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| agree to:

Take responsibility for the correct implementation of clinical research at our center.

Follow the research protocol, protocol amendments, and ethical committee requirements for conducting

clinical trials.

Conduct the clinical study in compliance with Good Clinical Practice (GCP) guidelines and regulatory

requirements.

Ensure that all personnel at our center involved in this study are fully acquainted with the study

procedures, methods, investigational drugs involved, and their respective roles in the study.

Not modify or implement the research protocol without approval from the ethics committee, except when

necessary to take urgent actions to minimize harm to subjects or for research management purposes

(subject to approval by relevant regulatory authorities).

Researcher Signature / Date

Researcher Name (in block letters)

Research Institution

Contact Phone Number




Protocol Modifications (more recent changes listed first)

Date Summary of Changes

®  Changed the protocol version to 2.0.

® Added the following evaluation indicators: The Morisky
Medication Adherence Scale, days lost due to unplanned
cardiovascular hospitalizations and death.

04/08/2021 ® Removed the following evaluation indicators: NT-proBNP/BNP

levels; differences in cardiac function indicators (e.g., LVDd,

LVSD, LVEF) from baseline; NYHA functional classification at

week 52; frequency of adverse drug events.

®  Added subgroup analysis.

® Add Cangzhou Central Hospital as a study site (Obtained approval
from the Ethics Committee ofCangzhou Central Hospital).

08/07/2021 ) )
® Removal of Tangshan Workers' Hospital and Tangshan Kailuan
General Hospital due to unclear ethical approval.
®  Add the First Hospital of Handan as a study site (Obtained approval
from the Ethics Committee of the First Hospital of Handan)
20/04/2021 . o . .
® Due to varying COVID-19 situations in each center's city, the
addition of telemedicine services for doctors is implemented.
® Add the Fourth Hospital of Handan as a study site (Obtained
03/03/2021 approval from the Ethics Committee of the Fourth Hospital of

Handan)

Summary of Protocol




Title

Pharmacist-led management versus conventional physician/nurse
management in medication adherence and efficacy among patients with
chronic heart failure:

A multicenter, randomized controlled study

Objective

1. Compare the difference in medication adherence between pharmacist-led
management and conventional physician/nurse management in patients with
chronic heart failure.

2. Evaluate the effectiveness and safety of pharmacist-led management
versus conventional physician/nurse management in the treatment of chronic

heart failure.

Study Design

Multicenter, Randomized Controlled Study

Principal Investigator

Lingjiao Wang(The First Hospital of Hebei Medical University); Baogui
Chong (Hengshui People's Hospital); Liping Han (Handan First Hospital);
Huan Zhang (Cangzhou Central Hospital); Aixia Liu (The Fourth Hospital of
Handan).

Number of Centers

5

Estimated Number of
Patients to be
Included

Based on previous studies (Schulz, M., et al. European Journal of Heart
Failure, 2019. 21(8): p. 1012-1021), the overall standard deviation of PDC
for heart failure medication at 52 weeks is 14.9. Assuming a mean difference
of 4.0 between the two groups, with a set at 0.05 and B at 0.20, each
group would require 218 participants, accounting for an expected attrition
rate of 10%. Thus, each group would need 243 participants, totaling 486

participants overall.

Duration of the Study

3 years

Patient Recruitment | November 2020 to November 2023 (subject to adjustment based on case
Period accrual).
Inclusion Criteria (all must be met):
1.Age = 18 years old;
2.Diagnosed with chronic heart failure;
3.Stable on an established pharmacological treatment regimen for heart
failure;
4.Subjects able to understand and sign the informed consent form.
Exclusion Criteria (any of the following):
1.Inability to comply with study-related assessments/follow-ups;
Study Population 2.Planned cardiac surgery during the study period;

3.Life expectancy less than 1 year;

4 History of malignant neoplasms;

5.Severe hepatic or renal dysfunction (liver enzymes > 3 times the upper
limit of normal or estimated glomerular filtration rate < 30 mL/min);

6.Participation in another clinical study within the past three months or
currently participating;

7.Pregnant or lactating women.

Withdrawal Criteria (any of the following):




1.Occurrence of adverse events (including serious adverse events)
deemed by the investigator as unsuitable to continue participation in the
clinical study;

2.Any situation where the investigator considers poor compliance;

3.Loss to follow-up;

4.Subject withdraws informed consent.

Discontinuation Criteria (any of the following):

1.Diagnostic error where the subject does not meet the indications for
this study. The subject is excluded from the efficacy dataset but all safety
observations are retained in the safety dataset.
2.Subjects who have been enrolled in the study but have not received any

interventions.

Baseline Indicators

Baseline indicators include the following:

1. Demographic data (such as age, sex, race, etc.);

2. Medical history (including past illnesses, surgical history, etc.);

3. Smoking and alcohol history;

4.Vital signs (such as blood pressure, heart rate, etc.);

5. Diagnosis time and etiology of heart failure;

6. Current medications;

7.Minnesota Living with Heart Failure Questionnaire (MLHFQ) score;

8. Morisky Medication Adherence Scale score;

9.New York Heart Association (NYHA) functional classification;

10. Complete blood count (CBC);

11. Liver function tests;

12. Kidney function tests;

13. Electrolyte levels;

14. Fasting blood glucose;

15. Glycated hemoglobin (HbAlc);

16.Lipid profile (including total cholesterol, triglycerides, LDL-C, HDL-C,
etc.)

17. N-terminal pro-B-type natriuretic peptide (NT-proBNP) or B-type
natriuretic peptide (BNP) levels;

18. Chest X-ray findings;

19.Echocardiogram results (including left ventricular end-diastolic diameter
(LVDd), left ventricular end-systolic diameter (LVDs), and left ventricular
ejection fraction (LVEF)).

These baseline indicators are used to assess the health status and disease

characteristics of patients prior to entry into clinical studies.

Grouping,
intervention, and

blinding:

Based on LVEF stratification: heart failure with reduced ejection fraction
(LVEF < 40%), heart failure with mid-range ejection fraction (LVEF =
40% and < 50%), and heart failure with preserved ejection fraction (LVEF
= 50%), totaling 3 strata. Using a computer-generated random number

table, subjects are randomized 1:1 into a pharmacist-led group and a




traditional care group using opaque envelopes for concealed allocation.
Blinding is not implemented for researchers and patients in this study, but the
assessors are blinded. All interventions commence within 24 hours prior to

discharge.

Follow-up

In this study, patient follow-up will be conducted by trained and designated
study personnel. Blinding of assessors will be implemented, where the
assessors will not know the specific group assignments of the patients they
are evaluating.

Patients will be followed up every 4 weeks for a total of 52 weeks in this
study. The follow-up will involve recording the number of missed days for
heart failure treatment medications (beta-blockers, ACEI/ARB,
mineralocorticoid receptor antagonists, diuretics, etc.). Every 4 weeks, blood
tests including complete blood count, liver and kidney function tests,
electrolytes, lipid profile, NT-proBNP/BNP levels, and echocardiography
will be conducted.

At the final follow-up, assessments will include NYHA functional
classification, Morisky Medication Adherence Scale, and Minnesota Living
with Heart Failure Questionnaire (MLHFQ). The overall and individual
medication class-specific Proportion of Days Covered (PDC) will be
calculated. Adverse events, non-cardiovascular rehospitalizations, and all-
cause mortality events will be recorded, with the researcher determining

whether adverse events are treatment-related.

Outcome

Primary efficacy endpoint: Overall Proportion of Days Covered (PDC) with
heart failure medications at 52 weeks.

