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Abstract

Introduction. Prescribing non-vitamin K antagonist oral anticoagulants (NOACs) in a reduced or full dosage is important
for providing patients with atrial fibrillation (AF) with efficacious and safe treatment. The study aimed to evaluate the
administration frequency of reduced NOAC dosages against the guidelines and analysis of factors predisposing to such
a choice in patients with AF included in the Polish Atrial Fibrillation (POL-AF) Registry.

Material and methods. The study included 1003 patients with AF treated with reduced dosages of NOACs hospitalized
in ten Polish cardiology centers from January to December 2019. The criteria for appropriately reduced NOAC dosages
was a dosage reduction of individual NOAC from the clinical studies, which was the basis for their registration.

Results. Among the 1003 patients who were treated with a reduced dosage of NOACs, inappropriately reduced dosa-
ges were observed in 242 patients (24.1%): in 120 patients (29.3%) treated with rivaroxaban, in 93 patients (33.8%)
treated with apixaban and in 29 patients (9.1%) treated with dabigatran (p < 0.0001). Independent predictors of the
use of inappropriately reduced dosages of NOACs were heart failure (odds ratio [OR] 1.55, confidence interval [CI]:
1.08-2.22) and hospitalization due to cardiac implantable electronic device (CIED) implantations/reimplantations (OR
2.01, CI: 1.27-3.17). Factors diminishing the chances of using inappropriately reduced dosages of NOACs were age
(OR 0.98, CI: 0.97-0.998), vascular disease (OR 0.29, CI: 0.21-0.40) and creatinine clearance (CrCl) < 60 mL/min
(OR 0.37, Cl: 0.27-0.52).

Conclusions. In the group of patients treated with a reduced dosage of NOAC, 24.1% of patients had an inappropriately
reduced dosage prescription, most frequently the patients receiving apixaban and rivaroxaban. The factor predisposing
to prescribing an inappropriately reduced dosage of NOAC was heart failure and hospitalization due to CIED implanta-
tion/reimplantation. Label adherence to NOAC dosage is important to improve clinical outcomes in AF patients, and

further investigation is needed to assess the best dosage of NOACs in the AF population.

Key words: atrial fibrillation, NOAC, reduced dosage, inappropriate prescription

Introduction

Atrial fibrillation (AF) is the most common supraventricular
arrhythmia. It is estimated that it can involve about 2-4%
of the general population, and the prevalence of AF increa-
ses with age [1, 2]. Thromboembolic complications, stroke
included, are one of the most dangerous implications of
AF, and the risk of their occurrence in patients not using
anticoagulant treatment is about 5% yearly [3]. Multicenter
randomized clinical studies showed the efficacy and safety
of non-vitamin K antagonist oral anticoagulants (NOACs)
in the prevention of thromboembolic complications in pa-
tients with AF. Dabigatran (thrombin inhibitor), apixaban,
and rivaroxaban (Xa factor inhibitors), which belong to this
group, are characterized by predictable pharmacokinetics
enabling their application without monitoring parameters
of coagulation and by a lower number of interactions with
pharmaceuticals different from vitamin K antagonists. The-
se medications differ from each other in terms of dosage
and indications to reduce dosages. Based on the conduc-
ted clinical studies, recommendations for choosing the
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appropriate NOACs dosage in patients with AF were defined.
Administering NOACs in a full or reduced dosage is vital for
providing patients with efficacious and safe treatment, and
the choice of the dosage depends on features such as age,
weight, renal impairment, or higher risk of bleeding [4-6].
However, there are some reports that indicate inappropriate
administering of NOACs dosages — especially prescription
of reduced dosages too frequently, which is against the
guidelines. Several studies have shown a higher percen-
tage of patients who received inappropriate reduced NOAC
dosages — in Whitworth et al. [7], 33% of patients received
a reduced dosage of NOAC against guidelines, and in Bar-
ra et al. [8], this percentage was even higher — 46%. An
inappropriate dosage reduction of NOAC was associated
with reduced effectiveness for stroke prevention without
any safety benefits [9].

The study aimed to evaluate the administration fre-
quency of NOAC dosages against the guidelines and ana-
lysis of factors predisposing to such a choice in patients
with AF included in POL-AF (The Polish Atrial Fibrillation)
Registry.
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n = 3999

Patients with atrial fibrillation in POLish Atrial Fibrillation Registry

Excluded:

— patients with incomplete data about anticoagulant treatment, n = 43
— patients treated with VKA, n = 640

— patients treated with APT, n = 142

— patients without any thromboembolic prevention, n = 203

— patients treated with a full dose of NOAC, n = 1900

— patients with incomplete data about weight or renal function, n = 68

Patients treated with reduced dose of NOAC
n=1003
Patients treated Patients treated Patients treated
with apixaban with dabigatran with rivaroxaban
n=275 n=2319 n =409

Figure 1. Flow chart of the study; APT — antiplatelet; NOAC — non-vitamin K antagonist oral anticoagulants; VKA — vitamin K antagonists

Material and methods

Study group

The Polish Atrial Fibrillation (POL-AF) Registry is a multi-
center, prospective, observational study including patients
with AF from ten cardiology centers — 7 academic ones,
2 regional hospitals, and one military hospital. The study
was registered on clinicaltrials.gov (NCT04419012). The
data was gathered from January to December 2019. The
aim of the record was to obtain data concerning the clini-
cal characteristics of patients with AF and to evaluate the
undertaken steps — especially in terms of thromboembolic
prophylaxis. Subsequent patients with AF, hospitalized in
the centers for urgent and planned reasons —and who were
over 18 years of age and suffered from arrhythmia docu-
mented with electrocardiographic examination or medical
documents — were added to the record. No clear exclusion
criteria were defined to gather a group well-representing
Polish cardiological reality; however, patients admitted to
the hospital to have ablation due to AF were not included
in the record.

