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Abstract

Background Observational studies have suggested an
increased risk of intracranial hemorrhage (ICH) associated
with selective serotonin reuptake inhibitors (SSRIs) and
other antidepressants primarily inhibiting serotonin
reuptake.

Objectives Our aim was to systematically review the
available epidemiologic evidence regarding the risk of ICH
associated with SSRIs and antidepressants inhibiting
serotonin reuptake.

Methods MEDLINE/PubMed and EMBASE were sear-
ched for all relevant articles in English, French, or German
published before April 2017. Observational studies with
SSRIs or any antidepressants classified by strength of
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serotonin reuptake inhibition as primary exposure, a com-
parison group, and ICH as outcome were eligible.

Results Among twelve identified studies (six nested case-
control, three cohort, two case-control, one case-cross-
over), seven assessed the risk of ICH associated with SSRIs
(some also including other antidepressants primarily
inhibiting serotonin reuptake), two the risk of ICH asso-
ciated with inhibitors of serotonin reuptake according to
the degree of reuptake inhibition, and three addressed both
objectives. Four of ten studies showed an increased risk of
ICH associated with SSRIs, with the two largest studies
suggesting a moderate effect. Three of five studies showed
an increased risk of ICH associated with strong inhibitors
of serotonin reuptake. Limitations including residual con-
founding, inclusion of prevalent users, potentially inap-
propriate study designs, and lack of power may have
influenced these results, especially in studies showing no
association or a highly increased risk.

Conclusion This systematic review suggests an increased
risk of ICH with antidepressants primarily inhibiting
serotonin reuptake, such as SSRIs. An increased risk of
ICH with strong inhibitors of serotonin reuptake compared
with weak inhibitors is also possible but the available
evidence is limited. Antidepressants only moderately or
weakly inhibiting serotonin reuptake might be preferred in
high-risk patients.
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Key Points

The evidence to date suggests that the use of
antidepressants that primarily inhibit the reuptake of
serotonin, such as selective serotonin reuptake
inhibitors, may increase the risk of intracranial
hemorrhage.

The use of antidepressants strongly inhibiting
serotonin reuptake could also increase the risk of
intracranial hemorrhage as compared with weak
inhibitors, although the available evidence is limited.

Antidepressants only moderately or weakly
inhibiting serotonin reuptake might be preferred in
patients with a high propensity for bleeding.

1 Introduction

Selective serotonin reuptake inhibitors (SSRIs) are com-
monly prescribed antidepressants that show a favorable
risk—benefit ratio in comparison with older drugs such as
tricyclic antidepressants (TCAs) [1]. However, use of
SSRIs has been suggested to increase the risk of bleeding,
including gastrointestinal bleeding [2] and intracranial
hemorrhage (ICH) [3]. Although a moderate increase in the
risk of gastrointestinal bleeding has been replicated in
several observational studies and subsequent meta-analyses
[2, 4], and can now be found in the summary of product
characteristics of SSRIs [5], the findings on ICH have been
contradictory [3, 6, 7].

The bleeding risk associated with the use of SSRIs, and
any other antidepressant that primarily inhibits the reuptake
of serotonin, probably results from their mechanism of
action on the serotonin transporter expressed by thrombo-
cytes. In particular, SSRIs can inhibit the reuptake of
serotonin into thrombocytes, and the depletion of serotonin
is considered responsible for their antiplatelet action [8].
Importantly, the strength of serotonin reuptake inhibition
varies among different SSRIs and antidepressants in gen-
eral [9]. Therefore, the potential bleeding risk of SSRIs and
other antidepressants has been linked to the varying
strength of this inhibition.

Given the high fatality rate of ICH such as intracerebral
and subarachnoid hemorrhage [10, 11] and the increasing
use of antidepressants, including SSRIs, observed in the
past decades [12], this potential association is of high
clinical importance. Previous systematic reviews or meta-
analyses have focused mostly on the risk of ICH (or ICH
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subtypes) associated with SSRIs [3, 7]. However, while
several studies on the risk of ICH according to the strength
of serotonin reuptake inhibition of antidepressants were
recently published [13-17], this topic has not been
specifically reviewed yet. Thus, we conducted a systematic
review of observational studies to synthesize the available
data regarding the risk of ICH associated with SSRIs and
with antidepressants in general according to their strength
of inhibition of serotonin reuptake.

