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Purpose: This study aims to evaluate the impact of a pharmacist-led education program on medication adherence and treatment
outcomes among patient with atrial fibrillation (AF) using direct oral anticoagulants (DOACs) for stroke prevention. Additionally, we
will compare self-reported adherence with claims data and examine whether DOAC blood concentration can serve as a biomarker for
medication adherence and treatment outcomes.

Patients and Methods: We will conduct a pragmatic randomized controlled trial at National Taiwan University Hospital (NTUH).
Patients aged 18 years or older, diagnosed with AF, and newly initiated on DOACs for primary or secondary stroke prevention will be
randomized to either the intervention or control group. The intervention group will receive pharmacist-led education at baseline; the
control group will receive usual care. The primary endpoint is patients’ self-reported medication-use behavior, measured by the
Traditional Chinese version of the Adherence to Refills and Medications Scale. We will also compare self-reported adherence with an
objective adherence indicator, the DOAC trough concentration, determined by ultra-high-performance liquid chromatography coupled
with tandem mass spectrometry. After randomization, participants will return to their routine clinical care, and all follow-up
assessments will coincide with their regular clinic visits. Patients” DOAC use behaviors and blood concentrations will be measured
at 3- and 6-month follow-ups. Baseline characteristics and treatment outcomes will be obtained from NTUH electronic medical records
and the National Health Insurance claims data.

Conclusion: This trial will evaluate the effectiveness of pharmacist-led education in improving DOAC adherence and treatment
outcomes over a 6-month follow-up period. The findings will inform the development and implementation of future pharmacist-led
care models.

Trial Registration: The study protocol has been registered at ClinicalTrials.gov (identifier NCT07159399).

Keywords: pharmacist-led service, anticoagulation, pragmatic trial

Introduction

Atrial fibrillation (AF) is the most common arrhythmia, which increases the risk of ischemic stroke four- to five-fold.'~
Direct oral anticoagulants (DOACsS) are preferred over warfarin for stroke prevention in patients with AF due to their
predictable pharmacokinetics, fewer drug-food interactions, and the absence of routine monitoring requirements.>

Despite these advantages, real-world adherence to DOACs remains inadequate,”'°

and suboptimal adherence is asso-
ciated with higher risks of both thromboembolic and bleeding complications.'""'* Although oral anticoagulants (OACs)
therapy effectively reduce stroke risk, their clinical benefits are often compromised by medication non-adherence, which

ranges from 15% to 40%."* The World Health Organization has highlighted that improving adherence to long-term
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therapies could yield greater population health gains than advancements in medical treatment alone.'* Nevertheless,
current adherence interventions in AF have achieved only modest and inconsistent effects.'>'¢

Pharmacist-led anticoagulation services represent a promising strategy to improve adherence. Evidence from antic-
oagulation clinics (ACCs) indicates that pharmacist-managed warfarin therapy can improve safety and reduce throm-
boembolism and bleeding risks."® Yet evidence regarding the effectiveness of pharmacist-led interventions for DOAC
users remains limited. Observational studies from the United States and China suggest that pharmacist-led ACCs, tailored
monitoring, and telephone follow-up may support better adherence and improved clinical outcomes among DOAC
users,'”'® though non-randomized designs introduce potential residual confounding. In contrast, two recent randomized
trials conducted in Japan and the United States did not show clear improvements in DOAC adherence with pharmacist-
led interventions, likely due to already high baseline adherence, short follow-up periods, and insufficient power to detect
differences in clinical outcomes.'**°

Given that these trials were conducted in healthcare systems unlike Taiwan, where the National Health Insurance
(NHI) system minimizes refill barriers and result in high refill adherence despite inconsistent day-to-day medication-
taking behavior, there is still a need to evaluate pharmacist-led interventions in a pragmatic, workflow-integrated manner
within Taiwan’s real-world clinical environment. This study evaluates the impact of a pharmacist-led education program
on DOAC adherence and treatment outcomes in patients with AF who are newly initiating DOAC therapy in Taiwan. We

hypothesize that the intervention will improve medication adherence and may support favorable treatment outcomes.

Materials and Methods
Study Aims

This study aims to investigate: (a) the impact of a pharmacist-led patient education program on DOAC adherence and
treatment outcomes, (b) patients’ medication-use patterns through a comparison of self-reported data with administrative
claims, and (c) the potential role of DOAC blood concentrations as a biomarker for both medication adherence and
treatment effectiveness among patients with AF who are newly prescribed DOACs for stroke prevention.