Based on the POL-AF record results, patients with AF
treated with reduced dosages of NOACs were evaluated
in the presented study. Patients receiving full NOACs do-
ses, vitamin K antagonists, and antiplatelet therapy —i.e.,
those without anticoagulant treatment and with no data
about weight or renal function — were excluded from the
study (Figure 1).

Analyzed data
Atrial fibrillation was diagnosed based on medical records or
electrocardiographic examination results upon admission

to the hospital or during hospitalization. The researchers
collected rudimentary data connected with demography,
medical record, AF type, laboratory investigation results,
and pharmacotherapy. The definitions of comorbidities are
presented in Table S1. Creatinine clearance was achieved
using the Cockroft-Gault equation. The thromboembolic risk
was estimated based on the CHA,DS,-VASc score (conge-
stive heart failure, hypertension, age > 75 years, diabetes,
stroke/transient ischemic attack, vascular disorder, age
65-74 years, sex) [10]. The risk of bleeding was defined
based on the HAS-BLED score (arterial hypertension,
kidney/liver failure, stroke, bleeding, labile international
normalized ratio [INR], older age > 65 years, pharma-
ceuticals/alcohol) [11]. The study was sanctioned by the
Bioethical Commission of the Swietokrzyskie Chamber of
Physicians in Kielce (104/2018). The commission waived
the requirement of obtaining patients’ informed consent.

Appropriateness of NOAC dosage

An evaluation of the appropriateness of reduced NOAC
dosage was determined based on guidelines from The Eu-
ropean Society of Cardiology, which refer to the treatment of
patients with AF, and a summary of product characteristics
registered in the European Medicine Agency [1]. The criteria
for the approved dosage reduction for each NOAC was as
follows: dabigatran 220 mg/day for patients with creatinine
clearance (CrCl) 30-50 mL/min; rivaroxaban 15 mg/day for
patients with CrCl 15-49 mL/min; apixaban 5 mg/day for
patients with more than two of the following: age > 80 years,
body weight <60 kg, or serum creatinine > 1.5 mg/dL. For
all NOACs, concomitant use of P-glycoprotein inhibitors was
an indication of reduced dosages (Table S2). Inappropriate
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Table S1. Definitions of comorbidities

Coronary artery disease

Peripheral arterial disease

Heart failure

during stress

Hypertension

diastolic blood pressure
Diabetes mellitus

Table S2. Indications for NOAC dose reduction

Previous history of angina pectoris, myocardial infarction, coronary artery bypass graft burgery, percu-
taneous transluminal coronary angjoplasty

Previous history of intermittent claudication, arterial thrombosis, percutaneous or surgical intervention
in the thoracic, abdominal aorta, or lower extremity vessels

Characterized by typical symptoms (e.g. fatigue, breathlessness) which may be accompanied by signs
(such as pulmonary crackles and peripheral oedema) caused by a structural and/or functional cardiac
abnormality, resulting in a reduced cardiac output and/or elevated intracardiac pressures at rest or

Mean arterial blood pressure values (calculated from at least two measurements made during at least
two different visits to the doctor) are > 140 mm Hg for systolic blood pressure and/or > 90 mm Hg for

The level of fasting glucose > 126 mg/dL twice (each test performed on a different day) or the glucose
concentration measured at any time of the day > 200 mg/dL with symptoms of hyperglycaemia or at
the 120" minute of the Oral Glucose Load Test, the glucose level > 200 mg/dL

Reduced dose Recommendations for dose reduction

1. More than two of the following:

* age >80 years
* body weight 2 60 kg
* serum creatinine > 1.5 mg/dL

2. Creatinine clearance 15-29 mL/min

1. Creatinine clearance 30-50 mL/min

2. Concomitant use of P-glycoprotein inhibitors

3. High risk of bleeding

4. Age > 80 years or age 75-80 years

Apixaban 2.5 mgBID
Dabigatran 110 mg BID
Rivaroxaban 15 mg QD

BID (bis in die) — twice a day; QD (quaque die) — once a day

reduction of the NOAC dosage was defined as fulfilling
> 1 criterion of dosage against the guidelines. It referred
to patients with a prescribed reduced NOAC dosage,
despite qualification for the full dosage (‘underdosed’),
and to patients with a prescribed NOAC dosage higher
than the one advised or allowed (‘overdosed’). According
to the guidelines in force at the time the POL-AF Registry
was started, NOAC dosages should be reduced when one
or two antiplatelet drugs are used concomitantly; so, we
considered that reducing NOAC dosages in patients taking
antiplatelet drugs is the correct management.

Statistical analysis

The distribution of quantitative features (age, sex, AF
type, medical record, results of laboratory investigation,
pharmacotherapy) was verified with the Shapiro-Wilk test.

