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Abstract
Background: Nonadherence diminishes the efficacy of direct oral anticoagulants 
(DOACs) in patients with nonvalvular atrial fibrillation (NVAF). This report presents 
the baseline survey results regarding medication adherence among NVAF patients 
who were treated with once- daily edoxaban or twice- daily apixaban from a rand-
omized control trial of the effect of an educational intervention on DOAC adherence.
Methods: We prospectively studied 301 NVAF patients who were treated with 
edoxaban (n = 175) or apixaban (n = 126) during the 12- week observation period. 
Adherence was measured with an electronic monitoring system and is expressed as 
the percentage of days with the correct doses in the measurement period (days). 
Adherence to DOAC therapy was defined based on the standard threshold (≥80%) or 
a strict threshold (≥90%).
Results: Of the 301 patients, 33 had incomplete data or protocol deviations, leaving 
268 patients (edoxaban 158 and apixaban 110) for the per- protocol baseline anal-
ysis. There was no difference in adherence (threshold ≥80%) between the groups 
(edoxaban 95% vs apixaban 91%, P = .2), but there was a lower proportion of patients 
with strict adherence (threshold ≥90%) among apixaban users than among edoxaban 
users (edoxaban 87% vs apixaban 76%, P = .02). Multivariate analysis showed a nega-
tive relationship between apixaban use and an adherence rate ≥90% (odds ratio 0.49, 
95% confidence interval [CI]: 0.25- 0.94).
Conclusions: Our study showed that the proportion of DOAC users with adherence 
(≥80%) did not differ between the groups, but the proportion of patients with strict 
adherence (≥90%) was lower among those using apixaban than among those using 
edoxaban.
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1  | INTRODUC TION

Atrial fibrillation (AF) is the most common cardiac arrhythmia and 
has a close relationship with the occurrence of stroke or thromboem-
bolism.1,2 For the primary and secondary prevention of stroke, oral 
anticoagulation with vitamin K antagonists (VKAs) or direct oral an-
ticoagulants (DOACs) are recommended for patients with nonvalvu-
lar AF (NVAF).3 However, nonadherence to anticoagulation therapy 
may worsen the prognosis in NVAF patients despite the proven effi-
cacy of anticoagulation therapy for stroke prevention. Unlike VKAs, 
with DOACs, there is no need to monitor the prothrombin time- 
international normalized ratio and/or adjust the dose because of the 
reduced bleeding risk, and the beneficial effects are also less affected 
by diet and concomitant medications.4- 6 Therefore, the expectation is 
that NVAF patients will have better adherence to DOACs than VKAs.

We previously reported that some patients who discontinued 
DOACs experienced strokes.7 We also reported that younger age, 
frequent daily doses (≥2 times daily), and employment were signifi-
cantly associated with self- reported nonadherence to oral anticoag-
ulants, including DOACs.8 For NVAF patients treated with DOACs, 
improving adherence is an important priority. In general, medica-
tion adherence decreases as the number of daily doses increases. 
However, the effect of the dosing frequency of DOACs on adher-
ence remains controversial.

The Survey on Medication Adherence to Anticoagulant Drugs 
and Investigation of Improvement of Medication Adherence by an 
Educational Program in Non- Valvular Atrial Fibrillation (SMAAP- AF) 
trial was conducted to examine whether an educational intervention 
modified patient adherence to DOAC therapy, as measured with an 
electrical monitoring device. The trial consisted of two periods, namely 
a 12- week observation period (Stage 1) and a 12- week intervention 
 period (Stage 2). In this report, we describe the baseline survey results 
regarding medication adherence among patients with NVAF who were 
treated with once- daily DOACs (edoxaban) or twice- daily DOACs (apix-
aban) during the observation period (Stage 1) in the SMAAP- AF trial.

2  | METHODS

2.1 | Study design of the SMAAP- AF trial

The SMAAP- AF trial was a multicenter, prospective, interventional 
study involving patients with NVAF that consisted of two periods: a 
12- week observational period (Stage 1) and a 12- week single- blind, 
randomized, parallel- group intervention period (Stage 2). In the obser-
vation period (Stage 1), medication adherence was investigated among 
patients with NVAF who were treated with edoxaban once daily or 
apixaban twice daily. Patients who completed Stage 1 were randomly 
assigned to the medication educational program or to receive stand-
ard medication counseling. Randomization was performed using a 
minimization method based on medication adherence during Stage 1 
and demographic factors as the assignment factors with a 2 × 2 facto-
rial design. Further details on the methods of the SMAAP- AF trial are 

provided in the Supplemental Methods (Document S1). This article is 
a part of the SMAAP- AF trial and reports the status of medication ad-
herence during the observational period (Stage 1) in patients treated 
with edoxaban and those treated with apixaban.

Ethics approval was obtained from the institutional review board 
of Tokyo Women's Medical University and the Certified Review 
Board of Hattori Clinic, Tokyo, Japan, and written informed con-
sent was obtained from all subjects prior to enrollment. This study 
was registered with the University Hospital Medical Information 
Network (UMIN) with the identification number UMIN000031132 
and the Japan Registry of Clinical Trials (jRCT) with the number 
jRCTs031180142.

2.2 | Patients

This study enrolled outpatients with NVAF who visited the outpatient 
cardiology clinics of Tokyo Women's Medical University Hospital, the 
National Hospital Organization Yokohama Medical Center, and Tokyo 
Women's Medical University Yachiyo Medical Center. The inclusion 
and exclusion criteria are provided in Table S1. Briefly, study partici-
pants were male and female outpatients aged ≥20 years and diag-
nosed with NVAF who were undergoing treatment with edoxaban or 
apixaban, with the medication first prescribed at least 4 weeks prior 
to enrollment in this study. Physicians acted as investigators and re-
search collaborators and recruited the patients. After the eligibility of 
patients with NVAF was confirmed, those undergoing treatment with 
either edoxaban or apixaban were enrolled in the trial in the order in 
which informed consent was obtained.