Secondary efficacy endpoints: Individual PDC for each class of treatment-
related medications at 52 weeks; proportion of patients with overall and
class-specific PDC = 80%; MLHFQ score at week 52; Morisky
Medication Adherence Scale score; non-cardiovascular rehospitalization; all-
cause mortality composite endpoint events, and days lost due to unplanned
CV hospitalizations and death.

Safety endpoints: Number of adverse drug events. Common adverse
events include hyperglycemia, electrolyte disturbances, sleep disorders,
mood disorders, atrial fibrillation, ventricular tachycardia, acute coronary
syndrome, infections, worsening renal function, dialysis, cardiogenic shock,

and syncope.

Statistical

analysis methods

Statistical analysis was performed using SPSS 20.0 software.

2. The study utilized the full analysis set (patients who received at least
one treatment and underwent at least one efficacy assessment) for efficacy
analysis, and the safety set (patients who received at least one treatment and
underwent at least one safety assessment) for safety analysis. Missing data
were handled using the last observation carried forward (LOCF) method.

3. Continuous variables were described as mean =+ standard deviation
if normally distributed, or as median (interquartile range) if non-normally

distributed. Categorical variables were presented as counts (percentages).




4. Between-group comparisons of continuous variables were conducted
using independent samples t-test or Mann-Whitney U test. Categorical
variables were compared using chi-square test or exact probability method.
5. Nelson-Aale survival curves were plotted for the composite endpoint of
heart failure hospitalization and death. Group differences were assessed
using the log-rank test.

6. Subgroup analyses will be conducted for the primary and secondary
efficacy endpoints to assess the consistency of intervention effects across the
following subgroups: age (<75 vs. =75 years), gender, heart rate at baseline
(<75 vs. >75 b.p.m.), NYHA class (I/II vs. III/IV), left ventricular ejection
fraction (LVEF, <40% vs. =40%), history of diabetes, level of disease
burden (number of different medications at baseline), baseline adherence,

and quality of life at baseline.

7. statistical significance set at P < 0.05.

1

Background

Chronic heart failure (CHF) is a complex clinical syndrome characterized by chronic structural and

functional abnormalities of the heart. It represents a common outcome of acute and chronic cardiac



conditions. Specifically, CHF refers to a persistent state of heart failure, typically presenting with

symptoms such as dyspnea, fatigue, and fluid retention. The condition can exhibit a stable course, worsen

over time, or become decompensated[1, 2]. According to reports, the prevalence of chronic heart failure

(CHF) among adults in China ranges from 0.9% to 4.6%. As age increases, the incidence of CHF rises

rapidly [3]. The main causes of heart failure in China include coronary heart disease, hypertension,

dilated cardiomyopathy, valvular heart disease, and diabetes, among others [2-6]. Previous studies have

shown that with the advancement of medical care in China, the in-hospital mortality rate of heart failure

patients has significantly decreased [4, 6-8]. For instance, recent research indicates that the in-hospital

mortality rate for hospitalized heart failure patients is approximately 4.1% [4], with a one-year mortality

rate around 7.8%. However, the rate of heart failure readmissions is reported to be as high as 30% [6].

Therefore, as China's population ages and the prevalence of heart failure risk factors such as coronary

heart disease, hypertension, and diabetes increases, coupled with improved medical care prolonging the

survival of cardiac patients, the incidence of CHF is expected to continue rising [2, 3]. This trend will

impose a significant burden on individuals and the healthcare system alike. Hence, urgent efforts are

needed in the prevention and treatment of CHF.

Currently, drug therapy is the preferred method for treating CHF [1, 2, 9]. However, recent studies

indicate that approximately 40% to 80% of CHF patients exhibit poor medication adherence, including

under-dosing, missing doses, or discontinuing medications [10, 11]. Poor medication adherence is a

significant factor leading to adverse outcomes in CHF patients, such as hospital readmissions [12]. In

addition, besides the medications recommended by guidelines, CHF patients often require additional

drug treatments due to comorbidities and complications. This results in polypharmacy, increasing the

risks of drug-drug interactions, adverse drug reactions, and poor adherence to medication [13-15].



Therefore, it is necessary to take measures to improve patient medication adherence and rationalize drug

therapy to enhance treatment outcomes.

Several pharmacist-led or pharmacotherapy-based interventions for CHF patients conducted abroad

[16-19] have shown that clinical pharmacists intervening in clinical settings can improve medication

adherence, as well as enhance drug efficacy and safety. In China, a few studies have explored the impact

of clinical pharmacist interventions on improving medication adherence, treatment outcomes, and quality

of life in chronic heart failure patients, yielding conclusions similar to those observed in the

aforementioned foreign studies [20-25]. In a randomized controlled trial [25], 100 chronic heart failure

patients at risk of medication non-adherence were enrolled and randomly divided into two groups, each

consisting of 50 patients. The control group received routine bedside and discharge medication guidance

from doctors and nurses. In contrast, the intervention group received additional medication adherence

interventions and guidance from clinical pharmacists at the hospital, in addition to routine medication

instructions. The study compared medication adherence, clinical appropriateness of drug use,

readmission rates, and mortality between the two groups. The results indicated that at 1 month and 3

months post-discharge, medication adherence in the intervention group was better than that in the control

group (74% vs 52%; 94% vs 60.0%, respectively). Additionally, beyond 3 months post-discharge, the

intervention group showed lower rates of clinically inappropriate drug use and readmission compared to

the control group (14 cases vs 24 cases; 14% vs 32%). The previous domestic studies have the following

limitations: mostly small sample sizes (less than 200 cases) and single-center studies; greater focus on

short-term adherence and safety efficacy indicators; clinical pharmacists often participate in related

studies as participants rather than leaders. Therefore, it is necessary to conduct a multicenter, randomized

controlled study with a large sample size to compare high-quality pharmacist-led management models



with routine physician/nurse management models regarding long-term medication adherence and

efficacy differences in patients with chronic heart failure.

It has been reported that WeChat has become China's most popular instant messaging application, with

a monthly active user base reaching as high as 549 million [26]. WeChat's widespread adoption,

timeliness, and convenience make it highly suitable for use in public health interventions in China.

Numerous studies have already utilized WeChat for patient disease management, such as in diabetes [26],

HIV/AIDS [27], demonstrating positive outcomes. Emerging social media platforms offer promising new

methods for managing chronic health conditions. Recently, several studies have explored the continuous

follow-up and guidance of heart failure patients using the WeChat platform [29-31]. The results indicate

that these emerging WeChat follow-up methods help improve medication adherence among heart failure

patients, promote clinically appropriate medication use, and enhance patient outcomes. In addition,

establishing WeChat groups to disseminate relevant health education content about heart failure has been

shown to guide discharged heart failure patients in home-based rehabilitation. This approach helps

improve compliance with home-based rehabilitation and enhances patients' self-care abilities, thereby

potentially improving patient outcomes [30]. However, there is currently a lack of research investigating

the impact of pharmacist-led management models using WeChat to remind patients about medication

adherence and provide patient education on the compliance and effectiveness outcomes for CHF

(Congestive Heart Failure) patients. Additionally, existing studies in China on WeChat's involvement in

disease management for heart failure patients often rely on single-center studies with small sample sizes.

Therefore, further validation through multicenter, large-sample, high-quality evidence is needed to

substantiate these findings.

Based on the above, this study plans to conduct a multicenter, large-sample, open-label, pragmatic



randomized controlled trial. Patients with chronic heart failure will be enrolled, and their baseline data

will be collected. Stratification will be done based on preserved ejection fraction heart failure (HFpEF),

reduced ejection fraction heart failure (HFrEF), and mid-range ejection fraction heart failure (HFmrEF).

Participants will be randomly assigned to either a pharmacist-led intervention group or a conventional

physician/nurse management group. Follow-up will be conducted for 52 weeks to compare the

pharmacist-led intervention group with the conventional management group. Key outcomes will include

medication possession ratio (PDC), incidence of mortality, and unplanned cardiovascular admissions.

