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Background: Atrial fibrillation (AF) is an arrhythmia that is prevalent globally,
and its incidence grows exponentially with aging. Non-vitamin K antagonist
oral anticoagulants (NOACs) have been developed in recent years, and it
challenges the supremacy of warfarin for thromboembolism prophylaxis in AF.
Nevertheless, there are limited data specifically evaluating the real-life use of
NOAC:Ss in elderly patients with AF in China.

Methods: This is a national, multicenter, non-interventional, cross-sectional
study that enrolls patients with AF aged 75 years and above from 31 institutions
across China. Data were collected using the Hospital Information System.
The primary outcomes include (1) profiles of NOAC use in the elderly; (2)
frequency of inappropriate NOAC use based on guidelines and approved
labeling recommendations; (3) exploring potential risk factors related to
NOACs inappropriate use; and (4) creating a prediction tool for inappropriate
NOACs use.

Conclusion: The results of this study reveal the prevalence, risk factors, and
corresponding prediction tool of inappropriate NOACs use in older patients
with AF in China, as well as provide valuable insights into the clinical application
of NOAC:s in high-risk populations in the real-world setting.

Clinical trial registration: www.ClinicalTrials.gov, identifier: NCT 05361889.
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Introduction

Atrial fibrillation (AF) is an arrhythmia that is prevalent
globally, and its incidence grows exponentially with aging
(1). AF increases the risk of stroke and its sequelae.
It also leads to severe complications, such as impaired
quality of life, heart failure, dementia, disability, and even
death. More frequent hospitalization and treatment of these
complications substantially increase the economic burden of the
disease (2-5).

Oral anticoagulants (OACs) are the cornerstone of stroke
and/or systemic embolism (SE) prevention for patients with
non-valvular atrial fibrillation (NVAF) (6, 7). Although
dose-adjusted warfarin has been the primary treatment for
oral anticoagulation for decades, non-vitamin K antagonist
oral anticoagulants (NOACs) have been developed more
recently and have challenged the supremacy of warfarin for
thromboembolism prophylaxis in NVAF (8-11). NOACs
comprise dabigatran (factor IIa inhibitor), rivaroxaban,
apixaban, and edoxaban (factor Xa inhibitors), and each of
these agents has been proven to be equivalent to or even better
than warfarin in terms of effectiveness and safety for stroke
prevention in NVAF (12). Current guidelines recommend
NOAC: as the first-line OAC agents, including for the older
adult population (6, 7, 12, 13).

Although advanced chronological age by itself is not a
contraindication for anticoagulation in AFE in the real clinical
context, the appropriate use of NOAC prescriptions is still
challenging for several reasons. First, on the subjective side,
many clinicians are hesitant to comply with approved NOAC
dosing recommendations for older adults due to concerns posed
by frailty, liver or kidney function impairment, polypharmacy,
complex comorbidities, prior falls, contraindications, and
history of bleeding or potential bleeding risk (14). Second,
dosages may be varied to account for ethnic factors. For
instance, Asian patients with AF tend to be leaner and
shorter and have a greater bleeding risk. This population
often receives off-label dose-reduced NOAC more frequently
than in Western countries (15). Third, approval was granted
by the NOACs National Medical Products Administration
(NMPA) at specific doses as adjusted for age, renal function,
body weight, or concomitant administration of other drugs.
Therefore, the optimal use of NOACs depends on a thorough
understanding of drug labels and the knowledge of definitive
guidelines and consensus opinions (16). Finally, some hospitals
do not have reliable access to important NOAC formulations
(17), precluding their rational use. In previous studies, such
inappropriate use of NOACs was problematic because it is
associated with adverse events and harmful clinical outcomes,
including an increased risk of stroke, thromboembolism,
cardiovascular hospitalizations, bleeding, and even all-cause
mortality (18, 19).
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Since most available data on NOAC practices have been
established within the framework of a cardiology setting and
in the general population, data on Chinese-specific real-life
NOACs use, such as in older adults, are underrepresented.
Of note, older Chinese individuals with AF account for a
high percentage of the total number of patients with AF. This
population is considered to be more susceptible to bleeding. The
net clinical benefit of vitamin K antagonist (VKA) use in older
adults with AF is barely satisfactory (20). Therefore, collecting
data on case mix, clinical characteristics, and treatment for
older adults with AF is valuable for improving the management
of OAC use in real-world practice. In addition, some studies
explored risk factors that influence the appropriateness of
NOACs. However, they did not establish the related prediction
model (21, 22). Therefore, we will conduct a study to (a)
investigate profiles of NOAC use in older individuals, (b)
determine the rate of inappropriate NOAC use, (c) explore
potential risk factors related to inappropriate NOAC use, and
(d) conduct a model for inappropriate use of NOACs.

