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Background: Oral anticoagulant therapy (OAT) potently prevents strokes in patients with atrial 

fibrillation. Vitamin K antagonists (VKA) have been the standard of care for long-term OAT 

for decades, but non-VKA oral anticoagulants (NOAC) have recently been approved for this 

indication, and raised many questions, among them their influence on medication adherence. 

We assessed adherence to VKA and NOAC in secondary stroke prevention.

Methods: All patients treated from October 2011 to September 2012 for ischemic stroke or 

transient ischemic attack with a subsequent indication for OAT, at three academic hospitals were 

entered into a prospective registry, and baseline data and antithrombotic treatment at discharge 

were recorded. At the 1-year follow-up, we assessed the adherence to different OAT strategies 

and patients’ adherence to their respective OAT. We noted OAT changes, reasons to change 

treatment, and factors that influence persistence to the prescribed OAT.

Results: In patients discharged on OAT, we achieved a fatality corrected response rate of 

73.3% (n=209). A total of 92% of these patients received OAT at the 1-year follow-up. We 

observed good adherence to both VKA and NOAC (VKA, 80.9%; NOAC, 74.8%; P=0.243) 

with a statistically nonsignificant tendency toward a weaker adherence to dabigatran. Disability 

at 1-year follow-up was an independent predictor of lower adherence to any OAT after multi-

variate analysis, whereas the choice of OAT did not have a relevant influence.

Conclusion: One-year adherence to OAT after stroke is strong (90%) and patients who 

switch therapy most commonly switch toward another OAT. The 1-year adherence rates to 

VKA and NOAC in secondary stroke prevention do not differ significantly between both 

therapeutic strategies.

Keywords: stroke, prevention, vitamin K antagonists, non-VKA oral anticoagulants, 

adherence

Introduction
Oral anticoagulant therapy (OAT) is an effective treatment to prevent strokes in patients 

with atrial fibrillation (AF).1,2 As for any long-term therapy, an important prerequisite 

for its efficacy is the patient’s faithfulness to regular medication intake. Especially in 

chronic conditions, adherence is often astonishingly low, with adherence rates around 

50% after 1 year.3

For decades, vitamin K antagonists (VKA) were the only option for long-term 

OAT. Adherence to OAT for the prevention of stroke in AF patients seems to be 

somewhat stronger but is still problematic considering that stroke prevention is a vital 

indication. A recent report from a large insurance-based US cohort in 2010 showed 

that more than 25% of patients prescribed warfarin for stroke prevention discontinued 

this treatment within the 1st year despite a low rate of hemorrhagic complications.4 
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Medication adherence is supported by factors such as higher 

levels of education, a stable social background, feeling well-

informed about the therapy and a trustful patient–physician 

relationship, but also the severity of the illness positively 

influences medication adherence.5 Therefore, a stroke as a 

dramatic experience could reinforce adherence to OAT as a 

secondary prevention strategy. On the other hand, neuropsy-

chiatric issues such as post-stroke depression and dementia 

could impair adherence and the delegation of medication 

adherence to a caregiver due to physical impairment has to 

be taken into consideration.

In the last few years, alternatives to warfarin and other 

VKAs have become available. The novel non-VKA oral 

anticoagulants (NOAC) targeting single coagulation factors 

(dabigatran – factor II, rivaroxaban, apixaban, edoxaban – 

factor Xa) have shown at least non-inferior risk-to-benefit 

profiles in randomized controlled clinical trials.6–9 Especially 

intracranial hemorrhage, the most feared complication of 

long-term anticoagulation, occurred less frequently in the 

NOAC arms of all aforementioned randomized controlled 

clinical trials.10 The advent of the novel NOAC has triggered 

many controversial debates. Especially the question whether 

NOAC may facilitate or endanger patients’ long-term medi-

cation adherence is yet unanswered.

The need for regular coagulation checks, which provide 

a constant feedback on medication intake, is often cited as a 

factor that might strengthen adherence to VKA.5 But it has 

also been reported that medication-associated anxiety is com-

mon among VKA-treated patients11 and the stress of regular 

blood tests may weigh on their medication adherence. Along 

this line, the superior risk-to-benefit ratio of the novel NOAC 

might reduce fears linked to OAT and enhance medication 

adherence.

