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Abstract

Background Vitamin K antagonists (VKAs) are susceptible to drug—drug interactions. Non-VKA oral anticoagulants
(NOAC:S) have a decreased sensitivity to pharmacokinetic interactions and might be therefore considered superior in patients
treated with multiple drugs. The objective of this study was to compare the risk of serious bleeding associated with interact-
ing drugs in German nursing home residents treated with VKA or NOAC.

Methods Using claims data of new nursing home residents aged > 65 years (2010-2014) we conducted separate nested
case—control analyses within two cohorts of patients treated with VKA or NOAC, respectively. Cases were defined as
patients hospitalized for serious bleeding. For each case, up to 20 controls were selected by risk-set sampling. Conditional
logistic regression was used to obtain confounder-adjusted odds ratios (aORs) and 95% confidence intervals (CI) for the
risk of bleeding associated with VKA or NOAC use and interacting drugs compared with the use of the respective oral
anticoagulant alone.

Results Among 127,227 new nursing home residents, 16,804 patients received oral anticoagulation. Based on 372 cases and
7281 matched controls, the highest risk of bleeding in VKA users was observed for the concomitant use of antibiotics (aOR
3.00; CI12.11-4.27) vs. VKA use alone, followed by non-steroidal anti-inflammatory drugs (1.66; 1.13-2.43). Among 243
NOAC cases and 4776 matched controls, elevated risks for bleeding were observed for the use of heparins (2.05; 1.25-3.36)
and platelet inhibitors (1.92; 1.36-2.72).

Conclusions Concomitant medication needs to be prescribed cautiously and monitored closely in nursing home residents
treated with oral anticoagulants.
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supplementary material, which is available to authorized users.
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Introduction

Oral anticoagulants used to treat and prevent thrombo-
embolic diseases are widely prescribed [1-4]. As with all
antithrombotic drugs, effective therapy has to be balanced
against the risk of bleeding. According to a recent analy-
sis, oral anticoagulants are the drug class most commonly
involved in emergency department visits for adverse drug
events in the United States mainly because of bleeding
events [5]. For all oral anticoagulants, drug interactions are
known and require vigilance and often, intervention [6].
Especially the vitamin K antagonists (VKA) used for more
than 60 years are susceptible to drug—drug or drug—food
interactions via pharmacodynamic and pharmacokinetic
mechanisms [7, 8]. While a pharmacodynamic interaction
occurs when interacting drugs have either additive or oppos-
ing effects, pharmacokinetic interactions include the inhi-
bition or induction of the other drug’s metabolism via the
cytochrome P450 (CYP) pathway and efflux pumps such as
P-glycoproteins (P-gp) [6, 9].

In recent years, non-vitamin k antagonist oral anticoagu-
lants (NOACs) have been developed which have a decreased
sensitivity to pharmacokinetic interactions [10] and might be
therefore considered superior in patients treated with multi-
ple drugs. While most drug interactions with VKAs can be
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detected by deviations of the international normalized ratio
(INR), regular measurements of NOAC plasma concentra-
tions or biological effects, either via quantitative or qualita-
tive methods, are not available in routine practice, although
several patient subgroups could benefit from these tests [11].
Consequently, drug interactions increasing or decreasing
the anticoagulant effects of NOACs will be detected only if
complications, either bleeding or thromboembolic events,
occur [12].

In Germany, NOAC prescriptions increased substantially
in the last years [4, 13]. Among other populations, NOACs
are also increasingly prescribed to nursing home residents,
who are typically characterized by a high prevalence of indi-
cations requiring anticoagulation [14—16]. Moreover, con-
sidering age and common conditions such as a decreased
renal function, an elevated risk of bleeding may be assumed
in these very vulnerable patients. Further, comorbidities
involving several treatments may lead to polypharmacy
including long-term, short-term, and as-needed medication.
A recent study found polypharmacy (5-9 drugs) in 53.3%
and excessive polypharmacy (> 10 drugs) in 16.4% of Ger-
man nursing home residents [17].