2.3 | Assessment of adherence

Medication adherence was measured using the electronic monitor-
ing device “Your Manager®” (Dai Nippon Printing Co., Ltd., Tokyo, 
Japan). “Your Manager®” is a card- type press- through pack (PTP) 
electronic device that records the date and time when the packaging 
for each tablet in the PTP is opened (Figure 1).9 Data are recorded in 
comma- separated value format.

2.4 | Data collection

At the time of enrollment, the patients’ demographic information (sex, 
age, height, weight, employment status, and whether they lived with a 
partner); cognitive function, as assessed with the Japanese version of 
the Mini- Mental State Examination (MMSE)10; medical history; con-
comitant medications including any history of prior anticoagulant use; 
and Congestive heart failure, Hypertension, Age ≥75 years, Diabetes, 
Stroke [doubled] (CHADS2) score were recorded by the study coordi-
nators. The period for patient enrollment in the SMAAP- AF study was 
from March 2018 to November 2018, and the study was completed in 
May 2019. The patients visited the same pharmacy every time during 
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the study, and the electronic devices were collected by pharmacists 
during each visit to the pharmacy. All adherence data from the elec-
tronic devices were evaluated by independent data assessors but were 
not made available to patients, physicians, clinic staff, or pharmacists 
until the last patient completed the trial.

2.5 | Outcome

Adherence, as measured by the “Your Manager®” device, is ex-
pressed as the percentage of days with the correct dose in the 

measurement period for each patient. The variable “days of adher-
ence” was defined as the number of days on which tablets in the 
PTP were accessed once every 24 hours (between 0300 on a given 
day and 0300 hours on the next day) for edoxaban or twice daily 
(one tablet two times daily) every 12 hours (between 0300 and 
1500 hours on a given day and between 1500 and 0300 hours on 
the next day) for apixaban. The variable “days of nonadherence” was 
defined as no record of accessing a tablet within 24 hours (between 
0300 on a given day and 0300 hours on the next day) for edoxaban 
or no record of accessing a tablet within 12 hours (between 0300 
and 1500 hours on a given day or between 1500 and 0300 hours on 
the next day) for apixaban (missed doses), and as more than one tab-
let accessed (edoxaban) or more than two tablets accessed (apixa-
ban) within 24 hours (between 0300 and 0300 hours on the next 
day) (extra doses). We excluded any period during the study in which 
DOAC therapy was temporarily discontinued by the investigator due 
to surgery or invasive procedures during the measurement period.

In this study, adherence to DOAC therapy was defined based on 
(1) the usual threshold, that is ≥80%, which is based on the propor-
tion generally used in the proportion of days covered (PDC) method 
in the warfarin era11, and (2) a strict threshold, that is ≥90%, which 
was based on the higher adherence rate (PDC ≥90%) associated with 
the lowest risk in the DOAC era.12

2.6 | Statistics

Summary data are presented as the number of patients (percent-
age) or the median and interquartile range. Creatinine clearance was 
calculated using the Cockcroft- Gault formula.13 Comparisons be-
tween groups were performed using Student's t test for normally 
distributed continuous variables (with normality assessed with the 

F I G U R E  1   Electronic monitoring device (DNP “Your 
Manager®”). This system is a card- type press- through pack (PTP) 
electronic device that records the date and time when each tablet 
in the PTP is opened

F I G U R E  2   Patient disposition. FAS, full 
analysis set; PPS, per- protocol set
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Shapiro- Wilk test) or the Mann- Whitney U test for other variables. 
Categorical variables were analyzed with the Chi- square test.

To determine the variables predictive of DOAC adherence, univari-
ate and multivariate logistic regression models adjusted for demographic 
variables were constructed using edoxaban use/apixaban use and the 
following baseline characteristics: sex, age, CHADS2 score, stroke- 
related comorbidities, antiplatelet/nonsteroidal anti- inflammatory drug 
(NSAID) use, MMSE score ≤23, living alone, and active employment. 
The results of the analyses were described as odds ratios (ORs) and 95% 
confidence intervals (95% CI) for favorable DOAC adherence according 
to both thresholds (≥80% and ≥90%). A variable with an OR >1 was con-
sidered a significant factor associated with favorable DOAC adherence, 
while a variable with an OR <1 was considered to be associated with 
nonadherence. Data analyses were performed with IBM SPSS Statistics 
version 26 (IBM Japan, Tokyo, Japan).

The patients included in the analysis were handled as follows: 
the full analysis set (FAS) comprised all patients who received 
at least one dose of the study DOACs in the observation run- in 
period and had sufficient records from the electronic monitoring 
device. The per- protocol set (PPS), a subset of the FAS, included 
patients who received consistent treatment with the same DOAC 
throughout the study period and whose data were recorded with 
the electronic monitoring device for 60 days or more. Patients 
whose total discontinuation period was longer than 30 days were 
removed from the PPS analysis. Patients with incomplete elec-
tronic records were also removed from the PPS analysis. The 
analysis of the outcome was performed with the PPS and was 
repeated with the FAS to assess the robustness of the results. 
In the FAS, missing data were imputed as “not taking the same 
DOAC”.