Study Design and Data Source

This study is a two-arm, pragmatic randomized controlled trial conducted at National Taiwan University Hospital
(NTUH), a tertiary medical center in northern Taiwan. An overview of the study design and procedures is presented
in Figure 1. Patients newly prescribed DOACs for stroke prevention will be recruited from NTUH outpatient clinics in
collaboration with two attending physicians. Pharmacists will assist with preliminary screening to identify potential study
candidates. Those patients will then be referred to the research team for confirmation of eligibility.

The intervention is grounded in the Social Cognitive Theory, with self-efficacy as the core mechanism driving
behavior change. It is designed to enhance patients’ understanding of anticoagulant therapy and build confidence in
managing their medications. Pharmacists will provide individualized education and counselling to improve psychological
capability and motivation, support patients in integrating DOAC use into their daily routines to facilitate behavioral
regulation, and offer ongoing feedback and reinforcement to help maintain adherence. Within this framework, improved
self-efficacy is posited as the key mediator linking the pharmacist intervention to sustained and effective medication-
taking behavior.

Two primary data sources will be used: the electronic medical records (EMRs) from the NTUH and National Health
Insurance (NHI) claims data from the Health and Welfare Database. The NTUH EMRs will be used for baseline
assessment and eligibility verification, whereas NHI claims data will enable follow-up of clinical events and evaluation
of patients’ medication-use patterns.

Study Participants

Inclusion and Exclusion Criteria

Eligible participants are adults aged 18 years or older with a confirmed diagnosis of AF who are expected to begin
DOAC therapy for at least 3 months for either primary or secondary stroke prevention. Patients will be excluded if they
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Figure | An overview of the study design and procedures.
Abbreviations: ACC, anticoagulation clinic; AF, atrial fibrillation; ARMS, adherence to refills and medications scale; Cy.ough trough concentration; DOAC, direct oral
anticoagulant; EMR, electronic medical record; NHI, National Health Insurance; NTUH, National Taiwan University Hospital; PDC, proportion of days covered.

are unable to understand DOAC related education because of low literacy, language limitations, or cognitive impairment.
Additional exclusion criteria include prior DOAC therapy for more than six months, the presence of contraindications to
DOAC therapy, the use of DOACsS in off label dosing regimens, and pregnancy or breastfeeding.

Sample Size

Sample size estimation was performed using G*Power software.”'*> A minimum of 128 participants is required to detect
a moderate effect on medication adherence, assuming an effect size of Cohen’s d = 0.5, a statistical power of 0.80, and
a two-sided significance level of 0.05. To account for potential attrition, the study plans to recruit 200 participants (100 in
per study arm). As the effect of the pharmacist-led intervention will be evaluated separately for patients receiving DOAC
therapy for primary versus secondary prevention, we plan to enroll 200 participants in each category, yielding a total
sample size of 400 participants.

Randomization

Eligible patients will first be stratified according to whether they are receiving DOAC therapy for primary or secondary
prevention. Within each stratum, participants will be randomized in a 1:1 ratio to either the intervention or control group
using a computer-generated randomization sequence prepared by an independent research member not involved in
outcome assessment. Study personnel responsible for enrollment will assign participants according to this sequence and
will therefore be aware of treatment allocation, consistent with the pragmatic design of the study. Those assigned to the
intervention group will be referred to the pharmacist-led ACC for education, while those in the control group will receive
usual care without pharmacist-delivered education. Both participants and pharmacists administering the intervention will
be aware of group assignment. The principal investigator; however, will remain blinded until all follow-up assessments
have been completed and will continue to be blinded throughout data analysis.

Intervention

Patients in the intervention group will receive an initial DOAC education session delivered by two pharmacists at the
NTUH ACC. Established in 2012, the NTUH ACC is staffed by two clinical pharmacists and provides comprehensive
education and follow-up services for patients using OACs, including both warfarin and DOACs. Since its inception, the
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ACC has served over 1000 patients, with more than 80% of warfarin users achieving therapeutic targets following
pharmacist-led care.”?

During the first ACC visit, pharmacists will provide structured education, covering: (1) the indication and rationale
for DOAC therapy, (2) the name and appearance of the prescribed DOAC, (3) dosage, frequency, and timing of
administration, (4) mechanism of action, (5) management of missed doses, (6) potential adverse effects and self-
monitoring strategies, and (7) perioperative management. To support better understanding and self-management, patients
will receive a DOAC educational leaflet, a pillbox, and a medication diary to promote adherence. They will also be
encouraged to join the official ACC communication app account for timely consultation regarding missed doses, adverse
effects, and upcoming medical procedures.

