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Abstract
Purpose The aim of this study was to describe persistence
with vitamin K antagonist (VKA) treatment in German atrial
fibrillation (AF) patients and to identify factors which may be
associated with early discontinuation of VKA therapy.
Methods We did a retrospective cohort study based on an
anonymized German claims dataset with VKA treatment-
naïve AF patients, who received at least one VKA prescription.
VKA therapy discontinuation was defined as a gap >180 days.
Results We identified 38,076 VKA patients who started a
VKA therapy (mean age 76.13 years; 56.08% female; mean
CHA2DS2-VASc-Score 4.49; mean Charlson Comorbidity
Index (CCI) 3.91). After four quarters since start of VKA
treatment, 14,889 (39.10%) of observed patients had
discontinued their VKA treatment (after eight quarters:
54.61%). Mean time until treatment discontinuation was
390.55 days. Risk of VKA discontinuation increased with
the diagnosis of dementia within the first two quarters of
VKA treatment [HR 1.35 (95% CI 1.29–1.40)], diagnosed
alcohol or drug abuse in the baseline period [HR 1.25; 95%
CI 1.18–1.33)], female gender [HR 1.08; 95% CI 1.05–1.10)],

higher age (HR 1.03; 95% CI 1.03–1.03), higher CCI (HR
1.05; 95% CI 1.04–1.05), any prescription of NSAID (HR
1.07; 95% CI 1.04–1.10), and number of surgeries in the first
two quarters of VKA treatment (HR 1.05; 95% CI 1.04–1.05).
At least one yearly visit to a cardiologist since start of VKA
treatment decreased the risk of non-persistence [HR 0.90;
95% CI 0.88–0.93] and a cancer diagnosis in the baseline
period (HR 0.92; 95% CI 0.89–0.96).
Conclusion Non-persistence related to VKA therapy is com-
mon in AF patients. Older more comorbid female patients as
well as patients who face surgeries and who do not visit a
cardiologist regularly face a higher therapy discontinuation risk.

Keywords Atrial fibrillation . Anticoagulation . VitaminK
antagonist . Non-persistence

Introduction

Atrial fibrillation (AF) is the most common significant cardiac
rhythm disorder [1]. It is associated with substantial lethality
f rom s t roke and th romboembol i sm [1–4] . Ora l
anticoagulation (OAC) with either vitamin K antagonists
(VKAs) or non-VKA oral anticoagulants (NOACs) is recom-
mended by guidelines for patients with a moderate to high risk
of stroke [5–8].

Despite the established benefits of using OAC in AF pa-
tients, OAC medication remains under-used [9–12]. A sys-
tematic review found that almost 90% of included studies
showed an OAC under-use, i.e., less than 70% of the patients
that were eligible for OAC treatment received OAC [9]. Two
recent German claim-based data analyses concluded that,
based on AF patients clearly indicated for OAC use both in
terms of existing stroke risk and non-existence of factors
disfavoring OAC use, about 40% of the observed patients
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did not receive an OAC [13, 14]. OAC under-use was associ-
ated with an increased stroke risk in these studies [10, 13, 14].

A substantial part of OAC under-use in real-world
t r e a tmen t p r a c t i c e r ema in s unexp l a i ned [14 ] .
Specifically, it is unknown which percentage of OAC
non-use AF patients are OAC therapy-naive patients
and which percentage started an OAC therapy earlier,
but discontinued it for whatever reason. This informa-
tion may have far-reaching consequences. An OAC
treatment-naive patient generally eligible for OAC
could receive any available OAC agent, whereas pa-
tients having discontinued a treatment with one of the
agent classes (i.e., VKAs or NOACs) may only receive
other agent classes.

Available data on persistence with OAC therapy, specifically
VKA therapy, which are mainly based on US claims data anal-
yses, reported warfarin discontinuation rates of 30–40% after
12months and as high as >50% after 24 months in newly treated
AF patients [12, 15–17]. Recent bleeding seemed to be a predic-
tor for discontinuation of warfarin therapy [16]. Data for Europe
are much less conclusive. A Danish analysis reported a VKA
discontinuation rate of >30% after 500 days [18] with higher
discontinuation rates among patients with Eastern/African origin.
A UK analysis determined a 1-year persistence of 70% for war-
farin and 50% for aspirin with a trend of increasing persistence
with warfarin with age and with CHADS2-Score [19], whereas
recently published European registry data showed a high VKA
continuation rate of 84% after 12 months [20]. Finally, it is un-
known whether a high percentage of European AF patients dis-
continue their VKA therapy early.

