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ABSTRACT

Background and Purpose: Multiple studies have reported that the use of selective serotonin
reuptake inhibitors (SSRIs) is associated with an increased risk of ischemic stroke; however,
this finding may be the result of a confounding by indication. We examined the association
using different approaches to minimize such potential bias.

Methods: A nested case-control study was carried out in a Spanish primary health-care
database (BIFAP) over the study period 2001-2015. Cases were patients sustaining an ischemic
stroke with no sign of cardioembolic or unusual etiology. For each case, up to five matched
controls (for exact age, sex, and index date) were randomly selected. Antidepressants were
divided in 6 pharmacological subgroups according to their mechanism of action. The current
use of SSRIs (use within a 30-day window prior to index date) was compared to non-use, past
use (beyond 365 days) and current use of other antidepressants through a conditional logistic
regression model to obtain adjusted odds ratios (AORs) and 95% confidence intervals (95%CI).
Only initiators of SSRIs and other antidepressants were considered.

Results: A total of 8,296 cases and 37,272 matched controls were included. Of them, 255
(3.07%) were current users of SSRIs among cases and 834 (2.24%) among controls, yielding
an AOR of 1.14 (95%CI:0.97-1.34) as compared to non-users, 0.94 (95%CI:0.77-1.13) as
compared to past-users and 0.74 (95%CI:0.58-0.93) as compared to current users of other
antidepressants. No relevant differences were found by duration (<lyear, >1year), sex, age
(<70, >70 years old) and background vascular risk.

Conclusions: The use of SSRIs was not associated with an increased risk of non-cardioembolic
ischemic stroke. On the contrary, as compared to other antidepressants, SSRIs appeared to be

protective.

Word count: 273



NON-STANDARD ABBREVIATIONS AND ACRONYMS
AD-NE:Antidepressants with a predominant inhibition of the noradrenergic reuptake
AMI:Acute Myocardial Infarction

AORs:Adjusted Odds Ratios

BMI:body mass index

CI:confidence intervals

ICD-9-CM:International Classification of Diseases, version 9, Clinical Modification
ICPC-2:International Classification of Primary Care, version 2

MICE:multiple imputation by chained equations models

NaSSAs:Noradrenergic a-2 receptor antagonists with specific serotonergic antagonism
NE:norepinephrine

PCP:primary care physicians

SARIs:Serotonin receptor antagonists with serotonin reuptake inhibition
SNRIs:Serotonin-norepinephrine reuptake inhibitors

SSRI:Selective Serotonin Recapture Inhibitors

TACs-SER:Tricyclic antidepressants with a preferential inhibitory action on the reuptake of
serotonin

TIA:transient ischemic attack



INTRODUCTION

The relationship between the use of selective serotonin reuptake inhibitors (SSRIs), the most
widely prescribed antidepressants, and ischemic stroke has been a matter of controversy for the
last two decades, with many studies suggesting an increased risk!'-®, while a few showing a
decreased risk®” or a neutral effect®. These findings seem to be a pharmacological paradox as
SSRIs have a recognized antiplatelet effect’ and one should expect a risk reduction, similar to
the one found for acute myocardial infarction (AMI)!%!°, Such discrepancies can be attributed
to several factors: 1)depression itself has been reported to be a risk factor for stroke?®?!, and
this may result in a confounding by indication when users of antidepressants are compared to
non-users, as most studies did; 2)some studies pooled SSRIs with other antidepressants, as if
they all had the same pharmacological profile?; 3)none of the studies distinguished between
the two main pathophysiological types of ischemic stroke: cardioembolic vs non-
cardioembolic, when it may not be reasonable to expect the same effect of SSRIs on both types;

and 4)the inclusion of prevalent users in the analysis?3.

In the present study we aimed to assess the association of SSRIs and five other antidepressant
subgroups with ischemic stroke of probable non-cardioembolic origin, trying to overcome the

aforementioned problems by using different methodological approaches.

PATIENTS AND METHODS

The dataset are available at: https://github.com/saromar/SSRI-stroke

Study design

We carried out a nested case-control study using BIFAP?#, a Spanish population-based database

containing fully anonymized primary care medical information, including outpatient



prescriptions (Expanded Methods in the Data Supplement). We identified a study cohort of
3,757,621 patients aged between 40 and 99 years without any previous record of cancer or
stroke and at least one-year registry with their primary care physician (PCP) over the study
period 2001-2015. Once patients fulfilled these criteria, they were followed-up until the
occurrence of a stroke (any type), death, 100 years of age or end of the study period, whichever

came first.

Selection of cases and controls

We identified all potential stroke cases using specific codes and free text associated with the
diagnosis (see Expanded Methods in the Data Supplement for details). For each case, the index
date was established as the recorded date of stroke diagnosis. Once the cases were identified, a
second validation procedure was carried out to establish the most probable pathophysiological
subtype: cardioembolic and non-cardioembolic using the free text associated with the
diagnosis. Additionally, records of atrial fibrillation, use of class IC or class III antiarrhythmics,
use of oral anticoagulants, or mitral valve prosthesis/stenosis, either before or within three
months after the event, were used as supporting information for cardioembolic stroke. All cases
with a probable cardioembolic origin were excluded, thus focusing the analysis on non-
cardioembolic ischemic events, including both large and small (or lacunar) vessel disease, as
both share an arterial wall involvement associated with vascular risk factors. We also excluded
from the analysis strokes of unusual origin, such as vasculitis, arterial dissection or cocaine
abuse. From the primary cohort, five controls were selected per each case individually matched
for exact age, sex, and index date (density sampling). Finally, we excluded prevalent users of
antidepressants (those patients with recorded prescriptions of any antidepressant before start
date) from both cases and controls, in order to focus on initiators of antidepressants (“new user

design”)?.