We prospectively assessed and compared 1-year adher-

ence to OAT for VKA and NOAC in the secondary preven-

tion of stroke in a reasonably large cohort of consecutive 

patients from three large academic stroke centers.

Patients and methods
We prospectively collected data on 1-year medication adher-

ence to OAT and self-reported medication adherence for 

secondary stroke prevention in a registry that was run by three 

large academic stroke centers in Germany: Frankfurt Univer-

sity Hospital, Würzburg University Hospital, and Marburg 

University Hospital (Klinikum Fulda) (inclusion of patients 

from October 2011 to September 2012, end of follow-up 

October 2013). Dabigatran was marketed in Europe for stroke 

prevention in AF in September 2011. Rivaroxaban obtained 

approval for this indication on the EU market in December 

2011. The registry was approved by the ethics committees 

of the Frankfurt University Hospital, Würzburg University 

Hospital, and Marburg University Hospital (Klinikum Fulda). 

Written informed consent was obtained from all patients/

next-of-kin who returned the questionnaire. Verbal informed 

consent was obtained from patients/next-of-kin participating 

in the telephone interview. We noted that in these cases, 

there often were obstacles to mailing the written consent 

form and questionnaire, such as impaired mobility. There-

fore, we abstained from written consent and the interviewer 

documented the verbal consent in written form. This consent 

procedure was approved by the ethics committees.

We identified all patients with the discharge diagnoses of 

ischemic stroke (ICD-10 code I63) or transient ischemic attack 

(G45) in combination with either AF detected during the hospital 

stay or a documented history of AF (I48), who were discharged 

from our stroke services from October 2011 to September 2012 

(n=596). Stroke did not have to be of cardioembolic origin. With 

a CHA
2
DS

2
-VASc score 2, all these patients had an indica-

tion for OAT.12 We recorded age, sex, presence of hypertension 

and diabetes, National Institutes of Health Stroke Scale score at 

admission, modified Rankin Scale (mRS) score, and antithrom-

botic treatment at discharge. As a noninterventional study, this 

registry did not interfere with physicians’ choices of OAT for 

secondary stroke prevention. Patient- and physician-related 

factors that influenced the choice of OAT have been published 

in a previous analysis from this registry.13

At follow-up after 1 year, all patients were sent a 

follow-up letter including a questionnaire addressing their 

current antithrombotic treatment, potential changes of 

therapy, and negative side effects/adverse events in the 

outpatient setting. We opted for a patient-centered view of 

adherence. Patients were accounted as adherent to the OAT 

installed at discharge if they reported to be taking this drug 

and as adherent to any OAT if they reported taking any OAT 

at 1-year follow-up. Additionally, the eight-point Morisky 

Medication Adherence Scale (MMAS-8),14,15 a self-report 

measure of medication adherence within the last 2 weeks, 

which has been reported to correlate well with pharmacy 

fill rates,16 was used to assess adherence to the current OAT 

regimen. Adherence was graded on a three-item scale of 

high adherence (8 points on the MMAS), medium adherence 

(6–7 points), and low adherence (0–5 points). Functional 

neurological status at 1-year follow-up was recorded by 

means of the self-reported mRS. If patients did not return the 

questionnaire, we contacted them or their next-of-kin, who 

had been recorded during the hospital stay, by telephone.
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We recorded the choice of OAT installed at discharge 

and the OAT reported by the patient at 1-year follow-up 

and noted the respective shares of VKA and NOAC. The 

present analysis is focused on adherence to OAT as a 

secondary prevention strategy after stroke. Therefore, we 

selected all patients who had an OAT installed at discharge 

from our stroke units (n=324) for all further analyses. Our 

main outcome parameters were 1-year adherence to the 

specific choice of OAT that was installed at discharge from 

our stroke units. We also noted adherence to any OAT. We 

assessed self-reported medication adherence, factors influ-

encing adherence, OAT switches, patient-reported reasons 

for changes of OAT regimens, and negative side effects and 

adverse events as conveyed by the patients.