Our study aimed to compare drug interactions leading
to bleeding events between VKA and NOAC users in the
vulnerable population of nursing home residents.
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Methods
Data source

We used data from the DAK-Gesundheit, a large statutory
health insurance (SHI) provider enrolling over 6 million
persons (about 7% of the German population). The pro-
vided data include complete demographic characteristics
as well as information on hospital admissions, outpatient
physician visits, and outpatient prescriptions. Hospital
data encompass the dates of admission and discharge
with their corresponding diagnoses. Outpatient diagnoses
including the diagnostic certainty (confirmed/suspected/
ruled out/status post) are reimbursed on a quarterly basis
and therefore can only be referred to a quarter of a year
and not to an exact date. All diagnoses are coded accord-
ing to the German modification of the International Clas-
sification of Diseases (ICD-10 GM). Prescription data con-
tain prescribed drugs reimbursed by the SHI, which can
be linked to the anatomical-therapeutic—chemical (ATC)
code and the defined daily dose (DDD). In-hospital medi-
cation is not included in the data.

Source population and study cohorts

The source population encompassed new nursing home
residents from 2010 to 2014 aged 65 years or older with
a continuous insurance period of at least 1 year before
nursing home admission. Two study cohorts were estab-
lished: patients were included in the cohort of VKA users
if they received at least one prescription of the vitamin
K antagonists phenprocoumon (ATC code: BOIAA04)
or warfarin (BO1AAO3) during their nursing home stay.
Patients treated with the factor Xa inhibitors rivaroxa-
ban (BO1AFO1, BO1AX06) or apixaban (BO1AF02)
or the direct thrombin inhibitor (factor IIa) dabigatran
(BO1AEOQO7) were included in the cohort of NOAC users.
As done in a previous study, NOACs used for orthopedic
indications were excluded [16]. Depending on the first
class of oral anticoagulant prescribed in the nursing home,
a patient was assigned to either the cohort of VKA users or
the cohort of NOAC users. The date of the first prescrip-
tion was used as cohort entry, whereas cohort exit was set
as the first of the following: (1) end of the first continuous
treatment episode with the respective class of oral anti-
coagulant, (2) end of study period, (3) end of insurance
including death, or (4) hospitalization for bleeding.

Since the initial phase of anticoagulation has been asso-
ciated with an increased risk of bleeding [18], we distin-
guished between incident and prevalent oral anticoagulant
use at cohort entry. Patients were classified as incident

oral anticoagulant users if they had not received an oral
anticoagulant prescription in the year before cohort entry,
whereas the other patients were considered prevalent
users. Prevalent users were excluded from their respec-
tive study cohort if they had switched the class of oral
anticoagulant with nursing home entry, since switching
was found to be influenced by aspects such as intended
higher effectiveness and safety [16].

Prescriptions’ durations starting with the prescription
date were estimated by the number of prescribed DDDs,
assuming that patients received 0.75 DDDs per day, which,
for example, corresponds to 2.25 mg phenprocoumon or
15 mg rivaroxaban. This assumption was based on prelimi-
nary analyses using the time from the first prescription until
the day before the last prescription as well as the number of
prescribed DDDs excluding the last prescription for VKAs
and NOAGC:s, respectively. Allowing a grace period of maxi-
mum 14 days, subsequent prescriptions were considered as
continuous treatment. In case patients switched their class
of oral anticoagulant before a prescription’s estimated end,
the respective treatment episode was assumed to have ended
on the day before the switch.

Definition of cases and controls

Within the two study cohorts, we conducted separate nested
case—control studies. Cases were defined as any bleeding
leading to hospitalization (as reflected by the main discharge
diagnosis) and were categorized as intracerebral, gastrointes-
tinal, urogenital, and other serious bleeding (Supplemental
Table 1). The day of the hospital admission was determined
as index day. Up to 20 controls were matched to each case
by age (£ 2 years), sex, and treatment status at the time of
cohort entry (incident or prevalent use) using risk-set sam-
pling. Therefore, an index day was assigned to each control
resulting in the same length of follow-up as for the corre-
sponding case. Patients could serve as controls for multiple
cases and were eligible to be selected as controls before
becoming a case [19].