These measures aim to assess the impact of pharmacist-led intervention on medication adherence (non-

pharmacological factors) and therapeutic efficacy (pharmacological factors) in chronic heart failure.

2  Study aims

(1) Comparison of differences in medication adherence among chronic heart failure patients under

pharmacist-led management versus conventional physician/nurse management.

(2) Comparison of the effectiveness and safety of chronic heart failure treatment under pharmacist-led

management versus conventional physician/nurse management.

3 Study participants

3.1 Inclusion criteria

All of the following entries are met:

(1) Age = 18 years old;

(2) Diagnosed with chronic heart failure;

(3) Stable on an established pharmacological treatment regimen for heart failure;

(4) Subjects able to understand and sign the informed consent form.

3.2 Exclusion criteria



Exclclusion to any entry:

(1) Inability to comply with study-related assessments/follow-ups;

(2) Planned cardiac surgery during the study period,

(3) Life expectancy less than 1 year;

(4) History of malignant neoplasms;

(5) Severe hepatic or renal dysfunction (liver enzymes > 3 times the upper limit of normal or estimated

glomerular filtration rate < 30 mL/min);

(6) Participation in another clinical study within the past three months or currently participating;

(7) Pregnant or lactating women.

3.3 Withdrawal Criteria

Exit upon meeting any entry:

(1) Occurrence of adverse events (including serious adverse events) deemed by the investigator as

unsuitable to continue participation in the clinical study;

(2) Any situation where the investigator considers poor compliance;

(3) Loss to follow-up;

(4) Subject withdraws informed consent.

3.4 Discontinuation Criteria

Any entry is exclusion:

a. Diagnostic error where the subject does not meet the indications for this study. The subject is excluded

from the efficacy dataset but all safety observations are retained in the safety dataset.

b. Subjects who have been enrolled in the study but have not received any interventions.

Based on the above inclusion and exclusion criteria, patients were continuously recruited from the



cardiology departments of the five hospitals: the First Hospital of Hebei Medical University, Hengshui

People's Hospital, the First Hospital of Handan, Cangzhou Central Hospital, and the Fourth Hospital of

Handan.

The study was conducted in accordance with the Helsinki Declaration [33]. The study was approved

by the ethics committees of the five hospitals mentioned above, and all participants signed informed

consent forms.

4 Study design and treatment

4.1 Study design

The current project aims to conduct a large-sample, multicenter, open-label, superiority randomized

controlled trial comparing the long-term medication adherence and treatment efficacy of pharmacist-led

management versus conventional physician/nurse management for chronic heart failure patients. Patients

with chronic heart failure will be enrolled, and their baseline data will be collected. They will be stratified

based on heart failure with preserved ejection fraction (HFpEF), heart failure with reduced ejection

fraction (HFrEF), and heart failure with mid-range ejection fraction (HFmrEF). Participants will be

randomly divided into a pharmacist-led group and a traditional care group. The traditional care group

will be managed by regular physicians and nurses, while the pharmacist-led group will receive

pharmacist-directed interventions, utilizing WeChat-based patient management. After 52 weeks of

follow-up, the medication possession ratio (PDC), mortality events, and unplanned cardiovascular

hospitalizations will be compared between the two groups to evaluate the impact of pharmacist-led

interventions on medication adherence (non-pharmacological factors) and treatment efficacy

(pharmacological factors) for chronic heart failure patients.

4.2 Randomization, grouping and blindness



Stratification based on LVEF: Patients will be stratified into three groups: heart failure with reduced

ejection fraction (LVEF < 40%), heart failure with mid-range ejection fraction (LVEF = 40% and <

50%), and heart failure with preserved ejection fraction (LVEF = 50%). Using a computer-generated

random number table, participants will be randomly assigned in a 1:1 ratio to the pharmacist-led group

or the traditional care group, with stratification based on the LVEF levels. Opaque envelopes will be used

for concealed allocation.

This study will be open-label for both researchers and patients, but blinded for the assessors.

4.3 Clinical Intervention Program

All interventions were initiated within 24h before hospital discharge.

Traditional mode group

a. Baseline:

The attending physician will order tests and examinations based on the patient's clinical presentation.

Based on the results, adjustments will be made to the medication regimen, including medications for

heart failure, hypertension, lipid regulation, and diabetes. A prescription for a 4-week/1-month supply of

medication will be issued, and patients will be instructed to take their medication regularly.

The nurse will print out a medication list, distribute heart failure educational brochures, and provide a

medication diary. Patients will be informed to record each medication taken in the diary. An appointment

for the next follow-up visit (every 4 weeks/1 month) will be scheduled.

b.Subsequent Follow-up Visits:

The nurse will remind and confirm the appointment time seven days before each visit.

The nurse will check the patient's medication diary and compare it with the actual prescription.

The attending physician will order tests and examinations based on the patient's clinical presentation.



Based on the results, adjustments will be made to the medication regimen, and a prescription for a 4-

week supply of medication will be issued. Patients will be instructed to take their medication regularly.

The nurse will print out a medication list and remind the patient to record each medication taken in

the diary. An appointment for the next follow-up visit will be scheduled.

During the follow-up process, if a patient is hospitalized, the physician will determine whether the

hospitalization is related to heart failure or other adverse events during the subsequent visit. The follow-

up visit will then continue according to the aforementioned process.

Pharmacist-Led group

a. Baseline:

Here is the translation of the Chinese text you sent into English:

The pharmacist will inspect all medication packages to understand the patient's actual adherence to

the medication regimen and compare it with the prescription.

The attending physician will order tests and examinations based on the patient's clinical presentation.

The physician will then discuss with the pharmacist regarding any necessary adjustments to the

medication regimen, including medications for heart failure, hypertension, lipid regulation, and diabetes.

Based on the discussion, the physician will issue a prescription for a 4-week/1-month supply of

medication.

The pharmacist will conduct patient education, explaining the treatment goals for each condition, the

role and necessity of the medications, dosage and administration instructions, possible adverse events,

management strategies, and drug-drug interactions.

The pharmacist will use medication boxes to dispense the medications, label them with dosage and

administration instructions, print out the medication list, distribute heart failure educational brochures,



and provide a medication diary. Patients will be instructed to record each medication taken in the diary.

An appointment for the next follow-up visit (every 4 weeks/1 month) will be scheduled.

The pharmacist will add the patient or their caregiver as a WeChat friend and create a patient group

chat. The pharmacist will privately remind the patient once a week to take their medication and record it

in the medication diary. If the patient or their caregiver needs medication or disease-related advice, they

can privately message the pharmacist or use the group chat, and the pharmacist will provide a response.

b.Subsequent Follow-up Visits:

Seven days before the visit, the pharmacist will remind and confirm the appointment time.

During the visit, the pharmacist will check the patient's medication diary, compare it with the actual
g p p Y p

prescription, and inquire about any adverse events that occurred or any new medications taken.

The attending physician will order tests and examinations based on the patient's clinical presentation

and discuss with the pharmacist any necessary adjustments to the medication regimen.

The physician will issue a prescription for a 4-week/1-month supply of medication.

The pharmacist will conduct patient education based on the medication adherence in the past 4 weeks/1

month, focusing on any incorrectly taken, missed, newly added, or adjusted medications. This education

will cover the role, necessity, dosage and administration instructions, possible adverse events,

management strategies, and drug-drug interactions of the medications.

The pharmacist will use medication boxes to dispense the medications, label them with dosage and

administration instructions, and instruct the patient to record each medication taken in the diary. An

appointment for the next follow-up visit will be scheduled.