TA B L E  1   Baseline characteristics

FAS PPS

Edoxaban Apixaban

P value

Edoxaban Apixaban

P value(n = 175) (n = 126) (n = 158) (n = 110)

Male sex 108 (62) 81 (64) .65 97 (61) 67 (61) .94

Age, years 76 (69- 80) 76 (68- 81) .93 75 (69- 79) 76 (66- 80) .97

Body weight, kg 60 (52- 69) 62 (53- 68) .97 61 (53- 70) 62 (53- 69) .98

Creatinine clearance, mL/min 59 (44- 72) 55 (39- 68) .03 61 (45- 73) 56 (41- 69) .09

CHADS2 score 2 (1- 3) 2 (1- 3) .75 2 (1- 3) 2 (1- 3) .53

Stroke- related comorbidities

Heart failure 81 (46) 51 (40) .32 70 (44) 43 (39) .4

Coronary artery disease 28 (16) 17 (13) .55 23 (15) 16 (15) .99

Hypertension 109 (62) 86 (68) .28 94 (60) 75 (68) .15

Diabetes mellitus 76 (43) 48 (38) .35 69 (44) 40 (36) .23

Previous stroke/TIA 14 (8) 24 (19) <.01 11 (7) 20 (18) <.01

Peripheral artery disease 16 (9) 16 (17) .32 16 (10) 13 (12) .66

Antiplatelet use 6 (3) 13 (10) <.01 4 (3) 9 (8) .03

NSAID use 3 (2) 3 (2) .68 3 (2) 3 (3) .65

MMSE .18

≤23 1 (1) 3 (2) 0 0

>23 174 (99) 123 (98) 158 (100) 110 (100)

Living status

Living alone 33 (19) 26 (21) .7 31 (20) 23 (21) .8

Work status

Employed 62 (35) 47 (37) .74 59 (38) 42 (38) .89

Daily dose of DOAC <.01 <.01

Standard dose 61 (35) 71 (56) 57 (36) 63 (57)

Reduced dose* 114 (65) 55 (44) 101 (64) 47 (43)

Note: Values are n (%) or median [interquartile range].
FAS, full analysis set; NSAID, nonsteroidal anti- inflammatory drug; MMSE, Mini- Mental State Examination; PPS, per- protocol set; TIA, transient 
ischemic attack. CHADS2 = cardiac failure, hypertension, age ≥ 75 years, diabetes, previous stroke or TIA (doubled).
*Reduced doses were edoxaban 30 mg once daily and apixaban 2.5 mg twice a daily.
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3  | RESULTS

Of the 301 patients who entered the observation run- in phase 
(mean age of 73 years, 37% women, 36% employed, and 20% liv-
ing alone), 63% had hypertension, 41% had diabetes, 42% had heart 
failure, and 12% had had a prior stroke/transient ischemic attack 
(TIA). The median CHADS2 score was 2. Among these patients, 175 
(58%) were treated with edoxaban, and 126 (42%) were treated with 
apixaban at the time of enrollment in this study. Of these patients, 
33 had incomplete data or protocol deviations, leaving 268 subjects 
for inclusion in the PPS (Figure 2).

The baseline characteristics of the patients in the FAS and PPS 
who were treated with edoxaban and with apixaban are shown in 
Table 1. The proportion of patients who had had a stroke/TIA and 
the proportion of patients using antiplatelets were higher in the 
group treated with apixaban than in the group treated with edox-
aban. Creatinine clearance tended to be lower in the group receiv-
ing apixaban than in the group receiving edoxaban. The proportion 
taking a reduced dose was 65% in the edoxaban group and 44% in 
the apixaban group. Among the study subjects, 102 (58%) of the 175 
patients treated with edoxaban and 31 (25%) of the 126 patients 
treated with apixaban met the criteria for dose reduction. However, 
there was no significant difference in age, sex, CHADS2 score, 
MMSE, partner status, or work status between the groups.

The proportion of DOAC users meeting the adherence threshold 
of ≥80% did not differ between the groups, but the proportion of 
DOAC users meeting the strict threshold of ≥90% was lower in the 
group treated with apixaban than in the group treated with edox-
aban (Figure 3).

In the multivariate analysis, there were no consistent relation-
ships between demographic/medical variables and adherence (≥80%) 

in either the FAS or PSS (Table 2). Advanced age and antiplatelet/
NSAID use tended to be associated with nonadherence in the FAS, 
but these relationships disappeared in the PPS. On the other hand, 
female sex was associated with nonadherence to the PPS despite the 
absence of any difference between males and females in the FAS. 
Among 48 nonadherent patients in the FAS, 22 (80%) of the 27 male 
patients and 8 (39%) of the 21 female patients were excluded from 
the PPS. The different results between the FAS and PPS were due 
to this difference in withdrawal rate. However, there was a nega-
tive relationship between apixaban use and strict adherence (≥90%) 
in both the FAS and PSS (odds ratio = 0.56, 95% CI: 0.32- 0.91 and 
odds ratio = 0.49, 95% CI: 0.25- 0.94, respectively) (Table 3). Other 
variables were not found to be associated with strict adherence to 
the FAS or PPS.

There were nine serious adverse events among the 301 patients 
during the observation period (Table 4). No stroke/systemic embo-
lism or major bleeding events were observed in patients who were 
treated with edoxaban or apixaban. Three (1%) patients had serious 
adverse events leading to discontinuation (two patients died, and 
one patient experienced severe low back pain). The other patients 
continued the same DOAC therapy during the observation period.

4  | DISCUSSION

This study involved 12 weeks of electronic monitoring of treatment 
adherence in Japanese patients with NVAF and showed the follow-
ing results: 1) the proportion of patients who adhered to treatment 
according to the usual threshold (≥80%) did not differ between the 
group taking once- daily edoxaban and the group taking twice- daily 
apixaban, 2) the proportion of patients who adhered to treatment 

F I G U R E  3   Adherence to study direct 
oral anticoagulants. FAS, full analysis set; 
PPS, per- protocol set
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using the strict threshold (≥90%) was lower in the group taking 
twice- daily apixaban than in the group taking once- daily edoxaban, 
and 3) multivariate analysis showed a negative interaction between 
the use of twice- daily apixaban and adherence (≥90%).

