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Abstract
Background: Antidepressants (ADs) are commonly prescribed medications, but their long-term health effects are
debated. ADs disrupt multiple adaptive processes regulated
by evolutionarily ancient biochemicals, potentially increasing mortality. However, many ADs also have anticlotting
properties that can be efficacious in treating cardiovascular
disease. We conducted a meta-analysis assessing the effects
of ADs on all-cause mortality and cardiovascular events in
general-population and cardiovascular-patient samples.
Methods: Two reviewers independently assessed articles
from PubMed, EMBASE, and Google Scholar for AD-related
mortality controlling for depression and other comorbidities. From these articles, we extracted information about cardiovascular events, cardiovascular risk status, and AD class.
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We conducted mixed-effect meta-analyses testing sample
type and AD class as moderators of all-cause mortality and
new cardiovascular events. Results: Seventeen studies met
our search criteria. Sample type consistently moderated
health risks. In general-population samples, AD use increased the risks of mortality (HR = 1.33, 95% CI: 1.14–1.55)
and new cardiovascular events (HR = 1.14, 95% CI: 1.08–
1.21). In cardiovascular patients, AD use did not significantly
affect risks. AD class also moderated mortality, but the serotonin reuptake inhibitors were not significantly different
from tricyclic ADs (TCAs) (HR = 1.10, 95% CI: 0.93–1.31, p =
0.27). Only “other ADs” were differentiable from TCAs (HR =
1.35, 95% CI: 1.08–1.69). Mortality risk estimates increased
when we analyzed the subset of studies controlling for premedication depression, suggesting the absence of confounding by indication. Conclusions: The results support the
hypothesis that ADs are harmful in the general population
but less harmful in cardiovascular patients.
© 2017 S. Karger AG, Basel
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Antidepressant (AD) medications are among the most
frequently used medications, taken by 1 in 10 Americans
aged ≥12 years [1]. They are the first-line intervention for
depression [2], but they are commonly indicated for other mental disorders [3], as well as substance use problems,
sleep disturbances, and chronic pain syndromes [4]. One
factor contributing to the widespread use of ADs is that
they are considered both effective and relatively safe, with
mild or rare side effects that are preferred over the debilitating effects of untreated depression. Depression is
widely considered a disorder that causes needless suffering [5], and it is associated with an elevated risk of mortality [6–8]. People with depression are more likely to suffer from many comorbid physical disorders, such as cardiovascular disease [8–10], and they are at elevated risk
for suicide [11]. By alleviating depressive symptoms, ADs
could lessen depression-related mortality [12–14].
Nevertheless, there are scientific and public debates
about the role ADs play in current treatment guidelines
[15–26] reflecting a wider discussion about their effects
on health outcomes. All commonly prescribed ADs target
one or more monoamines (serotonin, norepinephrine,
and dopamine), which are ancient, phylogenetically conserved molecules that are homeostatically regulated by
complex systems with multiple components [27–29].
These monoamine systems are functionally integrated in
many biological processes.
In the brain, serotonin acts as a neurotransmitter, and
it is recycled back to the serotonin-releasing neuron by a
molecule called a transporter that promotes the reuptake
of serotonin from the synaptic cleft. However, most of the
body’s serotonin is synthesized in the gut where it spills
into the bloodstream, is distributed throughout the body
[29], and is taken up by platelet cells and tissues by the
serotonin transporter [30, 31], which is widely expressed
[32–35]. Serotonin evolved in mitochondria [27], and, in
many cell types, cellular uptake of serotonin depends on
mitochondrial activity [36–40], which suggests serotonin
supports many biological processes. Indeed, serotonin
regulates growth, development, reproduction, neuronal
activity, digestion, immune function, thermoregulation,
tissue repair, maintenance, electrolyte balance, mitochondrial function, and the storage, mobilization and
distribution of energetic resources [3, 27, 41]. By blocking
the transporter in the brain and periphery, selective serotonin reuptake inhibitors (SSRIs), which are the most
widely prescribed ADs, could potentially degrade many
adaptive processes [3, 42].
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This hypothesis is not restricted to serotonin and
SSRIs. Tricyclic ADs (TCAs) also affect norepinephrine
and to a lesser extent dopamine. Norepinephrine affects
the sympathetic nervous system and parts of the brain
involving attention and arousal [43, 44]. Dopamine has
broad effects, including immune, endocrine, kidney,
gastrointestinal, and pancreatic functions, as well as the
regulation of body weight and life span length [45–48].
TCAs could also degrade the functioning of many adaptive processes.
For instance, both SSRIs and TCAs have cardiovascular side effects, although the specific effects and mechanisms may differ [49]. The clotting process involves platelet cell activation [50], which requires an intracellular
store of serotonin that accrues through the serotonin
transporter [51]. Norepinephrine also promotes clotting
[52, 53], and both SSRIs and TCAs inhibit proaggregatory processes [54]. In people with an otherwise normal
clotting process, this may increase the risk of abnormal
bleeding and hemorrhagic stroke [55–58]. Additionally,
SSRIs can cause bradycardia, syncope, and have potent
antagonistic effects on cardiac ion channels [49]. TCAs
also have antagonistic effects on cardiac ion channels, but
they are more likely to cause orthostatic hypotension,
tachycardia, irregular heart rhythms, and alterations in
the standard electrocardiogram [49, 59].
More generally, although each AD has unique pharmacological effects [3, 60], they all interact with evolutionarily ancient biochemical systems that regulate multiple,
adaptive processes throughout the brain and the periphery. Thus, while each AD probably has a distinct symptom
profile, there is good reason to suspect that they all degrade the functioning of some adaptive processes in the
body [3]. Consistent with this hypothesis, several cohort
studies of community samples have associated AD use
with an elevated risk of cardiovascular events and death,
even after controlling for depressive symptoms and other
comorbidities [6, 7, 57]. Although cohort studies cannot
conclusively demonstrate causation, randomized controlled trials are often underpowered due to the rarity of
death events and the limited duration of follow-up.
Meta-analyses are at risk of neglecting important individual differences that can moderate the outcomes of
medical interventions [61, 62]. For instance, SSRIs and
TCAs may have some beneficial effects in patients with
diseases in which proaggregatory processes are pathologically activated, such as heart disease, diabetes, chronic
kidney disease, and chronic obstructive pulmonary disease [54, 63–67]. For this paper, we refer to such conditions as cardiovascular diseases. By blocking the uptake
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Methods
We conducted this meta-analysis in accordance with the
Meta-Analysis of Observational Studies in Epidemiology
(MOOSE) guidelines [71] (see online supplementary completed
guideline checklist A8; for all online supplementary material, see
www.karger.com/doi/10.1159/000477940).
Study Selection
Studies included in our meta-analysis had to meet several criteria. First, the studies must have reported any statistics (e.g., hazard ratio [HR], odds ratio, or crude rates) comparing all-cause
mortality in human users of prescribed ADs to all-cause mortality
in a group not taking ADs. Studies that only compared ADs to
other specific drugs were ineligible. We deemed any class or combination of ADs as eligible as long as the drugs were considered
ADs and generally used as such. Since ADs are commonly used for
conditions other than depression, studies estimating the all-cause
mortality effects of ADs taken for any reason by any type of sample
were eligible. Any dose or duration of AD use was acceptable unless there was evidence of overmedication, because we intended to
estimate the mortality effects of AD use, not their misuse. Thus,
studies reporting mortality in individuals who had overdosed were
ineligible.
Second, researchers must have made an effort to isolate the
mortality effects of ADs, either by using a randomized placebocontrolled design, restricting their analyses to a particular sample
type, or adjusting the statistics for covariates in prospective or retrospective cohort designs. If statistical adjustment was used, the
statistics must have been adjusted for variables that could have
potentially affected all-cause mortality, such as demographic factors, medical and psychological comorbidities, and, in particular,
conditions being treated by the ADs, most commonly depression.
Third, we included only empirical studies and excluded reviews, commentaries, or meta-analyses. To avoid double counting,
we also excluded any report that was a re-analysis of data already
included in our study.
Data Sources and Searches
Two reviewers (M.J.R. and K.E.) independently conducted
comprehensive searches of two scientific databases, PubMed and
EMBASE, and one search engine, Google Scholar. Our search
terms were “all-cause mortality” or “all-cause death” in combination with various classes or types of ADs. Online supplementary
material A2 contains complete search instructions for each data
source. All references generated through PubMed and EMBASE
were included. Because we expected each search term to yield hundreds of study references in Google Scholar, we included only the
first 50 references corresponding to each search term. We searched
for all papers and conference abstracts published up to and on June
3, 2014. We also included 2 published studies we were aware of
before we began searching [68, 72] and 1 study that was in press at
the time of the search [73]. Each reviewer recorded the number of
total references recovered from each data source. They imported
the references into EndNote citation manager software and
screened the references for duplicates. Figure 1 presents a flow diagram of the search procedure.
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of platelet serotonin and norepinephrine, many ADs
could potentially normalize proaggregatory processes in
cardiovascular patients. Consistent with a protective effect, AD use has been associated with reduced mortality
in some studies of cardiovascular patients [68–70].
The debates about the effects of AD use on health outcomes highlight the significant public health issues at
stake [19, 20, 25]. Further information clarifying the effects of ADs in different populations is both scientifically
and ethically warranted. Towards this end, we conducted
a meta-analysis of published studies that assessed the
mortality effects of ADs. Because ADs could affect all the
processes regulated by monoamines, we focused on studies reporting all-cause mortality. We hypothesized that
ADs would have different effects on mortality in generalpopulation samples and samples with preexisting cardiovascular diseases. Specifically, because ADs disrupt the
functioning of monoamines that regulate many adaptive
processes, we predicted that they would be associated
with increased mortality in general-population samples.
Conversely, we predicted that ADs would be less harmful
or even protective in cardiovascular patients due to the
anticlotting properties of many ADs.
As a secondary outcome, we examined the incidence of
fatal and nonfatal cardiovascular events associated with
AD use. We also hypothesized that their use would be associated with different effects on cardiovascular events in
general-population and cardiovascular-patient samples. In
general-population samples with otherwise normal clotting processes, ADs could inhibit clotting and increase the
risk of cardiovascular events, particularly those associated
with abnormal bleeding (e.g., hemorrhagic stroke). Conversely, in patients with preexisting cardiovascular diseases where proaggregatory processes are pathologically elevated, the anticlotting properties of ADs could normalize
those processes and reduce the risk of new cardiovascular
events (e.g., myocardial infarction or ischemic stroke).
We also examined the effects of AD class on mortality.
While each AD has unique pharmacological effects [3, 60],
it is common to separate out the second-generation ADs
with serotonin reuptake properties – the SSRIs and serotonin-norepinephrine reuptake inhibitors (SNRIs) – from
the first-generation antidepressants such as the TCAs. As
discussed above, TCAs have a broad range of side effects,
including cardiotoxicity, and overdoses can be fatal [59].
But given the breadth of processes regulated by serotonin,
including cardiovascular function, SSRIs could also have
multiple effects [3]. We, therefore, predicted that AD classes would have similar effects on mortality and cardiovascular events despite their different mechanisms of action.