Interacting drugs and confounder assessment

Based on literature on potential drug interactions with oral
anticoagulants [6, 20-22], concomitant use of the follow-
ing drugs was assessed: heparins including derivatives
(ATC code: BO1AB), platelet inhibitors (BO1AC), non-
selective non-steroidal anti-inflammatory drugs (NSAIDs,
MOI1A, excluding MO1AH), antibiotics (JO1) and antimy-
cotics (imidazole and triazole derivatives, JO2AB, JO2AC),
selective serotonin reuptake inhibitors (SSRIs, NO6AB),
and amiodarone/dronedarone (CO1BDO01, CO1BDO07).
Further, use of proton pump inhibitors (PPI, AO2BC) was
assessed to account for treatment or prophylaxis of upper
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gastrointestinal (GI) problems. Assuming a daily dose of one
DDD, a potential drug—drug interaction resulting in hospi-
tal admission for bleeding was assumed if the drug supply
overlapped the index day.

Potential confounders associated with an increased risk of
bleeding including hypertension, renal or liver impairment,
stroke (ischemic or unspecified), and bleeding history (or a
predisposition thereof) were assessed from confirmed out-
patient diagnoses in the two quarters preceding the quarter
of the index day (Supplemental Table 1). Further, the care
level (range: 0/1 (limited daily living skills/substantial need
of care) to 3 (most severe need of care) [23]) was determined
in this time period. Finally, we assessed whether patients
received oral anticoagulation because of atrial fibrillation
(AF) at cohort entry [16]. As recommended for pharmacoep-
idemiological studies using observational routinely collected
health data, the study timelines are illustrated in Fig. 1 [24].

Statistical analysis

Bleeding rates per 100 person-years were calculated for each
class of oral anticoagulants stratified by sex and bleeding
site. Considering potential confounders, adjusted odds ratios
(aORs) and 95% confidence intervals (Cls) of hospitalization
for bleeding associated with current use of each potentially
interacting drug were calculated using conditional logistic

Assessment of indication
A

Confounder assessment
A

regression. We used the logistic procedure (SAS 9.4, SAS
Institute Inc., Cary, NC, USA), specified a significance level
of 0.05, and included the predefined drugs and confounders
as fixed variables. For each analysis, the reference category
was current non-use of the respective potentially interacting
drug at the index date.

Subgroup and sensitivity analyses

Subgroup analyses were based on (1) patients with a
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to their pharmacokinetic profiles, we further included analy-
ses based on the individual agents. In sensitivity analyses,
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the determination of continuous treatment with oral antico-
agulants. As proposed by Ihle et al., we further calculated
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a subsequent prescription [25]. After stratifying the PDDs’
percentiles by ATC code and by sorting the prescription
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the daily doses resulting from these exposure assumptions
are displayed in Supplemental Table 3.

Last, daily doses of (1) 0.75 and (2) 1.5 DDDs were
assumed for the interacting medication.

Results
Cohort characteristics and bleeding rates

From 127,227 new nursing home residents, 16,804 users of
oral anticoagulants were determined; baseline characteristics
for these users have been described previously [16]. A total
of 927 patients were excluded because they switched oral
anticoagulant class when entering the nursing home, result-
ing in two cohorts of (1) 9739 VKA and (2) 6138 NOAC
users.

Bleeding rates were higher in patients treated with VKAs
(9.68; 95% CI 8.73-10.72 per 100 person-years) than in
those receiving NOACs (7.85; 95% CI 6.89-8.90 per 100
person-years, Table 1). In both user cohorts, rates were
higher in males and in patients aged 85 or older. In VKA
users, the bleeding rate was slightly higher in patients with
AF than in those with other indications, whereas the picture
was reversed in NOAC-treated patients. Neither comparison
reached statistical significance. Considering bleeding sites,
rates for intracerebral bleeding were significantly higher in
users of VKA (1.16, 95% 0.85-1.56 per 100 person-years)
than in those receiving NOACs (0.48; 95% CI: 0.27-0.80
per 100 person-years) as were the rates for other bleed-
ing (Supplemental Fig. 1). In contrast, GI and urogenital
bleeding were slightly less common in users of VKA than
in those receiving NOAC treatment without reaching statisti-
cal significance.