We used IBM SPSS, Version 20 (IBM Corporation, 

Armonk, NY, USA) for data analysis and graph presentation. 

By means of a binominal test statistics, we compared the 

prescription rate between VKA and NOAC, both at hospital 

discharge and at 1-year follow-up. Statistical significance of 

between group differences of: 1) patients discharged on VKA 

as compared to patients discharged on NOAC and 2) patients 

adherent to any OAT as compared to patients who reported 

non-adherence or who were lost to follow-up were tested with 

Student’s t-test for parametric data following a normal distribu-

tion, and with chi-square test for nonparametric data. Bonferroni 

correction was used to adjust for multiple testing. We used a 

binary logistic regression model with multivariate adjustment 

to define factors that independently influence adherence to OAT 

after stroke, adjusting for age, sex, mRS at discharge, and at 

1-year follow-up and choice of OAT at discharge and indicated 

odds ratio, 95% confidence interval, and P-values.

Results
Response rate and survival
Of the 596 patients entered into the registry, 324 (54.4%) 

had an OAT installed at discharge from our stroke units. The 

median length of stay was 7 days, 25%–75% interquartile 

range 5–11 days. These patients were followed up as a sec-

ondary prevention cohort (Figure 1). At 1-year follow-up, 

159 of these patients or their next-of-kin (49.1%) returned 

the questionnaire by mail. In 11 cases (3.4%), we received 

the written information from patients’ next-of-kin that the 

patient had died and in an additional 21 cases (6.5%), the let-

ter was returned with the postal annotation “recipient reported 

deceased”. In all other cases, we attempted to contact the 

patient and/or next-of-kin for a telephone interview. We con-

ducted telephone interviews with 61 patients or next-of-kin 

(18.8%) and were informed orally by the patients’ next-of-kin 

that the patient had died during the follow-up period in 

seven cases (2.2%), leading to a cumulative 1-year mortal-

ity rate of 12.0%. Seventy-six patients (23.5%) were lost to 

follow-up, which amounts to a fatality corrected response 

rate of 73.3% (absolute response rate 64.5%). The mRS 

score distribution at 1-year follow-up showed that although 

we received information from patients with varying degrees 

of disability, the majority of patients who participated in the 

survey were fairly independent with only 20.5% reporting an 

mRS 3 (Figure 2) and 32.7% reporting to receive nursing 

care of any kind at home or in an institution. There was a 

significant difference in the proportion of patients depending 

on help in the activities of daily living (mRS 2) between 

patients spontaneously returning the written questionnaire 

and patients/families participating in the telephone interview 

(15.8% vs 34.4%, P=0.01).

Anticoagulation rates at discharge
At discharge from our stroke units, the prescription rate was 

balanced between VKA and NOAC (48.5% vs 51.5% of all 

anticoagulated patients, binominal test statistics P=0.579). 

The overall OAT rates at discharge from stroke centers were 

balanced between the three participating hospitals (Frankfurt, 

55.6%; Würzburg, 54.9%; and Fulda, 53.5%). However, we 

found significant heterogeneity of the percentage of NOAC 

among OAT prescriptions between the two university hos-

pitals Frankfurt (60.0%) and Würzburg (67.3%) on the one 

side and the non university tertiary stroke center Fulda on the 

other side (33.8%, P0.001 for comparisons with Frankfurt 

and Würzburg).

No relevant demographic differences 
between patient groups discharged on 
VKA or NOAC
There were no significant differences in age, sex distribution, 

prevalence of the cardiovascular risk factors hypertension 

and diabetes mellitus, rate of prior independence, stroke 

severity, and disability at discharge between the group pre-

scribed VKA and the group that received NOAC (Table 1). 

Consistent with a previous analysis from our group,13 younger 

age was a strong but yet nonsignificant factor to prompt 

stroke neurologists to prescribe NOAC instead of VKA. The 

demographic characteristics by specific choice of OAT are 

detailed in Table S1.