Consequently, based on an analysis of a large longi-
tudinal claim-based dataset delivered by a German health
insurance fund, the aim of this study was to describe
persistence with VKA treatment in German AF patients
and to identify patient- and treatment-related factors
which may be associated with early discontinuation of
VKA therapy.

Methods

Sample

We did a retrospective analysis of an anonymized claims
dataset which was provided by a German statutory health
insurance fund (AOK PLUS) currently insuring three
mil l ion people or more than 4% of the insured
population by statute in Germany. It covered the years
2010 to first half of 2014. The database included
information on patients’ demographics, outpatient treat-
ment (diagnosis codes and visits to GP’s/specialists), in-
patient treatment (dates, main diagnoses, procedures,

length of stay), and claims filled for prescription
medications.

Study population

A patient was included in our analysis if at least two outpatient
or one inpatient diagnosis of AF were recorded in the inclu-
sion period between July 2010 and December 2011 (ICD10-
Code I48.1). For all patients, the minimum follow-up period
was defined to be 2.5 years (until 30/06/2014), only in case of
death this period was shorter. Patients aged 18 years or older
and continuously insured between January 2010 and
June 2014were included; death during that period did not lead
to exclusion of a patient.

We identified all AF patients who started their VKA treat-
ment by filling a VKA prescription in the same quarter of the
first observed AF diagnosis or, alternatively, at least in one of
the three subsequent quarters. Incident VKA use was defined
as at least one filled VKA prescription (Anatomical
Therapeutic Chemical Classification (ATC)-code B01AA)
without any VKA prescriptions in the previous two quarters
(“newly treated” patients: NT patients). In a sensitivity analy-
sis, we defined a period of four quarters without any previous
VKA prescription to be an incident VKA prescription (“NT
patients (2)”). Date of the first observed VKA prescription
was defined as the index date, the two quarters before the
index date were defined as baseline period.

Analysis of VKA therapy discontinuation

We investigated VKA treatment persistence in AF patients who
started treatment between July 2010 and December 2011. The
daily prescribed dosage of a VKA therapy is not available in
German claims data. In accordance with previous analyses [13,
14], we assumed that the defined daily dosage (DDD) as defined
by the WHO [21] is a proxy for the prescribed daily dosage.
VKA treatment was considered as discontinued when an AF
patient did not refill a VKA prescription within 180 days from
the end of the last expected drug coverage date of the last ob-
served prescription. This 180 days’ gap is a very conservative
approach. It was used in previous analyses and reflects the wide
variance in dosage and the possibility that VKA may be used at
low dosages [22, 23].

In a sensitivity analysis, the 180 days’ gap, which was
always measured from the end of the last expected drug cov-
erage, was changed to (1) 90 days, (2) a gap that was at least
equal in size of the drug coverage days provided by the last
prescription, and (3) a gap that was at least equal twice in size
of the drug coverage days provided by the last prescription.
Patients who discontinued their VKA treatment because of
death were not considered as non-persistent.

The cumulative probability of VKAdiscontinuation over time
was plotted using the Kaplan-Meier (KM) method; death of
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patients led to censoring of patients. Different KM probability
curves were plotted for male/female patients and patients with a
high/low CHA2DS2-VASc-Score. This score always referred to
inpatient/outpatient diagnoses observed in the preceding two
quarters before the index date (baseline period). KM curves were
compared to each other using log-rank tests.

Finally, for all newly treated non-persistent VKA patients
with a minimum follow-up of 1 year after VKA discontinua-
tion date, we assessed further anticoagulation treatment until
the end of the observational period.

Assessment of factors associated with VKA
discontinuation

A multivariate Cox proportional hazard model was used
to determine factors associated with VKA discontinua-
tion; results were presented as hazard ratios (HRs). As
independent predictors, we included the following: age,
gender, the CHA2DS2-VASc-Score, the Charlson
Comorbidity Index (CCI) [24], the number of prescribed
medications (excluding any antithrombotic agents) during
VKA treatment, any prescription of NSAIDs during VKA
treatment, existence of intracranial and/or gastrointestinal
bleedings, dementia, risk of falling, any documented can-
cer disease, alcohol/drug abuse, observed inpatient surger-
ies during VKA treatment, and visits to cardiologists dur-
ing VKA treatment (Supplemental Table A).