References identified
through PubMed
(n = 70)

References identified
through EMBASE
(n = 158)

References identified
through Google Scholar
(n = 2,350)

References identified
through other sources
(n = 3)

References after duplicates removed
(n = 837)

References screened
(n = 837)
References excluded
(n = 595)
Full-text articles
assessed for eligibility
(n = 242)

Eligible studies
(n = 17)

Eligible studies excluded
(n = 1)
Reason for exclusion:
No deaths (1)

Studies included in
quantitative synthesis
(meta-analysis)
(n = 16)

Full-text articles excluded
(n = 225)

Reasons for exclusion:
No report of all-cause mortality for
AD use (142)
All-cause mortality for other drug use,
not AD use (9)
Potential confounders not adequately
controlled (44)
Arbitrary AD use criteria (10)
AD use not monitored for follow-up
period (2)
Not an empirical study (14)
Re-analyses (4)

Screening and Eligibility
After searching was complete, the two reviewers independently screened the abstracts of each reference to determine its relevance based on the study selection criteria. References deemed relevant by both reviewers were assessed for eligibility, and those
deemed irrelevant by both reviewers were discarded. A third reviewer (M.M.M.) assessed all references with discrepant decisions
between reviewers, and an additional 133 discrepant references
were discarded.
After screening abstracts, the two primary reviewers independently obtained copies of the full articles for relevant references
and read through each article to determine whether it was eligible
for inclusion in the meta-analysis. The third reviewer monitored
the eligibility decisions made by each reviewer, and any discrepancies were discussed until a consensus was reached. If a consensus
could not be reached, a senior investigator (P.W.A.) made a decision. A list of the 16 studies included in the meta-analysis and all
discrepant reviews and their corresponding decisions are de-

scribed in online supplementary material A3. Figure 1 summarizes information on the screening and eligibility rating process.
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Study Quality Assessment
We assessed the validity of each included study using the
Cochrane Collaboration’s “risk of bias” tool [74]. This tool assesses the risk of bias in intervention studies using 5 criteria: selection
bias, which includes the adequate generation of a concealed allocation sequence in randomized studies, or the adequate control for
potential confounders in nonrandomized studies; performance
bias, the masking of participants; detection bias, masking of assessors; attrition bias, dealing with incomplete outcome data; and selective outcome reporting bias. When assessing nonrandomized
studies for performance bias, we also considered the strategy researchers used to model AD exposure in treatment groups. We
categorized studies at low risk of bias if they considered fluctuations in AD use; studies that examined any AD exposure in the
follow-up period were high risk.
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Fig. 1. Flow diagram for the search procedure. AD, antidepressant medication.

Data Extraction
For each study, in addition to whether the study used a randomized controlled trial or a cohort design, we extracted 3 categories of relevant information to use in our analysis.
Summary Measures
We extracted summary measures describing the effect of AD
use on all-cause mortality and cardiovascular events in their least
aggregated form. For instance, if a study provided estimates for
individual drugs, aggregated estimates for drug classes, as well as
estimates for the use of any ADs [57], we extracted the estimates
of individual drugs. These statistics were most commonly reported
in the form of HRs and when they were not, we contacted the investigators to obtain data that could be converted into HRs. We
also extracted confidence intervals (CIs) associated with the summary measures, unless only crude rates were provided. Strategies
for obtaining HRs and CIs not provided in the articles are described in online supplementary material A4.
Participant Characteristics
We extracted information about the characteristics of participants the studies recruited. Of the final 17 studies, 1 included patients attempting to quit smoking. Several studies involved samples specifically selected for various sorts of cardiovascular diseases. One study [76] involved a sample that was at an increased
risk of cardiovascular problems due to a high incidence of insulin
resistance, obesity, smoking, diabetes, and hypertension, and a
high Framingham risk score [77]. In the remaining studies, participants were recruited for depression or were community samples with depression. We split samples into two categories: “cardiovascular-patient samples”, which included those with or at high
risk for cardiovascular problems, and “general-population samples”. Eleven studies fell into the “cardiovascular-patient” category
(see online suppl. material A6.1). Samples in the “general-population” category could have had a variety of conditions for which
ADs were used (e.g., depression, anxiety, pain, or cardiovascular
disease), but these participants were not specifically selected for
cardiovascular diseases.
Drug Class
We obtained information about the drug classes corresponding
to the summary measures, and formed 3 classes: (1) SSRIs and
SNRIs; (2) TCAs; and (3) “Other ADs” for drugs that were not in
either of these categories (e.g., mirtazapine, bupropion, tianeptine,
monoamine oxidase inhibitors, or trazodone). The classification
of ADs in our included studies did not always map on to these predefined categories. Some studies provided estimates for unspecified drugs [7, 72, 78]. Because we could not place them in one of
our specified categories, we placed them in an “undifferentiated”
category. We did not include these estimates in any analysis involving AD class, but we included them in other analyses. In 2
studies [7, 78], some patients who were taking an SSRI or a TCA
as their primary AD were also taking trazodone, nefazodone, or
vilazodone. Since this was a small subset of patients, we reasoned
that the estimates were largely unaffected by these ancillary drugs,
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and we classified them according to the primary AD. Online supplementary material A6.2 presents drug type information from
our included studies.
Data Synthesis and Analysis
Data Preparation
We transformed all summary measures into HRs (see online
suppl. material B). In instances where only crude rates were available, we converted probabilities to the HR scale and obtained standard errors by running simple generalized linear models on the
numbers of mortality or cardiovascular events and the total populations exposed in the treatment and control groups. We renormalized all HRs for control groups to a baseline of 1. In order to
estimate standard errors of the HRs relative to baseline, we assumed the baseline and treatment group estimates were independent (because the original papers did not report correlations between these estimates). We also converted HRs and CIs found in
the original sources to the log-hazard scale and back-transformed
CIs into standard errors using the assumption that the errors were
normally distributed on the log-hazard scale.
Data Analyses
We incorporated random effects at the level of both individual
observations and published studies in our analyses, because we
suspected heterogeneity both among groups within studies and
among studies, and we intended to use multiple summary measures from single studies [7, 57, 76, 78, 79]. To test our two prespecified hypotheses, we conducted mixed-effect meta-analyses
examining whether sample type and AD class were significant
moderators of all-cause mortality and new cardiovascular events.
We estimated both the average effects in each group and the differences among groups. We also summarized the effects of AD use
unstratified by sample type and AD class. For each analysis, we
calculated I2 to measure the extent of the inconsistency of the effects between studies [80]. Larger I2 values suggest increasing heterogeneity, with 25% identified as low, 50% as moderate, and 75%
as high. We also examined residuals graphically, generated quantile-quantile plots, and plotted Cook’s distance (Di) to identify influential data points that had a Di > 1 [81]. To assess the risk of
publication or dissemination bias, we generated and inspected
funnel plots. All statistical analyses were performed using the
metafor package in R [82].
Sensitivity Analyses
In cohort studies that met our selection criteria, people who
were prescribed ADs could have had higher baseline levels of depressive symptoms, which would make it difficult to disentangle
the distinct effects of depression and ADs on mortality. To deal
with confounding by indication, we conducted sensitivity analyses
on the subset of studies that controlled for premedication depressive symptoms.