Anticoagulation rates at 1-year follow-up
Information on adherence to OAT in the outpatient setting at 

1-year follow-up is given in Table 2 according to the specific 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Patient Preference and Adherence 2015:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1698

Luger et al

Figure 1 Flow chart illustrating the participation of patients who had an OAT installed at discharge from the stroke unit after stroke or transient ischemic attack.
Notes: aBy patient or next-of-kin. The rates indicated as % refer to the initial secondary prevention cohort of n=324 patients. To obtain the fatality corrected response 
rate, we calculated the ratio between completed questionnaires and the number of the entire secondary prevention cohort (n=324) minus the patients that were reported 
as deceased at 1 year (n=39).
Abbreviation: OAT, oral anticoagulant therapy.

choice of OAT that was installed at discharge from our 

stroke units (VKA, dabigatran, rivaroxaban). The percent-

age of patients lost to follow-up did not differ significantly 

between groups (patient group discharged on VKA, 25.5%; 

dabigatran, 25.9%; and rivaroxaban, 23.2%).

Adherence to the OAT regimen that was installed at 

discharge was generally acceptable for all three therapies 

at 1-year follow-up (VKA, 80.9%; dabigatran, 70.9%; and 

rivaroxaban, 83.3%) with a relevant but nonsignificant ten-

dency toward a lower adherence to dabigatran. Comparing 

VKA with both NOAC grouped together, adherence did 

not differ significantly between both OAT strategies (VKA, 

80.9%; NOAC, 74.8%; P=0.243). By contrast, adherence to 

the general principle of any OAT (independent of the specific 

drug) was very good with 92.8% of all patients available for 

follow-up.

Of all three groups, the patients discharged on dabigatran 

showed the highest switching rate to other antithrombotic 

therapies (28.9%) as compared to patients receiving VKA 

(16.4%) and rivaroxaban (11.4%). Most patients who 

switched therapy were prescribed another OAT, and only 

5%–10% of patients in each group discontinued OAT in 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Patient Preference and Adherence 2015:9 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1699

Adherence to oral anticoagulant therapy in secondary stroke prevention

general during the 1-year follow-up. Patients’ self-reported 

day-to-day medication adherence during the last 2 weeks as 

expressed on the MMAS-8 correlated well with the report 

to be on treatment with the specific OAT that had been 

prescribed at discharge. A total of 81.0% of patients taking 

VKA reported high adherence as compared to 84.8% of 

patients discharged on rivaroxaban and 70.3% of patients dis-

charged on dabigatran (Figure 3, differences not significant). 

Comparing VKA with both NOAC grouped together, medi-

cation adherence did not differ significantly between both 

OAT strategies (VKA, 83.5%; NOAC, 75.8%; P=0.153).

Mortality at 1-year follow-up was significantly lower 

in the group of patients discharged on dabigatran (3.6%) in 

comparison with the other two OAT groups (VKA, 17.2%; 

P0.001 and rivaroxaban, 14.3%; P=0.020, significant 

after Bonferroni adjustment). Characterizing the patient 

cohort by specific choice of OAT, we noted that the patient 

cohort prescribed dabigatran was on average younger, had 

less comorbidities and a higher rate of prior independence, 

but these differences did not reach statistical significance in 

our patient sample (Table S1). Patients on dabigatran had 

a statistically significant lower rate of prior VKA use com-

pared to patients prescribed rivaroxaban (11.7% vs 30.4%, 

P=0.022) and patients prescribed VKA (64.3%, P0.001, 

both significant after Bonferroni adjustment).

Reasons to switch OAT
Among the three OAT regimens, dabigatran showed a con-

siderably higher switching rate (28.9%) as compared to VKA 

(16.4%) and rivaroxaban (11.4%, Table S2). According to 

patient-reported reasons for treatment change, this was most 

often due to gastrointestinal side effects, a worsening of 

renal function during the follow-up period and a presumed 

easier use of a once daily (od) dosing regimen. Among 

patients who were started on VKA at discharge from our 

stroke units, labile international normalized ratio (INR) 

Figure 2 Global neurological function of the patients at 1-year follow-up.
Note: Graded on the modified Rankin Scale score (mRS) according to the written or oral answers of patients and/or their next-of-kin. (A) All participating patients, 
(B) by mode of participation.