Materials and methods

Data sources

This study is proposed as a national, multicenter, non-
interventional, cross-sectional study. Individual patient data
will be obtained from the ReAl-life multlceNter outcomes
registry for Better antithrOmbotic strategies in patients With
AF (RAINBOW-AF), an ongoing national AF registration
conducted at 31 secondary- or tertiary-care hospitals in China.
The purpose of the RAINBOW-AF registry is to collect medical
records data of contemporary patients with AF and to determine
the relationship between comprehensive assessment and better
anticoagulation outcomes in patients with AF. In this study,
we will include older adults (aged >75 years) who will be
receiving a NOAC for NVAF. Considering that this population
is regarded as high-risk in the stroke risk-stratification tool
(CHA,DS,-VASc score of at least 2) for NVAE all selected
patients will have strong indications for anticoagulation. The
study initiative will be performed based on the Hospital
Information System (HIS) (Figure 1). As part of the assessment,
this study will be applied for the expansion and spread of a
quality promotion initiative for a better NOAC strategy.

Site selection

The study will be carried out using data given by inpatients
from 12 provinces, two municipalities, and one autonomous
region across mainland China, with a focus on regions and
medical staft features. Suitable site enrollment will be adopted
to guarantee geographic heterogeneity and diversity across
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1. Inpatients with complete data sets
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3. Diagnosed with AF
4. Outpatient data after discharge
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To accept a NOAC within AND For multiple admissions,
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(- Profiles of NOACs use in the elderly )
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Potential risk factors related with NOACs inappropriateness
\ Creating a prediction model for NOACs inappropriateness )
FIGURE 1
Design schematic of this registry. NOAC, non-vitamin K antagonist oral anticoagulant. a: Including the following details: basic information,
disease information, history, latest laboratory data, co-administrations with NOAC:s, risk factors for thromboembolism (CHA,DS,-VASc score),
and risk factors for bleeding (HAS-BLED score)

practice categories (e.g., secondary graded and tertiary hospitals;
teaching and general hospitals) and prescriber type (e.g., general
practitioner, neurologist, cardiologist, electrophysiologist, and
other specialists). In this way, we expect to register a
representative sample of patients with NVAF in mainland China;
this will limit any bias introduced by the selection of patient
criteria, physician specialty, or extent of experience. Around
31 recruitment sites will be activated to select participants for
the study.

Patient recruitment criteria

Eligibility criteria include the following: inpatients with
complete data sets; age >75 years; diagnosis of AF confirmed
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by electrocardiogram; use of Holter monitor, pacemaker,
implantable device or clinic note, or hospital record of such
intervention; or documentation of NOAC therapy for AF
regardless of prescriber within the past 3 months. For multiple
related admissions, each admission data will be recorded to
avoid an omission. To minimize the deviation in the selection
of the population and to obtain more sufficient information,
the outpatient follow-up data after discharge will also be
documented using HIS (Table 1).

Exclusion criteria include NVAF due to reversible causes
(e.g., thyroid disease, postoperative AF, and pulmonary
embolism), having an additional indication for anticoagulation
treatment apart from AF (e.g., venous thromboembolism and
hip/knee replacement surgery), bleeding history in critical
organs, current participation in an ongoing clinical trial of
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TABLE 1 Inclusion and exclusion criteria.

Inclusion criteria

o Inpatients with complete data sets. To minimize the deviation in the selection
of the population and obtain more sufficient information, the outpatient
follow-up data after discharge will also be documented via Hospital Information
System

o Aged > 75 years

e Diagnosed with AF (e.g., by electrocardiogram, Holter monitor, pacemaker,
implantable device, or a history of these interventions in any clinic note or
hospital record)

© To accept a prescription of NOAC therapy for AF whoever the prescriber
within the past 3 months (with the rationale that such patients may have
exceptional circumstances preventing long-term anticoagulation or lack of an
appropriate indication for long-term anticoagulation)

o For multiple related admissions, each admission data will be recorded to avoid
an omission. For example, patients with variable bleeding factors that could be a
relative contraindication or an absolute contraindication that could still be

inappropriately used

AF, atrial fibrillation; NOAC, non-vitamin K antagonist oral anticoagulant.

