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Concomitant Anticoagulant and 
Antidepressant Therapy in Atrial Fibrillation 
Patients and Risk of Stroke and Bleeding
Joris J. Komen1,2, Paul Hjemdahl3, Aukje K. Mantel-Teeuwisse1 , Olaf H. Klungel1 , Björn 
Wettermark2,4 and Tomas Forslund2,3,*

We aimed to quantify the effects of antidepressant (AD) use in oral anticoagulant (OAC)-treated patients with atrial 
fibrillation (AF). Using the Stockholm Healthcare database, we analyzed AF patients initiated with an OAC. Outcomes 
were severe bleeds and strokes and were analyzed using Cox models. We included 17,210 patients claiming warfarin 
and 13,385 claiming a non–vitamin K OAC. The number of patients that claimed an AD during follow-up was 4,303. 
Concomitant OAC and AD use was associated with increased rates of severe bleeds (4.7 vs. 2.7 per 100 person-
years) compared with OAC treatment alone (adjusted hazard ratio (aHR) 1.42, confidence interval (CI): 1.12–1.80), 
but not significantly associated with increased stroke rates (3.5 vs. 2.1 per 100 person-years, aHR 1.23, CI: 0.93–
1.62). No significant differences in risks were observed between different OAC classes or different AD classes. In 
conclusion, concomitant use of an OAC and an AD is associated with an increased bleeding risk.

Antidepressants (ADs) are among the most frequently pre-
scribed medications for a variety of psychiatric indications, espe-
cially depression and anxiety.1 Almost all ADs share the feature 
of having a direct influence on serotonin neurotransmission by 
influencing serotonin levels and serotonin receptor signaling.2 
Besides the beneficial effects on a patient’s well-being, sero-
tonin inhibition also affects platelet function.3,4 By decreasing 
platelet serotonin or inhibiting serotonin receptors, platelet ag-
gregation may become compromised, which results in impaired 

hemostasis.4,5 Numerous studies have reported on the increased 
bleeding risk that is associated with AD use.6–8 Several studies 
have reported an increased risk for ischemic stroke in patients 
receiving ADs as well.7,9–11 It is hypothesized that ADs cause va-
soconstriction in cerebral arteries due to serotonergic activation, 
causing an increased risk for ischemic stroke.12,13 However, it 
cannot be ruled out that this observed association is due to con-
founding by indication, since depression is a known risk factor 
for stroke.11,14

Received January 29, 2019; accepted May 24, 2019. doi:10.1002/cpt.1603

1Division of Pharmacoepidemiology and Clinical Pharmacology, Utrecht Institute for Pharmaceutical Sciences, Utrecht University, Utrecht, The 
Netherlands; 2Department of Healthcare Development, Stockholm County Council, Public Healthcare Services Committee, Stockholm, Sweden; 
3Department of Medicine Solna, Clinical Epidemiology/Clinical Pharmacology, Karolinska Institutet, Karolinska University Hospital Solna, Stockholm, 
Sweden; 4Department of Medicine Solna, Centre for Pharmacoepidemiology, Karolinska Institutet, Karolinska University Hospital Solna, Stockholm, 
Sweden. *Correspondence: Tomas Forslund (tomas.forslund@sll.se)

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
 Antidepressants have been associated with both increased 
bleeding and stroke risk. In patients with atrial fibrillation, oral 
anticoagulants are used to prevent stroke, but they increase the 
bleeding risk.
WHAT QUESTION DID THIS STUDY ADDRESS?
 In patients with atrial fibrillation, is the combined use of 
antidepressants with oral anticoagulant therapy associated with 
increased bleeding and stroke risk, compared with monother-
apy with oral anticoagulants?