Table 1 Demographic characterization of patients’ anticoagulated with VKA or NOAC at discharge from our stroke units

VKA at discharge (n=157) NOAC at discharge (n=167) P-value

Age (years)
Mean, 25%–75% interquartile range

77 (73–83) 76 (71–82) 0.084

Female sex 49.0% 51.8% 0.658
Hypertension 94.9% 93.5% 0.641
Diabetes mellitus 28.7% 23.2% 0.652
Prior independence 79.6% 81.5% 0.299
NIHSS (median, 25%–75% interquartile range) 2 (1–5) 3 (1–6) 0.191
mRS at discharge (median, 25%–75% interquartile range) 1 (0–2) 1 (0–2) 0.928

Abbreviations: mRS, modified Ranking Scale score; NIHSS, National Institutes of Health Stroke Scale; NOAC, non-VKA oral anticoagulants; VKA, vitamin K antagonists.
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values were the most common reason to switch from VKA 

to a NOAC. Interestingly, neither patients’ concerns about 

VKA or NOAC nor the costs of therapy seemed to play a 

very important role in the decision to switch OAT during 

the observation period.

Factors influencing adherence to OAT 
after stroke
To identify factors that impede patients’ adherence to OAT 

after stroke, we compared the group of adherent patients 

(n=194) to the group of patients who reported to be non-

adherent at follow-up (n=15). In a univariate analysis, the 

adherent group showed tendencies to be younger, with a 

lower disability score (mRS) and a higher degree of inde-

pendence at 1-year follow-up (Table 3). The prescription 

frequencies of VKA and NOAC did not differ between 

the adherent and the non-adherent group. Multivariate 

analysis confirmed the degree of disability (mRS) at 1-year 

follow-up as an independent predictor of lower adherence 

(Figure 4).

Discussion
In this prospective registry assessing 1-year adherence 

with OAT in the secondary prevention of stroke with a 

special focus on the impact of the novel NOAC, we found 

acceptable adherence rates for all three substances (VKA, 

81%; dabigatran, 71%; and rivaroxaban, 83%) at 1-year 

follow-up but excellent adherence to the general principle 

of OAT for any of the three substances (92%). Patients who 

switched treatment most commonly switched to another 

OAT. The reasons for switching OAT during the 1-year 

observation period reflect the known disadvantages of each 

drug. Thus, our findings underline the assumption that the 

new diversity of drugs for long-term OAT will lead to the 

Table 2 Persistence to OAT at 1 year by specific choice of OAT at discharge

VKA (n=157) Dabigatran (n=112) Rivaroxaban (n=56)

Patient deceased at 1-year follow-up 17.2% (n=27) 3.6% (n=4) 14.3% (n=8)
Patient lost to follow-up 22.9% (n=36) 25.9% (n=29) 20.0% (n=11)
Patients available for follow-up 60.0% (n=94) 70.5% (n=79) 66.1% (n=37)
VKA at follow-up 80.9%* 8.9%* 11.1%*
Dabigatran at follow-up 5.3%* 70.9%* 0%*
Rivaroxaban at follow-up 7.4%* 11.9%* 83.3%*
Antiplatelets 0%* 8.9%* 0%*
No answer/
Other antithrombotic

4.3%* 0%* 2.8%*

No antithrombotic therapy 0%* 0%* 2.8%*
Adherence to any OAT 93.6%* 91.2%* 94.4%*

Notes: Bold fields mark the adherence to the OAT installed at discharge and the adherence to any OAT, both at 1-year follow-up. *Percentage of patients available at 
1-year follow-up.
Abbreviations: OAT, oral anticoagulant therapy; VKA, vitamin K antagonists.

Figure 3 Patients’ self-reported adherence assessed with the MMAS-8.
Notes: Only the patients who had returned the written questionnaire and had filled out the Morisky score at the end of the 1-year follow-up period (n=142) were included 
in the analysis, excluding patients or next-of-kin who provided their information via telephone interview.
Abbreviations: MMAS-8, eight-point Morisky Medication Adherence Scale; VKA, vitamin K antagonists.
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often called-for broader use of OAT in patients with AF by 

enabling physicians to tailor the treatment to the needs of the 

individual patient. In contrast, our study does not support the 

widespread hypothesis that the lack of regular “adherence 

checks” via mandatory coagulation monitoring might lead 

to lower adherence to NOAC.