2 Methods

This systematic review was reported in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [18], and following a
prespecified protocol.

2.1 Systematic Search

Potentially eligible studies were identified through a sys-
tematic search on the electronic publication databases
MEDLINE/PubMed and EMBASE from the -earliest
available online year of indexing up to and including April
29, 2017. A detailed search algorithm was developed,
based on a combination of concepts that addressed the
exposure of interest and the outcome of interest: SSRIs or
antidepressants classified by strength of serotonin reuptake
inhibition AND ICH. The search algorithm applied to
Medical Subject Headings and free-text words in MED-
LINE/PubMed can be found in eTable 1 (see electronic
supplementary material). A similar search strategy was
applied to EMBASE. We also scanned the bibliographies
of the included articles and relevant reviews for further
references. Duplicate publications from the same study
were removed using EndNote X7. All publications written
in English, German, and French were eligible for
screening.

2.2 Eligibility Criteria

The articles eligible for systematic review were studies
assessing the risk of ICH or any subtype of ICH (e.g.,
hemorrhagic stroke) associated with SSRIs or with
antidepressants in general classified according to strength
of serotonin reuptake inhibition (strong, intermediate, or
weak). The strength of inhibition is defined based on the
affinity (k;) of the antidepressant for the serotonin trans-
porter [9]. SSRIs are either strong or intermediate inhibi-
tors of serotonin reuptake. Non-SSRI antidepressants can
rarely be strong inhibitors (e.g., duloxetine, clomipramine),
but are mostly either intermediate or weak inhibitors of
serotonin reuptake. Studies eligible for the systematic
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review were observational studies (case-control, nested
case-control, cohort, within-subject designs) containing
original data and with a comparison group. Depending on
study design, the comparison group could be non-exposed
individuals, patients treated with other antidepressants such
as TCAs, or the patient him-/herself at different time
periods (in the case of within-subject designs). No disease-
specific definitions (e.g., depression) for the study popu-
lation were used. Only studies in which antidepressants
were the primary exposure of interest and where antide-
pressants with various strengths of serotonin reuptake
inhibition were analysed separately were included. As
such, studies which primarily focused on another medica-
tion while reporting risk associated with other drugs,
including SSRIs, were excluded.

Studies were excluded if they did not provide any
description of characteristics of the study population, or if
the frequency of ICH given exposure status could not be
calculated. Screening of titles and abstracts for articles
potentially eligible for further review was performed
independently by two investigators (AD and CR) in
accordance with the PRISMA checklist [19]. Differences
were resolved by consensus.

2.3 Data Collection

We developed a structured data extraction form, which was
first tested on four included studies, to record the following
data from each individual study if available: year of pub-
lication, country, years of study conduct, study design,
source population, sample size, inclusion and exclusion
criteria, percentage of males and mean age, type of com-
parison group (e.g., treated with TCAs, other antidepres-
sants, untreated individuals), number of participants per
treatment group, exposure of interest (e.g., new users,
prevalent users), definition of exposure, definition of the
outcome (e.g., ICH, hemorrhagic stroke, intracerebral
hemorrhage), number of events per treatment group,
matching variables or covariates adjusted for in the anal-
ysis, and adjusted estimates of measure of association
between treatment with SSRIs or other inhibitors of sero-
tonin reuptake and the outcome. Furthermore, we used the
data extraction form to assess the potential biases and/or
conflicts of interest, and to evaluate the overall quality of
the study, adapted from the A Cochrane Risk Of Bias
Assessment Tool: for Non-Randomized Studies of Inter-
ventions (ACROBAT-NRSI updated version ROBINS 1)
[20]. We performed quality assessment considering aspects
such as study design, exposure and outcome definition,
statistical analysis, and classical biases, as well as
methodological issues particular to pharmacoepidemiology
such as inclusion of prevalent users or time-related biases
[21, 22]. Two independent reviewers (AD and MA)

extracted data, with disagreements resolved by consensus
or a third reviewer (CR). The quality assessment of the
studies was assessed by two independent reviewers (AD
and CR), with disagreements also resolved by consensus.

3 Results
3.1 Included Studies

The initial search identified 226 publications, of which 196
were excluded based on review of the title and abstract
(Fig. 1). The main reasons for exclusion were irrelevance
based on the study question addressed or the type of study
or publication (e.g., reviews, case reports, comments, and
letters). The remaining 30 articles were reviewed in detail
independently by two reviewers and 19 articles were fur-
ther excluded. During the review process, we identified one
article based on the bibliographies of the included articles.
Therefore, twelve studies were included in this systematic
review [6, 13—17, 23-28]. All were observational studies,
consisting of six nested case-control  studies
[6, 14, 15, 23-25], three cohort studies [13, 27, 28], two
case-control studies [16, 26], and one case-crossover study
[17]. Seven studies assessed the risk of ICH associated with
the use of SSRIs [6, 23-28], two studies assessed the risk
associated with antidepressants according to the degree of
serotonin reuptake inhibition [13, 14], and three studies
addressed both objectives [15-17]. Three of the seven
studies assessing the risk of ICH associated with the use of
SSRIs also considered drugs that, while inhibiting sero-
tonin reuptake to some extent, are not specifically classified
as SSRIs (clomipramine [6, 24], trazodone [24], ven-
lafaxine [25], mirtazapine [25], duloxetine [25]). From this
point on in the manuscript, we have used the term ‘SSRIs’
in the same way as in the cited studies to cover the classical
SSRIs and these related drugs, given that the data from
these studies was predominantly that from SSRIs.

3.2 Risk of Intracranial Hemorrhage (ICH)
Associated with Selective Serotonin Reuptake
Inhibitors (SSRIs)

Among the ten studies that addressed the risk of ICH
associated with the use of SSRIs, five were nested case-
control studies [6, 15, 23-25], two were cohort studies
[27, 28], two were case-control studies [16, 26], and one
was a case-crossover study [17]. Their characteristics are
presented in Table 1. The studies were conducted in North
America (n=4) [15, 23, 26, 28], Europe (n=4)
[6, 16, 24, 25], and Asia (n = 2) [17, 27]. The sizes of the
study cohorts ranged from 136,293 to 1,363,990 patients.
Four studies considered new users of antidepressants
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226 records

(103 from MEDLINE and 123

from EMBASE)

34 records excluded:

192 records screened on the
basis of title and abstract

- Duplicates in EndNote (34)

162 records excluded:
- Publication type (abstracts, reviews,
study protocols) (36)

30 records screened in depth

- Study type (case reports, RCTs) (29)
- Comments, letters (18)
- Not relevant (79)

10 articles excluded:
- Inadequate study design (2)

- No exposure of interest (5)
- No outcome of interest (3)

20 records screened o

n the basis of full-text

1 article included after searching the
bibliographies of the included articles

9 articles excluded:
- Inadequate exposure definition (1)

and relevant reviews

- Inadequate outcome definition (7)
- Inadequate study population (1)

12 studies included in the qualitative data
synthesis of the systematic review

7 studies assessing
the risk of ICH
associated with

SSRIs only

3 studies assessing
the risk of ICH
associated with
SSRIs and with

strength of serotonin
reuptake inhibition

2 studies assessing
the risk of ICH
associated with

strength of
serotonin reuptake
inhibition only

Fig. 1 Selection of studies for systematic review. ICH intracranial hemorrhage, RCT randomized controlled trial, SSRIs selective serotonin
reuptake inhibitors

[15, 24, 25, 27], three studies considered the general pop-
ulation [6, 16, 26], one study considered only patients with
a diagnosis of depression [23], one study considered
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women between 50 and 79 years of age [28], and the case-
crossover study considered patients with ICH and antide-
pressant use in the year prior to the event [17]. Overall,
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Table 2 Results of observational studies evaluating the risk of intracranial hemorrhage associated with SSRIs

Study Exposure Number  Measure of  Analysis details Comments
groups of cases  association
or events (95% CI)
Bak Current vs no 659 OR 1.0 Adjustment for age (15-year bands), sex, index No exclusion of prevalent SSRI
et al. use of SSRIs cases (0.6-1.6) date (3-year bands), and use of cardiovascular users
[6] drugs including OACs and ASA Possible residual confounding
Chen Current vs no 92 cases HR 1.18 Matching for age, sex, year of cohort entry No exclusion of prevalent SSRI
et al. use of SSRIs (0.64-2.16)  Adjustment for ASA, risperidone, psychiatric and ~ USers
[23] cardiovascular comorbidities Residual confounding
De Current vs no 65 cases OR 0.8 Matching for age, sex, index date, practice Possible residual confounding
Abajo use of SSRIs (0.3-2.3) Adjustment for BMI, smoking status, arterial
etal. hypertension, migraine, asthma or COPD,
[24] NSAIDs, ASA
Douglas  Current vs no 365 OR 1.11 Matching for age, sex, practice Immortal time bias
et al. use of SSRIs cases (0.82-1.50) Adjustment for BMI, smoking status, alcohol use, Possible residual confounding
[25] and related cardiovascular comorbidities, NSAIDs,
ADs antiplatelet agents, year of first prescription,
total observation time
Renoux  Current use of 3036 RR 1.17 Matching for sex, age, year of cohort entry, Possible residual confounding
et al. SSRIs vs cases (1.02-1.35) duration of follow-up
[15] current use of Adjustment for BMI, smoking status, alcohol
TCAs abuse, cardiovascular comorbidities, depression,
measure of health utilization, cardiovascular
drugs including OACs and antiplatelet agents,
antipsychotics
Smoller  Use vs no use of 271 HR 2.12 Stratification by PS deciles (demographic, Residual confounding
et al. SSRIs at events (1.10-4.07)  lifestyle, risk factor, and comorbidity variables) Time-fixed exposure definition at
(28] cohort entry Adjustment for BMI, systolic blood pressure, cohort entry
depression, migraine, history of myocardial
infarction or stroke, hormone use, ASA,
NSAIDs
Lee Current use of 1995 HR 1.17 Stratification by PS quintiles (age, sex, year of Possible time-varying
et al. SNRIs vs events (0.91-1.48) cohort entry, cardiovascular and psychiatric confounding (long follow-up
[27] current use of comorbidities, cardiovascular drugs including but adjustment only for baseline
SSRIs OAGC:s and antiplatelet agents, and psychiatric covariates)
drugs)
Kharofa  Current vs no 916 OR 0.8 Matching for age, race, gender Possible selection bias (only 20%
et al. use of SSRIs cases (0.5-1.2) Adjustment for BMI, smoking status, alcohol use, of cases considered)
[26] cardiovascular comorbidities, warfarin, ASA Possible recall bias
Possible residual confounding
Verdel Current use vs 5651 OR 1.39 Matching for age, sex, geographical area, index  No exclusion of prevalent SSRI
et al. no use of cases (1.13-1.70)  date, duration of exposure prior to index date users
[16] SSRIs Adjustment for NSAIDs, antiplatelet agents, Possible residual confounding
OACs
Wuetal. Current vs no 1958 OR 4.24 Adjustment for number of outpatient visits, mood Potentially inadequate study
[17] use of SSRIs cases (1.95-9.26) disorders, cardiovascular drugs including OACs design

(only in cases)

and antiplatelet agents, antipsychotics

ADs antidepressants, ASA acetylsalicylic acid, BMI body mass index, CI confidence interval, COPD chronic obstructive pulmonary disease, CVD
cardiovascular disease, HR hazard ratio, NSAIDs non-steroidal anti-inflammatory drugs, OACs oral anticoagulants, OR odds ratio, PS propensity
score, RR rate ratio, SNRIs serotonin-norepinephrine reuptake inhibitors, SSRI selective serotonin reuptake inhibitors, TCAs tricyclic
antidepressants

12,797 events of ICH, 1552 events of hemorrhagic stroke,
and 659 events of intracerebral hemorrhage were identified
(Table 2). Seven studies compared use of SSRIs (six

studies assessed current use and one study assessed use at
cohort entry) with no use [6, 16, 23-26, 28], two studies
compared current use of SSRIs with current use of
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serotonin-norepinephrine reuptake inhibitors and TCAs,
respectively [15, 27], and the case-crossover study com-
pared the use of SSRIs in the risk period with the use of
SSRIs in the control periods among cases [17].

Overall, three studies observed an increased risk of ICH
associated with SSRIs [15-17] and one study observed an
increased risk of hemorrhagic stroke associated with SSRIs
[28]. Of those, a nested case-control study using TCAs as
an active comparator reported a 17% increased risk of ICH
(rate ratio [RR] 1.17; 95% confidence interval [CI]
1.02-1.35) [15]. The three other studies reported much
higher increases in the risk including 112% for hemor-
rhagic stroke (hazard ratio [HR] 2.12; 95% CI 1.10-4.07)
[28], 39% for ICH (odds ratio [OR] 1.39; 95% CI
1.13-1.70) [16], and 324% for ICH (OR 4.24; 95% CI
1.95-9.26) [17], comparing SSRIs with no use. In contrast,
three studies showed no increased risk of ICH associated
with SSRIs (HR 1.18; 95% CI 0.64-2.16 [23]/OR 0.8; 95%
CI 0.3-2.3 [24]/HR 1.17; 95% CI 0.91-1.48 [27]), two
studies showed no increased risk of hemorrhagic stroke
associated with SSRIs (OR 1.11; 95% CI 0.82-1.50 [25]/
OR 0.8; 95% CI 0.5-1.2[26]), and one study showed no
increased risk of intracerebral hemorrhage associated with
SSRIs (OR 1.0; 95% CI 0.6-1.6) [6]. Of those, one study
compared SSRIs with serotonin-norepinephrine reuptake
inhibitors [27], while the five other studies compared
SSRIs with ‘no use’ [6, 23-26].

Importantly, the study with the highest point estimate
used a case-crossover design [17], which was developed
for transient exposures and not for drugs often taken on a
regular basis such as SSRIs [29]. Moreover, three of the six
studies showing no increased risk were underpowered to
assess moderate effects, as seen by the wide 95% confi-
dence intervals [6, 23, 24]. Other methodological short-
comings were the inclusion of prevalent users [6, 16, 23],
potential immortal time bias [25], potential selection bias
[26], and potential exposure misclassification [28].

3.3 Risk of ICH Associated with the Degree
of Serotonin Reuptake Inhibition

Among the five studies that addressed the risk of ICH
associated with the strength of inhibition of serotonin
reuptake, two were nested case-control studies [14, 15],
one was a cohort study [13], one was a case-control study
[16], and one was a case-crossover study [17]. Their
characteristics are presented in Table 3. The studies were
conducted in North America (n =3) [13-15], Europe
(n = 1) [16], and Asia (n = 1) [17]. The sizes of the study
cohorts ranged from 36,389 to 1,363,990 patients. One
study considered only patients with a diagnosis of
depression [14], one study considered new users of
antidepressants [15], one study considered patients with a
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diagnosis of depression initiating antidepressants [13], one
study considered the general population [16], and the case-
crossover study considered patients with ICH and antide-
pressant use in the year prior to the event [17]. Overall,
10,737 events of ICH and 281 events of hemorrhagic stroke
were identified (Table 4). Two studies compared use of
strong inhibitors of serotonin reuptake (one study assessed
current use and one study assessed ever use) with no use
[14, 16], two studies compared current use of strong inhi-
bitors of serotonin reuptake with current use of weak
inhibitors of serotonin reuptake [13, 15], and the case-
crossover study compared the use of strong inhibitors of
serotonin reuptake in the risk period with the use of strong
inhibitors of serotonin reuptake in the control periods
among cases [17]. The affinity thresholds used to classify
strength of serotonin reuptake inhibition in four of the five
studies were < 1 nmol/L. for strong, 1-10 nmol/L for
intermediate, and > 10 nmol/L. for weak [13-15, 17]. In
contrast, the study by Verdel et al. used < 10 nmol/L for
strong, 10-1000 nmol/L. for intermediate, and > 1000
nmol/L for weak [16].

Overall, three studies observed an increased risk of ICH
associated with strong inhibitors of serotonin reuptake
[15-17]. Of those, a nested case-control study using weak
inhibitors of serotonin reuptake as an active comparator
reported a 25% increased risk (RR 1.25; 95% CI
1.01-1.54) [15]. The two other studies reported higher
increases in the risk when comparing strong inhibitors of
serotonin reuptake with no use including 45% (OR 1.45;
95% CI 1.19-1.76) [16] and 255% (OR 3.55; 95% CI
1.68-7.49) [17], respectively. Importantly, in these studies
weak or intermediate inhibitors of serotonin reuptake were
also associated with increased risks. In contrast, two studies
showed no increased risk of ICH associated with strong
inhibitors of serotonin reuptake compared either with weak
inhibitors of serotonin reuptake (RR 1.13; 95% CI
0.90-1.44) [13] or no use (OR 0.82; 95% CI 0.44-1.55)
[14].

Again, a study using the potentially inadequate case-
crossover design provided the highest point estimates [17].
Moreover, one of the studies showing no increased risk was
underpowered to assess moderate effects, as seen by the
wide 95% confidence intervals [14]. Another method-
ological shortcoming was the inclusion of prevalent users
[14, 16]. Finally, the fact that the study by Verdel et al. [16]
used different affinity thresholds to classify strength of
serotonin reuptake inhibition limits the comparability with
other studies.
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Table 4 Results of observational studies evaluating the risk of intracranial hemorrhage associated with the degree of serotonin reuptake

inhibition

Study Exposure groups Number Measure of Analysis details Comments

of cases or association
events (95% CI)

Chen Ever use vs no use of 92 cases Strong: OR Matching for age, sex, year of cohort entry No exclusion
et al. strong inhibitors 0.82 Adjustment for cardiovascular and psychiatric of prevalent
[14] Ever use vs no use of (0.44-1.55) comorbidities, OACs, ASA, risperidone SSRI users

intermediate inhibitors Intermediate:
Ever use vs no use of OR 0.93
weak inhibitors 0.37-2.31)
Weak: OR
0.38
(0.11-1.41)

Renoux  Current use of strong 3036 RR 1.25 Matching for sex, age, year of cohort entry, duration of Possible
et al. inhibitors vs current use cases (1.01-1.54) follow-up residual
[15] of weak inhibitors Adjustment for BMI, smoking status, alcohol abuse, confounding

cardiovascular comorbidities, depression, measure of
health utilization, cardiovascular drugs including OACs
and antiplatelet agents, antipsychotics

Castro Current use of strong 281 events RR 1.13 Adjustment for age, sex, race, insurance, health system Residual
et al. inhibitors vs current use (0.90-1.44) utilization, depression severity, ASA confounding
[13] of weak inhibitors

Verdel  Current vs no use of 5651 Strong: OR Matching for age, sex, geographical area, index date, No exclusion
et al. strong inhibitors cases 1.45 duration of exposure prior to index date of prevalent
[16] Current vs no use of (L19-1.76)  Adjustment for NSAIDs, antiplatelet agents, OACs SSRI users

intermediate inhibitors Intermediate: Possible
Current vs no use of weak OR 1.27 residual
inhibitors (0.97—1 .66) confounding
Weak: OR
1.63
(1.04-2.54)

Wu Current vs no use of 1958 Strong: OR Adjustment for number of outpatient visits, mood Potentially
et al. strong inhibitors cases 3.55 disorders, cardiovascular drugs including OACs and inadequate
[17] Current vs no use of (1.68-7.49) antiplatelet agents, antipsychotics study design

intermediate inhibitors Intermediate:
Current vs no use of weak OR 1.67
inhibitors (1.19-2.33)
(only in cases) Weak: OR
1.95
(1.28-2.97)

ASA acetylsalicylic acid, BMI body mass index, CI confidence interval, COPD chronic obstructive pulmonary disease, OACs oral anticoagulants,
OR odds ratio, NSAIDs non-steroidal anti-inflammatory drugs, RR rate ratio, SSRI selective serotonin reuptake inhibitors

4 Discussion

In this systematic review, we identified ten observational
studies assessing the risk of ICH or ICH subtypes associ-
ated with the use of SSRIs. Of those, the two largest studies
with no major limitations found an increase in the risk of
ICH compared with either TCAs [15] or no use [16], with
the magnitude of the effect reported being moderate at best.
Several of the remaining studies either suffered from
methodological shortcomings [17, 26, 28], or were

underpowered to assess such effects [6, 23, 24], which
could explain some inconsistencies between studies.

We also identified five observational studies assessing
the risk of ICH or ICH subtypes associated with the
strength of inhibition of serotonin reuptake. The two largest
studies found that current use of strong inhibitors was
associated with an increased risk of ICH compared with
either weak inhibitors of serotonin reuptake [15] or no use
[16]. However, the second study also found an increased
risk for intermediate or weak inhibitors of serotonin reup-
take compared with no use, without any clear trend

A\ Adis



332

A. Douros et al.

between strength of serotonin reuptake inhibition and the
risk of ICH [16]. Potential explanations include the use of
different thresholds for the classification based on strength
of serotonin reuptake used in this study, and the inclusion
of prevalent users. Among the remaining studies, one
suffered from methodological limitations [17], while
another one was underpowered to assess the risk of such a
rare event [14]. Thus, strong inhibitors could be associated
with an increased risk of ICH, but data regarding this
potential association are limited.

Residual confounding is a potential limitation of all
included studies due to their observational nature. While
the use of an active comparator has been suggested in order
to decrease the impact of this bias and especially indication
bias [30], only three studies compared SSRIs with other
classes of antidepressants [15, 27], or compared strong with
weak inhibitors of serotonin reuptake [13, 15]. Most of the
studies compared SSRIs or strong inhibitors of serotonin
reuptake with no use, which can introduce upward bias
because the condition being treated (e.g., depression) may
be a risk factor for bleeding [15, 31]. Moreover, one study
aimed to control for confounding by using a within-subject
design, the so-called case-crossover design [17]. While
within-subject designs can effectively deal with time-fixed
confounders, they were developed to assess the risks of
transient exposures such as vaccines or antibiotics. Thus,
they are potentially inadequate to study the effects of drugs
taken regularly, as is usually the case with antidepressants.
Recently, it was shown that when implementing within-
subject designs, persistent drug use can lead to an upward
bias in the effect estimates [32]. Congruently, the afore-
mentioned case-crossover study found increased risks not
only for SSRIs or strong inhibitors of serotonin reuptake,
but also for other exposures such as TCAs, monoamine
oxidase inhibitors, and intermediate or weak inhibitors of
serotonin reuptake [17]. Moreover, SSRIs were also asso-
ciated with an increased risk of ischemic stroke, which is
difficult to explain based on our current understanding of
SSRI pharmacology. Finally, another reason why residual
confounding may be augmented in some of the studies is
the absence of important variables in the analysis such as
oral anticoagulants [13, 23, 28] or cardiovascular disease
[13].

Four studies did not restrict their study cohorts to new
users of SSRIs [6, 14, 16, 23]. The inclusion of prevalent
users in observational studies has been criticized for two
main reasons [33]. First, prevalent users are ‘survivors’ of
the early period of pharmacotherapy, leading to an under-
ascertainment of early adverse events. Second, adjusting
for covariates at cohort entry may become complicated,
since some of these covariates could be affected by the
drug itself and thus be in the causal pathway; such over-
adjustment has been shown to increase bias [33, 34].
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Another possible bias limiting the validity of one of the
studies is immortal time bias, which can occur when drug
exposure is defined after cohort entry and usually leads to
decreased effect estimates [21]. In that particular study, at
least two prescriptions for SSRIs were required for patients
to be considered exposed, thus making the time between
the first and the second SSRI prescription ‘immortal’ [25].
Finally, one of the studies using a classic case-control
design may suffer from selection bias [26]. In this study,
only 27% of the initially identified cases of ICH were
included, and interviewed patients were younger than non-
interviewed patients. However, the impact of these poten-
tial biases on the effect estimates is unclear and possibly
minor, and several studies were also underpowered to
detect moderately increased risks. The lack of power was
often further aggravated in studies subcategorizing their
primary outcome [15, 24, 26]. Thus, in our review, point
estimates for subtypes of ICH were considered only if
assessed as primary outcome.

Given the various study designs applied, the different
populations considered, and the different comparator
groups used, as well as the several biases potentially lim-
iting the validity of the findings of a few of the included
studies, we do not deem a meta-analysis to be feasible.
Importantly, previously published meta-analyses of obser-
vational studies on the risk of ICH associated with SSRIs
also considered studies where oral anticoagulants or anti-
platelet drugs and not SSRIs were the primary exposure of
interest, making the interpretation of the results even more
challenging [3, 7].

ICH is a rare event in the general population, with the
added incidence rate of its two major components (i.e.,
intracerebral hemorrhage and subarachnoid hemorrhage)
being approximately 30 per 100,000 persons per year [35].
Thus, even a moderately increased risk of ICH conferred
by exposure to SSRIs or antidepressants strongly inhibiting
serotonin reuptake would translate to very few additional
events. Indeed, in one study the absolute rate difference
was shown to be 6.7 per 100,000 persons per year for the
comparison between SSRIs and TCAs, and 9.5 per 100,000
persons per year for the comparison between strong and
weak inhibitors of serotonin reuptake [15]. Importantly,
previous RCTs failed to determine whether SSRIs are
associated with an increased risk of ICH [36]. The rarity of
the event, the small sample size, and the incomplete
reporting of adverse events in those RCTs probably
account for this failure [36].

While ICH is rare in the general population, an increase
in the relative risk associated with the use of SSRIs can
become clinically relevant in high-risk groups, such as
patients treated with oral anticoagulants or antiplatelet
agents, patients with arterial hypertension or bleeding
disorders, or patients with a history of bleeding or stroke
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[37]. However, SSRIs have a more favorable overall safety
profile compared with other antidepressants such as TCAs
and a comparable effectiveness. Thus, according to current
guidelines, they remain the drug of choice in various
psychiatric conditions such as moderate or severe depres-
sion [1] or anxiety disorders [38]. In this context, the
clinically relevant question relates to which antidepressant
medication to use as opposed to the question of whether to
prescribe an antidepressant. Although only a few studies
have assessed the risk of ICH according to the degree of
serotonin reuptake inhibition, the potentially increased risk
with strong inhibitors suggests that intermediate or weak
inhibitors may be favored in patients at high risk of ICH.

5 Conclusions

In this systematic review, we found evidence suggesting
that antidepressants primarily inhibiting serotonin reup-
take, such as SSRIs, and strong inhibitors of serotonin
reuptake may increase the risk of ICH. However, data are
limited, particularly regarding the risk associated with
strong inhibitors of serotonin reuptake, and a firm conclu-
sion cannot be drawn because of heterogeneity between
studies in terms of methods, comparator group, and out-
come definition. Based on the individual studies, their
methodological shortcomings, and their power (or lack
thereof) to reliably quantify this rare event, the increased
risk associated with antidepressants primarily inhibiting
serotonin reuptake, such as SSRIs, might be moderate.
Assumptions regarding the magnitude of the effect asso-
ciated with antidepressants strongly inhibiting serotonin
reuptake are challenging given the scarcity of available
evidence. Since antidepressants primarily inhibiting the
reuptake of serotonin are widely used for a number of
conditions due to their overall positive safety profile,
agents of this class only moderately or weakly inhibiting
serotonin reuptake might be preferred over agents strongly
inhibiting serotonin reuptake in patients with a high
propensity for bleeding.
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