We used a backward stepwise elimination to determine the
most significant factors associated with VKA discontinuation
probabilities. Regression terms at a significance level of
p > 0.10 were successively eliminated. The model was adjust-
ed for age, gender, and adjusted CHA2DS2-Vasc-Score
(Supplemental Table A). A significance level of 0.05 was
chosen for analysis.

Results

Sample characteristics

We identified 61,646 AF patients that were treated with
VKAs, 38,076 (61.77%) of these patients did not receive
any VKA prescription in the previous 2 quarters (NT patients)
(Table 1). Mean age in the NT sample was 76.13 years and
56.08% (21,354) of the patients were female. Based on the
two quarters before VKA treatment initiation (baseline peri-
od), the mean CHA2DS2-VASc-Score in this sample was 4.49
and the mean CCI was 3.91. The death rate during the obser-
vational period was 61.27 deaths per 1000 patient years
(Table 1).

In the sensitivity analysis, we identified 14,168 pa-
tients (22.98%) as NT patients (2) with a duration of
the pre-index period without any VKA prescriptions of

4 quarters instead of 2 quarters. The patient characteris-
tics were similar to the standard definition of “NT pa-
tients”. The gender distribution, number of different
drugs, number of surgeries, CHA2DS2-VASc-Score, and
CCI were nearly identical. Patients in the “NT (2)”-sam-
ple were on average a half year younger than in the
“NT”-sample (75.48 vs. 76.13 years), whereas the death
rate was slightly higher (63.72 vs. 61.20 cases per 1000
patient years) (Table 1).

Persistence with VKA treatment

After 4 quarters since start of VKA treatment, 14,889
(39.10%) of all NT patients had discontinued their VKA
treatment (base-case; minimum gap of 180 days)
(Table 2). Non-persistent patients were significantly older
(77.71 vs. 75.12 years, p < 0.001) and more female (59.33
vs. 54.00%) compared to the persistent patients.
Furthermore, they faced a higher stroke risk indicated by
the CHA2DS2-VASc-Score (2.46 vs. 2.34, p < 0.001;
score excludes age and gender) and had a higher comor-
bidity burden as measured by the CCI (4.19 vs. 3.73,
p < 0.001). Additionally, the death rate of non-persistent
patients was considerably higher than in the patient group
still persistent with VKA therapy after four quarters
(86.74 vs. 46.20 patients per 1000 patient years,
p < 0.001) (Table 2).

The sensitivity analysis based on the NT patients (2)
sample showed similar results: 42.17% of the patients
had discontinued their VKA treatment within the first
four quarters. Just as in the base NT-definition, the
non-persistent patients were older, more female, and
had more comorbidities. The death rate of non-
persistent patients was more than twice as high as in
the patient group still persistent with VKA therapy after
four quarters (95.22 vs. 42.15 patients per 1000 patient
years, p < 0.001) (Table 2).

After eight quarters, 54.61% of all NT patients had
discontinued their VKA treatment. This percentage rose
to 66.37% in the entire follow-up period. Mean time
until treatment discontinuation was 390.55 days (SD
315.57; Table 3).

In a sensitivity analysis using a minimum treatment
gap of either 90 days (scenario 2), the length of the
DDD of the last prescription (scenario 3), and twice
the length of the DDD of the last prescription (scenario
4), percentages of NT patients who discontinued their
VKA therapy after 4/8 quarters were 68.09%/82.14%
(scenario 2), 64.36%/79.12% (scenario 3), and 35.15%/
50.65% (scenario 4). Mean time until treatment discon-
tinuation was 284.93 days (scenario 2; SD 275.17),
297.65 days (scenario 3; SD 280.77), and 399.07 days
(scenario 4; SD 316.15) (Table 3).
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Figure 1 presents the KM curves of cumulative VKA treat-
ment continuation probabilities in different settings. The KM
analysis showed a difference in VKA treatment persistence
between males and females (diagram 1; higher treatment con-
tinuation rates for males, log-rank test result, p < 0.001) as

well as between patients with a low (0 or 1) or high (2 or more)
CHA2DS2-VASc-Score (score excluded age and gender as
factors; diagram 2; log-rank test result, p < 0.001).