On a cohort basis, about 77% of VKA and NOAC users
had a diagnosis of AF. Venous thromboembolism (VTE) and
acute coronary syndrome (ACS) were significantly less com-
mon in patients treated with VKA than in those receiving
NOACSs (12.7% vs. 16.8% and 7.5% vs. 8.6%, respectively,
Supplemental Table 2). In contrast, a prosthetic heart valve
was significantly more often found in VKA than in NOAC
users (4.7% vs. 1.4%).

The nested case—control study of VKA users included
372 cases and 7281 controls with a mean age of 84.2 years.
Nearly 72% were female and about 34% had a care level of 2
or 3 (Table 2). Among 243 NOAC cases and 4776 matched
controls (mean age: 85.1 years), 76% were female and 45%
had a care level higher than 1.

Interactions

In VKA users, bleeding was associated with concomitant
NSAID treatment (aOR 1.66; 95% CI 1.13-2.43), heparins
(1.48; 1.09-2.00) and PPIs (1.31; 1.06-1.63, Table 2). The
highest aOR, however, was observed for co-treatment with
antibiotics (3.00; 2.11-4.27). Among antibiotic drugs, the
highest risks were observed for sulfonamides (crude OR:
8.75;3.6-21.27), cephalosporins (3.56; 1.85-6.84), and qui-
nolones (3.44; 1.67-7.08, data not shown). A significantly
decreased risk, however with wide confidence intervals, was
observed for amiodarone.

In NOAC users, an increased risk of bleeding was
observed when patients were co-prescribed platelet inhibi-
tors (1.92; 1.36-2.72) or heparins (2.05; 1.25-3.36). With
aORs of 1.93 (1.48-2.52) and 2.85 (2.05-3.95) in VKA and
NOAC users, respectively, previous bleeding or the predis-
position thereof was the only condition significantly increas-
ing the risk of bleeding. With respect to prescribing frequen-
cies, heparins were far more often prescribed to VKA users,

Table 1 Characteristics and

. VKA users NOAC users
bleeding rates of VKA and
NOAC users N (%) IR (95% CI) per 100 N (%) IR (95% CI) per
person-years 100 person-years
Overall 9739 (100%) 9.68 (8.73-10.72) 6138 (100%) 7.85 (6.89-8.90)
Sex
Female 7168 (73.6%) 9.41 (8.31-10.61) 4769 (77.7%) 7.45 (6.41-8.62)
Male 2571 (26.4%) 10.45 (8.56-12.62) 1369 (22.3%) 9.32(7.13-11.97)
Age at cohort entry
<85 years 5402 (55.5%) 9.61 (8.37-10.98) 3114 (50.7%) 7.51 (6.25-8.95)
> 85 years 4337 (44.5%) 9.79 (8.32-11.45) 3024 (49.3%) 8.24 (6.82-9.87)

Indication at cohort entry
Atrial fibrillation
Other indication

7454 (76.5%)
2285 (23.5%)

9.72 (8.62-10.92)
9.58 (7.71-11.76)

4703 (76.6%)
1435 (23.4%)

7.57 (6.51-8.74)
8.88 (6.76-11.45)

CI confidence interval, IR incidence rate, NOAC non-vitamin K antagonist oral anticoagulant, VKA vitamin

K antagonist
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Table 2 Adjusted odds ratios and 95% confidence intervals for major bleeding associated with concomitant use of potentially interacting drugs