There are many reports on adherence to treatment with oral 
anticoagulants. There are various adherence measurement meth-
ods, such as the medication possession ratio (the ratio of the total 
number of days that the target drug should be taken to the total 
number of days the medication was actually taken as assessed 
with the remaining drug survey: MPR), the PDC (the ratio of the 
total number of days covered to the number of days in the target 
period), medication event monitoring system (automatic medica-
tion recording vial: MEMS), and self- report.14 Generally, a PDC 
≥80% is considered adherence.12 For warfarin, a previous study 

reported that patients who missed more than 20% of the doses 
(1- 2 missed days each week) had more than a twofold higher odds 
of underanticoagulation.15 In the era of DOACs, a recent cohort 
study using the Korean National Health Insurance Service data-
base showed that the lack of adherence to DOAC therapy (PDC 
<80%) led to the failure to achieve a better efficacy with regard 
to preventing ischemic stroke/systemic embolism compared to the 
use of warfarin, and that maintaining ≥90% adherence optimizes 
the effectiveness of DOAC therapy.13

Although the clinical benefits of DOACs have been shown in 
many studies, nonadherence diminishes the efficacy of DOACs.16 
Although the methods of measuring adherence were different, the 
results of several cohort studies suggested that the rate of adher-
ence to DOAC therapy was 39%– 99%.17- 26 These data indicate that 

TA B L E  2   Odds ratio for adherence ≥80%

FAS PPS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI ) P value OR (95% CI ) P value OR (95% CI ) P value

DOAC

Edoxaban 1 1 1 1

Apixaban 0.68 (0.36- 1.26) .21 0.72 (0.38- 1.37) .32 0.53 (0.20- 1.40) .2 0.58 (0.21- 1.63) .3

Sex

Male 1 1 1 1

Female 0.72 (0.39- 1.35) .31 0.73 (0.37- 1.44) .36 0.22 (0.08- 0.64) <.01 0.19 (0.06- 0.59) <.01

Age

1 year increase 0.95 (0.92- 0.99) .01 0.96 (0.91- 0.99) .04 0.99 (0.94- 1.04) .61 0.99 (0.93- 1.06) .81

CHADS2 score

1 unit increase 0.87 (0.71- 1.07) .18 1.04 (0.78- 1.37) .8 1.00 (0.71- 1.39) .98 1.09 (0.22- 5.43) .92

Presence of stroke- related comorbidities*

Yes 1.43 (0.57- 3.58) .44 1.22 (0.42- 3.59) .71 1.12 (0.31- 4.04) .87 0.26 (0.06- 1.17) .08

No 1 1 1 1

Antiplatelet/NSAID use

Yes 0.36 (0.15- 0.89) .03 0.41 (0.16- 1.07) .07 0.34 (0.09- 1.30) .17 1.10 (0.71- 1.73) .66

No 1 1 1 1

MMSE score

≤23 0.56 (0.06- 5.54) .62 0.81 (0.08- 8.57) .86 NA (No patients with an MMSE scores ≤ 23)

>23 1 1 1 1

Living status

Alone 1 1 1

With others 1.10 (0.51- 2.35) .82 0.87 (0.39- 1.97) .87 1.58 (0.54- 4.64) .41 1.10 (0.34- 3.56) .88

Working status

Yes 1.64 (0.83- 3.28) .15 1.03 (0.47- 2.24) .94 1.23 (0.45- 3.38) .69 0.74 (0.23- 2.40) .61

No 1 1 1 1

Note: CI, Confidence Interval; DOACs, direct oral anticoagulants; FAS, full analysis set; MMSE, Mini- Mental State Examination; NA, not applicable; 
NSAID, nonsteroidal anti- inflammatory drug; OR, odds ratio; PPS, per- protocol set.
CHADS2 = cardiac failure, hypertension, age ≥ 75 years, diabetes, previous stroke or transient ischemic attack (doubled).
*Stroke- related comorbidities: heart failure, coronary artery disease, hypertension, diabetes mellitus, previous stroke/transient ischemic attack, and 
peripheral artery disease.
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the rate of nonadherence (threshold <80%) is approximately 25% to 
50% in patients taking DOACs.

A systematic review described that medication adherence de-
creases as the number of daily doses increases.27 A meta- analysis 
of the effect of the dosing frequency of chronic cardiovascular 
drugs on adherence also showed that adherence was greater to 
once- daily doses than to more frequent (two to four times) daily 
doses.28 Several cohort studies have investigated this issue in 
DOACs, but their results were not consistent. US and German 
cohort studies showed that adherence to once- daily rivaroxaban 
was greater than adherence to twice- daily dabigatran or apix-
aban.29- 31 In our study, among the 126 patients taking twice- daily 
apixaban, more patients missed evening doses (between 1500 

and 0300 hours on the next day, n = 56) than morning doses (be-
tween 0300 and 1500 hours, n = 32) or both evening and morning 
doses (n = 15). A recent small study using electronic monitoring 
reported that stroke patients treated with twice- daily DOACs had 
lower adherence to evening doses than to morning doses32, and 
missed evening doses may be common among patients treated 
with twice- daily DOACs.