From all newly treated patients (NT sample) who
discontinued therapy, 12,643 could be observed for at least

Fig. 1 KM curves for percentage of persistent VKA patients during the
whole observational follow-up period. The figure shows KM curves
regarding the percentage of AF VKA-treatment-naive patients persistent
with their VKA therapy (main scenario 1 with treatment gap >180 days as
definition of non-persistence) for a sample of 38,076 patients, for
different patient groups as defined by CHA2DS2-VASc-Score (0–1; 2+)
and gender (male/female). Bottom-left graph shows the result of

sensitivity analyses with different gap definitions (180 days (main
scenario), 90 days’ gap, length of DDD gap and twice the length of
DDD gap). Bottom-right graph shows the results with the alternative
definition of “newly treated” patients and the different gap definitions
(90 days’ gap, 180 days’ gap, length of DDD gap and twice the length
of DDD gap)

Table 3 Results of the VKA treatment persistence analysis (NT patients only; N = 38,076)

Base case (scenario 1) Scenario 2 Scenario 3 Scenario 4

NP defined as gap of at least 180 days 90 days >100% of the days’ supplies
of last observed prescription

>200% of the days’
supplies of last
observed prescription

NP-rate after 4 quarters 39.10% (N = 14,887) 68.09% (N = 25,925) 64.36% (N = 24,504) 35.15% (N = 13,382)

NP-rate after 8 quarters 54.61% (N = 20,794) 82.14% (N = 31,275) 79.12% (N = 30,124) 50.65% (N = 19,286)

NP-rate for the entire
observational period

66.37% (N = 25,271) 90.67% (N = 34,522) 88.11% (N = 33,547) 61.99% (N = 23,603)

Mean observational follow-
up period1 (SD)

652.88 days (476.80) 359.02 days (366.42) 387.45 days (384.74) 686.80 days (482.32)

Mean time until discontinuation
of therapy2 (SD)

390.55 days (315.57) 284.93 days (275.17) 297.65 days (280.77) 399.07 days (316.15)

a For all patients. Index date = first VKA prescription, end date = date of VKA-discontinuation as defined or death or June 2014
bOnly for NP-patients. Index date = first VKA prescription, end date = date of VKA-discontinuation as defined
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1 year after date of start of VKA discontinuation. Within the
first follow-up year, 6449 patients (51.01%) started a VKA
therapy again, and 959 patients (7.59%) started a NOAC ther-
apy (Dabigatran, Rivaroxaban, or Apixaban). Mean duration
from VKA-discontinuation until restart was 273.25 days (SD
145.00), while mean time until start of NOAC therapy was
499.17 days (SD 336.83) (Table 4).

Factors associated with VKA treatment discontinuation

Table 5 describes results of the multivariable Cox regression
analysis with regard to factors that may be associated with
early VKA therapy discontinuation for all four observed sce-
narios. The following factors were excluded because they
were not found to be statistically significant: alcohol/drug
abuse two quarters after index date, risk of falling two quarters
before and/or after index date, and a cancer diagnosis two
quarters after index date.

The risk of VKA discontinuation increased with the
diagnosis of dementia within the first two quarters of
VKA treatment [scenario 1 HR 1.35 (95% CI 1.29–
1.40), p < 0.001], with diagnosed alcohol or drug abuse
in the baseline period [scenario 1 HR 1.25 (95% CI 1.18–
1.33), p < 0.001], female gender [scenario 1 HR 1.08
(95% CI 1.05–1.10), p < 0.001], higher age (HR 1.03;
95% CI 1.03–1.03), higher CCI (HR 1.05; 95% CI
1.04–1.05), any prescription of NSAID (HR 1.07; 95%
CI 1.04–1.10), and number of surgeries in the first two
quarters of VKA treatment (HR 1.05; 95% CI 1.04–1.05).

At least one yearly visit to a cardiologist since start of VKA
treatment decreased the risk of non-persistence [scenario 1 HR
0.90 (95% CI 0.88–0.93), p < 0.001] as well as a cancer
diagnosis in the baseline period (HR 0.92; 95%CI 0.89–0.96).