We identified disability at 1-year follow-up, expressed 

on the mRS and by self-reported need of nursing care 1 year 

after stroke, as an independent predictor of non-adherence. 

This is an interesting finding and at this point, our data do 

not allow to answer the question whether this is mainly 

rooted in disability (patient only has limited cognitive and 

physical resources to hold up adherence or OAT is deemed 

dangerous in case of frequent falls) or futility (patient’s and 

physician’s attitude that secondary prevention is no longer 

worth the effort of daily medication intake due to a low 

quality of life).

We therefore used two alternative strategies in parallel 

to assess medication adherence. The questionnaire at 1-year 

follow-up evaluated the current treatment at that time point 

(persistence) as detailed by the patient. In parallel, patients 

completed the MMAS-8, a self-report instrument to measure 

day-to-day adherence. We found a very high correlation 

between the results of both assessment strategies. The 

MMAS-8 in turn has been validated to correlate well with 

prescription refill rates.16 Beyond that, in patients taking 

warfarin, high adherence scores on the MMAS-8 corre-

sponded to a longer time in the therapeutic INR range.17

Table 3 Univariate comparison of patient characteristics between persistent and nonpersistent patients

Adherent (n=194) Non-adherent (n=15) P-value

Age (year) mean, 25%–75% interquartile range 75 (71–81) 76 (73–86) 0.214
Female sex 45.4% 40.0% 0.791
mRS at discharge (median, 25%–75% interquartile range) 1 (0–2) 1 (0–2) 0.616
mRS at 1 year (median, 25%–75% interquartile range) 1 (0–2) 2 (1–3) 0.184
Independence at follow-up 70.4% 36.4% 0.054
VKA prescription§ 45.4% 40.0% 0.791
NOAC prescription§ 54.6% 60.0% 0.791

Note: §At discharge from the stroke units.
Abbreviations: mRS, modified Ranking Scale score; NOAC, non-VKA oral anticoagulants; VKA, vitamin K antagonists.

Figure 4 Multivariate analysis of factors influencing adherence to OAT in stroke patients.
Notes: We analyzed all patients with available written or oral questionnaire (n=209) and adjusted for age, sex, mRS at discharge, and at 1-year follow-up and choice of OAT 
at discharge. *P0.05.
Abbreviations: CI, confidence interval; DOAC, direct oral anticoagulants; mRS, modified Ranking Scale score; OAT, oral anticoagulant therapy; OR, odds ratio; VKA, 
vitamin K antagonists.
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Stroke survivors are a challenging population for 

follow-up evaluations because of their advanced age (mean 

age 75 years in this registry) and disability, factors that 

often impair communication and mobility. The relatively 

small sample size of 209 patients available for 1-year 

follow-up clearly is a limitation of our study. It is noteworthy 

that patients spontaneously returning the written question-

naire were significantly less often affected by disabilities 

than patients who did not return the questionnaire but were 

available for a telephone interview. Even in comparison 

to age-matched populations, stroke patients show a higher 

mortality. This may explain the relatively low absolute 

response rate of 64.5%. Corrected for fatalities reported at 

1-year follow-up, the response rate reached 73.3%. Since 

stroke recurrence and death rates are higher in AF patients not 

receiving OAT, it can be speculated that a relevant proportion 

of the patients who died during the observation period had 

not been adherent to OAT. However, it should be considered 

that the patients who died were significantly older at dis-

charge than those available for 1-year follow-up (mean age 

80.0±10.9 vs 75.6±8.2 years, P0.05). Therefore, a propor-

tion of deaths might have been unrelated to the use or nonuse 

of OAT. Most importantly, our main aim was to evaluate 

the impact of the novel NOAC on medication adherence in 

stroke survivors requiring OAT. Therefore, it is important to 

note that the proportion of patients lost to follow-up did not 

differ significantly between groups. Interestingly, mortality 

was significantly lower in the group of patients discharged 

on dabigatran in comparison to those discharged on warfarin 

and rivaroxaban. However, we noted that the patient cohort 

prescribed dabigatran at discharge was on average younger, 

had less comorbidities, and a higher rate of prior indepen-

dence. Hence, we interpret this difference in mortality as a 

selection effect with the patient cohort prescribed dabigatran 

being considerably younger and healthier.