Results

Seventeen studies met the inclusion criteria (see online suppl. material A6 for information regarding the eligible studies). After extracting the data, we removed
Maslej et al.
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Additionally, we assessed each study using the “checklist for
measuring study quality” [75]. This checklist provides a quantitative assessment of methodological quality and assigns each study
a score out of 27.

Sample Type as Moderator
We assessed the health risks of using ADs stratified by
sample type. Sample type was a significant moderator for
both all-cause mortality, QM(1) = 11.22, p < 0.01, and cardiovascular events, QM(1) = 8.59, p < 0.01 (for full results,
see online suppl. material B1).
In cardiovascular-patient samples, AD use was associated with nonsignificant decreases in all-cause mortality
(HR = 0.90, 95% CI: 0.76–1.07, p = 0.24) and cardiovascular events (HR = 0.93, 95% CI: 0.82–1.06, p = 0.29).
However, in the general-population samples, ADs increased mortality risk by 33% (HR = 1.33, 95% CI: 1.14–
1.55, p < 0.01) and the risk of experiencing a cardiovascular event by 14% (HR = 1.14, 95% CI: 1.08–1.21, p < 0.01).
Figure 2 shows a forest plot of the all-cause mortality HRs
for AD use with sample type as a moderator.
Heterogeneity between studies in their assessments of
all-cause mortality was high (I2 = 87%), but it was relatively low for cardiovascular events (I2 = 26%). There
were 6 influential data points (Di > 1) for all-cause mortality and 11 for cardiovascular events (these data points
are described in online suppl. material A7). Multiple data
points deviated from the quantile-quantile plots for both
analyses. Online supplementary material B1 depicts these
effects and shows funnel plots for the two sets of estimates
Mortality Effects of Antidepressants

with sample type as moderators. Both distributions suggest an absence of bias [84].
Antidepressant Class as Moderator
Next, we collapsed the sample types together and tested whether AD class moderated the risks of all-cause
mortality and cardiovascular events. AD class significantly moderated the risk of mortality, QM(2) = 6.82, p = 0.03,
but not cardiovascular events, QM(2) = 1.52, p = 0.47
(online suppl. material B2).
Do the AD Classes Differ from Each Other?
Using TCAs as the reference group, SSRI/SNRIs did
not have significantly different effects on all-cause mortality (HR = 1.10, 95% CI: 0.93–1.31, p = 0.27) or cardiovascular events (HR = 1.07, 95% CI: 0.96–1.20, p = 0.24).
Other ADs did not significantly differ from TCAs on cardiovascular events (HR = 1.08, 95% CI: 1.92–1.27, p =
0.39), but they did have a significantly higher effect on
all-cause mortality (HR = 1.35, 95% CI: 1.08–1.69, p =
0.01).
How Does Each AD Class Compare to No AD Use?
Relative to no AD use, none of the AD classes significantly affected mortality (SSRI/SNRI: HR = 1.06, 95% CI:
0.85–1.32, p = 0.61; TCAs: HR = 0.96, 95% CI: 0.75–1.24,
p = 0.77; other ADs: HR = 1.30, 95% CI: 0.99–1.70, p =
0.06) or the incidence of cardiovascular events (SSRI/
SNRIs: HR = 1.05, 95% CI: 0.90–1.24, p = 0.52; TCAs:
HR = 0.99, 95% CI: 0.83–1.18, p = 0.87; other ADs: HR =
1.06, 95% CI: 0.87–1.29, p = 0.56).
Diagnostics
Stratifying the data by AD class slightly reduced the
heterogeneity between studies in their assessments of allcause mortality (I2 = 78%). The heterogeneity between
studies in their assessments of cardiovascular events remained low (I2 = 34%). Our diagnostic analysis revealed
5 influential data points (Di > 1) for all-cause mortality,
and 2 for cardiovascular events (online suppl. material A7
and supplement B2). We also inspected the funnel plots
(with AD class as moderators and the influential data
points included) and found no evidence of bias (online suppl. material B2).
Unstratified Data
Although we did not have specific predictions about
the overall effects of using ADs in our included studies,
we analyzed our data unstratified by either sample type or
AD class (online suppl. material B5). ADs did not signifPsychother Psychosom 2017;86:268–282
DOI: 10.1159/000477940
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1 study with a very small sample size that reported no
deaths in either the treatment or control group after 1
year of follow-up and thus provided no useful information on AD-related mortality [83]. The 16 remaining eligible studies with 50 available summary measures were
included in the meta-analyses. These studies reported
all-cause mortality for a total of 378,400 participants during the study follow-up periods (140,787 were AD users
and 237,613 were not using ADs). Online supplementary
material A6.1 contains a list of illnesses in the cardiovascular-patient samples. The drug classes and estimates we
extracted are presented in online supplementary material A6.2 and A6.3. The covariates that were controlled
for in each study are given in online supplementary material C.
The quality of the studies varied. A total of 11 studies
were at high risk for selection bias, 9 had a high risk of
performance bias, 2 had a high risk for attrition bias, and
1 study had a high risk of reporting bias. All the studies
were at low risk for detection bias. The mean score for all
studies on the “checklist for measuring study quality”
[75] was 18.44, with a range from 10 to 24. Online supplementary material A5 includes complete bias assessment
information.

HR (95% CI)

Cardiovascular patients
Hanash [86], 2012 (ESC)
O’Connor [87], 2010 (SRT)
Sherwood [92], 2007
O’Connor [72], 2008
Qian [69], 2013
Acharya [76], 2013 (TCA)
Acharya [76], 2013 (TRZ)
Acharya [76], 2013 (VEN)
Acharya [76], 2013 (BUP)
Acharya [76], 2013 (MIR)
Acharya [76], 2013 (SSRI)
Diez-Quevedo [102], 2013 (TCA)
Diez-Quevedo [102], 2013 (MIR)
Diez-Quevedo [102], 2013 (DLX)
Diez-Quevedo [102], 2013 (VEN)
Diez-Quevedo [102], 2013 (ESC)
Diez-Quevedo [102], 2013 (CIT)
Diez-Quevedo [102], 2013 (SRT)
Diez-Quevedo [102], 2013 (PRX)
Diez-Quevedo [102], 2013 (FLX)
Krantz [103], 2009
Taylor [70], 2005 (other AD)
Taylor [70], 2005 (SRT)
Balogun [85], 2012

1.50 (0.42 – 5.32)
1.30 (0.66 – 2.57)
1.79 (0.96 – 3.34)
1.24 (0.94 – 1.64)
0.59 (0.55 – 0.63)
0.62 (0.19 – 2.00)
1.20 (0.51 – 2.83)
0.60 (0.15 – 2.48)
0.47 (0.15 – 1.51)
1.05 (0.38 – 2.92)
0.40 (0.23 – 0.71)
1.03 (0.42 – 2.53)
1.47 (0.60 – 3.61)
1.22 (0.53 – 2.81)
1.02 (0.46 – 2.26)
0.70 (0.42 – 1.16)
0.75 (0.54 – 1.04)
1.02 (0.71 – 1.47)
0.85 (0.56 – 1.29)
1.66 (1.13 – 2.44)
1.21 (0.42 – 3.48)
0.64 (0.34 – 1.21)
0.59 (0.37 – 0.95)
1.05 (0.98 – 1.11)