The Cox-regression analyses using different treatment gap
definitions (scenarios 2–4) showed similar results. In contrast
to scenario 1, a higher CHA2DS2-VASc-Score (HR 0.97 in
scenario 2 and 3 [95% CI 0.96–0.98]) as well as number of
different prescribed agents (HR 0.98 in scenario 2 [95% CI
0.98–0.99] and HR 0.99 in scenario 3 [95% CI: 0.98–0.99])
gained significance as factors decreasing the risk of VKA
therapy discontinuation (Table 5).

Discussion

Both medication adherence and persistence are known to have
a high impact on real-life therapy effectiveness [12, 25, 26].
Obviously, an OAC treatment that is discontinued for what-
ever reason no longer protects an AF patient from the in-
creased stroke risk that is associated with his disease.
Consequently, known treatment guidelines recommend life-
long OAC in most AF patients. Any deviation from that rec-
ommendation, such as an early discontinuation of VKA ther-
apy, puts patients at unnecessarily higher risks of a thrombo-
embolic event. Therefore, the main aim of this study was to
assess the degree of “early” non-persistence (after four and
eight quarters) of VKA therapy in AF patients.

We identified a VKA discontinuation rate of 39.10/
54.61% 4/8 quarters after VKA therapy start, based on a
gap of at least 180 days as treatment gap definition. In our
sensitivity analyses, these results were mainly confirmed.
Overall, our findings are in line with some previous US
and European studies [12, 17, 27, 28]. However, method-
ological differences between these studies (gap definition,
definition of daily prescribed dosage, patient inclusion
criteria, etc.) make it difficult to compare our non-
persistence rates with those reported in previous

Table 4 OAC treatment after VKA treatment discontinuation (N = 12,643)

Patients who re-started VKA
therapy within 1 year after
therapy discontinuation

Patients who re-started
VKA therapy until the end
of observational period

Patients who started a NOACa

therapy within 1 year after VKA
treatment discontinuation

Patients who started a
NOACa therapy until end
of observational period

Number 6449 (51.01%) 7677 (60.72%) 959 (7.59%) 2482 (19.63%)

Mean time from
discontinuation until date
of first following
prescription

225.09 days (SD 70.61) 273.25 days (SD 145.00) 149.81 days (SD 113.71) 499.17 days (SD 336.83)

Mean number of
prescriptions from
discontinuation until end
of observation

3.23 (SD 1.74) 7.28 (SD 6.04)

Mean observational time
from VKA
discontinuation

1043.13 days (SD 220.06) 1003.44 days (SD 212.06)

For all NT patients with a minimum follow-up period of 1 year after discontinuing VKA-therapy (base case scenario: gap >90 days)
a Dabigatran, Rivaroxaban, or Apixaban (ATC B01AE07/B01AF01/B01AF02)
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publications. In line with this, reported non-persistence
rates in previous studies range from 16 to 74.5% [22, 29].

On the other hand, we cannot confirm recent data from a
European registry which showed a high VKA continuation rate
of 84% after four quarters [20]. This number is only comparable
to our percentage of patients who either continued their VKA
therapy or re-started it after a treatment gap of at least 180 days.
About half of the patients affected by non-persistence do not stop
their treatment altogether, but re-start it after a mean of 273 days.
However, such a VKA re-start is nevertheless associated with a
substantial gap in drug supply. We therefore conclude that such a
treatment should not be characterized as continued treatment.

We observed a substantially higher death rate in our
non-persistent patient sample. However, whether non-

persistence to VKA treatment caused a higher death rate
or, conversely, a significant worsening of the health situ-
ation of the patients led to discontinuation of VKA treat-
ment is not known.

We identified some factors being associated with a higher
therapy discontinuation risk (age, gender, alcohol/drug abuse,
diagnosis of dementia, NSAID prescriptions, surgeries),
whereas regular cardiologist visits or a previous cancer diag-
nosis reduced the therapy discontinuation risk. Some of these
factors were also be found to be associated with VKA therapy
discontinuation in earlier publications [19, 22, 29, 30].
Interestingly and well in line with our data, frequent cardiol-
ogist visits have also been shown to be associated with a lower
OAC under-use probability [13]. We identified surgeries as a

Table 5 Factors associated with early VKA therapy discontinuation: Results of multivariate Cox-Regression models, based on AF patients that were
newly treated with VKAs (N = 38,076)

Scenario 1 Scenario 2 Scenario 3 Scenario 4
Gap >180 days Gap >90 days Gap >DDD Gap >2*DDD