Exposure definition

Antidepressants were subclassified in 6 subgroups according to their mechanism of action!%2>:
I)Selective Serotonin Reuptake Inhibitors (SSRIs); 2)Serotonin-norepinephrine reuptake
inhibitors (SNRIs); 3)Tricyclic antidepressants (TCAs) with a preferential inhibitory action on
the reuptake of serotonin (SER)?*%27; 4) Serotonin receptor antagonists with serotonin reuptake
inhibition (SARIs); 5) Noradrenergic a-2 receptor antagonists with specific serotonergic
antagonism (NaSSAs); 6)Antidepressants with a predominant inhibition of the noradrenergic
reuptake (AD-NE)**2?7 (see Expanded Methods in the Data Supplement for a detailed
description of individual drugs included in each group). Mono-amine-oxydase inhibitors and
agometaline were excluded due to their low use. Bupropion was also excluded as it was mostly

used for smoking cessation. For some analyses, SNRIs, TCAs-SER, NaSSAs and AD-NE were

grouped as NonSSRIs-nonSARIs.

Patients were classified as “current users” when they had recorded prescriptions for the drug(s)
of interest and the last one lasted until a time window of 30 days prior to the index date; “recent
users” when the last recorded prescription ended between 31 and 365 days prior to the index
date; “past users” when the last recorded prescription ended beyond 365 days prior to the index
date; and non-users when there were no records of prescriptions for the drug of interest before

the index date.

In order to reduce confounding by indication, we took “past users of any antidepressant” as the
main category of reference for all antidepressant subgroups. Additionally, we also took “non-

users” for comparison with previous studies, and “current users of other antidepressants



different from SSRIs and SARIs” when specifically assessed the association of stroke with

SSRIs or SARISs.

Among current users, the duration of treatment was measured as “continuous duration” using
only consecutive prescriptions (accepting a maximum of 60-day gap between the end of supply
of a previous prescription and the start of the next one). Treatment duration was stratified into

two groups, less than or equal to one year and greater than one year.

Potential confounding factors

The following variables were selected as potential confounding factors using expert criteria:
I)number of visits to the PCP in the year prior to the index date (as a general indicator of
comorbidity); 2)lifestyle factors: body mass index (BMI), smoking status and alcohol abuse
(recorded as such by the PCP); 3)depression (any recorded diagnosis before the index date);
4)comorbidities (any time before the index date): ischemic heart disease (including history of
myocardial infarction or angina pectoris, including the use of nitrates as an indicator of angina),
heart failure, transient ischemic attack (TIA), peripheral artery disease, hypertension, diabetes
(recorded as such and/or use of glucose-lowering drugs), dyslipidemia (recorded as such and/or
use of lipid-lowering drugs), chronic obstructive pulmonary disease, rheumatoid arthritis,
chronic kidney failure and hyperuricemia (asymptomatic and gout); and 5)recorded use of the
following drugs in the 30 days prior to the index date: antiplatelet drugs, non-steroidal anti-
inflammatory drugs, paracetamol, metamizole, opioids, corticosteroids, angiotensin-
converting enzyme inhibitors, angiotensin II receptor blockers, calcium-channel blockers, beta-
blockers, alfa-blockers, diuretics, proton pump inhibitors, H2-receptor antagonists,

benzodiazepines and antipsychotics.



Statistical analysis

Conditional logistic regression models were built to assess the association between use of
different antidepressant subgroups and incident ischemic stroke of non-cardioembolic origin.
Adjusted Odds Ratios (AORs) and the corresponding 95% confidence intervals (CI) were
calculated by including the main exposure plus the potential confounders described above. We

only obtained the AORs when there were at least 5 exposed cases.

We also explored whether there was an interaction with some important variables such as sex,
age (stratified as less than 70 years and equal to or greater than 70 years) and background
vascular risk. The latter was divided in three categories®®: 1) Group 1: established vascular
disease (high-risk): those with a history of ischemic heart disease (AMI or angina pectoris),
TIA, peripheral arterial disease or diabetes (included here because diabetes has been reported
to have a risk equivalent to ischemic heart disease?”); 2) Group 2: one or more vascular risk
factors (intermediate-risk): those with a history of hypertension, dyslipidemia, chronic renal
failure, current smoking or BMI > 30 kg/m2 (and none of the conditions mentioned in the first
point); 3) Group 3: no known vascular risk factor or disease (low-risk). Statistical interaction

was evaluated using the Altman and Bland test°.

We had explicit missing values for BMI (36.0%) and smoking (50.8%). For the rest of
variables, we assume that the lack of recording was equivalent to lack of such characteristic.
To address such missing values we used the missing-indicator method, as we checked that the
distribution of missing values did not vary across main exposure categories’!. Nonetheless, in

a sensitivity analysis we also ran multiple imputation by chained equations models (MICE)?2,

We conducted all analyses using STATA version 15/SE (StataCorp. College Station, Texas.

77845, USA).



Ethical approval
The Research Ethics Committee of the University Hospital Principe de Asturias approved the

study on 26 January, 2021 and granted a waiver for the informed consent.