Color version available online

First author, year

General population
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1.36 (0.99 – 1.86)
1.67 (1.33 – 2.09)
1.32 (1.10 – 1.59)
1.81 (1.59 – 2.07)
1.65 (1.50 – 1.82)
1.75 (1.61 – 1.90)
1.47 (1.35 – 1.61)
1.24 (1.14 – 1.35)
1.65 (1.55 – 1.76)
1.44 (1.25 – 1.65)
1.54 (1.46 – 1.63)
1.50 (1.34 – 1.68)
1.02 (0.93 – 1.12)
1.09 (1.01 – 1.17)
1.74 (0.78 – 3.86)
1.05 (0.47 – 2.37)
1.94 (1.02 – 3.71)
0.86 (0.35 – 2.12)
1.26 (0.83 – 1.91)
1.14 (0.73 – 1.78)
0.44 (0.23 – 0.87)
1.43 (0.47 – 4.36)
1.50 (0.79 – 2.86)
2.94 (1.19 – 7.27)
2.15 (0.71 – 6.50)
1.30 (0.61 – 2.76)
1.40 (0.85 – 2.31)
0.82 (0.54 – 1.24)
1.09 (0.80 – 1.49)
1.97 (0.99 – 3.95)
0.96 (0.51 – 1.82)

Cardiovascular patients
General population
Overall
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Fig. 2. Forest plot of the mortality effects of
antidepressants (ADs) and 95% confidence
intervals (CIs) in the overall sample (n =
378,400) and separated by cardiovascularpatient (n = 59,930) and general-population (n = 318,470) sample types. Red bars/
open symbols indicate randomized placebo-controlled trials. AD, antidepressant
medication; AMI, amitriptyline; BUP, bupropion; CIT, citalopram; DEP, depression; DLX, duloxetine; DSP, dosulepin;
ESC, escitalopram; FLX, fluoxetine; HCA,
heterocyclic ADs; HR, hazard ratio; LFP,
lofepramine; MIR, mirtazapine; PRX, paroxetine; SNRI, serotonin-norepinephrine
reuptake inhibitor; SRT, sertraline; SSRI,
selective serotonin reuptake inhibitors;
TCA, tricyclic ADs; TRZ, trazodone; VEN,
venlafaxine. Study order is based on quality, from highest to lowest scoring studies
on the “checklist for measuring study quality” [73].

Smoller [7], 2009 (multiple/other AD)
Smoller [7], 2009 (TCA)
Smoller [7], 2009 (SSRI)
Coupland [57], 2011 (TRZ)
Coupland [57], 2011 (VEN)
Coupland [57], 2011 (MIR)
Coupland [57], 2011 (SRT)
Coupland [57], 2011 (PRX)
Coupland [57], 2011 (FLX)
Coupland [57], 2011 (ESC)
Coupland [57], 2011 (CIT)
Coupland [57], 2011 (LFP)
Coupland [57], 2011 (DSP)
Coupland [57], 2011 (AMI)
Almeida [6], 2010 (other AD, DEP)
Almeida [6], 2010 (TCA, DEP)
Almeida [6], 2010 (SSRI/SNRI, DEP)
Almeida [6], 2010 (other AD, no DEP)
Almeida [6], 2010 (TCA, no DEP)
Almeida [6], 2010 (SSRI/SNRI, no DEP)
Ryan [79], 2008 (F, severe DEP)
Ryan [79], 2008 (F, mild DEP)
Ryan [79], 2008 (F, no DEP)
Ryan [79], 2008 (M, severe DEP)
Ryan [79], 2008 (M, mild DEP)
Ryan [79], 2008 (M, no DEP)
Hamer [104], 2011 (other AD)
Hamer [104], 2011 (SSRI)
Hamer [104], 2011 (TCA)
Khan [78], 2013 (HCA/other AD)
Khan [78], 2013 (SSRI/SNRI)

Controlling for Premedication Depression
In our included studies, the most important potential
source of confounding by indication is the possibility that
the people taking ADs were also more depressed. If the
risk estimates we have reported on all-cause mortality
and new cardiovascular events were biased by confounding by indication, then they should decrease when controlling for premedication depression.
Sample Type as a Moderator
We first examined the effect of sample type on all-cause
mortality using the 6 studies in which premedication depressive symptoms were controlled for (online suppl. material B3) [7, 57, 78, 85–87]. This reduced our number of
summary measures from 55 to 16, and only 3 of the measures involved cardiovascular samples. Although underpowered for moderation analyses, our aim was to determine how controlling for premedication depression influenced the effect size of AD use in each sample type. Not
surprisingly, sample type was not a significant moderator,
QM(1) = 2.87, p = 0.09. In cardiovascular-patient samples,
ADs were associated with a small, nonsignificant increase
in mortality (HR = 1.10, 95% CI: 0.82–1.48, p = 0.52),
whereas they significantly increased mortality in generalpopulation samples by 44% (HR = 1.44, 95% CI: 1.31–
1.58, p < 0.01). Therefore, attempting to reduce an important potential source of confounding by indication by
controlling for premedication depression did not decrease
the all-cause mortality effect sizes as we had expected. Instead, it increased the effect sizes in both sample types.
Next, we tested the effect of sample type on the risk of
new cardiovascular events (online suppl. material B3).
However, only 1 study in the cardiovascular patient group
controlled for premedication depression [86], so we restricted our analysis to the 28 summary measures from 2
general-population studies that controlled for premedication depression [7, 57]. AD use remained a significant
predictor of the risk of experiencing a cardiovascular
event (HR = 1.14, 95% CI: 1.08–1.20, p < 0.01).
Mortality Effects of Antidepressants

AD Class as a Moderator
We also reexamined AD class as a potential moderator, collapsing the sample types together. Restricting our
analyses to the summary measures that controlled for
premedication depression (online suppl. material B4),
drug class remained a significant moderator of all-cause
mortality, QM(2) = 7.60, p = 0.02, but not cardiovascular
events, QM(2) = 4.44, p = 0.11. Using TCAs as the reference group, the mortality risk of SSRI/SNRIs was not significantly different (HR = 1.15, 95% CI: 0.97–1.39, p =
0.11), although the mortality risk of other ADs was significantly higher (HR = 1.42, 95% CI: 1.10–1.82, p = 0.01).
Using no AD use as the reference, each AD class was
associated with a significant increase in the risk of mortality (SSRI/SNRIs: HR = 1.46, 95% CI: 1.31–1.62, p < 0.01;
TCAs: HR = 1.25, 95% CI: 1.08–1.45, p < 0.01; other ADs:
HR = 1.78, 95% CI: 1.45–2.18, p < 0.01). The risk of cardiovascular events significantly increased with the use of
SSRI/SNRIs (HR = 1.17, 95% CI: 1.10–1.24, p < 0.01) and
other ADs (HR = 1.21, 95% CI: 1.04–1.40, p = 0.01); however, the effect of TCA use was not significant (HR = 1.05,
95% CI: 0.97–1.15, p = 0.22).
Unstratified Data
We reexamined the effects of AD use, unstratified by
sample type or AD class, in studies that controlled for
premedication depression. In this analysis, ADs were associated with a significant increase in all-cause mortality
(HR = 1.41, 95% CI: 1.28–1.55, p < 0.01) and cardiovascular events (HR = 1.14, 95% CI: 1.08–1.20, p < 0.01).
Online supplementary material B3, B4, and B6 show
forest plots of the HRs and CIs for these analyses, and
contain heterogeneity, diagnostic, and risk of bias information.
Exploratory Analyses
As exploratory analyses, we tested whether sample
type and drug class interacted to predict all-cause mortality or cardiovascular events (the interaction was not significant; see online suppl. B7 for the results). We then
dropped the interaction and tested additive models of the
moderators to predict mortality and cardiovascular
events (online suppl. material B8). For AD class, we used
TCAs as the reference group. SSRI/SNRIs did not significantly differ from TCAs for all-cause mortality (HR =
1.13, 95% CI: 0.95–1.34, p = 0.17) or cardiovascular events
(HR = 1.08, 95% CI: 0.97–1.21, p = 0.17). Other ADs had
a significantly higher risk of death than the TCAs (HR =
1.35, 95% CI: 1.08–1.69, p = 0.01), but they did not increase the risk of new cardiovascular events (HR = 1.09,
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icantly impact all-cause mortality (HR = 1.09, 95% CI:
0.92–1.29, p = 0.32) and cardiovascular events (HR = 1.05,
95% CI: 0.92–1.20, p = 0.43).
Removing the moderators increased the heterogeneity
between studies (I2 = 94%); however, it remained low for
cardiovascular events (I2 = 33%). There were 8 influential
data points for all-cause mortality and 9 for cardiovascular events. When we inspected the funnel plots, we found
no evidence of bias (online suppl. material B5 contains
diagnostic information for this analysis).