However, large cohort studies reported that adherence to twice- 
daily apixaban was greater than adherence to rivaroxaban or dabig-
atran.26,33 A Korean cohort study reported that twice- daily dosing 
was associated with better adherence.13 Adherence to DOACs might 
be affected by factors beyond simply the number of doses per day.34 
Until now, no real- world data regarding adherence to edoxaban have 

TA B L E  3   Odds ratio for adherence ≥ 90%

FAS PPS

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

OR (95% CI ) P value OR (95% CI ) P value OR (95% CI ) P value OR (95% CI ) P value

DOACs

Edoxaban 1 1 1 1

Apixaban 0.52 (0.31- 0.87) .01 0.56 (0.33- 0.96) .03 0.47 (0.25- 0.89) .02 0.49 (0.25- 0.94) .03

Sex

Male 1 1 1 1

Female 0.93 (0.55- 1.58) .79 0.90 (0.51- 1.60) .73 0.64 (0.34- 1.21) .17 0.62 (0.31- 1.24) .18

Age

1 year increase 0.97 (0.94- 0.99) .04 0.98 (0.94- 1.01) .2 0.99 (0.96- 1.03) .65 0.99 (0.95- 1.04) .76

CHADS2 score

1 unit increase 0.87 (0.73- 1.03) .11 0.94 (0.50- 1.97) .99 0.95 (0.77- 1.19) .67 1.13 (0.39- 3.27) .83

Presence of stroke- related comorbidities*

Yes 1.09 (0.54- 2.22) .8 0.81 (0.34- 1.89) .62 0.99 (0.41- 2.40) .99 0.59 (0.19- 1.84) .37

No 1 1 1 1

Antiplatelet/NSAID use

Yes 0.41 (0.18- 0.94) .04 0.52 (0.22- 1.26) .15 0.55 (0.19- 1.62) .28 0.99 (0.75- 1.31) .94

No 1 1 1 1

MMSE score

≤23 0.11 (0.01- 1.10) .06 0.16 (0.02- 1.65) .12 NA (No patients with an MMSE scores ≤ 23)

>23 1 1 1 1

Living status

Alone 1 1 1 1

With others 1.08 (0.57- 2.05) .81 0.99 (0.50- 1.97) .99 1.31 (0.62- 2.78) .49 1.15 (0.52- 2.56) .74

Working status

Yes 1.39 (0.80- 2.41) .25 1.07 (0.56- 2.05) .84 1.04 (0.54- 2.00) .91 0.84 (0.39- 1.83) .67

No 1 1 1 1

Note: CI, confidence interval; CV, cardiovascular; DOACs, direct oral anticoagulants; FAS, full analysis set; MMSE, Mini- Mental State Examination; 
NA, not applicable; NSAID, nonsteroidal anti- inflammatory drug; OR, odds ratio; PPS, per- protocol set.
CHADS2 = cardiac failure, hypertension, age ≥ 75 years, diabetes, previous stroke or transient ischemic attack (doubled).
*Stroke- related comorbidities: heart failure, coronary artery disease, hypertension, diabetes mellitus, previous stroke/transient ischemic attack, and 
peripheral artery disease.
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been available. This study is the first to report adherence to edox-
aban and compare the new once- daily regimen for edoxaban with 
the twice- daily regimen for apixaban, which has been shown to have 
adequate adherence.

Dunbar- Jacob et al suggested that differences in the methods 
used to measure adherence, such as electronic monitoring, PDC, 
and self- report, contribute to differences in the identified pre-
dictors of adherence.35 To ensure the accurate measurement of 
adherence to medication regimens, electronic monitoring is pre-
ferred and may be considered the gold standard.36 In our study, 
which involved the use of an electronic monitoring device, during 
the observation run- in period, the proportion of patients adhering 
to the treatment regimen according to the strict threshold (≥90%) 
was higher in the group receiving once- daily edoxaban than in the 
group receiving twice- daily apixaban, although when the usual 
threshold (≥80%) was applied, there was no difference in adher-
ence between the two groups. When an adherence threshold 
>80% was applied, adherence to DOACs was superior to adher-
ence to warfarin.26 In the DOAC era, however, a strict adherence 
threshold >90% will be needed to ensure the superiority of DOACs 
to warfarin with regard to effectiveness. In the future, specific ed-
ucation will need to be provided to nonadherent patients taking 
DOACs to improve their adherence. For patients taking warfarin, 
educational interventions have been reported to significantly im-
prove anticoagulation control (time within the therapeutic range) 
in patients with NVAF.37 In the 12- week randomized interven-
tion period of the SMAAP- AF trial, we evaluated whether an ed-
ucational intervention involving motivational interviewing would 
modify patient adherence to treatment with DOACs.

4.1 | Study limitations

This study has several limitations. The selection of DOACs was not 
randomized during the observation period. The proportion of pa-
tients who had a prior stroke/TIA and the proportion of patients 
who used antiplatelets were higher in the group receiving apixaban 

than in the group receiving edoxaban. Creatinine clearance tended 
to be lower in the group receiving apixaban than in the group re-
ceiving edoxaban. These selection biases might be partially related 
to physician and patient preferences, associated comorbidities, and 
concomitant medications. The proportion of patients taking a re-
duced dose was higher in the group treated with edoxaban than in 
the group treated with apixaban. Although off- label users of reduced 
doses were partially included, the characteristics of the study sub-
jects who had to consider taking a reduced dose (eg, old age, low 
body weight, and low creatinine clearance) were indications for the 
selection of a reduced dose. We used well- known individual and so-
ciodemographic variables associated with medication adherence to 
adjust the model, but residual unmeasured confounding may have 
remained. We could not completely exclude the influences of several 
confounding clinical and health behavior factors on adherence. The 
numbers of patients taking edoxaban and apixaban were not equal. 
Since this study was a short- term evaluation with a small sample size, 
the effect of adherence on the clinical outcome could not be evalu-
ated. In this study, there were no strokes/systemic embolisms, major 
bleeding events, or adverse events related to DOAC use during the 
observation period.

5  | CONCLUSIONS

Our study involved the use of an electronic monitoring device and 
showed that the proportion of DOAC users meeting the adher-
ence threshold of ≥80% did not differ between the group treated 
with once- daily edoxaban and twice- daily apixaban, but the pro-
portion of patients who adhered to treatment using the strict 
threshold of ≥90% was lower in the group treated with apixaban 
than in the group treated with edoxaban during an observational 
run- in period. In the DOAC era, specific education for nonadher-
ent patients will be needed to maintain ≥90% adherence, which is 
the threshold that must be met to optimize the effectiveness of 
DOAC therapy.