RESULTS

We initially identified 14,374 valid cases of ischemic stroke. After excluding 4,780 cases
(33.3%) of probable cardioembolic origin and 52 (0.4%) labelled as stroke of other origin, we
retained 9,542 cases (66.4%), of non-cardioembolic origin, and randomly sampled 47,710
controls individually matched with cases for sex, age and index date. For the new-user analysis,
we further excluded 1,232 cases (12.9%) and 5059 (10.6%) controls who had recorded
prescriptions of antidepressants before the start date, as well as 14 (0.1%) cases and 5379
(11.3%) controls who were left unmatched. The final sample was made up of 8,296 cases and
37,272 matched controls (mean ratio 1 to 4.5) (figure 1). The median follow-up time was 3.3

years (range:1.6-6.2) for cases and 2.9 years (range:1.4-5.4) for controls.

The characteristics of cases and controls are shown in table 1. As expected, cases presented a

higher prevalence of cardiovascular comorbidities, risk factors and comedication than controls.

Among controls, we examined the prevalence at index date of comorbidities, risk factors and
comedication among current users of SSRIs and compared them with non-users, past-users and
current users of nonSSRIs-nonSARIs. As postulated, past users and current users of nonSSRIs-
nonSARIs were more comparable with current users of SSRIs than non-users (Figure I in the

Data Supplement).

10



There were 255 (3.07%) current users of SSRIs among cases and 834 (2.24%) among controls,
yielding a crude OR of 1.43 (95%CI:1.24-1.66) and an AOR of 1.14 (95%CI:0.97-1.34) as
compared to non-users, and 0.97 (95%CI:0.81-1.16) and 0.94 (95%CI:0.77-1.13), respectively,
as compared to past-users (Table 2). As compared to non-users most antidepressants subgroups

showed a statistically significant increased risk (Table 2).

When current users of SSRIs or SARIs were compared to current users of nonSSRIs-
nonSARIs, the AORs were 0.74 (95%CI:0.58-0.93) and 0.72 (95%CI:0.49-1.04), respectively
(Table 3). In figure 2 we show how the AORs for SSRIs changed when different strategies to
control for confounding by indication were employed: adjustment for depression, and change

of the reference group (past-users as or current-users of other antidepressants).

The results of duration among current users of different subgroups as compared to past-users
are shown in Table I in the Data Supplement. An increased risk can be reasonably excluded for
SSRIs either in short or long-term treatments. No trend was observed either with SARIs. Of
note, during the first year of treatment we found a significant increased risk associated with
TCAs-SER  (AOR=1.72;95%CI:1.07-2.77) and a similar trend for SNRIs

(AOR=1.46;95%CI:0.96-2.20).

Current use of SSRIs was not associated with an increased risk of non-cardioembolic ischemic

stroke in any subgroup of patients when compared to past-users, by sex, age and background

vascular risk (figure 3) (see Table II in the Data Supplement for other subgroups).

The association of current users of different individual agents as compared to past users is

shown in Table III in the Data Supplement.

11



The use of MICE models to address missing values of smoking and BMI did not materially

change the results of the main analysis (Table IV in the Data Supplement).

DISCUSSION

In this nested case-control study we found that the current use of SSRIs was associated with an
increased risk of ischemic stroke of non-cardioembolic origin when they were compared to
non-users of antidepressants, but such increased risk disappeared when past users of
antidepressants were employed as the comparator and turned into a reduced risk when they
were compared with current users of other antidepressants (nonSSRIs-nonSARIs). These
results show the importance of confounding by indication that may have affected most studies
performed thus far in this area and how the selection of a more comparable group (either
previous users or active comparators) can help to circumvent this bias. No increased risk with
SSRIs was found in any of the subgroups of patients examined (by sex, age, and background
vascular risk), or with short or prolonged durations, which reinforces the safety of these drugs
concerning the risk of non-cardioembolic ischemic stroke, even in high-risk populations. The
data of other pharmacological subgroups, with the exception of SARIs, are not as reassuring
as those of SSRIs: antidepressants with a predominant noradrenergic reuptake inhibition profile
could be associated with an increased risk; and TCAs and SNRIs may be associated with an

increased risk during the first year of treatment.

Two recent meta-analyses have assessed the association of SSRIs with cerebrovascular events
(any stroke) and both concluded that the use of SSRIs as compared to non-use was associated
with an increased risk ranging from 1.24 (95%CI:1.15-1.34)*3 to 1.41 (95%CI:1.13-1.69)**. In

the latter, when the analysis was restricted to patients with depression, a lower but still

12



significant increased risk was found (RR=1.21; 95%CI:1.02-1.40)**. Only Biffi et al** provided
specific estimates for ischemic stroke including 3 studies and totaling 4,281 cases, being the
pooled RR of 1.15 (95%CI:0.98-1.36), but no distinction was made between the two main
pathophysiological types of ischemic stroke (cardioembolic vs. non-cardioembolic). Both
meta-analyses also provided information for TCAs, with a pooled RR ranging from 1.06 (0.96-
1.17) for any cerebrovascular disease (4 studies)* to 1.08 (95%CI:0.93-1.22) for any stroke (9
studies)**. No specific information was provided for the association of TCAs with ischemic
stroke. Further, TCAs were not separated according to the predominant amine whose reuptake
is inhibited (serotonin vs norepinephrine). Neither did they provide information for other
pharmacological subgroups. Two more recent studies, not included in the meta-analyses,
reached different results. Douros et al’ compared current users of antidepressants depending
on their affinity for the 5-HT transporter 2’ and found a moderate reduced risk of ischemic
stroke (RR=0.88;95%CI:0.80-0.97) associated with the so-called “strong” inhibitors (including
duloxetine, fluoxetine, paroxetine and sertraline) as compared to “weak’ inhibitors (including
mianserin, mirtazapine, nefazodone, reboxetine, agomelatine and viloxazine), while no
reduction (RR=0.98; 95%CI1:0.92-1.04) was observed when current use of “strong” inhibitors
were compared to “intermediate” inhibitors (citalopram, escitalopram, fluvoxamine and

venlafaxine). Glymour et al?!