Event: cardiac, n = 276,079
Premed n = 251,077

Color version available online

Event: death, n = 378,400
Premed n = 328,204

Moderator

All

None

General population
Sample
Cardiovascular patients

Studies
All
Premed

TCA

SSRI/SNRI

Drug type

Other
1.0

1.5

2.0

1.0

1.5

2.0

Hazard ratio

Fig. 3. Summary of the estimates of antidepressant (AD) use on the risk of all-cause mortality (“death”) and cardiovascular events (“cardiac”). Three a priori analyses were conducted: no moderator variable (“none”), sample
type as a moderator (“sample”), and AD class as a moderator (“drug type”). Finally, separate results are reported
for all included studies (“all”) and the post hoc analyses of the subset of studies that controlled for premedication
depression (“premed”). SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake
inhibitors; TCA, tricyclic ADs;
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all-cause mortality (SSRI/SNRIs: HR = 1.58, 95% CI:
1.22–2.04, p < 0.01; other ADs: HR = 1.32, 95% CI: 1.07–
1.63, p = 0.01), and the risk of cardiovascular events
(SSRI/SNRIs: HR = 1.18, 95% CI: 1.03–1.35, p = 0.02; other ADs: HR = 1.17, 95% CI: 1.09–1.25, p < 0.01). TCAs did
not have a significant effect on either all-cause mortality
(HR = 1.17, 95% CI: 0.94–1.46, p = 0.16) or cardiovascular
events (HR = 1.08, 95% CI: 0.99–1.18, p = 0.10). Because
we did not set out to test the effects of AD classes within
each sample type, these findings should be interpreted
with caution and used only to guide future research [88].

Discussion

In Figure 3, we summarize findings from our metaanalyses. This figure shows that the risk estimates of AD
use are consistently higher in general-population than
cardiovascular-patient samples, and they are higher in
Maslej et al.
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95% CI: 0.93–1.29, p = 0.30). Sample type remained a significant moderator, with the risk of death and cardiovascular events higher in the general-population samples
(see results in online suppl. material B8).
Next, we examined the health effects for each AD class
stratified by sample type (online suppl. material B8). Using no AD use as the reference group, none of the AD
classes significantly affected all-cause mortality in the
cardiovascular patient samples, although TCAs were
marginally protective (SSRI/SNRIs: HR = 0.86, 95% CI:
0.68–1.08, p = 0.19; TCAs: HR = 0.76, 95% CI: 0.57–1.00,
p = 0.05; other ADs: HR = 1.02, 95% CI: 0.77–1.36, p =
0.88). They also did not impact the risk of experiencing a
new cardiovascular event, although the effect of TCAs
was marginal (SSRI/SNRIs: HR = 0.92, 95% CI: 0.81–1.05,
p = 0.24; TCAs: HR = 0.85, 95% CI: 0.73–1.01, p = 0.05;
other ADs: HR = 0.93, 95% CI: 0.79–1.11, p = 0.43). In
general-population samples, however, SSRI/SNRIs and
other ADs were associated with significant increases in

amined the effects of chronic exposure to paroxetine in
otherwise healthy mice. Male mice exposed to paroxetine
in utero through early adulthood were 2.5 times more
likely to die relative to controls [90]. This effect – which is
similar in magnitude to the estimated effects of SSRIs and
SNRIs on affective patients in the meta-analysis described
in the preceding paragraph – was marginally significant
(p = 0.07). Again, both studies are underpowered to detect
rare death events. The researchers also reported statistically significant negative effects of paroxetine on body
mass (both sexes), the ability to hold territories (males),
the likelihood of mating (both sexes), and the total number of offspring (males only). Such effects are ecologically
important, yet they are rarely evaluated in human studies.
In our meta-analysis, AD class was a significant moderator of all-cause mortality. However, as predicted, SSRI/
SNRIs and TCAs did not have significantly different effects on health risk outcomes. AD class came out as a significant moderator because the other AD category was
significantly higher than the TCAs. This is against our
prediction that all AD classes would have similar effects
on all-cause mortality. However, we urge caution in interpreting this result. There is a paucity of studies in this
category, and significance is driven by 2 estimates for
mirtazapine and trazadone from the same study [57],
both of which are influential data points (online suppl.
material B2).
When using no AD use as the reference, the 3 AD
classes did not significantly impact mortality or new cardiovascular events. This is not surprising, since these
analyses collapsed the 2 sample types together, obscuring
the effects of ADs in general-population samples. Our
findings, therefore, demonstrate how different investigations into the long-term safety of AD use may result in
seemingly contradictory findings when population characteristics, like cardiovascular status, are not properly
controlled for [62]. If we had simply assessed the mortality effects of ADs unstratified by cardiovascular status, we
would have concluded that ADs do not significantly increase the risk of death (Fig. 3). Our findings highlight the
importance of attending to potentially influential patient
characteristics when conducting meta-analytic research
[61].
The fact that SSRI/SNRIs and TCAs had similar effects
on health outcomes could be surprising to some readers.
The widespread use of SSRIs is partly based on the belief
that they are safer than the older TCAs, which have a variety of cardiotoxic effects [91]. However, our results support Pacher and Kecskemeti’s [49] review, which outlines
a number of negative cardiovascular effects of SSRIs (bra-
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the subset of studies that control for premedication depression. The risk of all-cause mortality also differs according to AD class; however, this effect appears to be
driven by the difference between the use of TCAs and
other ADs.
Our findings provide corroborative evidence that cardiovascular status moderates the health risks associated
with AD use. In general populations, AD use was associated with a 33% increase in mortality and a 14% increase
in the risk of new cardiovascular events. The baseline HR
was not reported in every study, but Smoller et al. [7], for
example, reported about 8 deaths per 1,000 person-years
among older women (50–79 years old) not taking ADs. A
33% increased risk in mortality would correspond to an
estimated additional 2.64 deaths per 1,000 person-years
in this demographic category. Conversely, in samples
with preexisting cardiovascular disease, AD use slightly
reduced the risk of death and new cardiovascular events,
though these effects did not reach statistical significance.
A recent meta-analysis provided converging evidence
that ADs have different effects in cardiovascular and noncardiovascular samples [89]. This paper, which was published after we conducted our search, reported all deaths
that occurred after randomization in 9 randomized, placebo-controlled, double-blind trials of SSRIs and SNRIs.
The data were obtained from UK and European regulatory agencies and the website of a pharmaceutical company and so would not have been picked up by our search
criteria. This meta-analysis did not stratify the studies by
the cardiovascular status of the participants, but it did
provide the information to do so. We stratified their data
by cardiovascular status (online suppl. material D) to
compare their effect sizes to ours. Seven studies involved
patients with affective conditions, and 2 involved patients
with diabetes, which share chronic platelet activation in
common with cardiovascular disease [66]. Although the
sample sizes in this new meta-analysis are underpowered
for significance testing of rare death events (there were
only 13 deaths out of a total sample size of 2,944), our
purpose was to examine the direction of the estimated effects and compare them to our estimates. The point estimates were in the same direction as our estimates. In the
affective group, the estimated effect of ADs was harmful
(HR = 2.48, 95% CI: 0.52–11.94, p = 0.26), while the estimated effect was protective in the cardiovascular group
(HR = 0.55, 95% CI: 0.08–3.93, p = 0.55).
Due to the highly conserved nature of mammalian
physiology, ADs should have similar effects in other mammals. While we know of no studies on prolonged AD use
in animals with cardiovascular disease, a recent study ex-
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These results suggest that controlling for premedication depression increases the signal-to-noise ratio of the
health effects of AD use. Put another way, controlling for
depressive symptoms that are concurrent with AD use
may cause researchers to underestimate the adverse
health effects of AD use. One possible explanation is that
AD use only leads to a transient reduction in depressive
symptoms because they induce an oppositional tolerance
(caused by mechanisms in the brain responsible for maintaining homeostasis) that interferes with spontaneous
remission and prolongs episodes [19, 27, 94–96]. Under
this hypothesis, depressive symptoms under prolonged
AD use (i.e., months or longer) are higher than they
would be without medication, and partialling out concurrent depression also partials out the negative health effects of ADs that covary with this iatrogenic depression.
Many studies were also at high risk for performance
bias with respect to the way AD treatment was assessed.
Most of the cohort studies treated any drug exposure during the follow-up period as a binary variable and did not
allow patients to fluctuate in their AD status. Since differences in the onset and length of AD exposure likely affect
mortality in different ways, studies that do not account
for these differences may have produced less reliable estimates. To remedy this design flaw, we recommend prospective designs that treat AD use as a time-dependent
covariate.
We did not explore how individual differences other
than cardiovascular disease and AD class (which we targeted a priori) influence the mortality effects of ADs. The
mortality estimates for AD use varied widely between
studies. Although this is common in meta-analyses of
studies that differ in sample type, study design, duration,
and treatment administration, dosage, and measurement
[97], the statistical heterogeneity we observed in all-cause
mortality suggests that other nonmethodological factors
are contributing to discrepancies in these effects. For instance, individual characteristics of study participants
might play a role. One study included in our meta-analysis [79] found that AD use was associated with an increased risk of death in men but a decrease in women,
whereas another study [7] reported an increased risk of
death in women using ADs, as compared with women not
using ADs. Furthermore, although we ensured that each
study estimate controlled for age, the studies included in
our meta-analysis tended to use an older age as a selection
criterion, so our findings may not generalize to younger
populations. Future research should investigate how individual differences such as gender and age group impact
the mortality risk associated with AD use.
Maslej et al.
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dycardia, prolongation of the QT interval, and antagonism of cardiac ion channels) and urges greater caution
in their use. Additionally, the serotonin transporter is
widely expressed in the periphery, and SSRIs cannot be
selectively directed towards the brain regions putatively
involved in depression. Thus, even though the SSRIs selectively target the serotonin transporter, they are not selective enough. SSRIs, therefore, prevent many peripheral organs from taking up serotonin from the bloodstream, which may cause many other adverse effects that
contribute to mortality risk [3, 27].
The results from our meta-analysis are affected by the
quality of our included studies, and many were at high
risk for selection bias. Some studies did not adequately
account for gender [92], and 1 study used data from several randomized trials [78], some of which were not double blind or even placebo controlled. Nevertheless, each
cohort study controlled for a large number of covariates,
including demographics and health-related conditions,
in an attempt to isolate the specific effects of ADs (online
suppl. material C).
Although we may have missed some factors contributing to selection bias, we did address two potential sources.
First, a potential source of confounding by indication is
that a small proportion of people in the general-population samples will have cardiovascular diseases [93], and
some of them will have taken ADs. However, since ADs
are more protective in cardiovascular patients, the use of
general-population samples should result in a conservative estimate of their mortality effects in people without
preexisting cardiovascular disease.
Second, we also attempted to address the issue that
people using ADs may have had higher premedication
depression by reconducting our analyses using the subset
of studies that controlled for premedication depression.
If confounding by indication was inflating the all-cause
mortality estimates of ADs, then the effect sizes should
have gone down in these analyses. Contrary to that expectation, we found that controlling for premedication depression increased all of the effect sizes (Fig. 3). When
stratified by sample type, AD use was estimated to increase the risk of death by 44% in general-population
samples and 10% in cardiovascular samples. When we
stratified by AD class, TCAs were estimated to increase
the risk of death by 26%, SSRI/SNRIs by 49%, and other
ADs by 75%. Even the overall effect of ADs (i.e., unstratified by either sample type or AD class) reached significance for all-cause mortality. Controlling for premedication depression also increased the effect sizes of AD use
on the risk of new cardiovascular events (Fig. 3).