NOAC anticoagulation for AEF and incomplete information
(illogical data and missing or insufficient data); any patients
with such history will also be excluded.

Ethics and informed consent

The study will be organized and coordinated by the Henan
Provincial People’s Hospital. The study protocol complies with
Good Clinical Practice standards for drugs and the ethical
guidelines specified in the revised Declaration of Helsinki
(2013). The Henan Provincial People’s Hospital Institutional
Review Board has approved the RAINBOW-AF registry
(approval number: 2022-0406), and the trial was registered
at ClinicalTrials.gov (NCT 05361889). Data extracted from
medical records will be de-identified and anonymized before
analysis; therefore, informed consent is waived for this study.
This study will also follow the STROBE reporting checklist
and the Transparent Reporting of a Multivariable Prediction
Model for Individual Prognosis or Diagnosis (TRIPOD)
reporting guidelines.

Data collection

Data will be entered into a web-based case report form,
enabled with dynamic data reviews for patient features,
expected data ranges, and mandatory fields. It will be
derived primarily from three different sources: patients
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Exclusion criteria

o AF resulting from reversible causative factors (e.g., thyroid disease,

postoperative AE, pulmonary embolism)

o Have additional indication for anticoagulation treatment apart from AF (e.g.,
venous thromboembolism, hip/knee replacement surgery, left atrial/ventricular
thrombus)

© Bleeding history in critical organs (e.g., intracranial, intraocular, or

gastrointestinal bleeding)

e Current participation in an ongoing clinical trial of NOAC anticoagulation for

AF

o Illogical data, missing or insufficient data

electronic medical records (including demographics, clinical
characteristics, medical management, laboratory measurements,
imaging parameters, and drug information), the grade level
of treating physicians, referring to the clinical expertise
or academic background of clinicians, and the availability
of NOACs at each hospital. The specific details include
participants’ sex, age, body weight, lifestyle, comorbidities (such
as diabetes, coronary heart disease, and heart failure), history,
latest laboratory data, and risk factors for thromboembolism
and bleeding. In addition, co-administration of drugs (such as
antiplatelet agents and antiarrhythmic therapy), appearances
after NOAC treatment (incidence of inappropriate use), the
expertise of physicians, and NOAC availability from that
institution will also be documented (Table 2).

Evaluation of the appropriate NOACs use

Different nations do not always adopt the standard
indications for NOAC prescription. Local policies, such
as formulary committees, regulatory approval, and cost-
effectiveness, all influence NOAC labeling recommendations
(23). In this study, we will adopt an adaptive design to account
for a summary of product characteristics, and analyze prevalent
NOAC strategies based on indications, NOAC selection, or
dosages (Figure 2). We use the recommendations given by
NMPA for each agent and the 2021 European Heart Rhythm
Association (EHRA) practical guide on the use of NOACs for
patients with AF (24). Patients for whom the selected NOAC was
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TABLE 2 Details of data collection.

Data collection Interpretation

e Basic information
of residence (rural or urban)
o Disease Information
(PCI, CABG, or RFCA)
e History

10.3389/fcvm.2022.951695

Participants’ sex, age, body weight, marital status, lifestyle (current smoking and drinking status), educational status, place

Type of AF, comorbidities (correlate with stroke and bleeding risk, e.g., anemia, MI, PAD), procedures or surgical history

History of thromboembolism and related hemorrhagic events (major bleeding is defined based upon ISTH criteria and

incidences apart from major bleeding are considered as non-major bleeding), fall history

o Latest laboratory data
using Cockroft-Gault formula)

e Co-administration with NOACs

Serum creatinine levels, hemoglobin, bilirubin, liver function (Child-Pugh score), and renal function (CrCl, calculated

NOAC medication type, antiplatelet agent, interacting combination medications with NOACs, such as antiarrhythmic

therapy, itraconazole, ketoconazole, ritonavir, etc.