During the follow-up process, if a patient is hospitalized, the physician will determine whether the

hospitalization is related to heart failure or other adverse events during the subsequent visit. The follow-



up visit will then continue according to the aforementioned process.

5 Study planning and data collection

The original data to be collected for this study originates from the original medical records filled in by

the researchers and the original records filled in by the research subjects. The researchers are required to

guide the research subjects in accordance with the study protocol for the prescribed treatment, conduct

follow-up visits at the scheduled times, and promptly organize and save all relevant records or results.

The research subjects must fill in the corresponding data in a timely and detailed manner as requested by

the researchers and promptly submit them for preservation.

5.1 Laboratory examination

Blood routine test, liver function, kidney function, electrolytes, glycosylated hemoglobin (HbAlc),

blood lipids, N-terminal pro-B-type natriuretic peptide (NT-proBNP)/B-type natriuretic peptide (BNP),

etc.

5.2 Baseline data and indicators

Demographic data, past medical history, smoking and alcohol history, vital signs, time of heart failure

diagnosis, etiology, current treatment medications, Minnesota Living with Heart Failure Questionnaire

(MLHFQ) score, Morisky Medication Adherence Scale, New York Heart Association (NYHA)

functional class, blood routine test, liver and kidney function, electrolytes, fasting blood glucose,

glycosylated hemoglobin (HbAlc), blood lipids, NT-proBNP/BNP, chest X-ray, echocardiography

including left ventricular end-diastolic diameter (LVDd), left ventricular end-systolic diameter (LVSD),

and left ventricular ejection fraction (LVEF).

5.3 Follow-up arrangement

In this study, patient follow-up will be conducted by trained and fixed research staff who will be blinded



to the specific patient groups being assessed. Patients will be followed up every 4 weeks/1 month for a

total of 52 weeks. During each visit, the number of missed days for heart failure treatment medications

(such as beta-blockers, ACEI/ARB, mineralocorticoid receptor antagonists, recombinant human brain

natriuretic peptide, angiotensin receptor-neprilysin inhibitors, etc.) will be recorded. Routine blood tests,

liver and kidney function, electrolytes, blood lipids, NT-proBNP, and echocardiography will be

performed every 4 weeks.

At the final follow-up visit, the NYHA functional class, Morisky Medication Adherence Scale, and

MLHFQ score will be assessed. The proportion of days covered (PDC) for overall and each medication

class will be calculated. Adverse events, unplanned cardiovascular hospitalizations, and all-cause

mortality events will be recorded. The researchers will determine whether the adverse events are related

to the treatment.

This approach ensures the objectivity and reliability of the study results by minimizing potential biases

introduced by the assessment staff. The frequent follow-up visits and comprehensive data collection

allow for a detailed analysis of medication adherence, treatment efficacy, and safety in patients with heart

failure.

5.4 Study outcome measures

a. Primary efficacy endpoint: Overall Proportion of Days Covered (PDC) with heart failure medications

at 52 weeks.

b. Secondary efficacy endpoints: Individual PDC for each class of treatment-related medications at 52

weeks; proportion of patients with overall and class-specific PDC = 80%; MLHFQ score at week 52;

Morisky Medication Adherence Scale score; non-cardiovascular rehospitalization; all-cause mortality

composite endpoint events; and days lost due to unplanned CV hospitalizations and death.



c. Safety endpoints: Number of adverse drug events. Common adverse events include hyperglycemia,

electrolyte disturbances, sleep disorders, mood disorders, atrial fibrillation, ventricular tachycardia, acute

coronary syndrome, infections, worsening renal function, dialysis, cardiogenic shock, and syncope.

6 Statistical analysis

6.1 Analytical purpose

A large-sample, multi-center, open-label, superiority randomized controlled trial will be conducted to

compare the differences in medication adherence among chronic heart failure patients under pharmacist-

led management versus conventional physician/nurse management. The study will also compare the

effectiveness and safety of pharmacist-led management versus conventional physician/nurse

management in the treatment of chronic heart failure.

6.2 Sample size selection

Based on previous research [16], the standard deviation of the overall proportion of days covered (PDC)

for heart failure medications at 52 weeks is 14.9. Assuming a mean difference of 4.0 between the two

groups, an alpha level of 0.05, and a beta level of 0.20, the calculated sample size for each group is 218.

With an expected dropout rate of 10%, the sample size for each group is adjusted to 243, totaling 486

participants.

6.3 Analytical method

a. Statistical analysis was performed using SPSS 20.0 software.

b. The study utilized the full analysis set (patients who received at least one treatment and underwent at

least one efficacy assessment) for efficacy analysis, and the safety set (patients who received at least one

treatment and underwent at least one safety assessment) for safety analysis. Missing data were handled

using the last observation carried forward (LOCF) method.



c. Continuous variables were described as mean * standard deviation if normally distributed, or as

median (interquartile range) if non-normally distributed. Categorical variables were presented as counts

(percentages).

d. Between-group comparisons of continuous variables were conducted using independent samples t-test

or Mann-Whitney U test. Categorical variables were compared using chi-square test or exact probability

method.

e. Nelson-Aale survival curves were plotted for the composite endpoint of heart failure hospitalization

and death. Group differences were assessed using the log-rank test.

f. Subgroup analyses will be conducted for the primary and secondary efficacy endpoints to assess the

consistency of intervention effects across the following subgroups: age (<75 vs. =75 years), gender,

heart rate at baseline (<75 vs. >75 b.p.m.), NYHA class (I/II vs. III/IV), left ventricular ejection fraction

(LVEEF, <40% vs. =40%), history of diabetes, level of disease burden (number of different medications

at baseline), baseline adherence, and quality of life at baseline.

g. statistical significance set at P < 0.05.
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1 Background

Chronic heart failure (CHF) is a complex clinical syndrome characterized by chronic structural and

functional abnormalities of the heart. It represents a common outcome of acute and chronic cardiac

conditions. Specifically, CHF refers to a persistent state of heart failure, typically presenting with

symptoms such as dyspnea, fatigue, and fluid retention. The condition can exhibit a stable course, worsen

over time, or become decompensated[1, 2]. According to reports, the prevalence of chronic heart failure

(CHF) among adults in China ranges from 0.9% to 4.6%. As age increases, the incidence of CHF rises

rapidly [3]. The main causes of heart failure in China include coronary heart disease, hypertension,

dilated cardiomyopathy, valvular heart disease, and diabetes, among others [2-6]. Previous studies have

shown that with the advancement of medical care in China, the in-hospital mortality rate of heart failure

patients has significantly decreased [4, 6-8]. For instance, recent research indicates that the in-hospital

mortality rate for hospitalized heart failure patients is approximately 4.1% [4], with a one-year mortality

rate around 7.8%. However, the rate of heart failure readmissions is reported to be as high as 30% [6].

Therefore, as China's population ages and the prevalence of heart failure risk factors such as coronary

heart disease, hypertension, and diabetes increases, coupled with improved medical care prolonging the

survival of cardiac patients, the incidence of CHF is expected to continue rising [2, 3]. This trend will

impose a significant burden on individuals and the healthcare system alike. Hence, urgent efforts are

needed in the prevention and treatment of CHF.

Currently, drug therapy is the preferred method for treating CHF [1, 2, 9]. However, recent studies

indicate that approximately 40% to 80% of CHF patients exhibit poor medication adherence, including

under-dosing, missing doses, or discontinuing medications [10, 11]. Poor medication adherence is a

significant factor leading to adverse outcomes in CHF patients, such as hospital readmissions [12]. In



addition, besides the medications recommended by guidelines, CHF patients often require additional

drug treatments due to comorbidities and complications. This results in polypharmacy, increasing the

risks of drug-drug interactions, adverse drug reactions, and poor adherence to medication [13-15].