ACKNOWLEDGMENTS
We thank accerise, Inc for their support of this study.

CONFLIC T OF INTERE S T
T Shiga and N Hagiwara received lecture fees from Daiichi Sankyo 
and Bristol- Myers Squibb. N Hagiwara received research funding 
from Daiichi Sankyo. The other authors declare that they have no 
competing interests.

ORCID
Tsuyoshi Shiga  https://orcid.org/0000-0003-0358-7196 

R E FE R E N C E S
 1. Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, 

Radford MJ. Validation of clinical classification schemes for 
predicting stroke: Results from the National Registry of Atrial 

TA B L E  4   Serious adverse events

Edoxaban Apixaban

Death

Sudden death 1 0

Pneumonia 0 1

Hospitalization

Heart failure 0 1

Cather ablation for AF 1 1

Severe low back pain 1 0

Hyperparathyroidism 1 0

Urinary tract infection 0 1

Cataract surgery 0 1

Note: AF, atrial fibrillation

https://orcid.org/0000-0003-0358-7196
https://orcid.org/0000-0003-0358-7196


624  |     SHIGA et Al

Fibrillation. JAMA. 2001;285:2864– 70. https://doi.org/10.1001/
jama.285.22.2864

 2. Inoue H, Fujiki A, Origasa H, Ogawa S, Okumura K, Kubota I, et al. 
Prevalence of atrial fibrillation in the general population of Japan: 
an analysis based on periodic health examinations. Int J Cardiol. 
2009;137:102– 7. https://doi.org/10.1016/j.ijcard.2008.06.029

 3. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, 
et al. ESC Scientific Document Group. 2016 ESC guidelines for the 
management of atrial fibrillation developed in collaboration with 
EACTS. Eur Heart J. 2016;37:2893– 962. https://doi.org/10.1093/
eurhe artj/ehw210

 4. Singer DE, Chang Y, Fang MC, et al. The net clinical benefit of 
warfarin anticoagulation in atrial fibrillation. Ann Intern Med. 
2009;151:297– 305. https://doi.org/10.7326/0003- 4819- 151- 
5- 20090 9010- 00003

 5. Banerjee A, Lane DA, Torp- Pedersen C, Lip GY. Net clinical bene-
fit of new oral anticoagulants (dabigatran, rivaroxaban, apixaban) 
versus no treatment in a ‘real world’ atrial fibrillation popula-
tion: a modeling analysis based on a nationwide cohort study. 
Thromb Haemost. 2012;107:584– 9. https://doi.org/10.1160/
TH11- 11- 0784

 6. Caterina R, Husted S, Wallentin L, Andreotti F, Arnesen H, 
Bachmann F, et al. Vitamin K antagonists in heart disease: current 
status and perspectives (Section III). Position paper of the ESC 
Working Group on Thrombosis- Task Force on Anticoagulants in 
Heart Disease. Thromb Haemost. 2013;110:1087– 107. https://doi.
org/10.1160/TH13- 06- 0443

 7. Shiga T, Naganuma M, Nagao T, Maruyama K, Suzuki A, Murasaki 
K, et al. Persistence of non- vitamin K antagonist oral anticoagu-
lant use in Japanese patients with atrial fibrillation: A single- center 
observational study. J Arrhythm. 2015;31:339– 44. https://doi.
org/10.1016/j.joa.2015.04.004

 8. Suzuki T, Shiga T, Omori H, Tatsumi F, Nishimura K, Hagiwara N. 
Adherence to medication and characteristics of Japanese patients 
with non- valvular atrial fibrillation. J Cardiol. 2017;70:238– 43. 
https://doi.org/10.1016/j.jjcc.2016.11.009

 9. Sadamoto K, Takamori H, Sadamoto T, Kubota K. Impact of push- 
through- packages with electronic devices for accurate drug taking. 
J Sci Inno Res. 2014;3:288– 94.

 10. Ideno Y, Takayama M, Hayashi K, Takagi H, Sugai Y. Evaluation of 
a Japanese version of the Mini- Mental State Examination in el-
derly persons. Geriatr Gerontol Int. 2012;12:310– 6. https://doi.
org/10.1111/j.1447- 0594.2011.00772.x

 11. Osterberg L, Blaschke T. Adherence to medication. N Engl J Med. 
2005;353:487– 97. https://doi.org/10.1056/NEJMr a050100

 12. Kim D, Yang P- S, Jang E, Yu HT, Kim T- H, Uhm J- S, et al. The optimal 
drug adherence to maximize the efficacy and safety of non- vitamin 
K antagonist oral anticoagulant in real- world atrial fibrillation pa-
tients. Europace. 2020;22:547– 57. https://doi.org/10.1093/europ 
ace/euz273

 13. Cockcroft DW, Gault MH. Prediction of creatinine clearance 
from serum creatinine. Nephron. 1976;16:31– 41. https://doi.
org/10.1159/00018 0580

 14. Obamiro KO, Chalmers L, Bereznicki LR. A summary of the liter-
ature evaluating adherence and persistence with oral anticoagu-
lants in atrial fibrillation. Am J Cardiovasc Drugs. 2016;16:349– 63. 
https://doi.org/10.1007/s4025 6- 016- 0171- 6

 15. Kimmel SE, Chen Z, Price M, et al. The influence of patient ad-
herence on anticoagulation control with warfarin: results from 
the International Normalized Ratio Adherence and Genetics (IN- 
RANGE) Study. Arch Intern Med. 2007;167:229– 35. https://doi.
org/10.1001/archi nte.167.3.229

 16. Steffel J, Verhamme P, Potpara TS, Albaladejo P, Antz M, Desteghe 
L, et al. ESC Scientific Document Group. The 2018 european heart 
rhythm association practical guide on the use of non- vitamin K 

antagonist oral anticoagulants in patients with atrial fibrillation. 
Eur Heart J. 2018;39:1330– 93. https://doi.org/10.1093/eurhe artj/
ehy136

 17. Tsai K, Erickson SC, Yang J, Harada AS, Solow BK, Lew HC. 
Adherence, persistence, and switching patterns of dabigatran etex-
ilate. Am J Manag Care. 2013;19:e325– 32.