WHAT DOES THIS STUDY ADD TO OUR KNOW- 
LEDGE?
 Atrial fibrillation patients receiving antidepressants together 
with oral anticoagulants had a 42% increased risk for severe 
bleeds compared with patients receiving only oral anticoagu-
lants, or an excess of 1.1 bleeds per 100 person-years. The effect 
of the combination was less clear regarding the risk for stroke.
HOW MIGHT THIS CHANGE CLINICAL PHARMA- 
COLOGY OR TRANSLATIONAL SCIENCE?
 A critical consideration for the need of an antidepressant 
is recommended when it is combined with oral anticoagulant 
therapy. Careful follow-up in patients receiving this combina-
tion is warranted.
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In patients with atrial fibrillation (AF), treatment with oral an-
ticoagulants (OACs) is effective in reducing the risk of having a 
stroke, but also increases the risk of having a severe bleed.15–17 Since 
OACs in general, and especially non–vitamin K antagonist oral 
anticoagulants (NOACs), are widely used in clinical practice,18,19 
there is need for a deeper understanding of their potential drug–
drug interactions to further optimize antithrombotic treatment. 
The interaction with ADs is of key importance since both bleeding 
and stroke risks might be influenced. The combination of vitamin 
K antagonists such as warfarin and ADs has been studied previ-
ously, and is associated with an approximately 30% increased risk 
for severe bleeds.20–23 However, neither the stroke risk for any com-
bination of OACs and ADs nor the risk for severe bleeding with 
the combination of NOACs and ADs have been studied before.

The aim of the present study was therefore to assess the effects of 
combined use of different ADs with OAC therapy in the NOAC 
era on both bleeding and stroke risk in patients with AF.

RESULTS
A total of 134,016 patients had a diagnosis code for AF in the 
Stockholm healthcare database (Vårdanalysdatabasen, VAL). Of 
these, 30,595 received a new prescription for any OAC within the 
study period and were included in the cohort, 17,089 with warfa-
rin, and 13,506 with a NOAC. A total of 4,303 (14.1%) of these 
patients claimed a prescription for an AD during the year of fol-
low-up, yielding 2,226 person-years of current AD treatment, and 
22,860 person-years of no current AD treatment.

AD use occurred slightly more often in the NOAC-treated 
group (13.5% with warfarin vs. 14.8% with a NOAC) and selective 
serotonin reuptake inhibitors (SSRIs) were the most commonly 
used ADs (61.0%). Table  1 shows the baseline characteristics of 
the cohort. Patients receiving an AD during follow-up were older 
(75.6 vs. 73.1  years of age  (mean)), more often female (58% vs. 
42%), had more comorbidities, and used more comedication com-
pared with the patients not receiving an AD.

A total of 712 severe bleeds and 551 strokes occurred during the 
year of follow-up (Table 2). The most frequently occurring type 
of bleed was a gastrointestinal bleed (GIB) (50.9%), and ischemic 
strokes accounted for 63.5% of the composite stroke endpoint.

Bleeding risk
The incidence rate (IR) of severe bleeds during person-time with 
current AD use was 4.7 per 100 person-years, compared with 
2.7 per 100 person-years during person-time without current 
AD use. After adjustment, this yielded an adjusted hazard ratio 
(aHR) of 1.42 (1.12–1.80) (Table 2). Based on the adjusted IR of 
severe bleeds per 100 person-years we estimated a risk difference 
of 1.1 bleeds per 100 person-years during concomitant AD use 
(Figure 1).

Table 2 also shows the aHR for different types of bleeds; both 
GIBs (aHR 1.42; 1.02–1.98) and other severe bleeds (aHR 1.75; 
1.09–2.79) were significantly increased. The risk of intracranial 
bleeds was not associated with AD use (aHR 1.09; 0.66–1.80).

In the separate models for warfarin and NOAC users, we 
found similar results as in the main model. Both for NOAC 
and warfarin users the risk was increased, but nonsignificant in 

warfarin users (aHR 1.29; 0.92–1.81). When checking for an 
interaction in the model, this was nonsignificant (P  =  0.730), 
meaning no statistically significant difference in risk between 
warfarin and NOACs.

Stroke risk
The IR of the stroke endpoint during AD use was 2.5 per 100 
person-years, compared with 2.1 per 100 person-years during ep-
isodes without AD use (Figure 1). After adjustment, this yielded 
an aHR of 1.23 (0.93–1.62) (Table 2). The aHR was 1.31 (0.89–
1.93) in NOAC-treated patients and 1.12 (0.75–2.24) in warfa-
rin-treated patients. The secondary outcome ischemic stroke was 
not significantly increased.