in VKA and NOAC users
All VKA users All NOAC users
Case (N=372) Controls (N=7281) Adjusted OR (95%  Cases (N=243) Controls (N=4776) Adjusted OR (95%
CI) CI)
Mean age at index 84.2 84.2 85.1 85.1
date?
Female sex® 266 (71.5%) 5221 (71.7%) 182 (74.9%) 3615 (75.7%)
Care level
0/1 240 (64.5%) 4837 (66.4%) Ref. 124 (51.0%) 2631 (55.1%) Ref.
2 112 (30.1%) 2129 (29.2%) 1.05 (0.83-1.34) 102 (42.0%) 1765 (37.0%) 1.21 (0.92-1.60)
3 20 (5.4%) 315 (4.3%) 1.27 (0.78-2.08) 17 (7.0%) 380 (8.0%) 1.00 (0.59-1.72)
Comedication
Non-selective 33 (8.9%) 368 (5.1%) 1.66 (1.13-2.43) 18 (7.4%) 245 (5.1%) 1.33 (0.80-2.20)
NSAIDs
Platelet inhibitors 49 (13.2%) 679 (9.3%) 1.37 (0.99-1.89) 47 (19.3%) 542 (11.3%) 1.92 (1.36-2.72)
Heparins 60 (16.1%) 780 (10.7%) 1.48 (1.09-2.00) 22 (9.1%) 219 (4.6%) 2.05 (1.25-3.36)
Antibiotics 42 (11.3%) 277 (3.8%) 3.00 (2.11-4.27) 17 (7.0%) 186 (3.9%) 1.65 (0.97-2.81)
SSRIs 52 (14.0%) 871 (12.0%) 1.20 (0.88-1.64) 34 (14.0%) 599 (12.5%) 1.20 (0.82-1.76)
Amiodarone 4 (1.1%) 233 (3.2%) 0.33 (0.12-0.89) 10 (4.1%) 121 (2.5%) 1.52 (0.77-2.98)
Proton pump 217 (58.3%) 3526 (48.4%) 1.31 (1.06-1.63) 153 (63.0%) 2562 (53.6%) 1.28 (0.98-1.69)
inhibitors
Comorbidity
Hypertension 358 (96.2%) 6885 (94.6%) 1.36 (0.78-2.35) 225 (92.6%) 4474 (93.7%) 0.73 (0.44-1.20)
Previous stroke 98 (26.3%) 2033 (27.9%) 0.88 (0.69-1.13) 81 (33.3%) 1574 (33.0%) 0.96 (0.73-1.28)
Previous bleeding 298 (80.1%) 4822 (66.2%) 1.93 (1.48-2.52) 195 (80.2%) 2814 (58.9%) 2.85 (2.05-3.95)
or predisposition
thereof
Renal disease 185 (49.7%) 3218 (44.2%) 1.17 (0.95-1.46) 99 (40.7%) 1719 (36.0%) 1.09 (0.83-1.43)
Liver disease 66 (17.7%) 1495 (20.5%) 0.73 (0.56-0.97) 36 (14.8%) 989 (20.7%) 0.59 (0.41-0.86)

Antimycotic drugs were used by one case and no control in VKA-treated patients and by no case and two controls in NOAC users and therefore
not included in the analyses. Dronedarone was not used in our study cohorts

CI confidence interval, DDD defined daily dose, NOAC non-vitamin K antagonist oral anticoagulant, NSAID non-steroidal anti-inflammatory
drug, OR odds ratio, SSRI selective serotonin reuptake inhibitor, VKA vitamin K antagonist

Bold numbers indicate statistical significance
*Matching variables

whereas PPIs were more commonly used by NOAC users
compared with VKA-treated patients.

VKA users with AF revealed a similar trend compared
to the overall study population, however, with higher aORs
2.02; 1.32-3.10 (NSAIDs), 1.61; 1.13-2.30 (heparins), and
3.53; 2.39-5.12 (antibiotics). They further had a signifi-
cantly increased risk for concomitant use of platelet inhibi-
tors (1.83; 1.28-2.62, Table 3). In contrast, NOAC users
with AF revealed significantly elevated aORs of bleeding
only for concomitant administration of platelet inhibitors
(1.72; 1.14-2.59). In VKA users without AF, no signifi-
cantly increased risks were observed when patients were
co-prescribed one or more of the respective potentially
interacting medication. In NOAC users without AF, plate-
let inhibitors and heparin revealed significantly increased
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risks of bleeding (2.37; 1.22-4.59 and 2.53; 1.10-5.81,
respectively).