 18. Cutler TW, Chuang A, Huynh TD, Witt RG, Branch J, Pon T, 
et al. A retrospective descriptive analysis of patient adher-
ence to dabigatran at a large academic medical center. J Manag 
Care Spec Pharm. 2014;20:1028– 34. https://doi.org/10.18553/ 
jmcp.2014.20.10.1028

 19. Shore S, Carey EP, Turakhia MP, Jackevicius CA, Cunningham 
F, Pilote L, et al. Adherence to dabigatran therapy and longitudi-
nal patient outcomes: insights from the veterans health adminis-
tration. Am Heart J. 2014;167:810– 7. https://doi.org/10.1016/j.
ahj.2014.03.023

 20. Gorst- Rasmussen A, Skjøth F, Larsen TB, Rasmussen LH, Lip 
GY, Lane DA. Dabigatran adherence in atrial fibrillation patients 
during the first year after diagnosis: a nationwide cohort study. 
J Thromb Haemost. 2015;13:495– 504. https://doi.org/10.1111/
jth.12845

 21. McHorney CA, Crivera C, Laliberté F, Nelson WW, Germain G, 
Bookhart B, et al. Adherence to non- vitamin- K- antagonist oral an-
ticoagulant medications based on the Pharmacy Quality Alliance 
measure. Curr Med Res Opin. 2015;31:2167– 73.

 22. Crivera C, Nelson WW, Bookhart B, et al. Pharmacy quality al-
liance measure: adherence to non- warfarin oral anticoagulant 
medications. Curr Med Res Opin. 2015;31:1889– 95. https://doi.
org/10.1185/03007 995.2015.1096242

 23. Zhou M, Chang HY, Segal JB, Alexander GC, Singh S. Adherence 
to a novel oral anticoagulant among patients with atrial fibrilla-
tion. J Manag Care Spec Pharm. 2015;21:1054– 62. https://doi.
org/10.18553/ jmcp.2015.21.11.1054

 24. Castellucci LA, Shaw J, van der Salm K, Erkens P, Le Gal G, 
Petrcich W, et al. Self- reported adherence to anticoagulation and 
its determinants using the Morisky medication adherence scale. 
Thromb Res. 2015;136:727– 31. https://doi.org/10.1016/j.throm 
res.2015.07.007

 25. Beyer- Westendorf J, Ehlken B, Evers T. Real- world persistence and 
adherence to oral anticoagulation for stroke risk reduction in pa-
tients with atrial fibrillation. Europace. 2016;18:1150– 7. https://doi.
org/10.1093/europ ace/euv421

 26. Yao X, Abraham NS, Alexander GC, Crown W, Montori VM, 
Sangaralingham LR, et al. Effect of adherence to oral anticoag-
ulants on risk of stroke and major bleeding among patients with 
atrial fibrillation. J Am Heart Assoc. 2016;5:e003074. https://doi.
org/10.1161/JAHA.115.003074

 27. Claxton AJ, Cramer J, Pierce C. A systematic review of the as-
sociations between dose regimens and medication compliance. 
Clin Ther. 2001;23:1296– 310. https://doi.org/10.1016/s0149 
- 2918(01)80109 - 0

 28. Coleman CI, Roberts MS, Sobieraj DM, Lee S, Alam T, Kaur R. Effect 
of dosing frequency on chronic cardiovascular disease medica-
tion adherence. Curr Med Res Opin. 2012;28:669– 80. https://doi.
org/10.1185/03007 995.2012.677419

 29. McHorney CA, Crivera C, Laliberté F, Nelson WW, Germain G, 
Bookhart B, et al. Adherence to nonvitamin- K- antagonist oral 
anticoagulant medications based on the pharmacy quality alli-
ance measure. Curr Med Res Opin. 2015;31:2167– 73. https://doi.
org/10.1185/03007 995.2015.1096242

 30. Alberts MJ, Peacock WF, Fields LE, Bunz TJ, Nguyen E, Milentijevic 
D, et al. Association between once and twice- daily direct oral an-
ticoagulant adherence in nonvalvular atrial fibrillation patients and 
rates of ischemic stroke. Int J Cardiol. 2016;215:11– 3. https://doi.
org/10.1016/j.ijcard.2016.03.212