o Risk factors for thromboembolism
(CHA,DS,-VASc score)

a stroke, TIA, or age > 75 years)
o Risk factors for bleeding (HAS-BLED
score)
o Expertise of prescriber Cardiologist or not

o NOAC: availability from that

institution

CHA,DS;-VASc score is a rating of risk for stroke in patients with AF, items of 1 point each for congestive heart failure,

hypertension, diabetes mellitus, vascular disease, Age 65-74 years, sex category [female], and 2 points each for a history of

HAS-BLED score is a rating of risk for bleeding in patients with AF, 1 point each for hypertension, abnormal renal/liver

function, stroke, bleeding history or predisposition, labile INR, age 65 years or greater, drugs/alcohol concomitantly

Some institutions do not have access to certain NOACs, which can influence the NOAC inappropriateness

AF, atrial fibrillation; MI, myocardial infarction; PAD, peripheral arterial disease; PCI, percutaneous coronary intervention; CABG, coronary-artery bypass grafting; RECA, radiofrequency

catheter ablation; ISTH, International Society of Thrombosis and Hemostasis; CrCl, creatinine clearance rate; TIA, transient ischemic attack; INR, international normalized ratio; NOAC,

non-vitamin K antagonist oral anticoagulant.

contraindicated can be categorized as inappropriate use. If there
exist no absolute contraindications, the protocol can evaluate
appropriateness according to patient-specific features, like age,
weight, renal function, Child-Pugh classification, specific drug-
drug interactions, hemoglobin level, and bleeding risk. In
cases of discrepancy between the EHRA recommendations and
the NMPA recommendations, we adopt the NMPA-approved
label recommendations as the standard for determining the
appropriateness (Table 3). Patients will be classified as either
(a) NOAC-appropriate (rational use of NOAC according to the
standardized criteria) or (b) NOAC-inappropriate (irrational
use of NOAC according to the standardized criteria).

Since apixaban has not been fully studied in Chinese
the NMPA did not the NVAF
indication for apixaban; thereby, we have excluded it from

populations, approve

this study. Rivaroxaban, given 15mg daily (or 10mg,
based on creatinine clearance rate [CrCl]), in combination
with clopidogrel, was also used in patients with AF and
recent percutaneous coronary intervention (PCI) or
acute coronary syndromes (ACS) in the PIONEER AF-
PCI trial. Therefore, we considered that both doses are
appropriate for such patients in our study. The NMPA
recommends a daily dose of 220mg for dabigatran,
which can be given to patients with CrCl 30-50 ml/min,
aged >75 vyears, or with increased bleeding risk. The
NOAC prescription was deemed reasonable for patients

aged >75 years.
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Quality control

Standard criteria for NOAC appropriateness were drafted by
the two highly experienced pharmacists (S-JZ and B-YC) after
obtaining consent from all collaborators. A steering committee,
comprising of an independent panel of experts (organized by
Z-CG) blinded to RAINBOW-AF data independently checked
the entire algorithm program (including recommendation-
consistency, under-dosing, or over-dosing) to validate its results.
A standard electronic data capture form was devised to
accumulate data. To explain each data element as clearly as
possible, consensus must be met prior to the entry of study data
to discuss the specifics. RAINBOW-AF health personnel who
are involved in the care of the study participants will receive
rigorous training with periodical quality control inspection
prior to the study. All study outcomes are defined based on
the diagnosis at the first discharge to avoid misclassification.
Manual chart review results must conform to the program of the
algorithm revealed above in all cases. Data monitoring will be
implemented by the coordinating administrators to determine
the integrity and accuracy of data input.

Primary outcomes

The primary outcomes include (a) profiles of NOAC
use in the elderly; (b) the rate of inappropriate NOAC use
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Indication (contraindication?)
for NOAC anticoagulation

No indications or have
contraindications for NOAC therapy
e.g., mechanical prosthetic valve

Without indication

With indication

e Choice of NOAC

moderate to severe mitral stenosis
(usually rheumatic)

Appropriate or not for NOAC choice

Inappropriate choice

Appropriate choice

pemmm  Dose of NOAC

based on renal / liver function, etc.

Appropriate or not for NOAC dose
based on age, weight, renal function

Inappropriate dose

Appropriate dose

bleeding risk, procedure / surgery, etc.