Some of the increased risk of death associated with
AD use in general-population samples appears to be attributable to an increased risk of cardiovascular events.
There are a number of other potentially contributing
pathways [3], although the limited number of studies reporting causes of death precludes a formal evaluation. In
the study by Coupland et al. [57], AD use was associated
with an increased risk of suicide attempts, myocardial
infarction, stroke, falls, fractures, upper gastrointestinal
bleeding, seizures, adverse drug reactions, and hyponatremia. Each such event could contribute to mortality,
but the cause-specific mortality effects of ADs were not
estimated. Two studies reported the distribution of
deaths [7, 79]. In both, most were caused by cardiovascular events, cancer, and other/unknown causes, and
only a few were due to suicide. However, only one of
these studies estimated the cause-specific risks of death
associated with AD use [7]. In men, AD use was associated with a significant increase in the risk of death due to
unknown causes. The authors suggested the difficulty in
attributing a cause was due to a general decline in health
where multiple factors were probably present. Thus,
multiple causes may contribute to AD-related mortality
in general-population samples.
We also found that ADs were less harmful in samples
ascertained for preexisting cardiovascular illnesses, further suggesting that ADs have broad serotonergic effects
outside of the brain. Their anticlotting properties may facilitate blood flow to the heart when blood vessels are
blocked or constricted, decreasing the likelihood of cardiovascular events in samples exhibiting these types of
pathologies, and thereby offsetting the negative effects of
ADs. Another possibility is that ADs are harmful in both
samples, except they provide psychological benefits to
cardiovascular patients that are unrelated to the treatment of pathological vascular processes. Studies suggest
that depression increases the risk of cardiovascular mortality in individuals with preexisting cardiovascular illnesses [98], and AD-related reductions in depression may
increase well-being or positive affect, which in some cases can improve medical outcomes [99]. Arguing against
this explanation is the evidence that ADs have limited efficacy in the treatment of depression [24]. Furthermore,
when they are taken by individuals with preexisting illnesses, ADs have not been shown to improve medical
outcomes; instead, they introduce the risk of harmful side
effects and iatrogenic comorbidity [100]. Thus, although
ADs are less harmful in cardiovascular patients, further
research is needed into the mechanisms behind this
effect.

The rates of AD use are high and appear to be increasing [2], and most ADs are prescribed by primary-care
practitioners in the absence of a formal psychiatric diagnosis [101]. Our results suggest that health care providers
should take greater care in evaluating the relative costs
and benefits of ADs for each individual patient, including
an assessment of cardiovascular status. ADs may be relatively safe for patients with known cardiovascular disease.
However, when the patient has no cardiovascular disease,
our results should give the prescriber pause because they
suggest ADs increase health risks, including the risk of
death. When recommending or prescribing ADs to patients, health care providers should also engage in informed consent discussions that more accurately describe
these risks and benefits. Finally, our findings highlight the
urgent need for more rigorous investigations into the
mortality effects of ADs. They are too widely used to allow this basic question of safety to remain unanswered.

Mortality Effects of Antidepressants

Psychother Psychosom 2017;86:268–282
DOI: 10.1159/000477940

Acknowledgments
We thank Dr. Wolfgang Viechtbauer, PhD, from the Department of Psychiatry and Neuropsychology at the Maastricht University for his advice on the statistical analysis. We also thank Dr.
Jian Huang, MD, from the Department of Medicine at the University of California San Francisco-Fresno Medical Education Program, and the Medicine Service at the VA Central California
Health Care System for providing us with additional information
on his study.

Funding Sources
This study was supported by grants from the Social Sciences
and Humanities Research Council (SSHRC) of Canada, The Natural Science and Engineering Research Council (NSERC) of Canada, the Medical Psychiatry Alliance (MPA), and the Qatar Foundation, Hamad bin Khalifa University. The funders had no role in the
study design, data collection, data analysis and interpretation,
writing of the manuscript, or the decision to submit the article for
publication.

Disclosure Statement

279

Downloaded by:
Imperial College, School of Medicine, Wellcome Libr.
155.198.30.43 - 9/15/2017 9:03:14 AM

The authors declare no support from any organization for the
submitted work or conflicts of interest. However, B.H.M. is a
member of the Centre for Addiction and Mental Health (CAMH)
Board of Trustees and receives compensation from CAMH, which
provides care to in- and outpatients with mental illness. There are
no other relationships or activities that could appear to have influenced the submitted work.

Author Contributions
P.W.A. designed the study. M.J.R. and K.E. conducted the
search, M.J.R., K.E., M.M.M., and P.W.A. were involved in determining study eligibility. B.M.B., M.M.M., P.W.A., and S.D.H. analyzed the data; M.M.M. and P.W.A. had full access to all the data
in the study and take responsibility for the integrity of the data and

the accuracy of the data analysis. G.M.S. contributed to the interpretation of the results. M.M.M., P.W.A., B.M.B., and M.J.R. drafted the manuscript. K.E., M.M.M., B.M.B., and M.J.R. drafted appendices. S.D.H., G.M.S., B.H.M., J.A.T., and Z.D. provided critical edits of the manuscript. All authors have read and approved the
final manuscript.