https://doi.org/10.1001/jama.285.22.2864
https://doi.org/10.1001/jama.285.22.2864
https://doi.org/10.1016/j.ijcard.2008.06.029
https://doi.org/10.1093/eurheartj/ehw210
https://doi.org/10.1093/eurheartj/ehw210
https://doi.org/10.7326/0003-4819-151-5-200909010-00003
https://doi.org/10.7326/0003-4819-151-5-200909010-00003
https://doi.org/10.1160/TH11-11-0784
https://doi.org/10.1160/TH11-11-0784
https://doi.org/10.1160/TH13-06-0443
https://doi.org/10.1160/TH13-06-0443
https://doi.org/10.1016/j.joa.2015.04.004
https://doi.org/10.1016/j.joa.2015.04.004
https://doi.org/10.1016/j.jjcc.2016.11.009
https://doi.org/10.1111/j.1447-0594.2011.00772.x
https://doi.org/10.1111/j.1447-0594.2011.00772.x
https://doi.org/10.1056/NEJMra050100
https://doi.org/10.1093/europace/euz273
https://doi.org/10.1093/europace/euz273
https://doi.org/10.1159/000180580
https://doi.org/10.1159/000180580
https://doi.org/10.1007/s40256-016-0171-6
https://doi.org/10.1001/archinte.167.3.229
https://doi.org/10.1001/archinte.167.3.229
https://doi.org/10.1093/eurheartj/ehy136
https://doi.org/10.1093/eurheartj/ehy136
https://doi.org/10.18553/jmcp.2014.20.10.1028
https://doi.org/10.18553/jmcp.2014.20.10.1028
https://doi.org/10.1016/j.ahj.2014.03.023
https://doi.org/10.1016/j.ahj.2014.03.023
https://doi.org/10.1111/jth.12845
https://doi.org/10.1111/jth.12845
https://doi.org/10.1185/03007995.2015.1096242
https://doi.org/10.1185/03007995.2015.1096242
https://doi.org/10.18553/jmcp.2015.21.11.1054
https://doi.org/10.18553/jmcp.2015.21.11.1054
https://doi.org/10.1016/j.thromres.2015.07.007
https://doi.org/10.1016/j.thromres.2015.07.007
https://doi.org/10.1093/europace/euv421
https://doi.org/10.1093/europace/euv421
https://doi.org/10.1161/JAHA.115.003074
https://doi.org/10.1161/JAHA.115.003074
https://doi.org/10.1016/s0149-2918(01)80109-0
https://doi.org/10.1016/s0149-2918(01)80109-0
https://doi.org/10.1185/03007995.2012.677419
https://doi.org/10.1185/03007995.2012.677419
https://doi.org/10.1185/03007995.2015.1096242
https://doi.org/10.1185/03007995.2015.1096242
https://doi.org/10.1016/j.ijcard.2016.03.212
https://doi.org/10.1016/j.ijcard.2016.03.212


     |  625SHIGA et Al

 31. Crivera C, Nelson WW, Bookhart B, Martin S, Germain G, Laliberté F, 
et al. Pharmacy quality alliance measure: adherence to non- warfarin 
oral anticoagulant medications. Curr Med Res Opin. 2015;31:1889– 
95. https://doi.org/10.1185/03007 995.2015.1077213

 32. Albert V, Polymeris AA, Dietrich F, Engelter ST, Hersberger 
KE, Schaedelin S, et al. Insights into direct oral anticoagulant 
therapy implementation of stroke survivors with atrial fibril-
lation in an ambulatory setting. J Stroke Cerebrovasc Dis. 
2021;30:105530. https://doi.org/10.1016/j.jstro kecer ebrov 
asdis.2020.105530

 33. Pham PN, Brown JD. Real- world adherence for direct oral anticoag-
ulants in a newly diagnosed atrial fibrillation cohort: does the dos-
ing interval matter? BMC Cardiovasc Disord. 2019;19:64. https://
doi.org/10.1186/s1287 2- 019- 1033- 3

 34. Ageno W, Beyer- Westendorf J, Rubboli A. Once-  versus twice- 
daily direct oral anticoagulants in non- valvular atrial fibrilla-
tion. Expert Opin Pharmacother. 2017;18:1325– 32. https://doi.
org/10.1080/14656 566.2017.1361405

 35. Dunbar- Jacob J, Rohay JM. Predictors of medication adher-
ence: fact or artifact. J Behav Med. 2016;39:957– 68. https://doi.
org/10.1007/s1086 5- 016- 9752- 8

 36. Cramer JA. Microelectronic systems for monitoring and enhancing 
patient compliance with medication regimens. Drugs. 1995;49:321– 
7. https://doi.org/10.2165/00003 495- 19954 9030- 00001

 37. Clarkesmith DE, Pattison HM, Lip GY, Lane DA. Educational in-
tervention improves anticoagulation control in atrial fibrillation 
patients: the TREAT randomised trial. PLoS One. 2013;8:e74037. 
https://doi.org/10.1371/journ al.pone.0074037

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Shiga T, Kimura T, Fukushima N, et al; 
the SMAAP- AF investigators. Electronic monitoring of 
adherence to once- daily and twice- daily direct oral 
anticoagulants in patients with atrial fibrillation: Baseline 
data from the SMAAP- AF trial. J Arrhythmia. 2021;37:616– 
625. https://doi.org/10.1002/joa3.12532

APPENDIX A

SMA AP- AF INVE S TIG ATORS
Principal Investigator: Tsuyoshi Shiga (Tokyo Women's Medical 
University, The Jikei University School of Medicine); Project Manager: 
Emi Sawada (Tokyo Women's Medical University); Institutional 
Chief Investigators: Kazunori Iwade (National Hospital Organization 
Yokohama Medical Center), Shoji Haruta (Tokyo Women's Medical 
University Yachiyo Medical Center), Nobuhisa Hagiwara (Tokyo 
Women's Medical University Hospital); Investigators: Fumiaki Mori, 
Yoichi Ajiro (National Hospital Organization Yokohama Medical 
Center), Yuichiro Yamada (Tokyo Women's Medical University 
Yachiyo Medical Center); Safety Assessment: Yoshio Uetsuka 
(Institute of Geriatrics, Tokyo Women's Medical University); 
Statistical Analysis: Noritoshi Fukushima (Tokyo Medical University); 
Patient Education Advisors: Yuji Yoshiyama (Kitasato University 
School of Pharmacy) and Toshimi Kimura (Tokyo Women's Medical 
University Hospital).

https://doi.org/10.1185/03007995.2015.1077213
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105530
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105530
https://doi.org/10.1186/s12872-019-1033-3
https://doi.org/10.1186/s12872-019-1033-3
https://doi.org/10.1080/14656566.2017.1361405
https://doi.org/10.1080/14656566.2017.1361405
https://doi.org/10.1007/s10865-016-9752-8
https://doi.org/10.1007/s10865-016-9752-8
https://doi.org/10.2165/00003495-199549030-00001
https://doi.org/10.1371/journal.pone.0074037
https://doi.org/10.1002/joa3.12532