Age1 1.03 (1.03–1.03)
(p < 0.001)

1.03 (1.03–1.03)
(p < 0.001)

1.03 (1.03–1.03)
(p < 0.001)

1.03 (1.03–1.03)
(p < 0.001)

Gender (female) 1.08 (1.05–1.10)
(p < 0.001)

1.12 (1.09–1.14)
(p < 0.001)

1.12 (1.09–1.15)
(p < 0.001)

1.08 (1.05–1.11)
(p < 0.001)

CCIa,b 1.05 (1.04–1.05)
(p < 0.001)

1.03 (1.02–1.03)
(p < 0.001)

1.03 (1.02–1.03)
(p < 0.001)

1.04 (1.04–1.05)
(p < 0.001)

CHA2DS2-VASc-Score
a,b,c 0.99 (0.98–1.00)

(p = 0.042)
0.97 (0.96–0.98)

(p < 0.001)
0.97 (0.96–0.98)

(p < 0.001)
0.99 (0.97–1.00)

(p = 0.025)

No. of prescribed active ingredientsa 0.99 (0.99–1.00)
(p = 0.001)

0.98 (0.98–0.99)
(p < 0.001)

0.99 (0.98–0.99)
(p < 0.001)

–

Any prescription of NSAID 1.07 (1.04–1.10)
(p < 0.001)

– 1.03 (1.00–1.05)
(p = 0.024)

1.08 (1.05–1.11)
(p < 0.001)

Number of surgeries after indexa 1.05 (1.04–1.05)
(p < 0.001)

1.02 (1.01–1.03)
(p < 0.001)

1.02 (1.02–1.03)
(p < 0.001)

1.05 (1.04–1.05)
(p < 0.001)

Alcohol/drug abuse before index 1.25 (1.18–1.33)
(p < 0.001)

1.09 (1.04–1.15)
(p = 0.001)

1.11 (1.05–1.17)
(p < 0.001)

1.27 (1.20–1.35)
(p < 0.001)

Dementia before index – – – 0.92 (0.86–0.99)
(p = 0.031)

Dementia after index 1.35 (1.29–1.40)
(p < 0.001)

1.15 (1.11–1.20)
(p < 0.001)

1.18 (1.14–1.23)
(p < 0.001)

1.47 (1.38–1.57)
(p < 0.001)

Cancer before index 0.92 (0.89–0.96)
(p < 0.001)

0.95 (0.92–0.98)
(p = 0.002)

0.95 (0.92–0.98)
(p = 0.004)

0.93 (0.89–0.97)
(p < 0.001)

Bleeding before index 0.90 (0.84–0.97)
(p = 0.006)

0.94 (0.91–0.98)
(p = 0.001)

0.91 (0.85–0.96)
(p = 0.002)

0.89 (0.83–0.96)
(p = 0.003)

Bleeding after index 1.08 (1.00–1.16)
(p = 0.042)

– – 1.09 (1.02–1.18)
(p = 0.015)

At least one yearly visit to
cardiologist

0.90 (0.88–0.93)
(p < 0.001)

0.94 (0.92–0.96)
(p < 0.001)

0.95 (0.93–0.97)
(p < 0.001)

0.90 (0.88–0.93)
(p < 0.001)

LR χ2 2347.31 2307.86 2360.67 2377.08

Prob > χ2 <0.001 <0.001 <0.001 <0.001

Adjusted hazards ratio (HR) with 95% confidence intervals (CI) displaying the associations of the independent predictors and the outcome (non-
persistence) for different definitions of non-persistence after start of VKA treatment. Highly significant values (p < 0.001) are written in bold
aMeasured continuous
b Excluding age
c Excluding gender
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factor increasing the VKA discontinuation risk. A surgery is a
clinically appropriate reason to interrupt VKA treatment for a
limited period; typically, these days are bridged by a low-
molecular weight heparin. After the surgery, therapy should
be continued [31, 32]. Our results indicate that this does not
always work in real-life care of patients.