Stratified analyses
Analyses stratified on sex, age-group, type of AD (i.e., SSRI, tri-
cyclic antidepressant, or other), or AD use in the year prior to in-
clusion yielded no statistically significant different results in any 
subgroup, i.e., there were no significant interactions (Table  3). 
Stratification based on OAC class (i.e., NOAC or warfarin) 
yielded a P for interaction of 0.730 for severe bleeds and 0.201 
for the stroke endpoint, indicating no different effects in the two 
OAC classes (aHRs shown in Table 2).

Sensitivity analyses

Propensity score matching. Using propensity score matching, 
3,802 patients receiving an AD during follow-up were matched 
to the same number of patients not receiving an AD. Baseline 
characteristics after matching were almost identical, and all 
standardized mean differences were below 0.1, indicating 
successful matching (Table S2).

For severe bleeds, the results were similar as with the main 
analysis (Table S3). For stroke, the model yielded an HR of 1.47 
(1.08–2.02).

Falsification endpoint. The composite falsification endpoint of 
acute upper respiratory infection, influenza, and pneumonia 
showed an aHR of 1.08 (0.78–1.48) in the Cox regression 
model, showing no indication of residual confounding in this 
analysis (Table S4). None of the subgroup analyses showed any 
significantly increased risk.

Former users and never users. Comparing person-time of current 
use with person-time for individuals who never used an AD 
yielded similar results as the main analyses: an increased risk for 
severe bleeds and not for stroke.

Comparing person-time of former users of ADs with per-
son-time of nonusers yielded nonsignificant aHRs of 1.11 (0.73–
1.69) for severe bleeds and 0.59 (0.33–1.07) for stroke, showing no 
indication for residual confounding (Table S5).

Exposure definitions. Using different exposure definitions of AD 
treatment (i.e., using the defined daily dose) to create exposure 
periods, and including a 20% grace period for noncompliance 
yielded similar results as the main analysis (Table S6).
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Censoring. Censoring the patients when they received antiplatelet 
therapy or nonsteroidal anti-inflammatory drug therapy yielded 
similar results as the main analysis (Table S6).

DISCUSSION
In the current population-based cohort study, we found an increased 
risk for severe bleeds in OAC-treated AF patients with concomitant 
AD therapy. We found a nonsignificant trend toward an increased 
risk of stroke. The observed risks were similar for NOAC and war-
farin treatment and for the different ADs (i.e., SSRI, tricyclic anti-
depressant (TCA), or other ADs). Increases in bleeding risk were 
significant for GIBs and other severe bleeds, but not for intracranial 
bleeds. Sensitivity analyses added to the robustness of our findings 
and showed no indication for residual and unmeasured confound-
ing. However, in a sensitivity analysis using propensity score match-
ing, the stroke risk was significantly increased.

Study strengths
This is to our knowledge the first study to investigate both 
stroke and bleeding risk when combining ADs with OACs, 

Table 1  Baseline characteristics

 

Baseline cohort

Patients 
without AD

Patients with 
AD

n 26,291 4,304

Age at index, years (mean (SD)) 73.09 (11.1) 75.62 (10.8)

Female 10,957 (42%) 2,499 (58%)

Warfarin treatment 14,789 (56%) 2,300 (53%)

NOAC treatment 11,502 (44%) 2,004 (47%)

Reduced dose NOAC treatment 3447 (13%) 823 (19%)

Years since first AF date (mean (SD)) 1.65 (3.1) 1.75 (3.2)

Valvular AF 334 (1%) 67 (2%)

AD class

SSRI N/A 2,625 (61%)

TCA N/A 487 (11%)

Othera  N/A 1,192 (28%)

Antidepressant use in year prior to 
inclusion

548 (2%) 3,218 (75%)

Concomitant drug use

Aspirin 11,525 (44%) 2,014 (47%)

NSAID 3,177 (12%) 620 (14%)

Clopidogrel 1,120 (4%) 284 (7%)

Other antiplatelets 562 (2%) 156 (4%)

Corticosteroids 2,035 (8%) 419 (10%)

Diuretics 6,999 (27%) 1,445 (34%)

Beta blocker 14,963 (57%) 2,617 (61%)

Calcium channel blocker 7,002 (27%) 1,157 (27%)

RAAS inhibitor 12,333 (47%) 2,073 (48%)