, after a careful analysis accounting for depression as time-varying
confounder, did not find either an increased risk of stroke with SSRIs (OR=0.98; 95%CI:0.80-

1.20), though they did not distinguish between ischemic and hemorrhagic stroke.

In this context, our study have some remarkable novelties: 1)we focused our analysis on non-
cardioembolic ischemic stroke in order to maximize the potential preventive effect of SSRIs,
as these drugs have been reported to exert a moderate antiplatelet effect® and it is expected that

on cardioembolic strokes should have a weaker effect, if any; 2)the number of cases included

13



was much larger than any of the individual studies included in the meta-analysis by Biffi et al**
and even doubled the overall number of cases of the pooled analysis; only the study by Douros
et al’ (not included in the meta-analysis) was larger than ours (N=15,860), but they did not
separate out cardioembolic strokes (supposed to be at least one third of all ischemic stroke
cases) and they also included TIAs; 3)we classified antidepressants in different classes based
on a more precise mechanism of action!®, which is a more meaningful approach than a
classification based on the chemical structure or the “generation” of the antidepressants when
we are to assess their respective effects; 4)we compared current users of SSRIs with past users
of any antidepressant or with current users of other antidepressants in order to reduce the
confounding by indication; 5)we provide estimates for 6 pharmacological classes of
antidepressants and 11 individual drugs; and 6)all analyses were performed in new users to

avoid a prevalent-user bias.

Overall, our data suggest that SSRIs are not associated with an increased risk of non-
cardioembolic ischemic stroke, and as compared to other antidepressants may even be
protective. This is not in accordance with most studies published until now, nor with the meta-
analyses commented before, but we think that the discrepancy may be explained by
methodological issues. Most published studies compared current users of SSRIs with non-
users. When we did the same, we found a 21% increased risk (or 14% when depression was
included in the model), closer to the estimates provided by the aforementioned meta-analyses®
34 On the contrary, when we compared with past users we found an neutral effect, and when
compared to other antidepressants (nonSSRIs-nonSARIs), we found a 26% reduced risk,
similar to that found by Douros et al’, who used weak inhibitors of the serotonin reuptake as
comparators. Interestingly, Glymour et al?! estimated in 24% the magnitude of the confounding

by indication which is about the excess risk detected in the meta-analyses mentioned above. In

14



sum, when confounding by indication is properly discounted, a preventive effect of SSRIs is
revealed as compared to other antidepressants. We did not observe an increased risk of SSRIs
in any subgroup of patients by age, sex or background vascular risk (even in patients at high
risk), which suggest that SSRIs are the safest antidepressants in patients at vascular risk and

should be the first-choice antidepressants in them.

The results with SARIs (trazodone) deserve a comment. Their main mechanism of action is the
antagonism of the 5-HT»a receptor which mediates in platelets the pro-aggregatory effect
induced by serotonin. So, it is conceivable that by blocking this receptor, SARIs could present
an antiplatelet effect. In our previous study on AMI'? we observed a remarkable reduced risk
associated with the use of SARIs, similar to the one found with SSRIs. In the present study,
results did not reach statistical significance and, then, we cannot conclude that the use of SARIs
is associated with a reduced risk, but at least an increased risk can be ruled out, which is
reassuring taking into account that trazodone is widely used in the elderly at low doses (100

mg or lower) for its hypnotic properties®, mainly due to the antagonism on H; receptors.

The increased risk associated with TCA-SER and SNRI during the first year of treatment,
should be further studied, as we cannot rule out the possibility of a residual confounding by

indication (in case these drugs were more prescribed for severe cases).

The present study has a number of limitations. First, as in any observational study, unknown
or unmeasured factors may have caused some residual confounding; this possibility should be
less probable in the comparison of SSRIs with past users or current users of other
antidepressant; interestingly, in these comparisons the crude analysis gave almost identical

results than the full-adjusted analysis. Second, the possibility exists that some ischemic stroke

15



cases were not captured and that cases considered cardioembolic could be non-cardioembolic
and vice versa, though we consider that the likelihood of this misclassification might be low
after the extensive validation carried out; at any rate, as researchers who performed the case
validation were blinded to drug exposure, such potential misclassification of cases should have
been non-differential with respect to the exposure; it is well-known that a non-differential
misclassification of the event would tend the measure of association towards the null®’, and
then it cannot be argued as an explanation of the protective results found with SSRIs as
compared to other antidepressants. Third, we did not distinguish between large and small vessel
disease among non-cardioembolic strokes; although this can be considered a limitation, we
should bear in mind that both share an arterial wall involvement associated with risk factors
and both benefit from antiplatelet therapy as secondary prevention; thus, the expected effect of
SSRIs on them should be similar. Fourth, though all prescriptions are filled through the
computer and then completely recorded, treatment adherence by patients cannot be assured.
Fifth, as multiple comparisons were made, the possibility exists that some results may be

explained by chance.

SUMMARY

Many studies in the past have reported an increased risk of ischemic stroke associated with the
use of SSRIs. According to our results this positive association can be explained by several
methodological factors, in particular the confounding provoked by the indication itself. When
this bias is properly controlled for using an active comparator group (other antidepressants),

SSRIs are shown to be protective.