Patients on dabigatran showed a noticeably weaker adher-

ence, albeit this finding did not reach statistical significance. 

There are several possible reasons for the relatively high 

switching rate of ~30%. One reason, which is often cited as 

a factor impeding medication adherence, is the twice daily 

(bid) dosing regimen. A meta-analysis of clinical trials with 

electrical dose-taking monitoring revealed that dose-taking 

compliance declined as the number of daily doses increased. 

In the referred meta-analysis, the compliance for od regimens 

was 80% and 70% for bid regimens.18 Since apixaban, another 

NOAC requiring bid dosing, was not yet available during 

the recruitment period of our registry, we cannot prove a 

substance-independent negative effect of bid dosing on OAT 

adherence. The other two reasons given by patients who 

switched from dabigatran (impairment of renal function and 

gastrointestinal adverse events) lie within the known profile 

of this drug. From our point of view, this should not dissuade 

stroke neurologists from prescribing dabigatran, especially 

in view of the recently published US Food and Drug Admin-

istration drug safety analysis of dabigatran in daily practice. 

This analysis confirmed the superior risk-to-benefit profile 

in comparison to VKA based on a study on more than 

134,000 Medicare beneficiaries and 37,500 person-years of 

follow-up, now even in terms of survival.19 It may, however, 

be worthwhile to put special emphasis on the significance of 

adherence in dabigatran-treated patients.

VKA and rivaroxaban both showed good adherence rates 

of over 80%, with the limitation that rivaroxaban was only 

entering the European market during the enrollment period 

(EU approval of dabigatran September 2011, rivaroxaban 

December 2011, and apixaban November 2012) and only 

35 patients discharged on rivaroxaban were available for 

follow-up. Among these, only four had switched treat-

ment and none of the patients indicated a specific reason. 

Approximately 15% of warfarin-anticoagulated patients 

switched treatment, mostly to novel NOAC, and the most 

common reasons to switch (labile INRs and the NOACs 

greater ease of use) were also expected from the profile of 

this drug class.

The high adherence to the general principle of any OAT 

observed in our cohort supports the assumption that the 

importance of OAT in the secondary prevention of car-

dioembolic stroke is well-recognized among patients and 

physicians alike. This fits well with the assumption that prior 

stroke, which represents a dramatic live event, is a factor 

independently associated with better adherence to long-term 

OAT after multivariate analysis for other influencing factors.4 

One limitation in this context is the fact that we do not have 

a control group with a less severe condition requiring OAT. 

Our data were collected from patients treated for stroke at 

three high-volume academic hospitals in Germany, so ques-

tions could be raised as to their generalizability to other medi-

cal systems. While an anticoagulation rate at discharge of 

55% appears astonishingly low, it is similar but still somewhat 

higher than that of a study from the Get With The Guidelines-

Stroke program of the American Heart Association published 

in 201120 (45%). So far, guidelines do not provide substanti-

ated recommendations on when to safely resume OAT after 

a stroke. In the acute phase, an increased risk of intracranial 

hemorrhage fostered by the recent ischemic brain injury has 

to be weighed against the risk of a recurrent embolic stroke. 
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However, the fact that only 64% of our registry’s patients 

discharged without an OAT were put on any OAT at 1-year 

follow-up (data not shown) should prompt stroke neurologists 

to reconsider the time point to resume OAT after a stroke. 