Lipid lowering agent 8,105 (31%) 1,503 (35%)

Antidiabetic drug 3,093 (12%) 582 (14%)

Gastro protective agent 4,795 (18%) 1,368 (32%)

Comorbidities

Anemia < 3 months 344 (1%) 80 (2%)

Major bleeding < 3 months 153 (1%) 34 (1%)

Stroke/TIA/embolism < 3 months 1,652 (6%) 394 (9%)

Anemia 3–12 months 380 (1%) 105 (2%)

Major bleeding 3–12 months 180 (1%) 55 (1%)

Stroke/TIA/embolism 3–12 months 422 (2%) 148 (3%)

Anemia ≥ 12 months 2,939 (11%) 762 (18%)

Major bleeding ≥ 12 months 1,447 (6%) 427 (10%)

Stroke/TIA/embolism ≥ 12 months 2,424 (9%) 747 (17%)

Alcoholism 1,065 (4%) 384 (9%)

Hypertension 17,689 (67%) 3,223 (75%)

Abnormal liver function 613 (2%) 119 (3%)

Renal disease 2,041 (8%) 498 (12%)

Heart failure 5,996 (23%) 1,280 (30%)

Diabetes 4,780 (18%) 961 (22%)

Vascular disease 7,047 (27%) 1,415 (33%)

(Continues)

 

Baseline cohort

Patients 
without AD

Patients with 
AD

Cancer 5,596 (21%) 1,104 (26%)

COPD 2,382 (9%) 651 (15%)

≥2 Falls 2,954 (11%) 803 (19%)

Dementia, delirium, or other mental 
disorders due to known physiologi-
cal condition

995 (4%) 556 (13%)

Mental disorder due to psychoactive 
substance use

1,518 (6%) 519 (12%)

Schizophrenia 139 (1%) 79 (2%)

Mood disorder 1655 (6%) 1,993 (46%)

Anxiety 2,397 (9%) 1,516 (35%)

Behavioral syndromes 2,218 (8%) 814 (19%)

Disorder in personality and behavior 52 (0%) 40 (1%)

Unspecified mental disorder 116 (0%) 63 (1%)

Year of index date

2011 2,172 (8%) 286 (7%)

2012 4,517 (17%) 617 (14%)

2013 3,487 (13%) 494 (11%)

2014 6,305 (24%) 1,059 (25%)

2015 5,016 (19%) 935 (22%)

2016 4,794 (18%) 913 (21%)

Baseline characteristics of patients receiving an antidepressant during 
follow-up and patients not receiving an antidepressant during follow-up.
AD, antidepressant; AF, atrial fibrillation; COPD, chronic obstructive pulmonary 
disease; NSAID, nonsteroidal anti-inflammatory drug; RAAS, renin-angiotensin-
aldosterone-system; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic 
antidepressant; TIA, transient ischemic attack.
aOther antidepressants are bupropion, duloxetine, mianserin, mirtazapine, and 
moclobemide.

Table 1  (Continued)
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as well as describing bleeding risk when combining ADs with 
NOACs. We addressed a clinically relevant research question 
for which evidence has been very limited so far. Both AF and 
OAC and AD use are increasing,1,24–26 which will result in 
higher numbers of patients receiving this combination. A major 
strength of this study is the completeness of the VAL database, 
which contains full healthcare coverage of an entire healthcare 
region, resulting in high external validity of our findings. The 
other major strength of this study is the robustness of our de-
sign. We used different approaches to test our hypotheses and 
validated our results by several sensitivity analyses and addi-
tional tests to check for residual confounding. The sensitivity 
analyses yielded similar results, and additional tests all showed 
no signs of major residual confounding, which supports the 
validity of our results.

Study limitations
Our study has some limitations. First, this is an observational 
study, and despite all efforts, one can never completely rule out 
unmeasured confounding. Depression is a known risk factor 
for stroke and could act as a confounder, even after adjusting 

for it, since diagnoses for depression might be lacking. There is 
no evidence that depression is a risk factor for severe bleeds, and 
therefore these results are not potentially biased by depression as 
confounder. Second, one is never sure whether a patient actually 
takes the medication as prescribed. Sensitivity analyses by defining 
AD treatment episodes in different ways yielded similar results, 
but uncertainty still exists whether patients took their prescribed 
medication at the time of an event. Third, we used a conservative 
approach in defining outcomes, especially for strokes. With that, 
we avoid misclassification, but also probably underestimate the in-
cidence of strokes. Fourth, the VAL database lacks information on 
lifestyle factors, such as smoking.