References

280

12 Berkman LF, Blumenthal J, Burg M, Carney
RM, Catellier D, Cowan MJ, Czajkowski SM,
DeBusk R, Hosking J, Jaffe A, Kaufmann PG,
Mitchell P, Norman J, Powell LH, Raczynski
JM, Schneiderman N: Effects of treating depression and low perceived social support on
clinical events after myocardial infarction: the
Enhancing Recovery In Coronary Heart Disease patients (ENRICHD) Randomized Trial.
JAMA 2003;289:3106–3116.
13 Frasure-Smith N, Lespérance F: Depression
and anxiety as predictors of 2-year cardiac
events in patients with stable coronary artery
disease. Arch Gen Psychiatry 2008;65:62–71.
14 Gallo JJ, Bogner HR, Morales KH, Post EP,
Lin JY, Bruce ML: The effect of a primary care
practice-based depression intervention on
mortality in older adults: a randomized trial.
Ann Intern Med 2007;146:689–698.
15 Angell M: The epidemic of mental illness:
Why? New York Review of Books 2011, June
23.
16 Angell M: The illusions of psychiatry. New
York Review of Books 2011, July 14.
17 Bonin R: Treating depression: is there a placebo effect? 60 Minutes. New York, CBS
Broadcasting, 2012.
18 Carvalho AF, Sharma MS, Brunoni AR, Vieta
E, Fava GA: The safety, tolerability and risks
associated with the use of newer generation
antidepressant drugs: a critical review of the
literature. Psychother Psychosom 2016; 85:
270–288.
19 Fava GA: Rational use of antidepressant
drugs. Psychother Psychosom 2014; 83: 197–
204.
20 Gøtzsche PC, Young AH, Crace J: Does long
term use of psychiatric drugs cause more
harm than good? BMJ 2015;350:h2435.
21 Kramer PD: In defense of antidepressants:
The New York Times, 2011, pp SR1.
22 Lacasse JR, Leo J: Serotonin and depression: a
disconnect between the advertisements and
the scientific literature. PLoS Med 2005; 2:
1211–1216.
23 Moncrieff J, Cohen D: Do antidepressants
cure or create abnormal brain states? PLoS
Med 2006;3:961–965.
24 Moncrieff J, Kirsch I: Empirically derived criteria cast doubt on the clinical significance of
antidepressant-placebo differences. Contemp
Clin Trials 2015;43:60–62.

Psychother Psychosom 2017;86:268–282
DOI: 10.1159/000477940

25 Moncrieff J: Misrepresenting harms in antidepressant trials. BMJ 2016;352:i217.
26 Oldham J, Carlat D, Friedman R, Nierenberg
M: “The illusions of psychiatry”: an exchange.
New York Review of Books 2011, August 18.
27 Andrews PW, Bharwani A, Lee KR, Fox M,
Thomson JA Jr: Is serotonin an upper or a
downer? The evolution of the serotonergic
system and its role in depression and the
antidepressant response. Neurosci Biobehav
Rev 2015;51:164–188.
28 Best J, Nijhout HF, Reed M: Serotonin synthesis, release and reuptake in terminals: a mathematical model. Theor Biol Med Model 2010;
7:34.
29 Gershon MD, Tack J: The serotonin signaling
system: from basic understanding to drug development for functional GI disorders. Gastroenterology 2007;132:397–414.
30 Axelrod J, Inscoe JK: The uptake and binding
of circulating serotonin and the effect of
drugs. J Pharmacol Exp Ther 1963; 141: 161–
165.
31 Mercado CP, Kilic F: Molecular mechanisms
of SERT in platelets: regulation of plasma serotonin levels. Mol Interv 2010;10:231–241.
32 Lin K-J, Liu C-Y, Wey S-P, Hsiao I-T, Wu J,
Fu Y-K, Yen T-C: Brain SPECT imaging
and whole-body biodistribution with [123I]
ADAM – a serotonin transporter radiotracer
in healthy human subjects. Nucl Med Biol
2006;33:193–202.
33 Lin K-J, Ye X-X, Yen T-C, Wey S-P, Tzen
K-Y, Ting G, Hwang J-J: Biodistribution
study of [123I] ADAM in mice: correlation
with whole body autoradiography. Nucl Med
Biol 2002;29:643–650.
34 Lu J-Q, Ichise M, Liow J-S, Ghose S, Vines D,
Innis RB: Biodistribution and radiation dosimetry of the serotonin transporter ligand
11
C-DASB determined from human wholebody PET. J Nucl Med 2004;45:1555–1559.
35 Newberg AB, Plössl K, Mozley PD, Stubbs JB,
Wintering N, Udeshi M, Alavi A, Kauppinen
T, Kung HF: Biodistribution and imaging
with 123I-ADAM: a serotonin transporter imaging agent. J Nucl Med 2004;45:834–841.
36 Ducis I, Distefano V: Characterization of serotonin uptake in isolated bovine pinealocyte
suspensions. Mol Pharmacol 1980; 18: 447–
454.

Maslej et al.

Downloaded by:
Imperial College, School of Medicine, Wellcome Libr.
155.198.30.43 - 9/15/2017 9:03:14 AM

1 Pratt LA, Brody DJ, Gu Q: Antidepressant
Use in Persons Aged 12 and Over: United
States, 2005–2008: NCHS Data Brief, No 76.
Hyattsville, National Center for Health Statistics, 2011.
2 Marcus SC, Olfson M: National trends in the
treatment for depression from 1998 to 2007.
Arch Gen Psychiatry 2010;67:1265–1273.
3 Andrews PW, Thomson JA Jr, Amstadter A,
Neale MC: Primum non nocere: an evolutionary analysis of whether antidepressants do
more harm than good. Front Psychol 2012;3:
117.
4 Olfson M, Marcus SC: National patterns in
antidepressant medication treatment. Arch
Gen Psychiatry 2009;66:848–856.
5 American Psychiatric Association: (DSM-5)
Diagnostic and Statistical Manual of Mental
Disorders. Washington, American Psychiatric Association, 2013.
6 Almeida OP, Alfonso H, Hankey GJ, Flicker
L: Depression, antidepressant use and mortality in later life: the Health in Men Study. PLoS
One 2010;5:e11266.
7 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.
8 Win S, Parakh K, Eze-Nliam CM, Gottdiener
JS, Kop WJ, Ziegelstein RC: Depressive symptoms, physical inactivity and risk of cardiovascular mortality in older adults: the Cardiovascular Health Study. Heart 2011; 97:
500–505.
9 Nemeroff CB, Goldschmidt-Clermont PJ:
Heartache and heartbreak – the link between
depression and cardiovascular disease. Nat
Rev Cardiol 2012;9:526–539.
10 Whooley MA, Wong JM: Depression and cardiovascular disorders. Annu Rev Clin Psychol
2013;9:327–354.
11 Bostwick JM, Pankratz VS: Affective disorders and suicide risk: a reexamination. Am J
Psychiatry 2000;157:1925–1932.

Mortality Effects of Antidepressants

53 Von Känel R, Dimsdale JE: Effects of sympathetic activation by adrenergic infusions on
hemostasis in vivo. Eur J Haematol 2000; 65:
357–369.
54 Flock A, Zobel A, Bauriedel G, Tuleta I, Hammerstingl C, Hofels S, Schuhmacher A, Maier
W, Nickenig G, Skowasch D: Antiplatelet effects of antidepressant treatment: a randomized comparison between escitalopram and
nortriptyline. Thromb Res 2010; 126:E83–
E87.
55 Andrade C, Sandarsh S, Chethan KB,
Nagesh KS: Serotonin reuptake inhibitor
antidepressants and abnormal bleeding: a
review for clinicians and a reconsideration
of mechanisms. J Clin Psychiatry 2010; 71:
1565–1575.
56 Castro VM, Gallagher PJ, Clements CC, Murphy SN, Gainer VS, Fava M, Weilburg JB,
Churchill SE, Kohane IS, Iosifescu DV,
Smoller JW, Perlis RH: Incident user cohort
study of risk for gastrointestinal bleed and
stroke in individuals with major depressive
disorder treated with antidepressants. BMJ
Open 2012;2:e000544.
57 Coupland C, Dhiman D, 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.
58 Hackam DG, Mrkobrada M: Selective serotonin reuptake inhibitors and brain hemorrhage: a meta-analysis. Neurology 2012; 79:
1862–1865.
59 Buckley NA, McManus PR: Fatal toxicity of
serotoninergic and other antidepressant
drugs: analysis of United Kingdom mortality
data. BMJ 2002;325:1332–1333.
60 Cosci F, Guidi J, Balon R, Fava GA: Clinical
methodology matters in epidemiology: not all
benzodiazepines are the same. Psychother
Psychosom 2015;84:262–264.
61 Fava GA, Guidi J, Rafanelli C, Sonino N: The
clinical inadequacy of evidence-based medicine and the need for a conceptual framework
based on clinical judgment. Psychother Psychosom 2015;84:1–3.
62 Jane-wit D, Horwitz RI, Concato J: Variation
in results from randomized, controlled trials:
stochastic or systematic? J Clin Epidemiol
2010;63:56–63.
63 Bakkaloglu B, Yabanoglu S, Ozyuksel BR,
Uaar G, Ertugrul A, Demir B, Ulug B: Platelet
and plasma serotonin levels and platelet
monoamine oxidase activity in patients with
major depression: effects of sertraline treatment. Turk J Biochem 2008;33:97–103.
64 Most JF, Possick J, Rochester CL: Systemic
manifestations and comorbidities of chronic
obstructive pulmonary disease. Clin Pulm
Med 2014;21:155–166.
65 Musselman DL, Marzec UM, Manatunga A,
Penna S, Reemsnyder A, Knight BT, Baron A,
Hanson SR, Nemeroff CB: Platelet reactivity
in depressed patients treated with paroxetine:
preliminary findings. Arch Gen Psychiatry
2000;57:875–882.