Therefore, it is necessary to take measures to improve patient medication adherence and rationalize drug

therapy to enhance treatment outcomes.

Several pharmacist-led or pharmacotherapy-based interventions for CHF patients conducted abroad

[16-19] have shown that clinical pharmacists intervening in clinical settings can improve medication

adherence, as well as enhance drug efficacy and safety. In China, a few studies have explored the impact

of clinical pharmacist interventions on improving medication adherence, treatment outcomes, and quality

of life in chronic heart failure patients, yielding conclusions similar to those observed in the

aforementioned foreign studies [20-25]. In a randomized controlled trial [25], 100 chronic heart failure

patients at risk of medication non-adherence were enrolled and randomly divided into two groups, each

consisting of 50 patients. The control group received routine bedside and discharge medication guidance

from doctors and nurses. In contrast, the intervention group received additional medication adherence

interventions and guidance from clinical pharmacists at the hospital, in addition to routine medication

instructions. The study compared medication adherence, clinical appropriateness of drug use,

readmission rates, and mortality between the two groups. The results indicated that at 1 month and 3

months post-discharge, medication adherence in the intervention group was better than that in the control

group (74% vs 52%; 94% vs 60.0%, respectively). Additionally, beyond 3 months post-discharge, the

intervention group showed lower rates of clinically inappropriate drug use and readmission compared to

the control group (14 cases vs 24 cases; 14% vs 32%). The previous domestic studies have the following

limitations: mostly small sample sizes (less than 200 cases) and single-center studies; greater focus on



short-term adherence and safety efficacy indicators; clinical pharmacists often participate in related

studies as participants rather than leaders. Therefore, it is necessary to conduct a multicenter, randomized

controlled study with a large sample size to compare high-quality pharmacist-led management models

with routine physician/nurse management models regarding long-term medication adherence and

efficacy differences in patients with chronic heart failure.

It has been reported that WeChat has become China's most popular instant messaging application, with

a monthly active user base reaching as high as 549 million [26]. WeChat's widespread adoption,

timeliness, and convenience make it highly suitable for use in public health interventions in China.

Numerous studies have already utilized WeChat for patient disease management, such as in diabetes [26],

HIV/AIDS [27], demonstrating positive outcomes. Emerging social media platforms offer promising new

methods for managing chronic health conditions. Recently, several studies have explored the continuous

follow-up and guidance of heart failure patients using the WeChat platform [29-31]. The results indicate

that these emerging WeChat follow-up methods help improve medication adherence among heart failure

patients, promote clinically appropriate medication use, and enhance patient outcomes. In addition,

establishing WeChat groups to disseminate relevant health education content about heart failure has been

shown to guide discharged heart failure patients in home-based rehabilitation. This approach helps

improve compliance with home-based rehabilitation and enhances patients' self-care abilities, thereby

potentially improving patient outcomes [30]. However, there is currently a lack of research investigating

the impact of pharmacist-led management models using WeChat to remind patients about medication

adherence and provide patient education on the compliance and effectiveness outcomes for CHF

(Congestive Heart Failure) patients. Additionally, existing studies in China on WeChat's involvement in

disease management for heart failure patients often rely on single-center studies with small sample sizes.



Therefore, further validation through multicenter, large-sample, high-quality evidence is needed to

substantiate these findings.

Based on the above, this study plans to conduct a multicenter, large-sample, open-label, pragmatic

randomized controlled trial. Patients with chronic heart failure will be enrolled, and their baseline data

will be collected. Stratification will be done based on preserved ejection fraction heart failure (HFpEF),

reduced ejection fraction heart failure (HFrEF), and mid-range ejection fraction heart failure (HFmrEF).

Participants will be randomly assigned to either a pharmacist-led intervention group or a conventional

physician/nurse management group. Follow-up will be conducted for 52 weeks to compare the

pharmacist-led intervention group with the conventional management group. Key outcomes will include

medication possession ratio (PDC), incidence of mortality, and unplanned cardiovascular admissions.

These measures aim to assess the impact of pharmacist-led intervention on medication adherence (non-

pharmacological factors) and therapeutic efficacy (pharmacological factors) in chronic heart failure.

2 Study aims

(1) Comparison of differences in medication adherence among chronic heart failure patients under

pharmacist-led management versus conventional physician/nurse management.

(2) Comparison of the effectiveness and safety of chronic heart failure treatment under pharmacist-led

management versus conventional physician/nurse management.

3 Study participants

3.1 Inclusion criteria

All of the following entries are met:

A.Age = 18 years old;

B.Diagnosed with chronic heart failure;



C.Stable on an established pharmacological treatment regimen for heart failure;

D.Subjects able to understand and sign the informed consent form.

3.2 Exclusion criteria

Exclclusion to any entry:

(1) Inability to comply with study-related assessments/follow-ups;

(2) Planned cardiac surgery during the study period,

(3) Life expectancy less than 1 year;

(4) History of malignant neoplasms;

(5) Severe hepatic or renal dysfunction (liver enzymes > 3 times the upper limit of normal or estimated

glomerular filtration rate < 30 mL/min);

(6) Participation in another clinical study within the past three months or currently participating;

(7) Pregnant or lactating women.

3.3 Withdrawal Criteria

Exit upon meeting any entry:

(1)Occurrence of adverse events (including serious adverse events) deemed by the investigator as

unsuitable to continue participation in the clinical study;

(2)Any situation where the investigator considers poor compliance;

(3)Loss to follow-up;

(4)Subject withdraws informed consent.

3.4 Discontinuation Criteria

Any entry is exclusion:

A.Diagnostic error where the subject does not meet the indications for this study. The subject is excluded



from the efficacy dataset but all safety observations are retained in the safety dataset.

B.Subjects who have been enrolled in the study but have not received any interventions.

Based on the above inclusion and exclusion criteria, patients were continuously recruited from the

cardiology departments of the five hospitals: the First Hospital of Hebei Medical University, Hengshui

People's Hospital, Tangshan Workers' Hospital and Tangshan Kailuan General Hospital.

The study was conducted in accordance with the Helsinki Declaration [33]. The study was approved

by the ethics committees of the five hospitals mentioned above, and all participants signed informed

consent forms.

4 Study design and treatment

4.1 Study design

The current project aims to conduct a large-sample, multicenter, open-label, superiority randomized

controlled trial comparing the long-term medication adherence and treatment efficacy of pharmacist-led

management versus conventional physician/nurse management for chronic heart failure patients. Patients

with chronic heart failure will be enrolled, and their baseline data will be collected. They will be stratified

based on heart failure with preserved ejection fraction (HFpEF), heart failure with reduced ejection

fraction (HFrEF), and heart failure with mid-range ejection fraction (HFmrEF). Participants will be

randomly divided into a pharmacist-led group and a traditional care group. The traditional care group

will be managed by regular physicians and nurses, while the pharmacist-led group will receive

pharmacist-directed interventions, utilizing WeChat-based patient management. After 52 weeks of

follow-up, the medication possession ratio (PDC), mortality events, and unplanned cardiovascular

hospitalizations will be compared between the two groups to evaluate the impact of pharmacist-led

interventions on medication adherence (non-pharmacological factors) and treatment efficacy



(pharmacological factors) for chronic heart failure patients.

4.2 Randomization, grouping and blindness

Stratification based on LVEF: Patients will be stratified into three groups: heart failure with reduced

ejection fraction (LVEF < 40%), heart failure with mid-range ejection fraction (LVEF = 40% and <

50%), and heart failure with preserved ejection fraction (LVEF = 50%). Using a computer-generated

random number table, participants will be randomly assigned in a 1:1 ratio to the pharmacist-led group

or the traditional care group, with stratification based on the LVEF levels. Opaque envelopes will be used

for concealed allocation.