Interacting combination medications
with NOACs, based on NMPA-approved

pr— DDI
| |
Inappropriate DDI Appropriate use
FIGURE 2

NOACs evaluation flowchart. NOAC, non-vitamin K antagonist oral anticoagulant; DDI, drug-drug interaction; NMPA, National Medical Products
Administration; EHRA, European Heart Rhythm Association; AF, atrial fibrillation.

label recommendations and EHRA
Practical Guide on the Use of
NOACs in AF Patients

according to the guidelines and labeling recommendations;
(c) potential risk factors related to inappropriate NOAC use;
and (d) creation of a prediction model for inappropriate
NOAC use. First, we will try to identify the characteristics
of participants who were given appropriate NOAC agents
and those who were not from a number of several variables
(e.g., demographics, clinical, management, expertise of
treating clinicians, NOAC availability, and the prevalence
of potentially inappropriate NOAC use). Next, using this
binary outcome, a logistic model will be fitted to quantify
risk factors correlated with these variables with selections
of NOAC-inappropriate regimens. Lastly, we will create
a prediction model using both logistics and machine
learning method for predicting inappropriateness in the
entire cohort.

Frontiers in Cardiovascular Medicine

Sample size calculation

This study is designed as a multicenter cross-sectional study.
Assuming that each institution can treat 300-500 patients with
AF per year, patients over 75 years old account for 20-30%
and the rate of NOAC use is ~50-70%, with a 2% error
range and 95% confidence interval (CI). The drop-out rate
is not considered in the calculation as the primary outcomes
will be evaluated during hospitalization; the drop-out rate
is expected to be very low. To get a representative result,
we calculated that a sample size of 1,500 patients would be
sufficient. Since this is an event-driven study (the rate of
inappropriate NOAC use), the total number of patients may
change as necessary according to the cumulative number of
target events.
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TABLE 3 Approved dosing regimens for the NOACs package inserts for NVAF in the Mainland China.

Medication Regulations from the NMPA (Mainland China)

NMPA (Mainland China) (Revised: 06/2020)
Dabigatran o Full dose: 150 mg twice daily
o 110 mg twice daily, if:
-age > 80 years

-concomitant verapamil

o Daily dose of 300 mg or 220 mg according to an individual evaluation of the thromboembolic risk and bleeding risk:

-age 75-80 years

-moderate renal impairment (CrCl 30-50 mL/min)
-gastritis, esophagitis, or gastroesophageal reflux
-other increased bleeding risk

Rivaroxaban NMPA (Mainland China) (Revised: 07/2020)

o Full dose: 20 mg once daily with food when CrCl > 50 mL/min

® 15 mg once daily with food, if:
-CrCl 15 - 49 mL/min
Apixaban NMPA (Mainland China) (Revised: 02/2019)
e Not approved
Edoxaban NMPA (Mainland China) (Revised: 07/2021)

o Full dose: 60 mg once daily

© 30 mg once daily with one or more of the following clinical factors:

-CrCl 15 - 50 mL/min
-body weight < 60 kg

-concomitant use of the following P-gp inhibitors: ciclosporin, erythromycin, dronedarone, or ketoconazole

NVAE non-valvular atrial fibrillation; NOAC, non-vitamin K antagonist oral anticoagulants; NMPA, National Medical Products Administration; P-gp, P-glycoprotein; CrCl, creatinine

clearance rate. a: Other increased bleeding risks include: Strong P-gp inhibitors; mild to moderate P-gp inhibitor co-medication (e.g., quinidine, verapamil, ticagrelor, and amiodarone);
low body weight (< 50kg); acetylsalicylic acid (ASA) and other platelet aggregation inhibitors, e.g., clopidogrel; selective serotonin norepinephrine re-uptake inhibitors (SNRIs),
selective serotonin re-uptake inhibitors (SSRIs), and non-steroidal anti-inflammatory drugs (NSAID); other medicinal products that may impair hemostasis; functional platelet defects or

thrombocytopenia; major trauma and recent biopsy; and bacterial endocarditis.

Model development process

Predictors and outcomes

Based on demographics, clinical, medical management,
patient characteristics, CHA»DS;-VASc score, HAS-BLED
score, the expertise of treating physicians, NOAC availability,
and clinical relevance, we can identify the variables potentially
related to inappropriate NOAC use. Variables above will
be extracted from the medical records in each participating
institution using an a priori designed form. The target outcome
will be NOAC inappropriateness. Patients with more than 30%
missing data will be excluded. For patients with partially missing
data, the Random Forest (RF) algorithm will be used for data-
level computation.