Two follow-up visits will be scheduled at 3 and 6 months after the baseline session. At the initial visit, the pharmacist
will review each patient’s EMR to ensure the prescribed DOAC regimen aligns with approved indications and will
contact the prescriber if discrepancies are identified. During follow-up visits, the pharmacist will assess changes in
laboratory values and concomitant medications, communicating any drug-related problems to the prescribing physician
for resolution. The core components of the pharmacist-led ACC services are summarized in Figure 2. To ensure
intervention fidelity, all pharmacists follow a standardized education checklist that outlines the essential elements of
the intervention. Pharmacists delivering the intervention are trained based on this protocol, and documentation from each
education session will be reviewed on a regular basis by the study team for quality assurance.

Outcome Measurement
Medication Use Behavior
The primary endpoint of this study is patients’ self-reported medication-use behavior, including medication-taking and
refill adherence. Self-reported adherence will be assessed using the 12-item Traditional Chinese version of the Adherence
to Refills and Medications Scale (ChARMS-T), which includes eight items measuring medication-taking behavior and
four items measuring refill adherence.”***> Higher scores indicate more barriers to medication-taking or refill. The
ChARMS-T has demonstrated good internal consistency and strong correlations with both medication-taking and refill
behaviors.?® In this study, the total CRARMS-T score will serve as the primary continuous outcome.

In addition, medication behavior will be evaluated using pharmacy dispensing records from the NHI claims database.
Medication-taking adherence will be quantified as the proportion of days covered (PDC) over the 3- and 6-month follow-
up periods, whereas refill adherence will be assessed by the number of prescription refills during the same intervals. The
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Figure 2 Key components of the pharmacist-led anticoagulant clinic services.
Abbreviation: DOAC, direct oral anticoagulant.
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PDC will be calculated as the total number of days of DOAC supply during the 3- and 6-month follow-up periods,
regardless of switching between DOACsS, divided by the number of days in the respective follow-up period.

Treatment Outcomes

The secondary endpoint comprises treatment outcomes, including both effectiveness and safety outcomes, measured at
one and two years following randomization. Effectiveness will be evaluated based on the occurrence of systemic
thromboembolism events, including ischemic stroke, transient ischemic attack, myocardial infarction, coronary artery
disease, peripheral artery disease, and venous thromboembolism. Safety outcomes will include major bleeding events,
defined as intracranial hemorrhage, gastrointestinal bleeding, and other major bleeding episodes. All events will be
identified through validated algorisms applied to inpatient admissions with primary discharge diagnosis codes recorded in
the NHI claims database.’®2*

Measurement of DOAC Blood Concentrations

To complement self-reported adherence, DOAC trough concentration will be measured as an objective adherence
indicator. Blood samples will be obtained at the trough level, defined as the time immediately before the next scheduled
DOAC dose. The allowable time window for sample collection is 22 to 26 hours after the previous dose of dabigatran or
apixaban, and 10 to 14 hours after the previous dose of rivaroxaban or edoxaban. The time of the last DOAC dose and
the time of blood sampling will be recorded and included as covariates when analyzing their association with drug
concentrations. Measurement of DOAC concentrations will be performed using ultra high performance liquid chromato-
graphy coupled with tandem mass spectrometry (UHPLC MS/MS), an established and validated analytical method.*'

Study Procedure

After enrollment and randomization, patients in the intervention group will receive a one-time baseline education session
by a pharmacist, followed by two additional follow-up visits for medication review and monitoring of laboratory results.
Participants in the control group will receive usual care composed of standard inpatient discharge counseling only and no
outpatient education.

At the 3- and 6-month clinical visits, all participants will complete the ChARMS-T questionnaire, and DOAC trough
concentrations will be measured. Medication adherence, including the PDC and the number of refills at 3 and 6 months,
will be obtained from their NHI claims data. Treatment outcomes will be assessed for at one- and two-year follow-up
using the NHI claims database.

Upon completion of data collection, analyses will include: (1) comparison of self-reported DOAC-use behavior
(ChARMS-T scores) between groups, (2) comparison of clinical event rates between groups, (3) comparison of
adherence based on self-reported versus NHI claims data, (4) correlations between self-reported adherence and DOAC
concentrations, and (5) correlations between clinical outcomes and DOAC concentrations.

Ethical Consideration

This study protocol has been approved by the Institutional Review Board of National Taiwan University Hospital
(NTUH-REC No.: 202404014RINC). All participants will provide written informed consent prior to study enrollment.
Participant confidentiality and data security will be strictly maintained in accordance with the Declaration of Helsinki.