This study will be open-label for both researchers and patients, but blinded for the assessors.

4.3 Clinical Intervention Program

All interventions were initiated within 24h before hospital discharge.

Traditional mode group

a. Baseline:

The attending physician will order tests and examinations based on the patient's clinical presentation.

Based on the results, adjustments will be made to the medication regimen, including medications for

heart failure, hypertension, lipid regulation, and diabetes. A prescription for a 4-week/1-month supply of

medication will be issued, and patients will be instructed to take their medication regularly.

The nurse will print out a medication list, distribute heart failure educational brochures, and provide a

medication diary. Patients will be informed to record each medication taken in the diary. An appointment

for the next follow-up visit (every 4 weeks/1 month) will be scheduled.

b.Subsequent Follow-up Visits:

The nurse will remind and confirm the appointment time seven days before each visit.



The nurse will check the patient's medication diary and compare it with the actual prescription.
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The attending physician will order tests and examinations based on the patient's clinical presentation.

Based on the results, adjustments will be made to the medication regimen, and a prescription for a 4-

week supply of medication will be issued. Patients will be instructed to take their medication regularly.

The nurse will print out a medication list and remind the patient to record each medication taken in

the diary. An appointment for the next follow-up visit will be scheduled.

During the follow-up process, if a patient is hospitalized, the physician will determine whether the

hospitalization is related to heart failure or other adverse events during the subsequent visit. The follow-

up visit will then continue according to the aforementioned process.

Pharmacist-Led group

a. Baseline:

Here is the translation of the Chinese text you sent into English:

The pharmacist will inspect all medication packages to understand the patient's actual adherence to

the medication regimen and compare it with the prescription.

The attending physician will order tests and examinations based on the patient's clinical presentation.

The physician will then discuss with the pharmacist regarding any necessary adjustments to the

medication regimen, including medications for heart failure, hypertension, lipid regulation, and diabetes.

Based on the discussion, the physician will issue a prescription for a 4-week/1-month supply of

medication.

The pharmacist will conduct patient education, explaining the treatment goals for each condition, the

role and necessity of the medications, dosage and administration instructions, possible adverse events,

management strategies, and drug-drug interactions.



The pharmacist will use medication boxes to dispense the medications, label them with dosage and

administration instructions, print out the medication list, distribute heart failure educational brochures,

and provide a medication diary. Patients will be instructed to record each medication taken in the diary.

An appointment for the next follow-up visit (every 4 weeks/1 month) will be scheduled.

The pharmacist will add the patient or their caregiver as a WeChat friend and create a patient group

chat. The pharmacist will privately remind the patient once a week to take their medication and record it

in the medication diary. If the patient or their caregiver needs medication or disease-related advice, they

can privately message the pharmacist or use the group chat, and the pharmacist will provide a response.

b.Subsequent Follow-up Visits:

Seven days before the visit, the pharmacist will remind and confirm the appointment time.

During the visit, the pharmacist will check the patient's medication diary, compare it with the actual
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prescription, and inquire about any adverse events that occurred or any new medications taken.

The attending physician will order tests and examinations based on the patient's clinical presentation

and discuss with the pharmacist any necessary adjustments to the medication regimen.

The physician will issue a prescription for a 4-week/1-month supply of medication.

The pharmacist will conduct patient education based on the medication adherence in the past 4 weeks/1

month, focusing on any incorrectly taken, missed, newly added, or adjusted medications. This education

will cover the role, necessity, dosage and administration instructions, possible adverse events,

management strategies, and drug-drug interactions of the medications.

The pharmacist will use medication boxes to dispense the medications, label them with dosage and

administration instructions, and instruct the patient to record each medication taken in the diary. An

appointment for the next follow-up visit will be scheduled.



During the follow-up process, if a patient is hospitalized, the physician will determine whether the

hospitalization is related to heart failure or other adverse events during the subsequent visit. The follow-

up visit will then continue according to the aforementioned process.

5 Study planning and data collection

The original data to be collected for this study originates from the original medical records filled in by

the researchers and the original records filled in by the research subjects. The researchers are required to

guide the research subjects in accordance with the study protocol for the prescribed treatment, conduct

follow-up visits at the scheduled times, and promptly organize and save all relevant records or results.

The research subjects must fill in the corresponding data in a timely and detailed manner as requested by

the researchers and promptly submit them for preservation.

5.1 Laboratory examination

Blood routine test, liver function, kidney function, electrolytes, glycosylated hemoglobin (HbAlc),

blood lipids, N-terminal pro-B-type natriuretic peptide (NT-proBNP)/B-type natriuretic peptide (BNP),

etc.

5.2 Baseline data and indicators

Demographic data, past medical history, smoking and alcohol history, vital signs, time of heart failure

diagnosis, etiology, current treatment medications, Minnesota Living with Heart Failure Questionnaire

(MLHFQ) score, Morisky Medication Adherence Scale, New York Heart Association (NYHA)

functional class, blood routine test, liver and kidney function, electrolytes, fasting blood glucose,

glycosylated hemoglobin (HbAlc), blood lipids, NT-proBNP/BNP, chest X-ray, echocardiography

including left ventricular end-diastolic diameter (LVDd), left ventricular end-systolic diameter (LVSD),

and left ventricular ejection fraction (LVEF).



5.3 Follow-up arrangement

In this study, patient follow-up will be conducted by trained and fixed research staff who will be blinded

to the specific patient groups being assessed. Patients will be followed up every 4 weeks/1 month for a

total of 52 weeks. During each visit, the number of missed days for heart failure treatment medications

(such as beta-blockers, ACEI/ARB, mineralocorticoid receptor antagonists, recombinant human brain

natriuretic peptide, angiotensin receptor-neprilysin inhibitors, etc.) will be recorded. Routine blood tests,

liver and kidney function, electrolytes, blood lipids, NT-proBNP, and echocardiography will be

performed every 4 weeks.

At the final follow-up visit, the NYHA functional class, Morisky Medication Adherence Scale, and

MLHFQ score will be assessed. The proportion of days covered (PDC) for overall and each medication

class will be calculated. Adverse events, unplanned cardiovascular hospitalizations, and all-cause

mortality events will be recorded. The researchers will determine whether the adverse events are related

to the treatment.

This approach ensures the objectivity and reliability of the study results by minimizing potential biases

introduced by the assessment staff. The frequent follow-up visits and comprehensive data collection

allow for a detailed analysis of medication adherence, treatment efficacy, and safety in patients with heart

failure.

5.4 Study outcome measures

a. Primary efficacy endpoint: Overall Proportion of Days Covered (PDC) with heart failure medications

at 52 weeks.

b. Secondary efficacy endpoints: Individual PDC for each class of treatment-related medications at 52

weeks; proportion of patients with overall and class-specific PDC = 80%; NYHA functional



classification at week 52; MLHFQ score at week 52; NT-proBNP/BNP levels; differences in cardiac

function indicators (e.g., LVDd, LVSD, LVEF) from baseline; non-cardiovascular rehospitalization; all-

cause mortality composite endpoint events.

c. Safety endpoints: Number and frequency of adverse drug events. Common adverse events include

hyperglycemia, electrolyte disturbances, sleep disorders, mood disorders, atrial fibrillation, ventricular

tachycardia, acute coronary syndrome, infections, worsening renal function, dialysis, cardiogenic shock,

and syncope.

6 Statistical analysis

6.1 Analytical purpose

A large-sample, multi-center, open-label, superiority randomized controlled trial will be conducted to

compare the differences in medication adherence among chronic heart failure patients under pharmacist-

led management versus conventional physician/nurse management. The study will also compare the

effectiveness and safety of pharmacist-led management versus conventional physician/nurse

management in the treatment of chronic heart failure.