16



ACKNOWLEDGMENTS
The authors would like to thank the excellent collaboration of primary care practitioners

participating in BIFAP. We are also in debt with the staff members of the BIFAP Unit.

SOURCES OF FUNDING

This work was supported by research grants from the Institute of Health Carlos III- Ministerio
de Ciencia e Innovacion (#PI116/01353), cofounded by FEDER, to FdA and the Biomedical
Research Foundation of the University Hospital Principe de Asturias to FdA, LI and AGL. The
database BIFAP is fully funded by the Spanish Agency for Medicines and Medical Devices
and make the data available for free to professionals from Academia and the National Health
System. The funding sources had no role in study design, collection, analysis and interpretation

of data, writing of the report; and in the decision to submit the paper for publication.

DISCLOSURES
FdA has received unrestricted research grants from Sanofi-Pasteur for a research project

different from this one.

SUPLEMENTAL MATERIALS
Expanded Methods

Online Tables I-1V

Online Figure I

Data Set

References 10, 24-27

STROBE checklist

17



REFERENCES

1.

Hung CC, Lin CH, Lan TH, Chan CH. The association of selective serotonin reuptake
inhibitors use and stroke in geriatric population. Am J Geriatr Psychiatry.2013;21:811-
815.

Trifird G, Dieleman J, Sen EF, Gambassi G, Sturkenboom MC. Risk of ischemic stroke
associated with antidepressant drug use in elderly persons. J Clin Psychopharmacol.
2010;30:252-258.

Smoller JW, Allison M, Cochrane BB, Curb JD, Perlis RH, Robinson JG, Rosal MC,
Wenger NK, Wassertheil-Smoller S. Antidepressant use and risk of incident
cardiovascular morbidity and mortality among postmenopausal women in the Women’s
Health Initiative study. Arch Intern Med. 2009;169:2128-2139.

Coupland C, Dhiman P, Morriss R, Arthur A, Barton G, Hippisley-Cox J.
Antidepressant use and risk of adverse outcomes in older people: population based
cohort study. BMJ. 2011;343:d4551.

Wu CS, Wang SC, Cheng YC, Gau SS. Association of cerebrovascular events with
antidepressant use: a case-crossover study. Am J Psychiatry. 2011;168:511-521.

Chu CS, Chou PH, Lin CH, Cheng C, Tsai CJ, Lan TH, Huang MW, Nestadt G. Use of
selective serotonin reuptake inhibitors and risks of stroke in patients with obsessive
compulsive disorder: a population-based study. PLoS One. 2016;11:¢0162239.
Douros A, Dell’Aniello S, Dehghan G, Boivin JF, Renoux C. Degree of serotonin
reuptake inhibition of antidepressants and ischemic risk: A cohort study. Neurology.
2019;93:e1010-e1020.

Bak S, Tsiropoulos I, Kjaersgaard JO, Andersen M, Mellerup E, Hallas J, Garcia
Rodriguez LA, Christensen K, Gaist D. Selective serotonin reuptake inhibitors and the

risk of stroke: a population-based case-control study. Stroke. 2002;33:1465-1473.

18



10.

11

12.

13.

14.

15.

De Abajo FJ: Effects of selective serotonin reuptake inhibitors on platelet function:
mechanisms, clinical outcomes and implications for use in elderly patients. Drugs
Aging 2011;28:345-367.

Algdwah-Fattouh R, Rodriguez-Martin S, de Abajo FJ, Gonzalez-Bermejo D, Gil M,
Garcia-Lledd A, Bolumar F. Differential effects of antidepressant subgroups on risk of
acute myocardial infarction: A nested case—control study. Br J Clin Pharmacol.

2020;86:2040-2050.

. Noordam R, Aarts N, Leening MJG, Tiemeier H, Franco OH, Hofman A, Stricker BH,

Visser LE. Use of antidepressants and the risk of myocardial infarction in middle-aged
and older adults: a matched case-control study. Eur J Clin Pharmacol. 2016;72:211-
218.

Scherrer JF, Garfield LD, Lustman PJ, Hauptman PJ, Chrusciel T, Zeringue A, Carney
RM, Freedland KE, Bucholz KK, Owen R et al. Antidepressant drug compliance:
Reduced risk of MI and mortality in depressed patients. Am J Med. 2011;124:318-324.
Kimmel SE, Schelleman H, Berlin JA, Oslin DW, Weinstein RB, Kinman JL, Sauer
WH, Lewis JD. The effect of selective serotonin re-uptake inhibitors on the risk of
myocardial infarction in a cohort of patients with depression. Br J Clin Pharmacol.
2011;72:514-517.

Schlienger RG, Fischer LM, Jick H, Meier CR. Current use of selective serotonin
reuptake inhibitors and risk of acute myocardial infarction. Drug Saf. 2004;27:1157-
1165.

Monster TBM, Johnsen SP, Olsen ML, McLaughlin JK, Serensen HT. Antidepressants
and risk of first-time hospitalization for myocardial infarction: A population-based

case-control study. Am J Med. 2004;117:732-737.

19



16.

17.

18.

19.

20.

21.

22.

23.

24.

Sauer WH, Berlin JA, Kimmel SE. Effect of antidepressants and their relative affinity
for the serotonin transporter on the risk of myocardial infarction. Circulation.
2003;108:32-36.