Considering daily oral anticoagulant doses of 0.5 or
1.5 DDDs revealed similar risks compared with our main
exposure definition (Supplemental Table 4). Using differ-
ent percentiles of the PDD to calculate exposure with oral
anticoagulants revealed similar results for VKAs with the
exception that the use of platelet inhibitors was also associ-
ated with an increased risk of bleeding (50th and 80th per-
centile, Supplemental Table 5). For NOAC users, the analy-
ses based on the 50th and 80th percentiles yielded similar
results compared with the main analysis. When using the
20th percentile, however, no significantly increased risks
were observed for any of the included drugs. Applying



Clinical Research in Cardiology (2020) 109:465-475

471

Table 3 Adjusted odds ratios
and 95% confidence intervals
for major bleeding associated
with concomitant use of
potentially interacting drugs in
VKA and NOAC users with AF
and other indications

Comedication

Adjusted OR (95% CI)

Patients with AF

Patients with other indications

VKA users®

NOAC users”

VKA users®

NOAC users?

Non-selective NSAIDs

Platelet inhibitors
Heparins
Antibiotics
SSRIs

Amiodarone

2.02 (1.32-3.10)
1.83 (1.28-2.62)
1.61 (1.13-2.30)
3.53 (2.39-5.21)
1.33 (0.93-1.89)
0.30 (0.10-0.97)

1.70 (0.92-3.13)
1.72 (1.14-2.59)
1.67 (0.87-3.21)
1.61 (0.87-2.97)
1.21 (0.77-1.89)
1.29 (0.64-2.61)

1.34 (0.56-3.22)
0.74 (0.29-1.91)
1.21 (0.68-2.15)
1.49 (0.62-3.59)
0.82 (0.41-1.63)
0.63 (0.08-4.94)

1.15 (0.40-3.33)
2.37 (1.22-4.59)
2.53 (1.10-5.81)
1.78 (0.62-5.14)
1.65 (0.75-3.63)
3.31 (0.35-31.62)

Adjusted for all other covariates included in the table as well as for hypertension, previous stroke, previous
bleeding or predisposition thereof, renal disease, liver disease, care level and use of proton pump inhibitors
(as surrogate for upper gastrointestinal problems)

AF atrial fibrillation, CI confidence interval, DDD defined daily dose, NOAC non-vitamin K antagonist
oral anticoagulant, NSAID non-steroidal anti-inflammatory drug, OR odds ratio, SSRI selective serotonin
reuptake inhibitor

Bold numbers indicate statistical significance
4N=281 cases and N=15495 controls
PN=184 cases and N=3595 controls

°N=91 cases and N=1609 controls

4N =59 cases and N=1053 controls

different exposure definitions for comedication revealed
similar results compared with the main analysis (Supple-
mental Table 6, respectively).

On a substance basis, risks for the mainly used substances
phenprocoumon and rivaroxaban mirrored the overall results
(again with the exception that use of platelet inhibitors was
associated with a significantly increased risk of bleeding in
phenprocoumon users, Supplemental Table 7). Differences
were found for dabigatran and apixaban with respect to non-
selective NSAIDs and antibiotics, respectively. However,
these were based on comparatively low numbers of cases
and controls.

Discussion

In this study, we compared VKA and NOAC use with
respect to their risks for drug interactions leading to hos-
pitalization for bleeding in nursing home residents. Over-
all, bleeding rates were higher in VKA users than in those
receiving NOACs and the spectrum of interacting drugs dif-
fered between the two classes of oral anticoagulants.

Bleeding rates

We found higher bleeding rates compared with other stud-
ies not focused on nursing home residents, which is prob-
ably due to our patients’ older age and condition. Overall
rates were lower in NOAC users with significantly decreased
rates for intracerebral bleeding, whereas rates were slightly

higher for GI or urogenital bleeding in these patients. Here
our results are consistent with findings from previous tri-
als reporting similar or lower rates of major bleeding in
NOAC-treated patients [26—31], lower rates of intracerebral
bleeding, and similar or higher rates for GI bleeding [26-28]
compared with warfarin. Several studies using data from
routine clinical practice in AF patients reported similar find-
ings using warfarin [32—35] or phenprocoumon [36, 37] as
comparator.

Bleeding rates were higher in men mainly influenced by
their higher rates for urogenital bleeding, although a recent
meta-analysis did not find a difference in the risk of major
bleeding between anticoagulated men and women [38].

Interactions

Pharmacodynamic interactions affect all oral anticoagu-
lants and might be more easily anticipated than interactions
via pharmacokinetic mechanisms. In this context, agents
which inhibit platelet function including antiplatelet drugs,
NSAIDs, and SSRIs [12] are of great interest. These drugs
differ with respect to indications, duration of use, and avail-
able alternatives.

