COPD persists at a high level due to the intricate complexity and marked heterogeneity.>> Thus, it
is necessary to move forward in identifying and targeting treatable traits, so as to provide personalized treatment for each
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patient and transcend the narrow confines of the disease labels they have been given.?* Adopting approaches centered on
treatable traits shows great potential for enhancing clinical outcomes and elevating the quality of life for individuals
grappling with COPD.*> Importantly, COPD patients carrying a heavier exacerbation burden exhibited poorer lung
function at the time of diagnosis and experienced a more rapid subsequent decline in lung function, and this underscores
the urgent necessity for developing improved treatment strategies.?®

Our previous study demonstrated that treatable traits can be systematically identified in Chinese patients hospitalized
due to AECOPD, with certain traits being linked to future exacerbation-related readmissions including O, desaturation,
eosinophilic airway inflammation, pathogen colonization and gastroesophageal reflux etc.?” Of note, there are currently
no precision intervention studies based on treatable traits in patients with AECOPD, and this research plans to take the
lead in conducting a multicenter, prospective, randomized controlled trial. Through standardized and multi-dimensional
assessment and follow-up assessments, the study aims to construct a comprehensive map of treatable traits encompassing
pulmonary, extrapulmonary, and socio-behavioral aspects for AECOPD and evaluate the impact of precision intervention
strategies tailored to treatable traits on the prognosis of patients with AECOPD. The relevant research findings are
expected to fill the research gaps and may provide reference for future COPD guidelines. Besides, our proposed precision
intervention based on multi-dimensional treatable traits is not restricted to the Chinese healthcare system. The core
assessment logic and intervention principles are compatible with international COPD management guidelines, and the
study population represents typical AECOPD cases that are widely encountered globally. Also, the application of this
multi-domain “treatable traits” approach beyond clinical trials requires consideration of practical barriers. These barriers
encompass resource constraints, staffing limitations for multidisciplinary collaboration, and suboptimal sustainability of
patient engagement. Addressing these feasibility issues is a crucial next step for wider adoption.

This study has limitations that should be acknowledged. First, we tailored the intervention modules to match each
patient’s unique treatable traits. While this improves the clinical relevance of the intervention, it also introduces some
variability across different delivery plans. All interventions follow unified standard protocols, and we conduct regular
checks to ensure implementation quality. Future studies can further analyze how each module contributes to outcomes, to
improve the consistency of the strategy across different patient groups. Second, as a multi-center study conducted across
6 centers, potential residual center effects may exist. Differences in local routine AECOPD management workflows,
regional medication availability, and unmeasured institutional care cultures may introduce unobserved clustering effects
on study outcomes. To mitigate this limitation, we implemented standardized, site-wide training for all interventionists
prior to study initiation, ensuring uniform delivery of the intervention protocol across all participating centers. Third, full
blinding of participants is not feasible due to the inherent nature of the personalized intervention design. To minimize the
potential performance bias, blinding is strictly enforced in data collection and evaluation stages. Specifically, the
multidimensional assessment of treatable traits will be completed by an independent investigator who is not involved
in subsequent intervention allocation and patient management. Fourth, the multidisciplinary discussion was scheduled
between hospital days 3 and 7. This window was chosen to ensure that discussions were informed by a complete set of
assessment data, thereby enhancing the precision and relevance of the personalized plans. We acknowledge that this may
introduce some variability in the exact timing of the multidisciplinary discussion.

In conclusion, this multicenter, randomized controlled trial will evaluate the efficacy and feasibility of
a personalized, “treatable traits”-based management strategy for patients hospitalized with AECOPD. The findings
may provide a practical framework for implementing personalized care in acute settings and generate novel
insights into the phenotypic heterogeneity of AECOPD, ultimately aiming to improve prognosis in this high-risk
population.

Data Sharing Statement

No datasets were generated or analyzed during the current study.

Ethics Approval and Consent to Participate
This study underwent a review by Ethics Committee of Second Xiangya Hospital of Central South University.
Following the evaluation, it was determined that the research protocol adheres to the standards of scientific inquiry,
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takes into full account the rights and interests of participants, aligns with the principles outlined in the Declaration of
Helsinki and other ethical guidelines, and will ensure the procurement of informed consent from all study participants.
Consequently, the research protocol has been formally approved for implementation (ethical approval number:
LYEC2026-0013). The protocol version is 1.2 (Date: Jan 28th, 2026). This study was registered in https://www.
chictr.org.cn/ with the identifier ChiCTR2500097186. The findings of this study are slated for publication in a peer-
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