Data separation and feature filtering

In this process, the data will be randomly divided into
training and test sets in a ratio of 8:2, which will be used
for the model establishment and verification, respectively.
Feature selection will be performed using the Sequence Forward
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Selection algorithm based on RF. For each group, the algorithm
will search from the empty set and subsequently add one
variable to the feature subset each time to achieve an optimal
performance, which is measured by the F1 score.

Machine learning model establishment,
evaluation, and interpretation

Both linear and non-linear machine learning models will be
applied to the sets, which include logistic regression, RF, support
vector machine, gradient boosting tree (such as XGBoost,
LightGBM, Adaboost, and Catboost), and attentive interpretable
tabular learning (TabNet). The prediction performance of all
models will be evaluated through five measures (area under
the receiver operating characteristics [AUROC] curve, precision,
recall, F1 score, and accuracy). The acceptably performing
machine learning models will be selected according to AUROC.
Next, we will calculate the importance scores of the features
using the above-chosen algorithms. Features with higher
importance scores are more closely related to the accurate
prediction of NOAC inappropriate use. Finally, features ranked
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in the top 50% based on normalized importance scores in
selected models will be determined as major predictors and
depicted in radar plots.

Statistical analyses

Categorical data will be presented as frequencies and be
compared by Chi-squared or Fisher’s exact test as appropriate.
Continuous data will be reported as mean =+ standard deviation
or median and interquartile range (IQR) and analyzed by
either Student’s t-test or the Mann-Whitney U test. In this
study, data will be extracted and summarized using Excel 2016.
Univariate and multivariate logistic regression analyses will be
applied to ascertain the correlation between candidate variables
and NOAC inappropriate use. Multicollinearity between
the variables will be shifted based on the variance inflation
factor (VIF; VIF > 5 is considered strong collinearity) (25).
Two criteria will be considered necessary for a variable to be
incorporated into the final prediction model: (a) a univariate
p-value indicative of NOAC prescription inappropriateness
<0.05 and (b) a plausible connection with risk factors from
NOAC inappropriate prescriptions based on previously
published research. The risk tendency of inappropriate
NOAC use among risk stratifications will be evaluated by
the Cochran-Armitage trend test (26). Machine learning
algorithms will be built based on the Scikit-learn package
(version 0.22.2). Interaction analyses will be used to compare
predictive performance between machine learning models.
Statistics will be performed employing STATA software
(version 12.0, Stata Corporation LLC, College Station,
United States), and a p < 0.05 will be considered to be
statistically significant.

Discussion

This is
cross-sectional study driven by pharmacists to explore

a national, multicenter, non-interventional,
NOAC use appropriateness in older adults with AF in
the real-world setting, which includes the prevalence of
potentially inappropriate NOAC use and relevant influencing
factors, and to derive a clinically practical prediction model
for predicting the risk of inappropriate NOAC use based
on explored risk factors. The prediction model will be
applied in routine clinical practice to identify patients
potentially at risk due to inappropriate NOAC use and
to optimize anticoagulation management for older adults
with AF.

The research data will come from the RAINBOW-AF
registry, which will function as a post-marketing surveillance
study after the transition from a single available traditional
OAC (warfarin) to the target-specific NOAC agents. The
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RAINBOW-AF registry enables aggregation and integration
of information on OAC use, safety, and effectiveness from
31 medical institutions in 7 different regions of China (East,
South, Central, North, Northwest, and Northeast China
and Southwest Asia). From the cohort perspective, baseline
characteristics, contemporary anticoagulant management
practices, and treatment outcomes will be described in the
setting of real clinical scenarios in Chinese patients with
AF. A remarkable feature of the RAINBOW-AF register
is that it includes patients from all levels of medical
institutions in mainland China, including those from
secondary-graded hospitals or general departments. Thus,
patients can be well-represented at all levels in mainland
China, regardless of anticoagulant strategies. We plan to
include patients who have been discharged after only a
short stay in the hospital and their outpatient follow-up
information because these groups of patients also frequently
take NOACs.