The most common presumed reason to discontinue VKA
treatment is a previous bleeding event [23, 33]. In our ob-
served patient sample, 8.44% of patients experienced a bleed-
ing event two quarters before the start of VKA treatment,
whereas 8.25% experienced such an event within the first
two quarters after therapy start. In our study, previous bleed-
ings reduced the risk of VKA therapy discontinuation poten-
tially indicating a tighter INR (international normalized ratio)
control in these patients. On the other hand, a bleeding event
after index date which was most probably caused by the cur-
rent VKA treatment increased the discontinuation probability.
Especially less severe bleeding events are typically dealt with
at outpatient GP practices; here, a discontinuation of treatment
might be the more often chosen option because GP may be
afraid of future bleedings [34, 35].

Without having data that could confirm this hypothesis, we
presume that properties of VKA agents also play a role in the
substantial percentage of AF patients discontinuing this treat-
ment. VKAs do have well-known weaknesses, including nec-
essary dosing adjustments in conjunction with regular INR
value monitoring, drug/food interactions, and the need of
periprocedural interruption (bridging), which may be associ-
ated with a substantial burden to patients [14]. Furthermore, it
is known that AF patients prefer treatments that are easy to
administer so that a VKA therapy is less preferred and, con-
sequently, discontinued [36, 37]. Nevertheless, it remains for
future research to compare the persistence of a VKA treatment
with that of a more preferred NOAC treatment, persistence
may even differ between different NOAC agents.

Overall, our data show an urgent need for improvement of
the real-world treatment of AF patients. An OAC treatment in
AF patients is supposed to be implemented as lifelong treat-
ment. Our data show that, within 1 year, already 40% of the
patients experienced a treatment gap of at least 180 days. Even
if about 50% of these patients restart their VKA treatment after
the break again and another 8% switch to a therapy with
NOACs, this result is far from being optimal.

Limitations

We acknowledge some limitations of the study. First, due to
limited data availability, we could not analyze all factors po-
tentially explaining discontinuation of VKA therapy. Mainly,
not only factors, describing knowledge/beliefs of physicians/
patients, but also potential difficulties with INR management
and previous negative experiences with VKAwhich were not
documented in our claims database were not included.

Second, as is usual with claim-based data studies, its weak-
ness lies in the fact that these data were primarily collected for
financial claims and not gathered specifically for research pur-
poses. Limitations are present in both the levels of detail and
precision. Several data on potentially contributing or confound-
ing risk factors regarding VKA use, e.g., INR values, were not
available. Nevertheless, and despite these weaknesses, existing
investigations show that claim-based datasets can be used as
valid research data [13, 19, 29]. In addition, our data are not
subject to the possible patient selection biases or cluster effects
that may have influenced previous investigations. In Germany,
about 85% of the population are insured in public mandatory
health insurances. Our data were derived from one large statu-
tory health insurance fund. Consequently, patient selection bias
is not a concern. Our data may be affected by a regional bias
because our sickness funds insure patients in only two German
states. However, due to the uniform health insurance system in
Germany, we do not expect that this potential bias may system-
atically influence our study results.

Third, the grace periods we defined in determining
non-persistence (180 days as main scenario, 90 days
as sensitivity analysis in scenario 2) are in accordance
with practice documented in the adherence and persis-
tence literature [16, 22, 23, 38]. We used 180 days as
main scenario, because it is a relatively conservative
estimate that expresses the possibility of prescribing a
very low VKA dosage that may be common in elderly
VKA patients. With a gap of 90 days, we additionally
generated a tighter approach in a sensitivity analysis. To
address a potential limitation due to fixed periods, we
analyzed non-persistence in another two sensitivity sce-
narios with more flexible grace periods: the same num-
ber of days’ coverage of the last prescription (DDD)
(scenario 3) and twice the coverage of the last prescrip-
tion (2*DDD) (scenario 4). The results confirmed our
previous results: discontinuation rates in the different
scenarios were even higher than in the main analysis.

Fourth, our definition of VKA treatment-naive patients
(two quarters’ grace period without any VKA prescrip-
tions) may over-estimate the number of these patients,
because some patients may have received VKA prescrip-
tions at earlier points in time. Therefore, we conducted a
sensitivity analysis with a four quarters’ pre-index period.
The patient characteristics and results for the persistence
analysis were comparable to the standard definition (see
Tables 1 and 2).

Conclusions

Non-persistence related to VKA therapy is common in AF
patients. Older more comorbid patients as well as patients
who receive NSAIDs and who do not visit a cardiologist
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regularly face a higher therapy discontinuation risk. These
patient groups should receive special attention regarding
their VKA treatment.
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