Sauer WH, Berlin JA, Kimmel SE. Selective serotonin reuptake inhibitors and
myocardial infarction. Circulation. 2001;104:1894-1898.

Meier CR, Schlienger RG, Jick H. Use of selective serotonin reuptake inhibitors and
risk of developing first-time acute myocardial infarction. Br J Clin Pharmacol.
2001;52:179-184.

Coupland C, Hill T, Morriss R, Moore M, Arthur A, Hippisley-Cox J. Antidepressant
use and risk of cardiovascular outcomes in people aged 20 to 64: cohort study using
primary care database. BMJ. 2016;352:11350.

Wu CS, Wu HT, Tsai YT, Huang YW, Tsai HJ. Use of antidepressants and risk of
hospitalization for acute myocardial infarction: A nationwide case-crossover study. J
Psychiatr Res. 2017;94:7-14.

Glymour MM, Gibbons LE, Gilsanz P, Gross AL, Mez J, Brewster PW, Marden J,
Zahodne LB, Nho K, Hamilton J et al. Initiation of antidepressant medication and risk
of incident stroke: using the Adult Changes in Thought cohort to address time-varying
confounding. Ann Epidemiol. 2019;35:42-47 .el.

Rahman I, Humphreys K, Bennet AM, ngelsson E, Pedersen NL, Magnusson PK.
Clinical depression, antidepressant use and risk of future cardiovascular disease. Eur J
Epidemiol. 2013;28:589-595.

Ray WA. Evaluating medication effects outside of clinical trials: new-user designs Am
J Epidemiol. 2003;158:915-920.

Macia-Martinez MA, Gil M, Huerta C, Martin-Merino E, Alvarez A, Bryant V,

Montero D; BIFAP Team. Base de Datos para la Investigacion Farmacoepidemiologica

20



25.

26.

27.

28.

29.

30.

31.

32.

33.

en Atencion Primaria (BIFAP): A data resource for pharmacoepidemiology in Spain.
Pharmacoepidemiol Drug Saf- 2020;29:1236-1245.

Fasipe OJ. The emergence of new antidepressants for clinical use: Agomelatine
paradox versus other novel agents. IBRO Rep. 2019;6:95-110.

Gillman PK. Tricyclic antidepressant pharmacology and the therapeutic drug
interactions updated. Br J Pharmacol. 2007;151:737-748.

Tatsumi M, Groshan K, Blakely RD, Richelson E. Pharmacological profile of
antidepressants and related compounds at human monoamine transporters. Eur J
Pharmacol. 1997;340:249-258.

De Abajo FJ, Rodriguez-Martin S, Rodriguez-Miguel A, Gil MJ. Risk of ischemic
stroke associated with calcium supplements with or without vitamin D: a nested case-
control study. J Am Heart Assoc. 2017;6:¢005795. DOI: 10.1161/JAHA.117.005795.
Juutilainen A, Lehto S, Ronnemaa T, Pyoraia K, Laakso M. Type 2 diabetes as a
“coronary heart disease equivalent”: an 18-year prospective population-based study in
Finnish subjects. Diabetes Care. 2005;28:2901-2907.

Altman DG, Bland JM. Interaction revisited: the difference between two estimates.
BMJ. 2003;326:219.

Groenwold RHH, White IRT, Donders AR, Carpenter JR, Altman DG, Moons KG.
Missing covariate data in clinical research: when and when not to use the missing-
indicator method for analysis. CMAJ. 2012;184:1265-1269.

Azur MJ, Stuart EA, Frangakis C, Leaf PJ. Multiple imputation by chained equations:
what is it and how does it work? Int. J Methods Psychiatr Res. 2011;20:40—49.

Biffi A, Scotti L, Corrao G. Use of antidepressants and the risk of cardiovascular and
cerebrovascular disease: a meta-analysis of observational studies. Eur J Clin

Pharmacol. 2017;73:487-497.

21



34.

35.

36.

37.

Trajkova S, d'Errico A, Soffietti R, Sacerdote C, Ricceri F. Use of Antidepressants and
Risk of Incident Stroke: A Systematic Review and Meta-Analysis. Neuroepidemiology.
2019;53:142-151.

Macias Saint-Gerons D, Huerta-Alvarez C, Garcia-Poza P, Montero Corominas D, de
la Fuente Honrubia C. Trazodone utilization among the elderly in Spain. A population-
based study. Rev Psiquiatr Salud Ment. 2018;11:208-215.

Stahl SM. Mechanism of action of trazodone: a multifunctional drug. CNS Spectr.
2009;14:536-546.

Rothman KJ, Greenland S, Lash T. Validity in epidemiologic studies, in: Modern

Epidemiology, 3rd edn. Edited by Lippincott Williams & Wilkins;2013,pp:142-143.

22



FIGURE LEGENDS

Figure 1. Flow chart of patient selection.

Abbreviations: PCPs: primary care physicians.

Figure 2: Risk of non-cardioembolic ischemic stroke origin associated with the use of
SSRIs as compared to: 1)non-users of antidepressants without adjustment for depression,
2)non-users of antidepressants with adjustment for depression, 3)past users of
antidepressants, and 4)current users of NonSSRIs-nonSARIs.

Abbreviations: AOR: Adjusted odds ratio, CI: Confidence Interval; SARIs: Serotonin receptor
Antagonists with serotonin Reuptake Inhibition, SSRIs: Selective Serotonin Recapture

Inhibitors

Figure 3: Risk of non-cardioembolic ischemic stroke associated with the current use of
SSRIs as compared to past use of any antidepressant and current use of nonSSRIs-
nonSARISs, by sex, age and background vascular risk.

Abbreviations: AOR: Adjusted odds ratio; CI: Confidence Interval; SARIs: Serotonin receptor
Antagonists with serotonin Reuptake Inhibition; SSRIs: Selective Serotonin Recapture

Inhibitors.
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Table 1. Characteristics of cases and controls.

Cases(%) Controls(%) Non-adjusted OR”
N=8296 N=37272 (95%CI)
Age; mean(+SD) 73.5(£12.8) 73.2(£12.8) -
Men 4628(55.79) 21801(58.49) -
Visits (last 12 months)
Uptol 1775(21.40) 11624(31.19) 1(Ref))
6-15 3305(39.84) 14199(38.10) 1.59(1.49-1.69)
16-24 1826(22.01) 6429(17.25) 1.99(1.85-2.15)
25+ 1390(16.76) 5020(13.47) 1.98(1.82-2.15)
BMI kg/m?
Up to 24.9 1121(13.51) 4907(13.17) 1(Ref))
25-29 2438(29.39) 10853(29.12) 1.00(0.92-1.08)
30-34 1447(17.44) 6131(16.45) 1.05(0.96-1.14)
35-39 422(5.09) 1586(4.26) 1.16(1.02-1.32)
40+ 110(1.33) 388(1.04) 1.22(0.97-1.52)
Unknown 2758(33.24) 13407(35.97) 0.91(0.84-0.98)
Smoking
Never smoking 2513(30.29) 11553(31.00) I(Ref))
Current smoker 1517(18.29) 4685(12.57) 1.66(1.54-1.80)
Past smoker 538(6.49) 2107(5.65) 1.29(1.16-1.44)
Unknown 3728(44.94) 18927(50.78) 0.92(0.87-0.98)
Alcohol abuse 255(3.07) 620(1.66) 1.98(1.70-2.30)

Ischemic heart disease




AMI 416(5.01) 1379(3.70) 1.46(1.30-1.63)

Angor pectoris” 624(7.52) 2276(6.11) 1.28(1.16-1.40)
Heart failure 348(4.19) 1499(4.02) 1.02(0.90-1.15)
TIA 397(4.79) 770(2.07) 2.38(2.10-2.70)
PAD 400(4.82) 920(2.47) 2.05(1.82-2.32)
Hypertension 5014(60.44) 18865(50.61) 1.53(1.45-1.61)
Diabetes? 2476(29.85) 6959(18.67) 1.89(1.79-2.00)
Dyslipidemia® 3535(42.61) 14241(38.21) 1.21(1.15-1.27)
COPD 700(8.44) 2715(7.28) 1.21(1.11-1.33)
Rheumatoid arthritis 62(0.75) 290(0.78) 0.93(0.70-1.22)
Chronic kidney failure 433(5.22) 1326(3.56) 1.49(1.33-1.67)
Hyperuricemia

Asymptomatic 602(7.26) 2761(7.41) 1.00(0.91-1.09)

Gout 396(4.77) 1568(4.21) 1.18(1.06-1.33)

Current use of

Antiplatelet drugs 2136(25.75) 5817(15.61) | 2.08(1.96-2.21)
Paracetamol 1263(15.22) 5686(15.26) 1.06(0.98-1.14)
Metamizole 376(4.53) 1308(3.51) 1.38(1.23-1.56)
NSAIDs 787(9.49) 3445(9.24) 1.08(0.99-1.18)
Opioids 345(4.16) 1339(3.59) 1.18(1.04-1.33)
Corticosteroids 175(2.11) 623(1.67) 1.28(1.08-1.51)
ACEIs 1639(19.76) 6414(17.21) 1.28(1.20-1.36)
ARBs 1377(16.60) 5374(14.42) 1.22(1.14-1.31)
CCBs 1196(14.42) 4364(11.71) 1.34(1.25-1.44)
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Beta-Blockers 846(10.20) 3213(8.62) 1.24(1.14-1.34)
Alfa-Blockers 212(2.56) 801(2.15) 1.24(1.06-1.44)
Diuretics 1087(13.10) 4548(12.20) 1.13(1.05-1.22)
PPIs 2393(28.85) 9135(24.51) 1.32(1.24-1.40)
H»-receptor antagonists 199(2.40) 600(1.61) 1.51(1.28-1.78)
Benzodiazepines 1373(16.55) 5600(15.02) 1.14(1.06-1.22)
Antipsychotics 319(3.85) 742(1.99) 2.02(1.77-2.32)

Abbreviations: ACEIs: Angiotensin Converting Enzyme Inhibitors; AMI: Acute Myocardial
Infarction; ARBs: Angiotensin II-Receptor Blockers; BMI: Body Max Index; CCBs: Calcium-
channel blockers; CI: Confidence Interval; COPD: chronic obstructive pulmonary disease;
NSAIDs: Non-steroidal Anti-inflammatory Drugs; OR: Odds ratio; PAD: Peripheral Artery
Disease; PPI: Proton-pump inhibitors; SD: Standard Deviation; TIA: Transient Ischemic
Attack.

*Adjusted only for matching factors (age, sex, and calendar year).

"Recorded as such, and/or when patients were using nitrates.

fRecorded as such, and/or when patients were using glucose-lowering drugs.

YRecorded as such, and/or when patients were using lipid-lowering drugs.
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Table 2. Risk of non-cardioembolic ischemic stroke associated with the current use of different antidepressant subgroups as compared to:

non-users or past users.