High-quality anticoagulant treatment is crucial in
guaranteeing the effectiveness and safety of OAC administration
in AF patients. The benefits of OACs in NVAF may be
impossible to achieve if anticoagulant regimens are prescribed
inappropriately (27). As NOAC use has become more pervasive,
off-label prescribing has become a global issue. Several studies
have outlined the adverse clinical consequences of off-label
prescribing. The ENGAGE AF-TIMI 48 trial illustrated the
outcome of under-dosing of edoxaban (11). The edoxaban
30/15 mg group posed a significantly higher ischemic stroke risk
when compared to the well-controlled vitamin K antagonist
group; this resulted in the disapproval of this dosing regimen
for clinical application (11). In the ORBIT-AF II registry,
off-label doses of NOACs presented an increased risk for
adverse events than the recommended NOAC dosage protocols
(27). In particular, NOAC over-dosing was associated with
increased all-cause mortality, while NOAC under-dosing was
associated with higher rates of hospitalization for cardiovascular
conditions (27). Another study demonstrated that inappropriate
NOAC prescriptions were more likely to occur in the older
adult population (28). This is the most worrisome finding
because the risk of stroke increases significantly with age.
Inappropriate dosage exposes high-risk patients to potential
hazards of disabling or even fatal strokes.

Previous studies report relevant risk factors for
inappropriate NOACs use. In the SAGE-AF (Systematic
Assessment of Geriatric Elements in Atrial Fibrillation) cohort,
a potentially inappropriate NOAC dose was prescribed to nearly
a quarter of older adults. This stemmed from patients being
older, having poor renal function, and higher CHA,DS,-VASc
scores (16). Another Korean study found that NOAC label
adherence was approximately 60%, and the risk factors of
NOAC under-dosing were independently related to old age
(=75 years), female sex, lower body weight (< 60kg), renal

impairment (CrCl < 50 ml/min), hypertension, previous
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stroke/transient ischemic attack (TTA)/thromboembolic events,
bleeding history, and concomitant dronedarone or antiplatelet
agent use (29). In the ORBIT-AF II registry (18), compared with
those whose NOAC dose was appropriately reduced, patients
accepting inappropriate dose reductions were younger and
had lower bleeding risk scores. Physician assessment may have
a strong impact on inappropriate NOAC dosing; however,
there may also be drug-specific factors. In Mainland China,
information on practice patterns of NOAC administration and
the use of NOACs for licensed indications in older patients
remains scarce.

Currently, few studies have focused attention on the
prediction model of the risk factors of NOAC inappropriateness
in elderly patients with AF. Considering that inappropriate
NOACs doses are prescribed to a fair percentage of older
patients with AE, with most being under-dosed, the development
of a practical prediction model with reliable predictability
is of great value. To our knowledge, this will be the first
study to establish a feasible prediction model for predicting
inappropriate NOAC use in older Chinese patients with AF.
In the prediction model of probabilistic estimation, we will
combine the above independent predictors and the risk factor
variables from previously published research. Accordingly, we
believe that the prediction model could be applied as a simpler
and more effective tool for clinical decision-making for elderly
patients with AF.

Strengths and limitations

The main strengths of this study are believed to be as follows:
First, we will include data from a national, comprehensive,
and diversified cohort of older patients with AF and will
perform in-depth phenotyping of NOAC use to help refine
best practices for older adults with AF. Second, most studies
evaluating the appropriateness of NOAC primarily focus on
dosage in the general population, while our study will evaluate
the rationale of NOAC decision-making for older adults from
multiple perspectives: patient factor (patients demographics
and categories of treating physicians) and institution layer (the
availability of certain NOACs in that center). Additionally,
this study will build the first prediction model to predict the
inappropriateness of NOAC in older Chinese patients with AF.

Inevitably, this study has some inherent limitations. First,
due to the inherent restriction placed by its design, this study
will not evaluate the outcomes of older adults with AF treated
with inappropriate anticoagulation therapy, nor will there be
a follow-up for efficacy evaluation. Nevertheless, its primary
purpose is to establish a reliable prediction model in older adults
with NVAF receiving NOAC. Second, data will be dependent
on the quality of medical record extraction, so that residual
and unmeasured covariates among the associated variables
may influence the results, even after strict measurement and
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recording of crucial variables and avoidance of confounding
factors. Last, the prediction model needs independent validation
in other cohorts to establish its utility for clinical use, not least in
older outpatients taking NOACs.

Conclusion

This study will provide unique and valuable data on the
feasibility of NOAC use in older adults with AF. This will
be the first study to establish a prediction model to predict
inappropriate NOAC use in this high-risk population.
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