Statistical and Analytical Plan

Baseline characteristics of the participants will be summarized using descriptive statistics and compared between groups.
Continuous variables will be analyzed with #-tests, and categorical variables will be compared using chi-square tests.
Analyses will follow the intention-to-treat principle, with all randomized participants analyzed according to their
assigned treatment arm. Post-randomization treatment changes will not affect group allocation, consistent with the
pragmatic design. Missing data are expected to be minimal because demographic data and laboratory tests are recorded
routinely in the hospital records. The most recent laboratory results within 6 months of DOAC initiation will be treated as
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baseline values. If the level of missingness permits, complete-case analysis will be performed; otherwise, multiple
imputation under a missing-at-random assumption will be used.

To evaluate the intervention impact on DOAC-use behavior, t-tests and linear regression models will be applied to assess
between-group differences and estimate changes in ChARMS-T scores. Time-to-event analyses will be conducted to compare
treatment outcomes between groups, with all-cause mortality as a competing risk. Stratified analyses by primary versus secondary
prevention will examine potential heterogeneity of intervention effects. If heterogeneity is detected, an interaction term (inter-
vention x prevention status) will be included in regression models, evaluated with the Wald test for adherence outcomes and
likelihood ratio tests for treatment outcomes. Reasons for non-adherence will be explored by summarizing the frequency and
percentage of responses to the ChARMS-T medication-taking items. The summary score for the medication-taking items will be
correlated with the PDC using Pearson correlation, and refill adherence items will be correlated with NHI refill records.

The proportion of patients with DOAC concentrations within the expected therapeutic ranges will be compared
between groups using chi-square tests. Because universally accepted therapeutic ranges are not established, expected
trough ranges from clinical trials will be used. These ranges have been shown to be associated with clinical outcomes in
our previous investigations.>**° Interpretation will account for pharmacokinetic variability, including renal function, age,
body weight, and drug-drug interactions, and the pragmatic nature of sampling time. Although the UHPLC-MS/MS assay
is precise and specific, minor analytical variation may occur. Thus, DOAC concentrations will be used primarily as an
objective adherence indicator rather than for dose adjustment.

To examine the correlation between DOAC concentration and adherence, patients will be classified into high- and
low-adherence groups based on the median ChARMS-T score, and proportions within therapeutic range will be
compared using chi-square tests. To assess the correlation between DOAC concentrations and treatment outcomes,
patients will be categorized into 3 groups according to DOAC concentration: above, within, or below the therapeutic
range. The proportion of patients experiencing a clinical event will be compared across groups using chi-square tests.
Analysis involving DOAC concentrations and clinical outcomes will be considered exploratory. All analyses will be
performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA), with a two-sided a level of 0.05.

Discussion

This randomized controlled trial is designed to evaluate the impact of pharmacist-led ACCs on medication adherence and
treatment outcomes among patients receiving DOACs. While observational studies have suggested that pharmacist-led
services may facilitate safer and more consistent DOAC use, recent randomized trials conducted in other health systems
have not shown clear improvements in adherence.'” 2 Taiwan’s healthcare environment, characterized by high medica-
tion accessibility yet suboptimal post-dispensing adherence, highlights the need to determine whether a pharmacist-led
program embedded into routine practice can meaningfully improves patients’ medication-taking behavior.

The intervention is developed from a patient-preference perspective, with shared decision-making and self-efficacy enhance-
ment as core components to support sustained adherence. During the baseline counseling session, pharmacists review patients’
daily routines, dosing preferences, and concerns about anticoagulant therapy. The counseling will be tailored to each patient’s
needs to help the patient integrate DOAC use into everyday life and build confidence in managing treatment. Through
individualized education and scheduled follow-up visits, pharmacists encourage patients to voice questions and share their
medication-use experiences, creating opportunities to address misconceptions and reinforce confidence in self-management. This
approach fosters mutual understanding and strengthened self-efficacy, both of which are essential for long-term adherence.

Beyond evaluating adherence and treatment outcomes, this study aims to inform the development of more patient-centered
models of anticoagulation care. By incorporating individualized counseling, shared decision-making, and structured follow-up,
the pharmacist-led model reflects key principles of patient-centered practice and has the potential to improve patient engagement
in the long-term management of DOAC therapy. If effective, this approach may promote closer pharmacist-physician collabora-
tion and offer a feasible pathway for integrating pharmacist support into routine clinical workflows. The implications may extend
beyond Taiwan to other health systems seeking to enhance patient-centered chronic disease management.

The study also provides a more comprehensive understanding of patients’ medication use behavior. Reasons for non-
adherence will first be explored using responses to individual ChARMS-T items, followed by a comparison of self-reported
medication-taking and refill behaviors with pharmacy dispensing records from the NHI claims database. Given the easy
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accessibility of medications and low copayments in Taiwan, we anticipate a discrepancy between refill and actual medication-
taking. While high refill rates are expected in both groups, patients in the usual-care group may demonstrate poorer adherence to
taking their medications as prescribed.