66 Paneni F, Beckman JA, Creager MA, Cosentino F: Diabetes and vascular disease: pathophysiology, clinical consequences, and medical therapy: part I. Eur Heart J 2013;34:2436–
2443.
67 Sarnak MJ, Levey AS: Cardiovascular disease
and chronic renal disease: a new paradigm.
Am J Kidney Dis 2000;35:S117–S131.
68 Jorge RE, Robinson RG, Arndt S, Starkstein S:
Mortality and poststroke depression: a placebo-controlled trial of antidepressants. Am J
Psychiatry 2003;160:1823–1829.
69 Qian J, Simoni-Wastila L, Langenberg P, Rattinger GB, Zuckerman IH, Lehmann S, Terrin
M: Effects of depression diagnosis and antidepressant treatment on mortality in Medicare
beneficiaries with chronic obstructive pulmonary disease. J Am Geriatr Soc 2013;61:754–761.
70 Taylor C, Youngblood ME, Catellier D, Veith
RC, Carney RM, Burg MM, Kaufman PG,
Shuster J, Mellman T, Blumenthal JA, Krishnan R: Effects of antidepressant medication
on morbidity and mortality in depressed patients after myocardial infarction. Arch Gen
Psychiatry 2005;62:792–798.
71 Stroup DF, Berlin JA, Morton SC, Olkin I,
Williamson GD, Rennie D, Moher D, Becker
BJ, Sipe TA, Thacker SB: Meta-analysis of observational studies in epidemiology: a proposal for reporting. JAMA 2000;283:2008–2012.
72 O’Connor CM, Jiang W, Kuchibhatla M,
Mehta RH, Clary GL, Cuffe MS, Christopher
EJ, Alexander JD, Califf RM, Krishnan RR:
Antidepressant use, depression, and survival
in patients with heart failure. Arch Intern
Med 2008;168:2232–2237.
73 Ghassemi M, Marshall J, Singh N, Stone DJ,
Celi LA: Leveraging a critical care database:
selective serotonin reuptake inhibitor use prior to ICU admission is associated with increased hospital mortality. Chest 2014; 145:
745–752.
74 Higgins JPT, Green S: Cochrane Handbook
for Systematic Reviews of Interventions, version 5.1.0. Cochrane Collaboration, 2011,
www.cochrane-handbook.org.
75 Downs SH, Black N: The feasibility of creating
a checklist for the assessment of the methodological quality both of randomised and nonrandomised studies of health care interventions. J Epidemiol Community Health 1998;
52:377–384.
76 Acharya T, Acharya S, Tringali S, Huang J:
Association of antidepressant and atypical
antipsychotic use with cardiovascular events
and mortality in a veteran population. Pharmacotherapy 2013;33:1053–1061.
77 National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III):
Third Report of the National Cholesterol
Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult
Treatment Panel III) final report. Circulation
2002;106:3143–3421.

Psychother Psychosom 2017;86:268–282
DOI: 10.1159/000477940

281

Downloaded by:
Imperial College, School of Medicine, Wellcome Libr.
155.198.30.43 - 9/15/2017 9:03:14 AM

37 Fisher AB, Steinberg H, Bassett MDD: Energy
utilization by the lung. Am J Med 1974; 57:
437–446.
38 LaRivière L, Anctil M: Uptake and release of
[3H]-serotonin in photophores of the midshipman fish, Porichthys notatus. Comp Biochem Physiol C 1984;78:231–239.
39 Wong DT, Horng J-S, Fuller RW: Kinetics of
serotonin accumulation into synaptosomes of
rat brain – effects of amphetamine and chloroamphetamines. Biochem Pharmacol 1973;
22:311–322.
40 Yoffe JR, Borchardt RT: Characterization of
serotonin uptake in cultured neuroblastoma
cells: difference between differentiated and
nondifferentiated cells. Mol Pharmacol 1982;
21:362–367.
41 Azmitia EC: Serotonin and brain: evolution,
neuroplasticity, and homeostasis. Pharmacol
Neurogen Neuroenhanc 2007;77:31–56.
42 Durisko Z, Mulsant BH, Andrews PW: An adaptationist perspective on the etiology of depression. J Affect Disord 2015;172:315–323.
43 Guyton A, Hall J: Rhythmical excitation of the
heart; in Gruliow R (ed): Textbook of Medical
Physiology. Philadelphia, Elsevier, 2006, pp
122.
44 Tanaka M, Yoshida M, Emoto H, Ishii H:
Noradrenaline systems in the hypothalamus,
amygdala and locus coeruleus are involved in
the provocation of anxiety: basic studies. Eur
J Pharmacol 2000;405:397–406.
45 Basu S, Dasgupta PS: Dopamine, a neurotransmitter, influences the immune system. J
Neuroimmunol 2000;102:113–124.
46 Mezey E, Eisenhofer G, Hansson S, Harta G,
Hoffman B, Gallatz K, Palkovits M, Hunyady
B: Non-neuronal dopamine in the gastrointestinal system. Clin Exp Pharmacol Physiol
Suppl 1999;26:S14–S22.
47 Rubí B, Maechler P: Minireview: New roles
for peripheral dopamine on metabolic control
and tumor growth: let’s seek the balance. Endocrinology 2010;151:5570–5581.
48 Zhang M-Z, Yao B, Wang S, Fan X, Wu G,
Yang H, Yin H, Yang S, Harris RC: Intrarenal
dopamine deficiency leads to hypertension
and decreased longevity in mice. J Clin Invest
2011;121:2845–2854.
49 Pacher P, Kecskemeti V: Cardiovascular side
effects of new antidepressants and antipsychotics: new drugs, old concerns? Curr Pharm
Des 2004;10:2463–2475.
50 Davì G, Patrono C: Platelet activation and
atherothrombosis. N Engl J Med 2007; 357:
2482–2494.
51 Heger CD, Collins RN: Platelet activation and
“crossover appeal”: rab and rho families united by common links to serotonin. Mol Interv
2004;4:79–81.
52 Larsson P, Wallen N, Hjemdahl P: Norepinephrine-induced human platelet activation
in vivo is only partly counteracted by aspirin.
Circulation 1994;89:1951–1957.

282

86 Hanash JA, Hansen BH, Hansen JF, Nielsen
OW, Rasmussen A, Birket-Smith M: Cardiovascular safety of one-year escitalopram therapy in clinically nondepressed patients with
acute coronary syndrome: results from the
DEpression in patients with Coronary ARtery
Disease (DECARD) trial. J Cardiovasc Pharmacol Ther 2012;60:397–405.
87 O’Connor CM, Jiang W, Kuchibhatla M, Silva
SG, Cuffe MS, Callwood DD, Zakhary B,
Stough WG, Arias RM, Rivelli SK, Krishnan
R: Safety and efficacy of sertraline for depression in patients with heart failure: results of
the SADHART-CHF (Sertraline Against Depression and Heart Disease in Chronic Heart
Failure) trial. J Am Coll Cardiol 2010;56:692–
699.
88 Cumming G: The new statistics: why and
how. Psychol Sci 2014;25:7–29.
89 Sharma T, Guski LS, Freund N, Gøtzsche PC:
Suicidality and aggression during antidepressant treatment: systematic review and metaanalyses based on clinical study reports. BMJ
2016;352:i65.
90 Gaukler SM, Ruff JS, Galland T, Kandaris KA,
Underwood TK, Liu NM, Young EL, