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Background-—There is concern that selective serotonin reuptake inhibitors (SSRIs) substantially increase bleeding risk in patients
taking anticoagulants.

Methods and Results-—We studied 737 patients taking SSRIs in the ROCKET AF (Rivaroxaban Once Daily Oral Direct Factor
Xa Inhibition Compared With Vitamin K Antagonism for Prevention of Embolism and Stroke Trial in Atrial Fibrillation) trial of
rivaroxaban compared with warfarin for the prevention of stroke/systemic embolism in patients with atrial fibrillation. These
patients were propensity score matched 1:1 to 737 patients not taking SSRIs. The primary outcome measure was major and
nonmajor clinically relevant bleeding events, the principal safety outcome in ROCKET AF. Over a mean 1.6 years of follow-up,
the rate of major/nonmajor clinically relevant bleeding was 18.57 events/100 patient-years for SSRI users versus 16.84
events/100 patient-years for matched comparators, adjusted hazard ratio (aHR) of 1.16 (95% confidence interval [CI], 0.95–
1.43). The aHRs were similar in patients taking rivaroxaban (aHR 1.11 [95% CI, 0.82–1.51]) and those taking warfarin (aHR
1.21 [95% CI, 0.91–1.60]). For the rarer outcome of major bleeding, the aHR for SSRI users versus those not taking SSRIs
was 1.13 (95% CI, 0.62–2.06) for rivaroxaban; for warfarin, the aHR was higher, at 1.58 (95% CI, 0.96–2.60) but not
statistically significantly elevated.

Conclusions-—We found no significant increase in bleeding risk when SSRIs were combined with anticoagulant therapy, although
there was a suggestion of increased bleeding risk with SSRIs added to warfarin. While physicians should be vigilant regarding
bleeding risk, our results provide reassurance that SSRIs can be safely added to anticoagulants in patients with atrial fibrillation.
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T reatment with oral anticoagulants, including warfarin and
non–vitamin K antagonist oral anticoagulants, signifi-

cantly decreases the risk of ischemic stroke in patients with
atrial fibrillation (AF), but also increases the risk of
bleeding.1,2 The risk of bleeding on oral anticoagulants

depends on multiple patient factors, including the use of
concomitant medications. Because of their relatively favorable
side-effect profiles, selective serotonin reuptake inhibitors
(SSRIs) are recommended by guidelines as first-line therapy
for depressive and anxiety disorders, particularly in the
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elderly.3–5 As a result, SSRIs may be prescribed along with
oral anticoagulants in patients with AF, a condition particularly
common in older individuals.6 A concern is that SSRIs have
been linked to increased risk of bleeding.7–16 Indeed, the
product information for SSRIs includes a warning about
possible increased bleeding risk.17 This increase in bleeding
risk is thought to be due to serotonin’s role in platelet
aggregation, which is inhibited by SSRIs, as well as to a
direct decrease in platelet adhesion to both collagen and
fibrinogen.11,18–20 Further, SSRIs inhibit the cytochrome P450
metabolic pathway, potentially increasing warfarin’s effect.21–
23 Several studies have reported that the combination of
warfarin and SSRIs leads to an increased risk of major
hemorrhage.24–28 No study has yet examined the possible
drug-drug interaction between SSRIs and non–vitamin K
antagonist oral anticoagulants. In the current study, we use
the experience of the ROCKET AF (Rivaroxaban Once Daily
Oral Direct Factor Xa Inhibition Compared With Vitamin K
Antagonism for Prevention of Embolism and Stroke Trial in
Atrial Fibrillation) (NCT00403767) randomized trial29 to
assess whether SSRIs increased the risk of bleeding in both
patients treated with the factor Xa inhibitor rivaroxaban and
those treated with warfarin, adjusted to achieve a target
international normalized ratio (INR) of 2.5 (range, 2.0–3.0).

Methods
The data, analytic methods, and study materials will not be
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure. The method-
ology and results of the ROCKET AF trial have been described
in detail.29,30 Briefly, ROCKET AF was a multicenter, interna-
tional, double-blind, double-dummy, noninferiority randomized
trial comparing fixed-dose rivaroxaban (20 mg once daily, or
15 mg once daily in patients with creatinine clearance of 30–
49 mL/min) with adjusted-dose warfarin (target INR, 2.5;
range, 2.0–3.0) for the prevention of stroke (ischemic or
hemorrhagic) or systemic embolism.

Patient Population
Complete inclusion and exclusion criteria for ROCKET AF have
been published.29 Briefly, patients with electrocardiographi-
cally documented nonvalvular AF at moderate to high risk for
stroke were recruited at 1178 participating sites in 45
countries. Patients in ROCKET AF were seen at study entry, 2
and 4 weeks, and then monthly during follow-up. At these
visits, patients were asked to describe their medications,
which could have included SSRIs. There were too few patients
who took serotonin and norepinephrine reuptake inhibitors
(SNRIs) or trazodone to study the effects of these agents. To
focus on SSRIs, we excluded patients who took an SNRI but
did not take an SSRI (n=119), took both an SSRI and an SNRI
but started the SNRI first (n=5), took trazodone but did not
take an SSRI at any time (n=63), or took both trazodone and
an SSRI but took trazodone first (n=7). We included 9 patients
who took an SNRI and 21 patients who took trazodone
concurrently with an SSRI for whom the SSRI was started first
or concurrently with the other agent. This resulted in 737
patients taking an SSRI at any time during the trial. Our safety
(bleeding rate) analyses excluded patients who did not receive
their randomized study anticoagulant: 2 in the SSRI group and
1 in the matched no-SSRI group. This resulted in 734 matched
pairs. As in the original ROCKET AF trial report, our efficacy
analyses excluded 17 SSRI-using patients from one Good
Clinical Practice–violating site, resulting in analyses of 720
matched pairs.

Exposure
Patients were considered to be taking an SSRI if their
medication record listed “selective serotonin reuptake
inhibitors,” including citalopram, escitalopram, fluoxetine,
fluvoxamine, paroxetine, and sertraline. SNRIs included
desvenlafaxine, duloxetine, or venlafaxine.

Patients must have been taking the SSRI medication for
a minimum of 14 consecutive days to be considered in the
medication group. During follow-up, interruptions of ≤7 days

Clinical Perspective

What Is New?

• Patients with atrial fibrillation may also have anxiety and/or
depression.

• As a result, patients may be prescribed selective serotonin
reuptake inhibitors (SSRIs) as well as anticoagulants.

• Given the platelet inhibitory effects of SSRIs, there is
concern that the addition of SSRIs to anticoagulants may
substantially raise the risk of bleeding.

• We assessed whether SSRIs increased the risk of bleeding
in the ROCKET AF randomized trial of rivaroxaban versus
warfarin in patients with atrial fibrillation.

• We found no strong evidence that SSRIs raised the risk of
major plus nonmajor clinically relevant bleeding events
when combined with anticoagulants overall, nor with either
rivaroxaban or warfarin, individually.

• There was a suggestion that SSRIs added to warfarin might
increase the risk of major bleeds, but this finding was not
statistically significant.

What Are the Clinical Implications?

• There are patients with atrial fibrillation taking anticoagu-
lants to prevent stroke, for whom SSRIs are indicated.

• While physicians should be vigilant regarding bleeding risk,
our results provide reassurance that SSRIs can be safely
added to anticoagulants in patients with atrial fibrillation.
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were ignored. Changes from 1 type of SSRI to another
were considered a continuation of SSRI therapy. Patients
who took more than 1 type of SSRI were counted in the
category of the SSRI taken for the largest proportion of
time.

Outcomes
This study’s primary outcome was the safety composite of
major and nonmajor clinically relevant (NMCR) bleeding
events, the ROCKET AF trial’s primary safety outcome. The
secondary end point was major bleeding alone. Major
bleeding was defined as clinically overt bleeding associated
with any of the following: fatal outcome, involvement of a
critical anatomic site (intracranial, spinal, ocular, pericardial,
articular, retroperitoneal, or intramuscular with compartment
syndrome), fall in hemoglobin concentration ≥2 g/dL, trans-
fusion of ≥2 units of whole blood or packed red blood cells, or
permanent disability. NMCR bleeding was defined as overt
bleeding not meeting criteria for major bleeding but requiring
medical intervention, unscheduled contact with a physician,
temporary interruption of study drug, pain, or impairment of
daily activities. Intracranial hemorrhage alone is not included
as a separate outcome because there were too few events.
Safety end points were measured between first dose of study
drug (warfarin or rivaroxaban) until 2 days after the last dose
of study drug.

We also report on the efficacy outcome of stroke (ischemic
or hemorrhagic) and non–central nervous system (CNS)
systemic embolism, as defined in the ROCKET AF
protocol.29,30 Stroke could be either ischemic or hemorrhagic
and was defined as a sudden focal neurologic deficit of
presumed cerebrovascular etiology that persisted beyond
24 hours and was not due to another identifiable cause. Brain
imaging (computed tomography or magnetic resonance
imaging) was recommended for all suspected strokes, and
this was performed in 79% of patients with stroke in the
current matched-pair analysis. Non-CNS embolism was
defined as an abrupt vascular insufficiency associated with
clinical or radiologic evidence of arterial occlusion in the
absence of other likely mechanisms. Efficacy end points were
measured from the time of randomization to study termina-
tion. Occurrence of end point events was assessed at each
follow-up visit and via notification between study visits. All
outcome events were adjudicated by a clinical end points
committee whose members were blinded to patient assign-
ment to warfarin or rivaroxaban.

Statistical Analysis
For the current analysis, 2 populations from the ROCKET AF
trial were used. For the primary comparison of bleeding

rates, we analyzed the on-treatment group of patients
consisting of patients randomly assigned to warfarin or
rivaroxaban who received at least 1 dose of the assigned
study drug. For comparison of the rates of stroke and
systemic embolism, we used an intention-to-treat approach,
including all randomized patients regardless of exposure to
the study drug. All baseline summaries are based on the
intention-to-treat populations. Categorical variables are pre-
sented as counts (percentages), and continuous variables are
presented as medians (25th and 75th percentiles). Contin-
uous variables were compared with Wilcoxon rank-sum tests,
and categorical variables were compared with Pearson chi-
square tests.

Patients taking SSRIs were matched 1:1 to those not
taking SSRIs using a propensity score. The propensity model
used multiple logistic regression, with the dependent variable
being an indicator of patient use of an SSRI at any time during
the study, and included the independent baseline variables of
age, sex, race (white, black, Asian, or other), body mass index,
geographic region (North America, Western Europe/Aus-
tralia/New Zealand/South Africa, and Latin America versus
Eastern Europe and East Asia/India), systolic blood pressure,
type of AF, time since AF diagnosis, congestive heart failure,
prior myocardial infarction, chronic obstructive pulmonary
disease, hypertension, diabetes mellitus, prior stroke or
transient ischemic attack, and history of anxiety or depres-
sion. For continuous predictors, restricted cubic splines were
used to accommodate nonlinearity. This model generated an
estimated probability and corresponding logit (loge[p/(1�p)])
of being an SSRI patient for each patient. Patients were then
matched 1:1 using a caliper width of 0.20*(standard deviation
of the logit).31 Matching at ratios of >1 non-SSRI:1 SSRI
patient resulted in poor balance of covariates between
groups. Balance of covariates included in the propensity
score between matched groups was assessed by the
standardized difference, which is the absolute difference in
means (or proportions) divided by the average standard
deviation.

Event rates (events per 100 patient-years) were gener-
ated for all end points. Only the first event for each patient
was included in the analysis. Patients who were on an SSRI
for only part of the follow-up period contributed event-free
time to both SSRI and no-SSRI groups; any event that
occurred was counted toward the medication group the
patient was in at the time. When an event occurred on the
same day as the medication was started or the first day on
which it was stopped, the event was credited to the prior
group. SSRI and no-SSRI groups were compared using Cox
proportional hazards models including SSRI in each model
as a time-dependent covariate, allowing patients to change
group over time. Model standard errors used a robust
sandwich covariance matrix to account for any possible
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dependency within matched pairs.32 Hazard ratios (with
95% [CIs]) for each comparison, with P values, were
generated from the Cox models. Safety and efficacy models
were adjusted for predictors of outcomes previously
identified in the full ROCKET AF cohort. The proportional
hazards assumption for SSRI was met for all models.

INR test values via study-supplied point-of-care devices29

were available for 755 patients, including 388 patients in the
SSRI group and 367 patients in the matched no-SSRI group.
Patients in analyses involving INR values may not have had a
matched patient with INR values available. Time in therapeutic
range for the INR of 2.0 to 3.0 was calculated using the
Rosendaal method.33 In this subset of warfarin patients, a
sensitivity model examined the association of SSRI versus no-
SSRI with major or NMCR bleeding, with and without INR
measurement included in the model as a time-dependent
covariate.

The Duke Clinical Research Institute (Durham, NC) coor-
dinated the trial, managed the database, and performed the
primary analysis, independent of the sponsors. The study
complies with the Declaration of Helsinki and was approved
by the Duke Institutional Review Board and ethics committees
at each participating site. All patients provided written
informed consent. The members of an international executive
committee designed the trial and were responsible for
overseeing the conduct of the study and all subanalyses. Dr
Daniel Singer had full access to all the data in the study and
takes responsibility for its integrity and the data analysis.

Results
In the ROCKET AF trial, 737 patients (5.2%) took SSRIs at
any time during follow-up, including 504 taking SSRIs at
entry to the study. Forty-seven percent (n=345) of patients
taking SSRIs were randomly allocated to rivaroxaban treat-
ment and 53% randomly allocated to warfarin. The median
duration of SSRI use was 16.7 months (25th, 75th: 10.3,
24.0), and 81.3% of patients remained on an SSRI at the end
of the study. The most commonly used SSRI was citalopram
(28% of SSRI users), followed by sertraline (24%), fluoxetine
(18%), escitalopram (17%), and paroxetine (12%), with
fluvoxamine (0.9%) uncommonly used. Nineteen SSRI users
started SSRIs after the patient had discontinued their
assigned anticoagulant.

In the overall ROCKET AF patient population, there were
multiple clinical and demographic differences between SSRI
users and nonusers (Table 1). SSRI users were older, more
likely to be female, more likely to be white, much more likely
to have come from North America, and more likely to have
diabetes mellitus, but less likely to have heart failure.
Congestive heart failure, hypertension, age 75 or greater,
diabetes, and prior stroke times 2 (CHADS2) scores were very

similar. At entry into the trial, a larger proportion of SSRI users
were experienced vitamin K antagonist users and fewer were
taking aspirin on a chronic basis. One-to-one propensity score
matching resulted in excellent balance of covariates with
standardized differences of <10% on all variables included in
the propensity score model (Table 2). There was also very
good balance across the full range of baseline characteristics
(Table 2). The notable remaining statistically significant
differences were a slightly higher mean creatinine clearance
and a higher proportion with prior vitamin K antagonist use in
SSRI users.

The average follow-up on treatment for safety outcomes
for patients on SSRIs was 1.6 years for both patients on
SSRIs and the matched SSRI nonusers. The rate of major/
NMCR bleeding was 18.57 events per 100 patient-years
versus 16.84 events per 100 patient-years for matched
comparators, with an adjusted hazard ratio (aHR) of 1.16
(95% CI, 0.95–1.43). The aHR for the much less common end
point of major bleeds was 1.37 (95% CI, 0.94–1.99) (Table 3).
Event rates stratified by rivaroxaban versus warfarin are
presented in Table 4. The aHRs for SSRI versus no-SSRI
exposure for safety outcomes in patients taking rivaroxaban
(aHR, 1.11 [95% CI, 0.82–1.51] for major/NMCR bleeds and
1.13 [95% CI, 0.62–2.06] for major bleeds) were similar to
those in patients taking warfarin (aHR, 1.21 [95% CI, 0.91–
1.60] for major/NMCR bleeds and 1.58 [95% CI, 0.96–2.60]
for major bleeds), with no evident interaction of effect
(Table 5). There were relatively few efficacy events among the
matched pairs. The aHR for all stroke and non-CNS embolism,
SSRI/no-SSRI, was 1.23 with a wide CI (0.76–2.00) and for
ischemic stroke alone was 1.20 (0.69–2.09) (Table 3). For
stroke/non-CNS embolism, the point estimate aHR for SSRI
versus no-SSRI was higher among patients randomized to
rivaroxaban (aHR, 1.61) than among patients randomized to
warfarin (aHR, 1.09), but the CIs were wide and highly
overlapping and the test for interaction was statistically
nonsignificant (Table 5). This was similarly true for the more
limited efficacy outcome of ischemic stroke. Among the
matched pairs, the effect of rivaroxaban versus warfarin was
also not significantly different among SSRI users and their
nonuser comparators. The aHR for rivaroxaban versus
warfarin for major/NMCR bleeds was 0.99 (95% CI, 0.72–
1.35) for patients taking SSRI versus 1.07 (95% CI, 0.83–1.38)
for the no-SSRI comparators. For stroke/non-CNS embolism,
the aHR of rivaroxaban versus warfarin was 0.74 (95% CI,
0.33–1.68) among patients taking SSRIs and 0.50 (95% CI,
0.24–1.03) among no-SSRI comparators (interaction P=0.44)
(Table 5).

Among patients taking warfarin, the time in therapeutic
range was 61% for patients taking SSRIs versus 60% for the
no-SSRI matched group. The time above the upper limit of
the target INR of 3.0 was 15% in the SSRI group and 14% for
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the no-SSRI group. Among patients taking warfarin with INR
data, the aHR (SSRI/no-SSRI) for major/NMCR bleeding was
almost identical with (aHR, 1.20 [95% CI, 0.90–1.58]) or
without (aHR, 1.20 [95% CI, 0.90–1.59]) INR as a time-varying
covariate in the model.

Table 1. Baseline Characteristics for Patients Classified by
SSRI Use at Any Time

Variable
SSRI at Any
Time (n=737)

No SSRI at Any
Time (n=13 333) P Value

Randomized to
rivaroxaban,
no. (%)

345 (47%) 6695 (50%) 0.072

Age, median
(25th, 75th), y

75 (67, 79) 73 (65, 78) <0.0001

Female, no. (%) 389 (53%) 5188 (39%) <0.0001

Race, no. (%)

White 671 (91%) 11 027 (83%) <0.0001

Black 13 (2%) 164 (1%)

Asian 29 (4%) 1748 (13%)

Other 24 (3%) 394 (3%)

Region

East Asia 24 (3%) 1451 (11%) <0.0001

India 5 (1%) 262 (2%)

Eastern Europe 80 (11%) 5410 (41%)

Western Europe/
Australia/
New Zealand

140 (19%) 2024 (15%)

South Africa 25 (3%) 218 (2%)

Latin America 150 (20%) 1714 (13%)

North America 313 (42%) 2254 (17%)

Type of AF

Persistent 575 (78%) 10 818 (81%) 0.10

Paroxysmal 151 (20%) 2327 (17%)

New onset 11 (1%) 188 (1%)

Time since AF
diagnosis,
median (25th,
75th), y

3.7 (1.1, 7.8) 3.2 (0.9, 7.1) 0.010

CHADS2 score,
mean (SD)

3.5 (1.0) 3.5 (0.9) 0.082

CHADS2 score,
no. (%)

1 3 (<1%)

2 93 (13%) 1735 (13%)

3 303 (41%) 5837 (44%)

4 216 (29%) 3824 (29%)

5 106 (14%) 1676 (13%)

6 19 (3%) 258 (2%)

Presenting characteristics, median (25th, 75th),

BMI, kg/m2 28.8 (25.4, 33.3) 28.1 (25.1, 31.9) 0.0002

Systolic BP,
mm Hg

129 (118, 140) 130 (120, 140) <0.0001

Continued

Table 1. Continued

Variable
SSRI at Any
Time (n=737)

No SSRI at Any
Time (n=13 333) P Value

Diastolic BP,
mm Hg

78 (70, 82) 80 (70, 86) <0.0001

Heart rate,
beats/min

72 (65, 81) 76 (68, 86) <0.0001

CrCl,* mL/min 66 (51, 88) 67 (52, 87) 0.62

Baseline comorbidities, no. (%)

Prior stroke
or TIA

398 (54%) 6980 (52%) 0.38

Hypertension 665 (90%) 12 067 (91%) 0.80

Diabetes mellitus 332 (45%) 5259 (39%) 0.0025

Prior myocardial
infarction

138 (19%) 2289 (17%) 0.28

Congestive heart
failure

407 (55%) 8402 (63%) <0.0001

Peripheral
arterial
disease

56 (8%) 766 (6%) 0.037

COPD 101 (14%) 1358 (10%) 0.0023

Anxiety or
depression

231 (31%) 247 (2%) <0.0001

Medications, no. (%)

Prior VKA use 574 (78%) 8156 (61%) <0.0001

Prior chronic
aspirin use

226 (31%) 4910 (37%) 0.0007

ACE inhibitor/
ARB at baseline

525 (71%) 9914 (74%) 0.059

b Blocker at
baseline

485 (66%) 8625 (65%) 0.54

Digitalis at
baseline

272 (37%) 5125 (38%) 0.41

Diuretic at
baseline

469 (64%) 7899 (59%) 0.018

Nonsteroidal
anti-
inflammatory at
baseline

72 (10%) 467 (4%) <0.0001

*Calculated using the Cockcroft-Gault equation.
ACE indicates angiotensin-converting enzyme; AF, atrial fibrillation; ARB, angiotensin
receptor blocker; BMI, body mass index; BP, blood pressure; CHADS2, Congestive heart
failure, hypertension, age 75 or greater, diabetes, and prior stroke times 2; COPD, chronic
obstructive pulmonary disease; CrCl, creatinine clearance; SD, standard deviation; SSRI,
selective serotonin reuptake inhibitor; TIA, transient ischemic attack; VKA, vitamin K
antagonist.
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Discussion
In our current analysis from the ROCKET AF randomized trial,
we assessed the risk of major plus NMCR bleeding due to the
addition of SSRIs to anticoagulants for patients with AF. To
reduce confounding, we used a propensity score matched
analysis with additional adjustment for potential confounders
in Cox regression models. Our study provides estimates of

Table 2. Baseline Characteristics for Patients Who Used an
SSRI at Any Time and Their Matched No-SSRI Cohort

Variable
SSRI at Any
Time (n=737)

No SSRI at Any
Time (n=737) P Value

Randomized to
rivaroxaban,
% (no.)

47% (345) 50% (365) 0.30

Age,* median
(25th, 75th), y

75 (67, 79) 75 (68, 79) 0.32

Female,* no. (%) 389 (53%) 382 (52%) 0.72

Race,* no. (%)

White 671 (91%) 650 (88%) 0.28

Black 13 (2%) 13 (2%)

Asian 29 (4%) 40 (5%)

Other 24 (3%) 34 (5%)

Region,* no. (%)

East Asia 24 (3%) 35 (5%) 0.11

India 5 (1%) 3 (<1%)

Eastern Europe 80 (11%) 81 (11%)

Western Europe/
Australia/
New Zealand

140 (19%) 174 (24%)

South Africa 25 (3%) 18 (2%)

Latin America 150 (20%) 154 (21%)

North America 313 (42%) 272 (37%)

Type of AF, no. (%)

Persistent 575 (78%) 587 (80%) 0.65

Paroxysmal* 151 (20%) 142 (19%)

New onset 11 (1%) 8 (1%)

Time since AF
diagnosis,
median
(25th, 75th), y*

3.7 (1.1, 7.8) 4.1 (1.3, 8.2) 0.26

CHADS2 score,
mean (SD)

3.5 (1.0) 3.5 (1.0) 0.79

CHADS2 score,
no. (%)

1 0.50

2 93 (13%) 93 (13%)

3 303 (41%) 318 (43%)

4 216 (29%) 193 (26%)

5 106 (14%) 105 (14%)

6 19 (3%) 28 (4%)

Presenting characteristics, median (25th, 75th)

BMI,* kg/m2 28.8 (25.4, 33.3) 28.6 (25.1, 32.5) 0.20

Systolic BP,*
mm Hg

129 (118, 140) 130 (120, 140) 0.72

Continued

Table 2. Continued

Variable
SSRI at Any
Time (n=737)

No SSRI at Any
Time (n=737) P Value

Diastolic BP,
mm Hg

78 (70, 82) 78 (70, 82) 0.92

Heart rate, bpm 72 (65, 81) 75 (64, 85) 0.097

CrCl,† mL/min 66 (51, 88) 62 (48, 83) 0.010

Baseline comorbidities, no. (%)

Prior stroke
or TIA*

398 (54%) 397 (54%) 0.96

Hypertension* 665 (90%) 668 (91%) 0.79

Diabetes mellitus* 332 (45%) 325 (44%) 0.71

Prior myocardial
infarction*

138 (19%) 135 (18%) 0.84

Congestive heart
failure*

407 (55%) 399 (54%) 0.68

Peripheral arterial
disease

56 (8%) 55 (7%) 0.92

COPD* 101 (14%) 94 (13%) 0.60

Anxiety or
depression*

231 (31%) 230 (31%) 0.96

Medications, no. (%)

Prior VKA use 574 (78%) 540 (73%) 0.039

Prior chronic
aspirin use

226 (31%) 245 (33%) 0.29

ACE inhibitor/ARB
at baseline

525 (71%) 546 (74%) 0.22

Beta blocker at
baseline

485 (66%) 477 (65%) 0.66

Digitalis at
baseline

272 (37%) 279 (38%) 0.71

Diuretic at
baseline

469 (64%) 449 (61%) 0.28

Nonsteroidal anti-
inflammatory at
baseline

72 (10%) 57 (8%) 0.17

ACE indicates angiotensin-converting enzyme; AF, atrial fibrillation; ARB, angiotensin
receptor blocker; BMI, body mass index; BP, blood pressure; CHADS2, Congestive heart
failure, hypertension, age 75 or greater, diabetes, and prior stroke times 2; COPD,
chronic obstructive pulmonary disease; CrCl, creatinine clearance; SD, standard
deviation; SSRI, selective serotonin reuptake inhibitor; TIA, transient ischemic attack;
VKA, vitamin K antagonist.
*Variables included in the propensity score, see Methods.
†Calculated using the Cockcroft-Gault equation.
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SSRI effect when combined with the non–vitamin K antag-
onist oral anticoagulant rivaroxaban, as well as with a
standard warfarin regimen aimed at an INR target of 2.5
(range, 2.0–3.0). The aHR for major/NMCR bleeds was 1.16
(95% CI, 0.95–1.43) among patients taking either trial
anticoagulant. When examined according to allocated anti-
coagulant, the aHR was 1.21 (95% CI, 0.91–1.60) for
patients taking warfarin and 1.11 (95% CI, 0.82–1.51) for
those taking rivaroxaban, with no significant interaction
between taking SSRIs and type of anticoagulant. For the
much less common outcome of major bleeding, the aHR was
a nonsignificant 1.37 (95% CI, 0.94–1.99) with aHRs of 1.13
(95% CI, 0.62–2.06) for patients assigned to rivaroxaban and
1.58 (95% CI, 0.96–2.60) for patients assigned to warfarin,
but with a nonsignificant test for interaction. If SSRIs
conferred an additional anticoagulant effect, we might
expect a reduced rate of stroke/non-CNS embolism among
SSRI users. In fact, we observed a small, statistically
nonsignificant increase in the rate of efficacy events in
patients taking SSRIs, although the precision of this estimate
was limited by the small number of events. Finally, viewing
the results from the alternate perspective, there was no

significant difference due to SSRI status in the comparison
of rivaroxaban versus warfarin.

In at least 1 study, SSRIs were found to increase the risk of
exceptionally high INR values, perhaps reflecting inhibition of
the cytochrome P450–mediated metabolism of warfarin.34

However, a recent large pharmacoepidemiologic study of SSRIs
and warfarin found no evidence that bleeding risk was
associated with strength of SSRI inhibition of cytochrome
P450 2C9.23 We also saw no evidence of SSRIs augmenting
warfarin’s effect. The time in therapeutic range and the
percentage of time of an INR >3.0 among warfarin users on
SSRIs were essentially the same as those values among
warfarin users not on SSRIs. Further, inclusion of time-updated
INR values had no effect on the hazard ratios generated by our
Cox regression models.

Our results should be viewed in the context of prior
studies. In a large community-based observational AF cohort,
we previously found an adjusted relative risk for major
hemorrhage of 1.41 (95% CI, 1.04–1.92) with the addition of
SSRIs to warfarin.26 Several studies using large national
databases have reported that concomitant use of SSRIs with
vitamin K antagonists increased the risk of hospitalized

Table 3. Efficacy and Safety End Points by SSRI Use (Matched Cohorts)

Outcomes
SSRI Events/100 Patient-years
(Total Events)

No SSRI Events/100
Patient-years (Total Events)

SSRI vs No SSRI

HR* (95% CI) P Value

Safety outcomes

Major/NMCR bleeding 18.57 (159) 16.84 (242) 1.16 (0.95, 1.43) 0.15

Major bleeding 5.61 (48) 4.11 (59) 1.37 (0.94, 1.99) 0.10

Efficacy outcomes

Stroke/non-CNS embolism 2.64 (27) 2.31 (37) 1.23 (0.76, 2.00) 0.40

Ischemic stroke 2.15 (22) 1.74 (28) 1.20 (0.69, 2.09) 0.51

CI indicates confidence interval; CNS, central nervous system; HR, hazard ratio; NMCR, nonmajor clinically relevant; SSRI, selective serotonin reuptake inhibitor.
*The safety end point models used the safety population and were adjusted for age; sex; geographic region; prior stroke or transient ischemic attack; anemia; prior gastrointestinal bleed;
chronic obstructive pulmonary disease; diastolic blood pressure; creatinine clearance (calculated using the Cockcroft-Gault equation); platelets; albumin; prior acetylsalicylic acid, vitamin K
antagonist, or thienopyridine; baseline nonsteroidal anti-inflammatory drug; and randomized anticoagulant treatment. Efficacy end point models used the intention-to-treat population and
were adjusted for age, sex, geographic region, body mass index, paroxysmal atrial fibrillation, diabetes mellitus, prior stroke or transient ischemic attack, vascular disease (myocardial
infarction, peripheral artery disease, or carotid occlusive disease), congestive heart failure, hypertension, chronic obstructive pulmonary disease, diastolic blood pressure, creatinine
clearance (calculated using the Cockcroft-Gault equation), heart rate, abstinence from alcohol use, baseline nonsteroidal anti-inflammatory drug, and randomized anticoagulant treatment.

Table 4. Efficacy and Safety End Point Event Rates by SSRI Use and Randomized Warfarin vs Rivaroxaban (Matched Cohorts)

Outcomes

Events/100 Patient-years (Total Events)

SSRI Rivaroxaban No SSRI Rivaroxaban SSRI Warfarin No SSRI Warfarin

Safety outcomes

Major/NMCR bleeding 18.47 (72) 16.87 (124) 18.66 (87) 16.81 (118)

Major bleeding 4.62 (18) 3.94 (29) 6.43 (30) 4.27 (30)

Efficacy outcomes

Stroke/non-CNS embolism 1.94 (9) 1.49 (12) 3.23 (18) 3.12 (25)

Ischemic stroke 1.51 (7) 0.99 (8) 2.69 (15) 2.50 (20)

CNS indicates central nervous system; NMCR, nonmajor clinically relevant; SSRI, selective serotonin reuptake inhibitor.
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bleeding events by roughly 30% to 70%, and a recent nested
case-control study from the United Kingdom Clinical Practice
Datalink found an odds ratio of 1.73 (95% CI, 0.89–3.39) for
intracranial hemorrhage in patients taking warfarin when
SSRIs were added.15,24,25,27 Although the CIs overlapped to
varying degrees, our point estimate hazard ratio, SSRI versus
no-SSRI, of 1.16 was smaller than those previously reported
and close to the null value of 1.0.

Our study has several notable limitations and strengths.
The use of SSRIs in ROCKET AF was driven by clinical
judgment and not randomized allocation. However, because
SSRIs are not usually included as a major interacting drug
with vitamin K antagonists or rivaroxaban, there is reduced
concern about “confounding by contraindication.” Moreover,
our propensity score matched approach resulted in a good
balance of observed potential confounders. Still, in any
nonrandomized assessment of drug effect, there may be
residual confounding. As part of a large randomized trial,
our study benefited from the careful prospective data
collection, close follow-up, and formal adjudication of
bleeding events by a committee blinded to oral anticoag-
ulant assignment. In a formal sense, however, our results
are not necessarily generalizable beyond the types of
patients we analyzed in ROCKET AF. Although the end point
of major/NMCR bleeding events is not as clinically
important as major bleeding events alone, major/NMCR
bleeding events were the primary safety outcome of the
ROCKET AF trial and provide a more statistically powerful
assessment of SSRI effect. Studies have reported that
bleeding risk with SSRIs was associated with degree of
inhibition of serotonin reuptake.24 We had too few users of
strong and weaker serotonin reuptake inhibitors to test this
effect. More generally, we assessed SSRIs as a class and
cannot assess the effect of individual SSRI agents.

In conclusion, we did not find a significantly increased risk
of bleeding among patients in ROCKET AF assigned to either
warfarin or rivaroxaban anticoagulant therapy who also took

SSRIs. Both anticoagulants and SSRIs are used among
predominantly older patients with AF, and their concurrent
use is not uncommon. In general, our findings provide some
reassurance that the addition of SSRIs to oral anticoagulants
does not substantially increase the risk of bleeding. This
reassurance has to be tempered somewhat, given the
modestly elevated, but statistically nonsignificant, aHR for
major bleeding we observed for the addition of SSRIs to
warfarin and the upper bound of the hazard ratio CI.
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SSRI vs No SSRI
HR (95% CI)

SSRI vs No SSRI
HR (95% CI)

Rivaroxaban vs Warfarin
HR (95% CI)

Rivaroxaban vs Warfarin
HR (95% CI)
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