6.2 Sample size selection

Based on previous research [16], the standard deviation of the overall proportion of days covered (PDC)

for heart failure medications at 52 weeks is 14.9. Assuming a mean difference of 4.0 between the two

groups, an alpha level of 0.05, and a beta level of 0.20, the calculated sample size for each group is 218.

With an expected dropout rate of 10%, the sample size for each group is adjusted to 243, totaling 486

participants.

6.3 Analytical method

a. Statistical analysis was performed using SPSS 20.0 software.



b. The study utilized the full analysis set (patients who received at least one treatment and underwent at

least one efficacy assessment) for efficacy analysis, and the safety set (patients who received at least one

treatment and underwent at least one safety assessment) for safety analysis. Missing data were handled

using the last observation carried forward (LOCF) method.

c. Continuous variables were described as mean =+ standard deviation if normally distributed, or as

median (interquartile range) if non-normally distributed. Categorical variables were presented as counts

(percentages).

d. Between-group comparisons of continuous variables were conducted using independent samples t-test

or Mann-Whitney U test. Categorical variables were compared using chi-square test or exact probability

method.

e. Nelson-Aale survival curves were plotted for the composite endpoint of heart failure hospitalization

and death. Group differences were assessed using the log-rank test.

f. statistical significance set at P < 0.05.
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Inclusion

exclusion criteria

and

Inclusion Criteria (all must be met):

1.Age = 18 years old;

2.Diagnosed with chronic heart failure;

3.Stable on an established pharmacological treatment regimen for heart
failure;
4.Subjects able to understand and sign the informed consent form.
Exclusion Criteria (any of the following):
1.Inability to comply with study-related assessments/follow-ups;
2.Planned cardiac surgery during the study period;
3.Life expectancy less than 1 year;
4.History of malignant neoplasms;
5.Severe hepatic or renal dysfunction (liver enzymes > 3 times the upper limit
of normal or estimated glomerular filtration rate <30 mL/min);
6.Participation in another clinical study within the past three months or
currently participating;
7.Pregnant or lactating women.
Withdrawal Criteria (any of the following):
1.Occurrence of adverse events (including serious adverse events) deemed
by the investigator as unsuitable to continue participation in the clinical
study;
2.Any situation where the investigator considers poor compliance;
3.Loss to follow-up;
4.Subject withdraws informed consent.
Discontinuation Criteria (any of the following):
1.Diagnostic error where the subject does not meet the indications for this
study. The subject is excluded from the efficacy dataset but all safety
observations are retained in the safety dataset.
2.Subjects who have been enrolled in the study but have not received any

interventions.




Randomization and

treatment procedures

Based on LVEF stratification: heart failure with reduced ejection fraction
(LVEF < 40%), heart failure with mid-range ejection fraction (LVEF =
40% and < 50%), and heart failure with preserved ejection fraction (LVEF
= 50%), totaling 3 strata. Using a computer-generated random number
table, subjects are randomized 1:1 into a pharmacist-led group and a
traditional care group using opaque envelopes for concealed allocation.
Blinding is not implemented for researchers and patients in this study, but the
assessors are blinded. All interventions commence within 24 hours prior to
discharge.

In this study, patient follow-up will be conducted by trained and designated
study personnel. Blinding of assessors will be implemented, where the
assessors will not know the specific group assignments of the patients they
are evaluating.

Patients will be followed up every 4 weeks for a total of 52 weeks in this
study. The follow-up will involve recording the number of missed days for
heart failure treatment medications (beta-blockers, ACEI/ARB,
mineralocorticoid receptor antagonists, diuretics, etc.). Every 4 weeks, blood
tests including complete blood count, liver and kidney function tests,
electrolytes, lipid profile, NT-proBNP/BNP levels, and echocardiography
will be conducted.

At the final follow-up, assessments will include NYHA functional
classification, Morisky Medication Adherence Scale, and Minnesota Living
with Heart Failure Questionnaire (MLHFQ). The overall and individual
medication class-specific Proportion of Days Covered (PDC) will be
calculated. Adverse events, non-cardiovascular rehospitalizations, and all-
cause mortality events will be recorded, with the researcher determining

whether adverse events are treatment-related.

Outcome

Primary efficacy endpoint: Overall Proportion of Days Covered (PDC) with
heart failure medications at 52 weeks.

Secondary efficacy endpoints: Individual PDC for each class of treatment-
related medications at 52 weeks; proportion of patients with overall and
class-specific PDC = 80%; MLHFQ score at week 52; Morisky
Medication Adherence Scale score; non-cardiovascular rehospitalization; all-
cause mortality composite endpoint events, and days lost due to unplanned
CV hospitalizations and death.

Safety endpoints: Number of adverse drug events. Common adverse
events include hyperglycemia, electrolyte disturbances, sleep disorders,
mood disorders, atrial fibrillation, ventricular tachycardia, acute coronary
syndrome, infections, worsening renal function, dialysis, cardiogenic shock,

and syncope.

Statistical

analysis methods

1. Statistical analysis was performed using SPSS 20.0 software.
2. The study utilized the full analysis set (patients who received at least
one treatment and underwent at least one efficacy assessment) for efficacy

analysis, and the safety set (patients who received at least one treatment and




underwent at least one safety assessment) for safety analysis. Missing data
were handled using the last observation carried forward (LOCF) method.

3. Continuous variables were described as mean =+ standard deviation
if normally distributed, or as median (interquartile range) if non-normally
distributed. Categorical variables were presented as counts (percentages).

4. Between-group comparisons of continuous variables were conducted
using independent samples t-test or Mann-Whitney U test. Categorical
variables were compared using chi-square test or exact probability method.
5. Nelson-Aale survival curves were plotted for the composite endpoint of
heart failure hospitalization and death. Group differences were assessed
using the log-rank test.

6. Subgroup analyses will be conducted for the primary and secondary
efficacy endpoints to assess the consistency of intervention effects across the
following subgroups: age (<75 vs. =75 years), gender, heart rate at baseline
(<75 vs. >75 b.p.m.), NYHA class (I/I vs. III/IV), left ventricular ejection
fraction (LVEF, <40% vs. =40%), history of diabetes, level of disease
burden (number of different medications at baseline), baseline adherence,
and quality of life at baseline.

7. statistical significance set at P < 0.05.

1. Background

Chronic heart failure (CHF) is a complex clinical syndrome characterized by chronic structural and

functional abnormalities of the heart. Currently, drug therapy is the preferred method for treating

CHF. However, recent studies indicate that approximately 40% to 80% of CHF patients exhibit poor

medication adherence, including under-dosing, missing doses, or discontinuing medications. Poor

medication adherence is a significant factor leading to adverse outcomes in CHF patients, such as

hospital readmissions. In addition, besides the medications recommended by guidelines, CHF

patients often require additional drug treatments due to comorbidities and complications. This

results in polypharmacy, increasing the risks of drug-drug interactions, adverse drug reactions, and

poor adherence to medication. Therefore, it is necessary to take measures to improve patient

medication adherence and rationalize drug therapy to enhance treatment outcomes.

Based on the above, this study plans to conduct a multicenter, large-sample, open-label, pragmatic

randomized controlled trial. Patients with chronic heart failure will be enrolled, and their baseline



data will be collected. Stratification will be done based on preserved ejection fraction heart failure

(HFpEF), reduced ejection fraction heart failure (HFrEF), and mid-range ejection fraction heart

failure (HFmrEF). Participants will be randomly assigned to either a pharmacist-led intervention

group or a conventional physician/nurse management group. Follow-up will be conducted for 52

weeks to compare the pharmacist-led intervention group with the conventional management group.

Key outcomes will include medication possession ratio (PDC), incidence of mortality, and

unplanned cardiovascular admissions. These measures aim to assess the impact of pharmacist-led

intervention on medication adherence (non-pharmacological factors) and therapeutic efficacy

(pharmacological factors) in chronic heart failure.