Previous studies
Previous studies have reported an approximate 30% increase in 
the risk for severe bleeds when combining warfarin treatment 
with ADs.20–23 Our study confirmed these findings and showed 
a similarly increased risk when combining ADs with NOACs. 
Contrasting to previous work, we found a similarly increased risk 
for all AD classes, while others found an increased risk only for 
SSRIs in combination with warfarin. There is, however, evidence 

Table 2  Number of events and the results from the Cox regression

   

Number of outcomes

Adjusted HR (95% ) Risk differenceAD nonusers AD users

All OAC Person-years 22,860 2,226 — —

Bleeds Severe bleed 607 105 1.42 (1.12–1.80) 1.1

GIB 309 54 1.42 (1.02–1.98) 0.6

Intracranial bleed 160 23 1.09 (0.66–1.80) 0.1

Other severe bleed 138 28 1.75 (1.09–2.79) 0.5

Strokes TIA/ischemic stroke/
unspecified

474 77 1.23 (0.93–1.62) 0.5

Ischemic stroke 298 52 1.29 (0.92–1.81) 0.4

NOAC Person-years 10,305 1,084 — —

Bleeds Severe bleed 253 55 1.58 (1.12–2.21) 1.4

GIB 142 29 1.32 (0.83–2.10) 0.4

Intracranial bleed 57 8 1.02 (0.45–2.34) 0.0

Other severe bleed 54 18 3.02 (1.62–5.64) 1.1

Strokes TIA/ischemic stroke/
unspecified

199 42 1.31 (0.89–1.93) 0.6

Ischemic stroke 132 28 1.25 (0.78–2.02) 0.3

Warfarin Person-years 12,555 1,142 — —

Bleeds Severe bleed 354 50 1.29 (0.92–1.81) 0.8

GIB 167 25 1.57 (0.97–2.54) 0.8

Intracranial bleed 103 15 1.08 (0.58–2.01) 0.1

Other severe bleed 84 10 1.02 (0.49–2.12) 0.0

Strokes TIA/ischemic stroke/
unspecified

275 35 1.12 (0.75–2.24) 0.3

Ischemic stroke 166 24 1.35 (0.83–2.19) 0.5

Number of events per treatment group, adjusted hazard ratios, and absolute risk difference of bleeds and stroke. Hazard ratios adjusted age, sex, OAC class, 
year of inclusion, years since AF (atrial fibrillation) diagnosis, and comorbidities and comedication as presented in Table 1.
AD, antidepressant; aHR, adjusted hazard ratio; CI, confidence interval; GIB, gastro intestinal bleed; NOAC, non–vitamin K oral anticoagulant; OAC, oral 
anticoagulant; TIA, transient ischemic attack.
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suggesting an increased bleeding risk independent of AD class in 
patients in general,7,8 or in patients on concomitant nonsteroidal 
anti-inflammatory drug treatment.27 One recent meta-analysis 
of observational studies showed an increased bleeding risk for 
mirtazapine and bupropion, both of which have very little or no 

influence on the serotonin transporter.28 For mirtazapine, it is 
hypothesized the 5HT-2A receptor affinity increases the risk for 
bleeding,29 as serotonin-mediated enhancement of platelet acti-
vation in whole blood is mediated by 5HT-2A receptors.30 For 
bupropion, it is hypothesized that the effects on dopamine and 

Figure 1  Rates of stroke and bleed per 100 person-years after adjustment for confounders for patients with concomitant antidepressant 
use and for patients with anticoagulant therapy alone. Rates are shown for all oral anticoagulants and stratified for non–vitamin K oral 
anticoagulants and warfarin. NOAC, non–vitamin K oral anticoagulant.

Table 3  Results from the Cox regression, stratified by sex, age, antidepressant class, and prior AD use

 

Bleed Stroke

Adjusted HR (95% CI) P for interaction Adjusted HR (95% CI) P for interaction

Sex

Male 1.57 (1.07–2.32) 0.578 1.53 (0.97–2.40) 0.668

Female 1.40 (0.98–2.00) 1.37 (0.91–2.08)

Age

<80 1.46 (1.00–2.12) 0.940 1.35 (0.87–2.09) 0.623

≥80 1.48 (1.03–2.13) 1.52 (1.00–2.32)

AD class

SSRI 1.30 (0.90–1.88) 0.393 1.13 (0.73–1.75) 0.085

TCA 1.53 (0.74–3.17) 1.44 (0.58–3.60)

Othera 1.73 (1.17–2.55) 1.92 (1.25–2.95)

AD use in year prior to index date

Yes 1.89 (1.14–3.15) 0.382 1.28 (0.88–1.88) 0.110

No 1.50 (1.09–2.08) 2.04 (1.18–3.52)

Adjusted hazard ratios for severe bleeds and stroke risk, stratified by sex, age (<80 and ≥80 years of age), antidepressant class, and prior antidepressant use. 
Other antidepressants are: bupropion, duloxetine, mianserin, mirtazapine, and moclobemide. Hazard ratios adjusted age, sex, OAC class, year of inclusion, years 
since AF diagnosis, and comorbidities and comedication as presented in Table 1.
AD, antidepressant; aHR, adjusted hazard ratio; CI, confidence interval; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant.
aOther antidepressants are bupropion, duloxetine, mianserin, mirtazapine, and moclobemide.
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noradrenaline neurotransmission increase the risk for bleeding.28 
These findings are supported by the new insights from our study 
and suggest that TCAs or other antidepressants are not safer alter-
natives to SSRIs in OAC-treated patients.

We are, to our knowledge, the first to report on the associa-
tion between concomitant OAC and AD use regarding the risk 
of suffering ischemic stroke. Studies have shown an increased risk 
for ischemic stroke with AD use in general, but this was without 
concomitant OAC treatment.7,9–11 Our data suggests an increased 
risk of stroke when combining OACs and ADs, and in the pro-
pensity score matched model this increase was statistically signifi-
cant. A study in another larger database may confirm these signals. 
Depression appears to increase the risk of suffering stroke,14 but it is 
noteworthy that AD treatment may counterbalance the beneficial 
effects of OAC treatment in the prevention of stroke in AF patients.

We found no difference in the results with warfarin or NOAC 
treatment strategies or for different AD classes. Therefore, we 
cannot recommend any combination to be the safest should a pa-
tient have indications for both treatments. We have shown an in-
creased risk for severe bleeds in all patients, and therefore increased 
awareness is recommended when prescribing any of the studied 
combinations. A critical consideration for the need of an AD is 
recommended when it is combined with OAC therapy.

Conclusion
In this study of a complete healthcare region we found that 
AD use in OAC-treated AF patients was associated with an 
increased risk for severe bleeds. In addition, we found sugges-
tions of an increased risk for stroke that merit further inves-
tigations. We found no differences between OAC treatment 
strategies or between different AD classes. Increased awareness 
and careful follow-up of patients receiving this combination is 
warranted.

METHODS
Data source
For this population-based cohort study, we used the VAL database, which 
is the Stockholm Healthcare Database, containing pseudonymized in-
formation on all 2.3 million inhabitants in the Stockholm region.31,32 
The individual-level information consists of data regarding demograph-
ics, medical information, and prescription claims. This gives the oppor-
tunity to have complete healthcare data for follow-up of all inhabitants 
in the region.

The medical information in VAL covers both primary and second-
ary care, and diagnoses and interventions are registered as International 
Classification of Diseases, Tenth Revision (ICD-10) codes. Data for pri-
mary care have been available since 2003, and for secondary care since 
1993. Information is available on migration and death for all individu-
als. Data from different databases are linked through a unique Personal 
Identification Number.33 The VAL database is updated monthly, and we 
had data available until December 2017 at the time of data extraction.

In the database, prescription claims data contain drugs claimed in any 
pharmacy in Sweden and are derived from the national prescribed drug 
registry and registered as Anatomical Therapeutic Chemical Classification 
System codes.34 Data on claimed drugs are available in the VAL database 
from July 2010. The drug information registered consists of amounts, dos-
ages, expenditures, reimbursement, age, and gender of the patient, copay-
ment, and prescriber categories.

The study was approved by the Regional Ethical Review Board in 
Stockholm (EPN 2015/579-31/2).

Patient selection
From the VAL database, we selected all patients with a diagnosis code 
for atrial fibrillation (I48) from 2003 until 2016. Validation studies have 
shown a positive predictive value of 97% for this diagnosis.35 Among the 
AF patients, we selected all patients with a new prescription for either a 
NOAC or warfarin from July 2011 until the end of 2016. We defined a 
prescription as a new prescription if the patient had no prescription for 
any OAC during the year prior to inclusion. The date of the first prescrip-
tion of the OAC was considered the index date.

Follow-up and censoring
After inclusion, we followed patients for a maximum of one year during 
the study period, which was from July 2011 until December 2017. 
During this year of follow-up, patients remained in the cohort as long as 
they claimed new prescriptions for a NOAC or warfarin. If they did not 
claim their previously prescribed OAC, we censored the patients at the 
estimated end of the duration covered by the last claimed prescription. 
Follow-up ended when a patient claimed a prescription for another oral 
anticoagulant class (i.e., switch from warfarin to NOAC or vice versa), 
when a patient experienced an outcome of interest (for ICD-10 codes see 
Table S1), when a patient emigrated from the county, or when a patient 
died.

Exposure definition
We included all claims for an AD from the index date until the end of 
follow-up to identify treatment episodes with ADs during follow-up. 
We looked for AD prescriptions 1 year prior to the index date to iden-
tify potential AD treatment episodes that overlapped the index date. 
We defined a treatment episode from the claim of an AD prescription 
until the calculated end of the treatment period, and these periods were 
considered current use periods. We calculated this using the number of 
pills claimed and the common dose for the antidepressant. We classified 
ADs into three classes: SSRIs, TCAs, and other ADs. For Anatomical 
Therapeutic Chemical Classification System codes, see Table S1.

Outcome definitions
For bleeding risk, we assessed the occurrence of a severe bleed, using 
ICD-10 codes as described in Table S1. We included the first regis-
tration of a bleed requiring acute somatic care in inpatient or out-
patient hospital-based care, starting from the day after inclusion in 
the cohort.36,37 The primary outcome was the occurrence of any se-
vere bleed. Secondary outcomes were GIB, intracranial hemorrhage, 
and other severe bleeds (Table S1). Validation studies have shown a 
positive predictive value of 95.5% and sensitivity of 100% for these 
diagnoses.36

For stroke risk, we assessed the occurrence of a composite endpoint of 
a transient ischemic attack (TIA), ischemic stroke, and unspecified stroke 
using ICD-10 codes as described in Table S1 as primary outcome. We 
included the first registration in acute somatic inpatient care starting from 
the day after inclusion in the cohort. Only the primary or first secondary 
diagnosis was used as has been previously done.37,38 The secondary out-
come was the occurrence of ischemic stroke. Validation studies have shown 
a positive predictive value of 98.6% for the combined stroke/TIA diagno-
sis and a sensitivity of 93.5%.39

Comedication and comorbidity definition
We defined baseline drug use as claims in the six months prior to the index 
date (Table 1). We included claims of drugs that are known to influence 
the risk for bleeding and/or stroke, as they can introduce confounding. In 
addition, we assessed whether patients had AD prescription in the year 
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prior to inclusion. We also included comorbidities registered in the data-
base before inclusion of the patient (Table 1). For anemia, a prior bleed, 
and a prior stroke/TIA/embolism, we also specifically assessed diagnoses 
recorded in the 3 months before inclusion and the year before inclusion 
to further identify high-risk patients. Finally, we calculated the years 
between the first AF diagnosis and index date for each patient.

Statistical analyses
We used descriptive statistics to present baseline characteristics and to 
calculate IRs per 100 person-years. We used a Cox proportional hazards 
model to calculate HRs with 95% confidence intervals (CIs) and to con-
trol for potential confounders. The primary outcomes, severe bleed and 
stroke, were analyzed in separate models. We used the aHR to calculate 
an adjusted IR in patients on current AD treatment in order to estimate 
an adjusted risk difference. To test to the robustness of our findings, 
we conducted several sensitivity analyses, including a propensity score 
matched analysis.