As compared to non-users

As compared to past users

Cases(%) Controls(%)
Non-adjusted OR" | Adjusted OR" | Non-adjusted OR" | Adjusted OR"
N=8296 N=37272
(95%CI) (95%CI) (95%CI) (95%CI)
Non users 7157(86.27) | 33828(90.76) | 1(Ref.) I(Ref) 0.68 (0.60-0.76) 0.82 (0.72-0.94)
Current users of
Any antidepressant 529(6.38) 1521(4.08) 1.62(1.46-1.80) 1.28(1.13-1.45) | 1.10(0.94-1.28) 1.05(0.89-1.24)
SSRIs 255(3.07) 834(2.24) 1.43(1.24-1.66) 1.14(0.97-1.34) | 0.97(0.81-1.16) 0.94(0.77-1.13)
SNRIs 62(0.75) 151(0.41) 1.93(1.43-2.61) 1.47(1.07-2.02) | 1.30(0.95-1.80) 1.21(0.87-1.68)
TCAs-SER 41(0.49) 92(0.25) 2.09(1.45-3.03) 1.74(1.18-2.57) | 1.41(0.96-2.08) 1.43(0.96-2.14)
SARIs 57(0.69) 163(0.44) 1.61(1.19-2.19) 1.11(0.80-1.53) | 1.09(0.79-1.51) 0.91(0.65-1.29)
NASSAs 58(0.70) 164(0.44) 1.63(1.21-2.21) 1.45(1.05-1.99) | 1.10(0.80-1.52) 1.19(0.85-1.66)
AD-NE 5(0.06) 4(0.01) 5.28(1.40-19.87) 3.64(0.94-14.10) | 3.56(0.94-13.49) 2.99(0.77-11.65)
Concomitant use 51(0.61) 113(0.30) 2.11(1.51-2.95) 1.63(1.14-2.34) | 1.43(1.00-2.03) 1.34(0.93-1.95)
- Including SSRIs/SARIs 42(0.51) 94(0.25) 2.10(1.45-3.03) 1.66(1.12-2.45) | 1.42(0.96-2.08) 1.36(0.91-2.04)
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_ Other combinations 9(0.11) 19(0.05) 2.19(0.98-4.88) 1.53(0.68-3.46) | 1.48(0.66-3.32) 1.26(0.55-2.86)

Recent users 232(2.80) 729(1.96) 1.50(1.29-1.74) 1.23(1.04-1.45) | 1.01(0.84-1.22) 1.01(0.83-1.23)

Past users 378(4.56) | 1194(3.20) | 1.48(1.31-.167) 1.22(1.06-1.39) | 1(Ref.) 1(Ref)

Abbreviations: AD-NE: Antidepressants with a predominant noradrenergic re-uptake inhibition; CI: Confidence Interval; NASSAs:
Noradrenergic a-2 receptor antagonists with Specific Serotonergic antagonism; OR: Odds ratio; SARIs: Serotonin receptor Antagonists with
serotonin Reuptake Inhibition; SSRIs: Selective Serotonin Recapture Inhibitors; SNRIs: Serotonin-Norepinephrine Reuptake Inhibitors; TCAs-
SER: Tricyclic Antidepressants with a preferential inhibitory action on the reuptake of Serotonin.

*Adjusted only for matching factors (age, sex, and calendar year).

TAdjusted for matching factors (age, sex, and calendar year) plus all variables shown in table 1.
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Table 3. Risk of non-cardioembolic ischemic stroke associated with the current use of

SSRIs or SARIs as compared to current use of nonSSRIs-nonSARISs.

Cases(%) Controls(%) | Non-adjusted Adjusted OR'

N=8296 N=37272 OR* (95%CI) (95%CI)
Non users 7157(86.27) | 33828(90.76) | 0.53(0.44-0.63) | 0.65(0.53-0.79)
Current use of:
NonSSRIs-

175(2.11) 430(1.15) 1(Ref)) 1(Ref))
nonSARIs
SSRIs 255(3.07) 834(2.24) 0.76(0.60-0.95) | 0.74(0.58-0.93)
SARIs 57(0.69) 163(0.44) 0.85(0.60-1.21) | 0.72(0.49-1.04)
SARIs+SSRIs 10(0.12) 27(0.07) 0.92(0.44-1.96) | 0.77(0.35-1.69)
SSRIs with others 26(0.31) 56(0.15) 1.13(0.68-1.86) | 1.18(0.70-2.00)
SARIs with others 6(0.07) 11(0.03) 1.47(0.53-4.14) | 1.36(0.47-3.96)
Recent users 232(2.80) 729(1.96) 0.79(0.63-1.00) | 0.80(0.63-1.01)
Past users 378(4.56) 1194(3.20) 0.78(0.63-0.97) | 0.79 (0.63-0.98)

Abbreviations: AD-NE: Antidepressants with a predominant noradrenergic re-uptake
inhibition; CI: Confidence Interval; NASSAs: Noradrenergic a-2 receptor antagonists with
Specific Serotonergic antagonism; OR: Odds ratio; SARIs: Serotonin receptor Antagonists
with serotonin Reuptake Inhibition; SSRIs: Selective Serotonin Recapture Inhibitors; SNRIs:
Serotonin-Norepinephrine Reuptake Inhibitors; TCAs-SER: Tricyclic Antidepressants with a
preferential inhibitory action on the reuptake of Serotonin.

*Adjusted only for matching factors (age, sex, and calendar year).

TAdjusted for matching factors (age, sex, and calendar year) plus all variables shown in table

1.
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