2. Study aims

(1) Comparison of differences in medication adherence among chronic heart failure patients under

pharmacist-led management versus conventional physician/nurse management.

(2) Comparison of the effectiveness and safety of chronic heart failure treatment under pharmacist-

led management versus conventional physician/nurse management.

3. Hypothesis

Compared with the traditional group, the medication adherence of the pharmacist management

model group increased by 5% after 12 months of follow-up.

4. Study Design: Multicenter, Randomized Controlled Study

5. Analysis population

5.1 Flow diagram

Please see manuscript Figure 1.

5.2 Definition of the analysis population



CHF is defined based on the following criteria:

(1) The presence of symptoms and signs of heart failure, such as difficulty breathing, fatigue, and

fluid retention.

(2) Abnormal cardiac structure and/or function as determined by echocardiography.

(3) Elevated levels of natriuretic peptides, such as B-type Natriuretic Peptide (BNP) > 35 ng/L

and/or N-terminal proBNP (NT-proBNP) > 125 ng/L.

Stable heart failure medication regimen: patients have not experienced an acute exacerbation of

heart failure—such as a sudden worsening of heart failure symptoms and signs—nor have they

required any adjustments to their heart failure medication in the week prior to enrollment in the

study.

Inclusion Criteria (all must be met):

(1) Age > 18 years old,

(2) Diagnosed with chronic heart failure;

(3) Stable on an established pharmacological treatment regimen for heart failure;

(4) Subjects able to understand and sign the informed consent form.

Exclusion Criteria (any of the following):

(1) Inability to comply with study-related assessments/follow-ups;

(2) Planned cardiac surgery during the study period;

(3) Life expectancy less than 1 year;

(4) History of malignant neoplasms;

(5) Severe hepatic or renal dysfunction (liver enzymes > 3 times the upper limit of normal or

estimated glomerular filtration rate < 30 mL/min);



(6) Participation in another clinical study within the past three months or currently participating;

(7) Pregnant or lactating women.

Withdrawal Criteria (any of the following):

(1) Occurrence of adverse events (including serious adverse events) deemed by the investigator as

unsuitable to continue participation in the clinical study;

(2) Any situation where the investigator considers poor compliance;

(3) Loss to follow-up;

(4) Subject withdraws informed consent.

Discontinuation Criteria (any of the following):

(1) Diagnostic error where the subject does not meet the indications for this study. The subject is

excluded from the efficacy dataset but all safety observations are retained in the safety dataset.

(2) Subjects who have been enrolled in the study but have not received any interventions.

5.3 Sample size

Based on previous studies (Schulz, M., et al. European Journal of Heart Failure, 2019), the overall

standard deviation of PDC for heart failure medication at 52 weeks is 14.9. Assuming a mean

difference of 4.0 between the two groups, with o set at 0.05 and  at 0.20, each group would require

218 participants, accounting for an expected attrition rate of 10%. Thus, each group would need 243

participants, totaling 486 participants overall.

6. Outcomes

Primary efficacy endpoint:

Overall Proportion of Days Covered (PDC) with heart failure medications at 52 weeks.

Secondary efficacy endpoints:



Individual PDC for each class of treatment-related medications at 52 weeks; proportion of patients

with overall and class-specific PDC > 80%; MLHFQ score at week 52; Morisky Medication

Adherence Scale score; non-cardiovascular rehospitalization; all-cause mortality composite

endpoint events, and days lost due to unplanned CV hospitalizations and death.

Safety endpoints: Number of adverse drug events. Common adverse events include hyperglycemia,

electrolyte disturbances, sleep disorders, mood disorders, atrial fibrillation, ventricular tachycardia,

acute coronary syndrome, infections, worsening renal function, dialysis, cardiogenic shock, and

syncope.

7. Statistical Analysis

7.1 Descriptive analyses

Table 1 displays the descriptive characteristics of the control group and the intervention group. We

collected demographic data, smoking and alcohol history, vital signs, comorbidities, current

medications, MLHFQ scores, Morisky Medication Adherence Scale, New York Heart Association

(NYHA) functional class, laboratory routine tests for liver and kidney function, electrolytes, and

echocardiograms for both groups. Continuous variables are described as mean + standard deviation

if normally distributed, and as median (interquartile range) if not normally distributed. Categorical

variables are expressed as counts (percentages). To assess the balance between the control and

intervention groups after randomization, we descriptively compared the baseline characteristics

using two-sample t-tests, ¥ tests, or Wilcoxon rank-sum tests.

7.2 Primary and Secondary efficacy outcomes analyses

Table 2 and Supplement 2 in the manuscript presents the primary and secondary outcomes. Figure

2 displays the composite endpoint of hospitalization for heart failure and death.



We compared the baseline and 12-month follow-up data changes between the control group and the

intervention group. The data collection process strictly adhered to privacy protection and data

security regulations and standards. We conducted efficacy analysis using the full analysis set

(patients who received at least one treatment and underwent at least one efficacy assessment) and

safety analysis using the safety set (patients who received at least one treatment and underwent at

least one safety assessment).

For each patient, we calculated the number of days they had a supply of heart failure medication

during the 52-week follow-up period. We made adjustments based on the patient's hospitalization

days, medication switches, and death. For hospitalization days, we assumed that the patient did not

deplete their medication supply during these days, so these days were excluded from the calculation.

If a patient switched medications within a therapeutic category, the patient's medication supply was

replaced by the new supply. If a patient died during the follow-up period, all days after death were

excluded. We calculated the adherence for each medication category, ranging from 0 to 1.0, and then

averaged across all non-missing medication categories to derive the summary PDC. Continuous

variables were compared between groups using independent sample t-tests or Wilcoxon rank-sum

tests. Categorical variables were compared using chi-square tests. We performed multiple testing

corrections for all secondary endpoints. We employed the Bonferroni correction method to control

the family-wise error rate (FWER), ensuring the reliability of the results. We plotted the Nelson-

Aalen survival curves for the composite endpoint of heart failure hospitalization and death. The log-

rank test was used to assess differences between groups.

7.3 Missing data

We assessed the distribution and degree of missingness for all variables. Outliers or inconsistent



data will be discussed by consensus among the survey teams. Missing data will be handled using

the Last Observation Carried Forward (LOCF) method.

7.4 Trial monitoring

To ensure the quality and consistency of data across centers, we conducted standardized training for

pharmacists involved in the study according to the standards of pharmaceutical services in China

and the requirements of the study. Other personnel were also trained according to the study's

requirements.

At the outset of the project, we established a Data Management Committee composed of experts in

the fields of pharmacy, clinical practice, and statistics. The committee conducted quality control of

data related to adverse drug events, death cases, and pharmacist interventions at the midpoint and

conclusion of the trial.

7.5 Subgroup analyses

To assess the impact of potential factors on the outcomes, we conducted subgroup analyses for the

primary and secondary efficacy endpoints to evaluate the consistency of the intervention effects

across the following subgroups: age (<75 vs. >75 years), gender, baseline heart rate (<75 vs. >75

bpm), NYHA class (I/II vs. III/IV), left ventricular ejection fraction (LVEF, <40% vs. >40%),

history of diabetes, disease burden level (number of different medications used at baseline), baseline

adherence, and quality of life at baseline. The results of the subgroup analyses were presented using

forest plots.

7.6 Safety outcomes analysis

The safety outcome is the number of adverse drug events (ADESs) identified within the 52-week

follow-up period. We used the chi-squared test to calculate the safety results. In our study, ADEs



were defined as "harmful reactions unrelated to the intended medicinal purpose that occur with the

normal use of a qualified drug."