1. Creatinine clearance 15-49 mL/min

To define the significance of the differences between the
groups for particular quantitative features, the Kruskal-
-Wallis test was used. In the case of features for which
the differences appeared to be significant, post hoc
Dunn Bonferoni tests were also used. All the qualitati-
ve variables were coded in a zero-one system, where
0 means the lack of a particular feature and 1 means its
presence. In individual NOAC groups, and later in appro-
priate/inappropriate dosage groups, stratum weights were
calculated and the relationship between variables was
estimated using a non-parametric y” test. To determine
the influence of chosen variables on medication dosage,
a logistic regression analysis was used (the full model
was presented). The effects were shown for the inappro-
priate dosage, whereas the appropriate dosage was the
referential level. The value p £ 0.05 was assumed to be
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statistically significant. The data was analyzed using
Statistica 13.3 software.

Results

Baseline characteristics

Among the 1003 patients treated with the reduced dose
of NOACs, 409 were prescribed rivaroxaban (40.8%), 275
were prescribed apixaban (27.4%) and 319 were prescri-
bed dabigatran (31.8%). The average age of the patients
was 77.9 (x 9.4) years, patients over 74 years accounted
for 68.7% of the researched population. Women accoun-
ted for 47.9% of the patients. The average result in the
CHA,DS,-VASc score was 5.1 points, whereas, in the HAS-
-BLED score, it was 2.3 points. Renal impairment, defined
as creatinine clearance < 60 ml/min, was diagnosed in
640 patients (63.8%). Previous bleeding, including bleeding
from the digestive tract, appeared in 64 patients (6.4%) —
most frequently in the group of patients treated with apixa-
ban (28 patients, 10.2%), least frequently in patients using
rivaroxaban (15 patients, 3.7%). In the studied population,
the first-time episode of AF was observed in 61 patients
(6.1%). Heart failure (HF) was the most frequent reason for
hospital admission; it referred to 268 patients (26.7%) —
most of them from the group treated with apixaban (101 pa-
tients, 36.7%). Planned reasons for hospitalization, such as
electrical cardioversion and ablation of arrhythmia different

from AF, were observed most often in the group treated
with rivaroxaban — respectively, 67 patients (16.4%) and
21 patients (5.1%). The clinical characteristics of patients
included in the study are presented in Table 1.

Assessment of the propriety

of using a reduced dose of NOAC

An appropriate NOAC dosage reduction was observed in
761 patients (75.9%), and an inappropriate NOAC do-
sage reduction was observed in 242 patients (24.1%).
An inappropriate reduced dosage was observed in 120
patients (29.3%) treated with rivaroxaban, in 93 patients
(33.8%) treated with apixaban, and in 29 patients (9.1%)
treated with dabigatran (p < 0.0001). The frequency of an
appropriate and inappropriate NOAC dosage reduction in
each NOAC group is shown in Table 2, while a comparison
of patients treated with appropriate/inappropriate reduced
NOAC dosages is shown in Table 3. Patients using inappro-
priately reduced NOAC dosages, in comparison to patients
receiving appropriately reduced dosages, were younger
(the average age was 76.9 years vs. 78.3 years, p > 0.05),
and the proportion of women in this group was higher
(51.2% vs. 46.8%, p > 0.05). The occurrence frequency of
HF, vascular diseases, and renal impairment was lower in
the group of patients treated with inappropriately reduced
dosages than in the group with appropriately reduced dosa-
ges (p < 0.05 for all). Moreover, in this group, the number

Table 1. Clinical characteristics of patients treated with reduced dosages of NOACs

Clinical characteristic All patients Patients Patients treated Patients treated p-value
n=1003 treated with with dabigatran with rivaroxaban
apixaban n =319 (31.8) n =409 (40.8)
n =275 (27.4)

Age, years (mean + SD) 779194 79.6 +9.7 776+9.0 771+£95 <0.003
Age, years, n (%)

<65 89 (8.9) 19 (7.0) 33(10.4) 37(9.1) 0.336

65-74 225(22.4) 51 (18.5) 70 (21.9) 104 (25.4) 0.103

> 74 689 (68.7) 205 (74.5) 216 (67.7) 268 (65.5) 0.040
Female, n (%) 480 (47.9) 136 (49.5) 147 (46.1) 197 (48.2) 0.704
Type of atrial fibrillation, n (%)
Paroxysmal 512 (51.0) 140 (50.9) 157 (49.2) 215 (52.6) 0.668
Persistent 171 (17.0) 39 (14.2) 59 (18.5) 73(17.8) 0.324
Permanent 320(32.0) 96 (34.9) 103 (32.3) 121 (29.6) 0.337
Medical history, n (%)
Hypertension 874 (87.1) 234 (85.1) 287 (90.0) 353 (86.3) 0.169
HF 729 (72.7) 211 (76.7) 222 (69.6) 296 (72.4) 0.148
CAD 633 (63.1) 181 (65.8) 202 (63.3) 250 (61.1) 0.457
Previous MI 331 (33.0) 113 (41.1) 89 (27.9) 129 (31.5) 0.002
PAD 189 (18.8) 58 (21.1) 58 (18.2) 73 (17.8) 0.531

N
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Table 1. (cont.) Clinical characteristics of patients treated with reduced dosages of NOACs