Clinical situations requiring the use of antiplatelet drugs
in addition to anticoagulants include short/intermediate-
term (e.g., following percutaneous coronary intervention)
and long-term (e.g. ACS) indications [39]. These regimens
have been associated with increased risks of bleeding for
dual and particular triple therapy [40-42]. Although we did
not distinguish between single and dual platelet inhibition,
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the increased risks observed in VKA- and NOAC-treated
patients with AF corroborate that these combinations are
hazardous and should be conducted very carefully. The
elevated risks found in NOAC users without AF might
have been attributed to use in indications such as ACS for
which in 2013 low-dose rivaroxaban as the only NOAC was
approved in combination with antiplatelet drug regimens.
However, the respective strength (2.5 mg) which became
available in 2014 was used by only one patient in our study.
Therefore, our findings almost exclusively depict use of
products with higher strengths, which might have attributed
to the increased risks of bleeding.

Besides their ability to impair platelet function, NSAIDs
are known to damage the gastrointestinal mucosa via inhi-
bition of cyclooxygenase (COX)-1 which leads to elevated
bleeding risks, particularly of the upper GI tract [43].
Therefore, the necessity of NSAID therapy in users of oral
anticoagulants should be evaluated and if long-term com-
bined anticoagulant—-NSAID treatment is required, the use
of COX-2-specific agents or adding gastroprotective drugs
is advised [6]. In our study, NOAC users seemed to be less
affected by NSAID interactions. However, a higher pro-
portion of PPI use was found in these patients. This might
indicate an increased physicians’ awareness with respect to
GI bleeding which has been reported for rivaroxaban and
dabigatran in clinical trials [26, 27] and other studies using
data from clinical practice [36, 37] when compared with
VKA. This awareness might have led to increased PPI co-
prescribing [44]. The increased risk observed with PPI use
in VKA-treated patients which has been also been reported
by another German study [20], might either hint at an inter-
action which, however, is not supported by recent studies
[44, 45] or—more likely—could be attributed to increased
PPI prescribing in persons who are per se at high risk for
GI bleeding.

In this present analysis, concomitant use of SSRIs did not
yield significantly increased risks for bleeding in VKA or
NOAC users. The rather low SSRI use in our nursing home
setting can probably be attributed to the German preference
to use tricyclic antidepressants in elderly persons [46].

The combined use of oral anticoagulants and heparins is
either indicated only for a short “bridging period” (VKA)
or contraindicated (NOAC) and therefore depicts special
clinical situations. Since VKAs need time to unfold their full
effect, the initial heparin co-treatment is used if an imme-
diate anticoagulation is required. This heparin—VKA over-
lap has been associated with increased bleeding risks [47,
48], which have also been observed in this present analysis
underlining the caution that should be applied to the bridg-
ing procedure. In contrast, due to their quick onset, heparin
bridging is not required when initiating NOACS in patients
with AF and concomitant/overlapping heparin—-NOAC use
is contraindicated. Therefore, the increased risks of bleeding
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observed overall and in the subgroup of patients without
AF were unexpected. Since our exposure times were based
on prescriptions, it was not possible to deduce if, for exam-
ple, VTE management was initiated with heparins (which
is required if the NOAC is dabigatran) and then switched to
NOAC:S or if treatment actually overlapped. However, dif-
ficulties with the adaption of NOAC treatment following
VTE were found by a registry-based study reporting that
nearly 29% of NOAC (mainly rivaroxaban) users received a
heparin overlap indicating that guidelines for NOAC/rivar-
oxaban initiation after VTE were often not adhered to in
clinical practice [49]. Given the increased risks observed
in our analyses, the appropriate NOAC use is of paramount
importance in these vulnerable populations.