Although DOACs do not require routine laboratory monitoring due to predictable pharmacokinetic and pharmaco-
dynamic profiles, the absence of concentration data contributes to uncertainty in therapeutic monitoring. Certain groups,
such as patients with poor adherence or those with complex clinical conditions, may benefit from DOAC concentration
testing.”! This study aims to clarify the relationship between DOAC concentrations, adherence, and treatment outcomes.
We anticipate a higher proportion of patients in the control group to have low DOAC concentrations compared with the
intervention group, and that better adherence will correspond to concentrations within the expected therapeutic range.
However, we hypothesize that the correlation between DOAC concentrations and treatment outcomes will be modest
because thromboembolic and major bleeding events are relatively infrequent (approximately 1.8% and 3.0%,
respectively).”>** In addition, DOAC concentrations may not fully reflect adherence due to their rapid onset of action.
To address these challenges, the study incorporates repeated measures of DOAC concentrations. Despite the limitations,
prior studies have consistently shown associations between DOAC levels and treatment outcomes,””>*** and this trial
will contribute additional evidence to guide therapeutic monitoring and clinical management.

Taken together, the study thoroughly evaluates the effectiveness of a pharmacist-led education program, provides new
insights into medication-use behavior, and advances knowledge in both the pharmacokinetic and clinical management of
DOAC:Ss. These considerations frame the context for interpreting the strengths and limitations of the present trial.

Strengths

This study presents the first pragmatic trial in Taiwan to evaluate the impact of a pharmacist-delivered pharmaceutical
care program. Its pragmatic design strengthens the relevance and applicability of the findings and provides robust
evidence of the value of pharmacist-led services. The intervention, consisting of a single education and two follow-up
visits spaced 3 months apart, is simple, feasible, and closely aligned with routine clinical practice. Because DOAC dosing
frequency resembles that of many commonly used chronic medications, such as antihypertensives, antidiabetic agents,
and lipid-lowering drugs, the findings may be applicable to broader chronic disease management. The pragmatic nature
of the study further supports the direct translation of the results into real-world clinical care and health policy.

A further strength is the study’s focus on identifying reasons for DOAC non-adherence. In Taiwan, most patients refill
their prescriptions, yet some may not take medications as prescribed, and this “post-dispensing non-adherence” is not
captured by EMRs or claims data. By identifying underlying causes, such as forgetfulness or the perception that
conditions are controlled, the findings will support the development of targeted education strategies and more effective
patient—provider communication. This complements insights from secondary data sources and provides a more complete
picture of adherence behaviors. Finally, a key innovation of our study is its examination of the relationship between
DOAC concentrations and medication-use behavior. This offers an important contribution to existing evidence and
addresses a key knowledge gap in understanding how drug levels relate to clinical outcomes.

Limitations

The primary endpoint relies on self-reported medication-use behavior, which may be subject to recall bias and social
desirability bias. Participants may unintentionally misremember their medication-taking patterns or overestimate adher-
ence to meet perceived expectations of physicians or study personnel. To mitigate these limitations, self-reported
adherence from the ChARMS-T will be compared with DOAC blood concentrations as an objective adherence indicator.
This triangulation approach is expected to enhance the credibility of our results.

Another limitation is that both patients and pharmacists are aware of intervention allocation. This may introduce performance
bias, with participants in the intervention group making greater efforts to adhere to therapy or cooperate with the study. It may also
lead to detection bias, as participants receiving the intervention might be more inclined to report favorable adherence behaviors on
self-reported measures. In addition, the generalizability of our findings may be limited to tertiary medical centers operating within
the Taiwan NHI system. Lastly, unlike warfarin, DOACs do not require routine therapeutic drug monitoring, and no universally
accepted therapeutic range is available. Variations among DOAC agents, interpatient pharmacokinetic differences, and doses
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adjustments further complicate the establishment of a consistent therapeutic threshold. These factors may increase the likelihood
of misclassification when interpreting blood concentration results.

Conclusion

This proposed trial will evaluate the impact of pharmacist-led education on DOAC adherence and treatment
outcomes. By providing deeper insights into medication-use behavior and examining the exploratory role of
DOAC blood concentrations as an indicator of medication adherence and treatment outcomes, the study will
inform the future development of pharmacist-led care models. If the intervention proves beneficial, the streamlined
workflow may be scalable within routine pharmacy practice and compatible with implementation under the NHI
system. The design also aligns with patient-preference principles by incorporating individualized counseling and
shared decision-making to support acceptability and patient engagement.
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