Clinical characteristic All patients Patients Patients treated Patients treated
n=1003 treated with with dabigatran with rivaroxaban
apixaban n =319 (31.8) n =409 (40.8)
n =275 (27.4)

Vascular disease (CAD and/or PAD) 686 (68.4) 191 (69.5) 224 (70.2) 271 (66.3) 0.473
Diabetes mellitus 405 (40.4) 119 (43.3) 119 (37.3) 167 (40.8) 0.326
Previous stroke/TIA/peripheral 201 (20.0) 46 (16.7) 67 (21.0) 88 (21.5) 0.337
embolism
Any previous bleeding 64 (6.4) 28(10.2) 21 (6.6) 15 (3.7) 0.003
Previous gastric bleeding 46 (4.6) 22 (8.0) 13(4.1) 11 (2.7) 0.004
Previous CNS bleeding 9(0.9) 3(1.1) 3(0.9) 3(0.7) 0.884
Thromboembolic risk
CHA,DS,-VASc score (mean + SD) 51+15 52+14 51+15 Bl B 0.215
CHA,DS,-VASc score, n (%)

=0 3(0.3) 1(0.4) 0(0.0) 2(0.5) 0.475

=1 3(0.3) 0(0.0) 3(0.9) 0(0.0) 0.040

>1 997 (99.4) 274 (99.6) 316 (99.1) 407 (99.5) 0.617
Bleeding risk
HAS-BLED score (mean + SD) 23%0.8 24+09 22+0.8 22+0.8 0.014
HAS-BLED score > 2, n (%) 353 (35.2) 118 (42.9) 95 (29.8) 140 (34.2) 0.003
Laboratory tests
Hemoglobin, g/dL (mean + SD) 12.7+1.8 12.2+2.0 129+1.7 129+17 <0.001
WBC, K/uL (mean + SD) 82+33 81+3.2 8214.0 83128 0.096
Platelet count, K/pL (mean + SD) 2175+ 75.3 208.6 + 74.3 216.5 + 70.7 224.3+78.8 0.044
CrCl < 60 mL/min,n (%) 640 (63.8) 195 (70.9) 177 (55.5) 268 (65.5) <0.0001
Reason for hospitalization, n (%)
Electrical cardioversion 125 (12.5) 7(2.5) 51 (16.0) 67 (16.4) <0.0001
Planned coronarography/PCl 123 (12.3) 40 (14.5) 38(11.9) 45 (11.0) 0.373
Planned CIED implantation/reimplan- 120 (12.0) 37 (13.5) 31(9.7) 52 (12.7) 0.312
tation
Acute coronary syndrome 112 (11.2) 37 (13.5) 32(10.0) 43 (10.5) 0.360
HF 268 (26.7) 101 (36.7) 69 (21.6) 98 (24.0) <0.0001
Ablation other than AF 46 (4.6) 8(2.9) 17 (5.3) 21 (5.1) 0.294
AF without any procedures 40 (4.0) 9(3.3) 16 (5.0) 15 (3.7) 0.507
Other reasons for hospitalization 169 (16.8) 36 (13.1) 65 (20.4) 68 (16.6) 0.060
Concomitant treatment, n (%)
Antiplatelets 259 (25.8) 75 (27.3) 70(21.9) 114 (27.9) 0.157
Verapamil 4(0.4) 1(0.4) 2 (0.6) 1(0.2) 0.715
Treatment before hospitalization, n (%)
The same NOAC 773(77.1) 144 (52.4) 272 (85.3) 357 (87.3) <0.0001
Other NOAC 43(4.3) 37 (13.5) 5 (1.6) 1(0.2) <0.0001
VKA 36 (3.6) 19 (6.9) 10 (3.1) 7(1.7) <0.0001
APT 52 (5.2) 27 (9.8) 10 (3.1) 15 (3.7) <0.0001
None 99 (9.9) 48 (17.5) 22 (6.9) 29 (7.1) <0.0001

AF — atrial fibrillation; APT — antiplatelet; CAD — coronary artery disease; CHA,DS,-VASc — congestive heart failure, hypertension, age > 75 years, diabetes, stroke/transient ischemic attack, vascular disorder,
age 65-74 years, sex; CIED — cardiac implantable electronic device; CNS — central nervous system; CrCl — creatinine clearance; HAS-BLED — arterial hypertension, kidney/liver failure, stroke, bleeding, labile
INR, age > 65 years, pharmaceuticals/alcohol; HF — heart failure; MI — myocardial infarction; NOAC — non vitamin K antagonist oral anticoagulants; PAD — peripheral artery disease; PCl — percutaneous
coronary intervention; SD — standard deviation; TIA — transient ischaemic attack; WBC — white blood cells; VKA — vitamin K antagonist
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of patients concurrently using antiplatelet treatment was
lower compared to the group administered appropriately
reduced dosages (0.4% vs. 33.9%, p < 0.05).

The average number of points in the CHA,DS,-VASc
score was lower in the group with inappropriately reduced
doses (4.8 vs. 5.2, p < 0.05) (Table 3). Figure 2 shows the
proportion of patients treated with appropriately/inappro-
priately reduced dosages according to the CHA,DS,VASc
score. Electrical cardioversion and CIED implantation/re-
implantation were more frequent reasons for hospitaliza-
tion among patients treated with inappropriately reduced
NOAC doses (p < 0.05 for both).

Predictors of the use of inappropriately
reduced dosages of NOACs

The univariate logistic regression analysis found numerous
predictors of inappropriately reduced dosages of NOACs
prescription (Table S3).

In the multivariable model, factors associated with the
selection of the inappropriately reduced dosages of NO-
ACs included the following: age, HF, vascular disease, CrCl
<60 mL/min, and hospitalization due to CIED implantations/
/reimplantations.

Table 4 demonstrates the predictors of the use of
inappropriately reduced doses of NOACs. Independent pre-
dictors of using inappropriately reduced doses of NOACs
were HF (OR 1.55, Cl: 1.08-2.22) and hospitalization due

to CIED implantations/reimplantations (OR 2.01, Cl: 1.27-
-3.17). Factors diminishing chances to administer inappro-
priately reduced doses of NOACs were age (OR 0.98, ClI:
0.97-0.998), vascular disease (OR 0.29, Cl: 0.21-0.40),
and CrCl < 60 mL/min (OR 0.37, Cl: 0.27-0.52).

Discussion

The use of NOAC in clinical practice is becoming increasin-
gly common; therefore, numerous international registers
are being kept to assess the factors influencing the choice
of anticoagulant therapy in the prevention of thromboembo-
lic complications in patients with AF [12-14]. Despite the
definite indications to reduce NOACs doses in randomized
clinical studies — ARISTOTLE (Apixaban for Reduction in
Stroke and Other Thromboembolic Events in Atrial Fibril-
lation) [4], RE-LY (Randomized Evaluation of Long-Term
Anticoagulation Therapy) [5] and ROCKET-AF (Rivaroxaban
once-daily, direct oral factor Xa inhibition compared with vi-
tamin K antagonism for prevention of stroke and Embolism
Trial in Atrial Fibrillation) [6] — the selection of an appro-
priate NOAC dosage in clinical practice still remains a huge
challenge for doctors. Several studies have reported clinical
outcomes according to label adherence to NOAC dosage.
Using a reduced NOAC dose without any dosage-reduction
criteria could lead to a below-par reduction of stroke risk
[15]. Steinberg et al. [16] showed that NOAC overdosing was

Table 2. Assessment of the frequency of use of appropriately/inappropriately reduced dosages in patients treated with particular NOACs

All patients

n=1003

Patients treated
with apixaban
n =275 (27.4)

Appropriately reduced doses 761 (75.9)

Inappropriately reduced doses 242 (24.1)
* overdosed 12 (1.2) 1(0.4)
¢ underdosed 230 (22.9)

182 (66.2)
93(33.8)

92 (33.5)

Patients treated Patients treated p-value
with dabigatran with rivaroxaban
n =319 (31.8) n =409 (40.8)

290 (90.9) 289 (70.7) <0.0001
29 (9.1) 120 (29.3) <0.0001
9(2.8) 2(0.5) 0.005
20 (6.3) 118 (28.9) <0.001

Table 3. A comparison of patients treated with appropriately/inappropriately reduced dosages of NOACs

Clinical characteristics

Age, years (mean * SD)
Age, years, n (%)

<65

65-74

> 74
Female, n (%)

Appropriately Inappropriately p-value
reduced dosages reduced dosages
n=761 n =242
783+9.1 76.9 + 10.3 0.157
66 (8.7) 23 (9.5) 0.692
162 (21.3) 63 (26.0) 0.123
533(70.0) 156 (64.5) 0.103
356 (46.8) 124 (51.2) 0.226
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Table 3. (cont.) A comparison of patients treated with appropriately/inappropriately reduced dosages of NOACs

Clinical characteristics Appropriately Inappropriately p-value
reduced dosages reduced dosages

n=761 n =242

Type of atrial fibrillation, n (%)

Paroxysmal 383 (50.3) 129 (53.3) 0.420
Persistent 129 (17.0) 42 (17.4) 0.884
Permanent 249 (32.7) 71(29.3) 0.326
Medical history, n (%)
Hypertension 668 (87.8) 206 (85.1) 0.282
HF 565 (74.2) 164 (67.8) 0.049
Coronary artery disease 532 (69.9) 101 (41.7) <0.0001
Previous Ml 276 (36.3) 55 (22.7) <0.0001
PAD 152 (20.0) 37 (15.3) 0.105
Vascular disease (CAD and/or PAD) 570 (74.9) 116 (47.9) <0.0001
Diabetes mellitus 311 (40.9) 94 (38.8) 0.576
Previous stroke/TIA/peripheral embolism 146 (19.2) 44 (18.2) 0.729
Any previous bleeding 46 (6.0) 18 (7.4) 0.440
Previous gastric bleeding 33(4.3) 13 (5.4) 0.502
Previous CNS bleeding 6 (0.8) 3(1.2) 0.517
Thromboembolic risk
CHA,DS,-VASc score (mean + SD) 52+15 48+16 <0.0001
CHA,DS,-VASc score, n (%)

=0 1(0.1) 2(0.8) 0.085

=1 1(0.1) 2(0.8) 0.085

>1 759 (99.8) 238(98.2) 0.015
Bleeding risk
HAS-BLED score (mean + SD) 23+0.8 23+09 0.839
HAS-BLED score > 2, n (%) 269 (35.3) 84 (34.7) 0.856
Laboratory tests
Hemoglobin, g/dL (mean + SD) 12.7+18 12.7+19 0.349
Platelet count, K/uL (mean + SD) 2187+ 776 213.7+67.3 0.839
CrCl ml/min (mean £ SD) 50.6 + 18.5 59.2 +18.3 <0.0001
CrCl < 60 ml/min, n (%) 522 (68.6) 118 (48.8) <0.0001
Concomitant treatment, n (%)
Antiplatelets 258 (33.9) 1(0.4) <0.0001
Reason for hospitalization, n (%)
Electrical cardioversion 81 (10.6) 44 (18.2) 0.002
Planned coronarography/PCl 110 (14.5) 13 (5.4) <0.0001
Planned CIED implantation/reimplantation 79 (10.4) 41 (16.9) 0.006
Acute coronary syndrome 110 (14.5) 2(0.8) <0.0001
Heart failure 194 (25.5) 74 (30.6) 0.119
Ablation other than AF 31(4.1) 15 (6.2) 0.169
AF without any procedures 28 (3.7) 12 (5.0) 0.376
Other reasons for hospitalization 128 (16.8) 41 (16.9) 0.965

AF — atrial fibrillation; CAD — coronary artery disease; CHA,DS,-VASc — congestive heart failure, hypertension, age > 75 years, diabetes, stroke/transient ischemic attack, vascular disorder, age 65-74 years,
sex; CIED — cardiac implantable electronic device; CNS — central nervous system; CrCl — creatinine clearance; HAS-BLED — arterial hypertension, kidney/liver failure, stroke, bleeding, labile INR, age > 65
years, pharmaceuticals/alcohol; HF — heart failure; Ml — myocardial infarction; PAD — peripheral artery disease; PClI — percutaneous coronary intervention; SD — standard deviation; TIA — transient ischae-
mic attack
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Percent of patients treated appropriately
and inappropriately reduced NOAC dosages

Inappropriately reduced NOAC dosages

Appropriately reduced NOAC dosages

The number of points on the CHA,DS,-VASc score

Figure 2. Prescription pattern of appropriately and inappropriately reduced non-vitamin K antagonist oral anticoagulants (NOAC) dosages

based on the CHA,DS,-VASc score

associated with increased all-cause mortality compared
to recommended doses, and underdosing was associated
with increased cardiovascular hospitalization.

The presented study showed that in 24.1% of patients,
inappropriately reduced NOACs dosages were used. Yu et
al. [17] showed that 31% of NOAC-treated patients were
undertreated. In the population of elderly patients, it was
shown that 51% of them received a reduced dosage despi-
te the lack of formal criteria for dosage reduction [18]. The
proportion of patients treated with an inappropriately redu-
ced NOAC dose in our study is higher compared to studies
of other authors — reduction of a NOAC dose against the
guidelines was observed in 14.4% of patients in the study
of Ono et al. [19]; in 16.1% in the study of Gustafson et al.
[20], whereas in the ORBIT AF Il study, an inappropriate do-
sage reduction was observed in only 9.4% of patients [16].
The presented study is multicenter; it included hospitali-
zed patients, administering a reduced NOAC dose despite
the lack of indications defined in the guidelines could re-
sult from the presence of different from those commonly
acknowledged factors substantively increasing the risk of
bleeding (e.g., frailty syndrome, psycho-organic syndrome).

In the discussed study, the highest proportion of
inappropriate dosage reduction referred to patients recei-
ving rivaroxaban (29.3%) and apixaban (33.8%), which is
reflected in the results of some other authors’ studies. In
the study of Ono et al. [19], inappropriately reduced dosa-
ges were observed in 12.8% of patients administered riva-
roxaban and in 19.6% of patients treated with apixaban,
whereas in the study of Gustafson et al. [20], the propor-
tion was even higher — 47.5% and 42.5% for rivaroxaban
and apixaban, respectively. One of the probable reasons for

using an inappropriate dose reduction of rivaroxaban or api-
xaban can be an underestimation of renal function caused
by different models of CrCl calculation — most laboratories
present the CrCl value calculated based on MDRD (Modifi-
cation of Diet in Renal Disease) formula, whereas customi-
zing NOACs dosages in clinical studies was based on CrCl
result achieved from the Cockroft-Gault equation [21, 22].

In the presented study, CrCl < 60 mL/min was shown
to be a significant factor in diminishing the risk of using
an inappropriate NOAC dose. It has been proven that using
NOAC was associated with a reduced risk of thromboem-
bolic and hemorrhagic complications compared to warfa-
rin in patients with mild and moderate renal impairment
[23-25]. Recent studies have also confirmed the effective-
ness of reduced doses of NOAC in patients with concomi-
tant chronic kidney disease, showing a promising benefit-
-risk balance in populations at high risk for cardiovascular
complications [26].

In the POL-AF registry, the chance of using the inappro-
priately reduced NOAC dosage decreases by one percent
every year. Older age was an independent factor in diminis-
hing the risk of prescribing inappropriately reduced doses
of NOACs in our study. Such conclusions were also drawn
in the study of Jacobs et al. [27]; however, for the age group
of > 80 years — age was also a predictor of administering
the appropriate reduction of doses for all researched NO-
ACs. Interestingly enough, in the presented study, renal
impairment and vascular disorder also appeared to be
factors that diminished the risk of inappropriate dosage
reduction. The study of Ono et al. [19] demonstrates that
both older age (> 65 years), as well as renal impairment
(CrCl < 60 mL/min), was independently connected with
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Table S3. Factors determining the choice of inappropriately reduced dosages of NOACs: the results of univariate logistic regression analysis

Parameter Univariate logistic regression analysis
OR (95% ClI) p-value

Age, years 0.99 (0.97-1.001) 0.059

<65 1.11(0.67-1.82) 0.692

65-74 1.30(0.93-1.82) 0.123

> 74 0.78 (0.57-1.05) 0.103
Female 1.19 (0.89-1.60) 0.226
Paroxysmal AF 1.13 (0.84-1.51) 0.420
Persistent AF 1.03(0.70-1.51) 0.884
Permanent AF 0.85 (0.62-1.17) 0.326
Hypertension 0.80 (0.53-1.21) 0.282
HF 0.73 (0.53-0.99) 0.049
Coronary artery disease 0.31(0.23-0.42) <0.0001
Previous Ml 0.52 (0.37-0.72) <0.0001
PAD 0.72 (0.49-1.07) 0.105
Vascular disease (CAD and/or PAD) 0.31(0.23-0.42) <0.0001
Diabetes mellitus 0.92 (0.68-1.24) 0.576
Previous stroke/TIA/peripheral embolism 0.94 (0.64-1.36) 0.729
Any previous bleeding 1.25(0.71-2.20) 0.440
Previous gastric bleeding 1.25(0.65-2.42) 0.502
Previous CNS bleeding 1.58 (0.39-6.36) 0.517
CHA,DS,-VASc score 0.83(0.75-0.91) <0.0001

=0 6.33 (0.57-70.15) 0.085

=1 6.33 (0.57-70.15) 0.085

>1 0.16 (0.03-0.86) 0.015
HAS-BLED score 1.0 (0.84-1.19) 0.980
HAS-BLED score > 2 0.97 (0.72-1.32) 0.856
Hemoglobin (g/dL) 1.02 (0.94-1.11) 0.609
Platelet count (K/uL) 0.999 (0.997-1.001) 0.369
CrCl (mL/min) 1.02 (1.016-1.033) <0.0001
CrCl < 60 ml/min 0.97 (0.72-1.32) <0.0001
Antiplatelets 0.008 (0.001-0.06) <0.0001
Reason for hospitalization
Electrical cardioversion 1.87 (1.25-2.78) 0.002
Planned coronarography/PCl 0.34(0.19-0.61) <0.0001
Planned CIED implantation/reimplantation 1.76 (1.17-2.65) 0.006
Acute coronary syndrome 0.05 (0.01-0.20) <0.0001
HF 1.29 (0.94-1.77) 0.119
Ablation other than AF 1.56 (0.82-2.93) 0.169
AF without any procedures 1.37 (0.68-2.73) 0.376
Other reasons for hospitalization 1.01 (0.69-1.48) 0.965

AF — atrial fibrillation; CAD — coronary artery disease; CHA,DS,-VASc — congestive heart failure, hypertension, age > 75 years, diabetes, stroke/transient ischemic attack, vascular disorder, age 65-74 years,
sex; CIED — cardiac implantable electronic device; CNS — central nervous system; CrCl — creatinine clearance; HAS-BLED — arterial hypertension, kidney/liver failure, stroke, bleeding, labile INR, age > 65
years, pharmaceuticals/alcohol; HF — heart failure; Ml — myocardial infarction; PAD — peripheral artery disease; PCl — percutaneous coronary intervention; TIA — transient ischaemic attack
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Table 4. Factors determining the choice of inappropriately redu-
ced dosages of non-vitamin K antagonist oral anticoagulants: the
results of multivariable logistic regression analysis

Parameter Multivariable logistic regression
analysis

OR (95% ClI) p-value
Age 0.98 (0.97-0.998) 0.031
CrCl < 60 mL/min 0.37 (0.27-0.52) <0.0001
Vascular disease 0.29 (0.21-0.40) <0.0001
Heart failure 1.55 (1.08-2.22) 0.017
Planned CIED implanta- 2.01(1.27-3.17) 0.003

tion/reimplantation

Cl — confidence interval; CIED — cardiac implantable electronic device; CrCl — creatinine clearan-
ce; OR — odds ratio

the risk of using inappropriately reduced doses — while
vascular disease was a predisposing factor for prescribing
an appropriately reduced dose of NOAC. The reason for the
appropriate NOAC dosage reduction in patients with vascu-
lar disorders in our study could be the simultaneous use of
antiplatelet drugs. In the methodology, we assumed that
reducing NOAC doses in patients taking antiplatelet drugs
is the correct management — according to the guidelines
in force at the time the POL-AF Registry was started, which
recommend considering a NOAC dose reduction when one
or two antiplatelet drugs are used concomitantly. However,
guidelines from the second half of 2019 allow using full
doses of NOACs with simultaneous antiplatelet therapy.

There are many potential reasons why clinicians might
prescribe inappropriate NOAC doses. In the discussed stu-
dy, two factors predispose to prescribing inappropriately re-
duced dosages of NOACs. The first of them is hospitalization
due to CIED implantation/reimplantation. The probable re-
ason for such a study result could be doctors’ fear of a he-
matoma when administering full doses of NOACs directly
after the surgery. Because the influence of hospitalization
reasons on the potential of using improper decreased do-
ses was not examined in the papers that are readily avai-
lable, it is not possible to compare the acquired result with
other authors’ investigations.

Another factor predisposing to an inappropriate prescrip-
tion of reduced dosages of NOACs in our study is HF, as in
the study by Ono et al. [19]. The reason for the inappropriate
reduction of NOAC dosage in patients with HF could be the
fear of worsening renal function in patients concomitantly
taking diuretics in the absence of proper fluid balance con-
trol. However, it should be remembered that HF is one of
the factors in the CHA,DS,-VASc score, which measures the
risk of thromboembolic complications in patients with AF
and, therefore, the selection of the appropriate NOAC do-
sage is important to ensure effective treatment of patients.

What is important in the presented study is the risk
of bleeding estimated based on the HAS-BLED score was

not a significant predictive factor of using inappropriately
reduced NOAC doses, just as in the studies of Ono et al.
[19] and Jacobs et al. [27]. In the SAFE-NOACS study, past
hemorrhagic complication was also not a factor predispo-
sing to an inappropriate NOAC dose correction [28]. The
risk of bleeding during anticoagulant treatment is higher
in some of the patients; however, it should not be the re-
ason for an inappropriate reduction of NOAC dosages be-
cause it can increase the risk of thromboembolic compli-
cations in patients.

Conclusions

In the group of hospitalized patients with AF treated with
a reduced dosage of NOAC, 24.1% of them inappropriately
reduced the dosage of NOAC prescription, most frequently
in patients treated with apixaban and rivaroxaban. The
factors predisposing to the prescription of an inappropriate
reduced dosage of NOAC were HF and hospitalization due
to CIED implantation/reimplantation. Age, vascular disor-
der and renal impairment were independent predictors
lowering the risk of prescribing an inappropriate reduced
dosage of NOAC.
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Streszczenie

Wstep. Przepisywanie doustnych przeciwkrzepliwych lekow niebedacych antagonistami witaminy K (NOAC) w dawce
zredukowanej lub petnej jest istotne dla zapewnienia pacjentom z migotaniem przedsionkéw (AF) skutecznego i bez-
piecznego leczenia. Celem badania byto ocenienie czestosci stosowania zredukowanych dawek NOAC w stosunku do
wytycznych oraz analiza czynnikéw predysponujacych do takiego wyboru u pacjentdw z AF zarejestrowanych w Polskim
Rejestrze Migotania Przedsionkéw (POL-AF).

Materiat i metody. Badanie obejmowato 1003 pacjentéw z AF leczonych zredukowanymi dawkami NOAC, hospitalizowa-
nych w 10 polskich oSrodkach kardiologicznych od stycznia do grudnia 2019 roku. Kryterium stosowania odpowiednio
zredukowanych dawek NOAC byta redukcja dawki indywidualnego leku NOAC na podstawie badan klinicznych, ktore byty
podstawg ich rejestraciji.

Wyniki. Sposrod 1003 pacjentéw leczonych zredukowanymi dawkami NOAC, nieodpowiednio zredukowane dawki zaob-
serwowano u 242 pacjentéw (24,1%): u 120 pacjentow (29,3%) leczonych rywaroksabanem, u 93 pacjentow (33,8%)
leczonych apiksabanem oraz u 29 pacjentow (9,1%) leczonych dabigatranem (p < 0,0001). Niezaleznymi czynnikami
predykcyjnymi stosowania nieodpowiednio zredukowanych dawek NOAC byty: niewydolnosé serca (iloraz szans [OR]
1,55; przedziat ufnosci [Cl]: 1,08-2,22) oraz hospitalizacja zwigzana z wszczepieniem/reimplantacja kardioelektro-
nicznych urzadzen wszczepialnych (CIED) (OR 2,01; Cl: 1,27-3,17). Czynnikiem zmniejszajacym szanse na stosowanie
nieodpowiednio zredukowanych dawek NOAC byty: wiek (OR 0,98; CI: 0,97-0,998), choroba naczyniowa (OR 0,29; CI:
0,21-0,40) i klirens kreatyniny (CrCl) < 60 ml/min (OR 0,37; Cl: 0,27-0,52).

Whioski. W grupie pacjentéw leczonych zredukowang dawka NOAC, 24,1% pacjentow miato nieodpowiednio przepisane
dawki, najczesciej pacjenci otrzymujgcy apiksaban i rywaroksaban. Czynnikami predysponujacymi do przepisywania
nieodpowiednio zredukowanej dawki NOAC byty niewydolno$¢ serca oraz hospitalizacja zwigzana z wszczepieniem/
/reimplantacjg CIED. Przestrzeganie zalecen dotyczacych dawek NOAC jest istotne dla poprawy wynikéw klinicznych
u pacjentow z AF, konieczne jest rowniez dalsze badanie w celu oceny optymalnej dawki NOAC w populacji z AF.

Stowa kluczowe: migotanie przedsionkdw, NOAC, zredukowana dawka, niewtasciwe przepisywanie
Folia Cardiologica 2023; 18, 3: 113-125
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