Rather, strong suggestions should be made to install an OAT 

during the rehabilitation phase or stroke patients should be 

even scheduled for an outpatient visit to resume OAT. A very 

recent single center study21 describes a patient cohort with 

stroke and AF of whom a substantially higher percentage 

(70%) were discharged on OAT. Even though the authors 

did not provide data on the length of stay (stroke to OAT 

interval) and did not systematically screen for complications 

associated with early installment of OAT, their data imply 

that it may be safe and effective to install OAT earlier than 

currently practised20 and that stroke centers have an important 

impact of the implementation of OAT for secondary stroke 

prevention. As supported by experimental findings,22 NOAC 

may be the safer alternative to VKA for early initiation of 

VKA. Our data and the aforementioned single center study 

also show a slightly better 1-year adherence to VKA than a 

study from the US based on insurance data.4 But we would 

attribute these differences rather to a growing attention toward 

oral anticoagulation for secondary stroke prevention than 

toward regional differences.

Conclusion
Our data, with the limitation of a relatively small but well-

selected sample of patients with oral anticoagulation installed 

for secondary stroke prevention, show that overall adherence 

to OAT is strong (90%). In our cohort of 324 patients 

with AF followed-up for 12 months after the initiation of 

OAT in the course of an ischemic stroke, we did not find 

a significant positive or negative effect of the specific 

choice of OAT (VKA or NOAC) on medication adherence. 

There were relevant – but in our sample not statistically 

significant – differences in the switching rates of the od-dosed 

VKA and rivaroxaban on the one hand and the bid-dosed 

dabigatran on the other hand, but reassuringly, patients who 

switched treatment mostly switched to another OAT. We 

conclude that NOAC, even if they do not warrant regular 

“adherence checks” via mandatory coagulation monitoring, 

do not have a negative impact on medication adherence but 

rather enhance OAT use by providing treatment alterna-

tives according to individual tolerability and resources. We 

therefore speculate that the possibility to exchange one OAT 

against another might lead to a better overall anticoagulation 

rate in patients with an indication for OAT as secondary 

stroke prevention.
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Table S1 Demographic characterization by specific choice of OAT

VKA Dabigatran Rivaroxaban

Age (years) Mean ± SD 77.4±8.0 74.2±10.4 78.2±8.6
Female sex 49.0% 48.6% 57.1%
Hypertension 94.9% 91.9% 96.4%
Diabetes mellitus 28.7% 18.0% 33.9%
Prior independence 79.6% 83.8% 78.6%
Prior warfarin use 64.3% 11.7%#,***,$,* 30.4%
Serum creatinine level 1.29±0.9 mg/dL 0.9±0.3 mg/dL#,* 1.0±0.4 mg/dL
Mean ± SD 114.0±80.0 µmol/L 79.6±27 µmol/L 88.4±35.4 µmol/L

Notes: Patient characteristics at discharge. #In comparison to VKA; $in comparison to rivaroxaban. *P0.05; ***P0.001 after Bonferroni correction.
Abbreviations: OAT, oral anticoagulant therapy; SD, standard deviation; VKA, vitamin K antagonists.

Table S2 Reasons to switch therapy during the 1-year follow-up period

Change from VKA  
to other treatment
n=14 of 85* (16.4%)

Change from dabigatran  
to other treatment
n=22 of 76* (28.9%)

Change from rivaroxaban  
to other treatment
n=4 of 35* (11.4%)

Physician’s concerns Four patients Eight patients One patient
Patient’s concerns – – –
Adverse events Three patients Eight patients One patient
Costs of therapy – One patient One patient
Other Three patients Eight patients One patient
Reasons for medication change as  
detailed by patient or caregiver

“Easier use of DOAC” (2×)
“Anemia attributed to VKA”
“Labile INR” (4×)
“VKA suspected as precipitating 
factor for psychotic episode”

“Impaired renal function” (2×)
“Bleeding from gastric ulcers” (2×)
“Dyspeptic symptoms” (2×)
“Easier use of a once daily regime” (2×)
“Skin changes attributed to dabigatran”
“Vertigo attributed to dabigatran”
“Family doctor: no experience with dabigatran”

“Not well tolerated”

Notes: *Patients available at 1-year follow-up. Patients could provide more than one reason in the questionnaire.
Abbreviations: DOAC, direct oral anticoagulants; INR, international normalized ratio; VKA, vitamin K antagonists.
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