In contrast to drugs which affect hemostasis, an impair-
ment of coagulation by (mainly short-term) medication used
to treat acute infections is less obvious. Further, the treating
specialists such as pulmonologists or urologists might not
be involved in monitoring coagulation. VKA interactions
with several antibiotics are well known from the literature
and can be attributed to pharmacokinetic and pharmacody-
namic mechanisms. The latter include, among other things,
the reduction of the vitamin K producing intestinal flora or
the direct inhibition of vitamin K-dependent coagulation
factors. In our analyses, we found elevated risks for bleed-
ing in VKA users with antibiotic treatment implicating the
same groups of drugs as in previous studies [20, 21]. These
findings underline that the use of antibiotics such as sul-
fonamides or quinolones in VKA-treated patients should
be avoided or at least monitored closely. In contrast and as
reflected in our study, NOACs have been reported to be less
susceptible to pharmacokinetic interactions.

Amiodarone is known to interact with VKAs, therefore
our results were unexpected, however, since they were based
on only a few cases, the results should be interpreted with
caution. A possible explanation might be the awareness of
this interaction and the resulting vigilant anticoagulation
management [6]. In addition, a high amiodarone loading
dose might have led to a reduced VKA dose [50] which
might have been maintained. Whether these patients on the
other hand had lower INR values than intended on the index
day could not be determined with our data. Furthermore,
amiodarone may have converted atrial fibrillation to sinus
rhythm, leading to a less frequent prescription of VKA. This
again may explain our finding of lower risk of bleeding in
patients receiving amiodarone.

Strengths and limitations
The main strength of this study is the well-defined and large

cohort of patients receiving treatment with oral anticoagu-
lants. As a limitation, indications cannot be directly linked
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to prescriptions but have to be estimated from coded diag-
noses [16]. As previously discussed, for a small proportion
of patients, multiple diagnoses (e.g., of AF and VTE) were
found and nearly 14% of patients had none of the examined
diagnoses recorded [16]. Further, bleeding events could not
be checked against medical charts, however, a high validity
of our outcome definition based on hospital discharge diag-
noses can be assumed.

Another limitation is that German claims data do not
include prescribed daily doses and therefore exposure dura-
tions have to be estimated. Due to inter- and intra-individual
differences, VKA dosing is more variable compared with the
fixed-dosed NOACs. However, in our elderly study popula-
tion, dose reductions in NOAC users were common. Our
definition of 0.75 DDDs per day, which corresponded to
the definition used by Abbas et al. (phenprocoumon) [21],
was based on preliminary analyses from the overall cohort
and mainly influenced by the most commonly used products
phenprocoumon 3 mg and rivaroxaban 15 mg [16]. However,
sensitivity analyses based on different exposure definitions
for treatment with oral anticoagulants and comedication did
not change our overall results, with the exception of the com-
paratively high daily dose resulting from the 20th percentile
of the prescribed daily dose. In the nursing home setting,
it is likely that medication is prescribed and dispensed as
needed rather than stock piled by the patient. Further, an
enhanced compliance might be assumed as medication is
usually ordered, organized, and administered by the nursing
home staff [51, 52] compared to outpatients living in their
own homes. Since in-hospital medication is not included in
the data, these findings solely reflect treatment in the out-
patient setting.

With respect to the examined comedication, we might
have underestimated concomitant use of NSAIDs, since
lower doses of, e.g., ibuprofen or diclofenac can be bought
over the counter without a medical prescription in Germany.
The same applies to low-dose acetylsalicylic acid which is
also often obtained without prescription.

Moreover, it was not possible to assess whether, in case of
VKA-treated patients, INR values were monitored and doses
were adapted accordingly. However, as previously discussed
in our study, medical care of nursing home residents usually
takes place in the nursing home instead of the physician’s
office which probably hampers even established laboratory
tests such as INR monitoring [16].

Conclusions and implications

In conclusion, we found lower bleeding rates in NOAC
users than in those receiving VKAs with significantly
decreased rates for intracerebral bleeding. This suggests
that the findings from previous studies can be transferred to

the population of nursing home residents treated with oral
anticoagulants. Further, our study shows that comedication
needs to be prescribed cautiously and when possible moni-
tored closely in these patients. Although NOACs appeared to
be less affected by interactions via pharmacokinetic mecha-
nisms, pharmacodynamic interactions seemed to play a simi-
lar role and require cautious use. Especially the switch from
parenteral anticoagulants to NOACs seems to be critical
in these vulnerable patients and should be conducted very
carefully.
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