SAS Enterprise Guide 7.1 was used for all statistical analyses  (SAS 
Institute Inc., Cary, NC).
Cox proportional hazards model. We used a Cox proportional hazards 
model to assess the association between current AD use and risk for se-
vere bleed and stroke compared with patients without current AD use. In 
the models, we adjusted for age, sex, OAC class (i.e., warfarin or NOAC), 
year of inclusion, years since AF diagnosis, baseline medication, and co-
morbidities as presented in Table 1. We used age and years since AF di-
agnosis as continuous variables. In the model, AD use was included as a 
time-dependent variable, and we compared person-time with AD treat-
ment to person-time without current AD treatment.

Besides the main model, which included any OAC treatment, we 
constructed two models, one with only warfarin users and one with only 
NOAC users. In the NOAC model, we also included a variable for the 
dose of the NOAC (i.e., standard or reduced). These models were ana-
lyzed similarly to the main analyses to gain insight in potential differences 
between NOACs and warfarin.
Stratified analyses. We tested for significant interaction terms and con-
ducted stratified analyses to assess if an association was modified by the 
following prespecified subgroups; gender, age <80 or ≥80 years, type of 
AD (SSRI, TCA, other), AD use in the year prior to inclusion, and type 
of OAC (NOAC or warfarin).

Sensitivity analyses
Propensity score matching . In order to further address potential 
confounding, we calculated propensity scores for the probability 
of receiving an AD during the year of follow-up. To calculate the 
propensity score, we performed a logistic regression conditional on 
age, gender, OAC class, year of inclusion, years since AF diagnosis, 
and baseline medication and comorbidities as presented in Table 1. 
With the Greedy matching algorithm (http://bioinformaticstools.
mayo.edu/research/gmatch/), we matched each patient receiving 
an AD during follow-up to one patient not receiving an antidepres-
sant during follow-up, based on the propensity score. Matching was 
done using calipers of width equal to 0.2 of the standard deviation 
of the logit of the propensity score. We considered matching suc-
cessful if the standardized mean difference for all covariates was 
below 0.1.

We also used propensity score matching to analyze the risks in dif-
ferent OAC treatment groups. For this, we conducted separate match-
ing procedures for the two OAC treatment groups. When matching 
NOAC patients, we also included a variable for the dose of the NOAC 
(i.e., standard or reduced) in the logistic regression to calculate the pro-
pensity score.
Falsification endpoint. We analyzed a falsification endpoint to as-
sess whether our results could be due to residual and unmeasurable 
confounding.40,41 We used a composite endpoint of acute upper 

respiratory infection, inf luenza, and pneumonia, registered in sec-
ondary inpatient or outpatient care, and requiring acute somatic care 
(i.e., all ICD-10 codes starting with J0 and J1). ADs are not believed to 
increase the risk for these diseases, but they could be related to resid-
ual and unmeasurable confounding (e.g., socioeconomic status, life-
style factors, etc.). We analyzed the composite falsification endpoint 
with the same definitions as the main analyses, with the assumption 
of similar confounders for the falsification endpoint as for the study 
endpoints.
Former users and never users. We conducted sensitivity analyses by 
comparing person-time of current AD use with never-use person-time 
(i.e., person-time from patients never receiving an AD during follow-up). 
We also compared never-use person-time with former-use person-time 
(i.e., the unexposed person-time after an AD prescription has ended, but 
before follow-up has ended).

With this analysis, we can assess potential residual confounding due to 
unknown confounders that are more frequently present in AD users, re-
gardless of receiving an AD at that time.
Exposure definitions. We used alternative definitions for the AD ex-
posure since this definition can inf luence the results. We constructed 
AD treatment episodes with a grace period for noncompliance of 20% 
and by calculating the expected treatment duration using the defined 
daily dose.
Censoring. We added two additional censoring moments in the main 
Cox model with all patients. First, we censored patients when they 
claimed a prescription for any antiplatelet agent; second, we censored pa-
tients when they claimed a prescription for any nonsteroidal anti-inflam-
matory drug, since antiplatelet and nonsteroidal anti-inflammatory drug 
therapy influence the risk for both stroke and bleeds.42
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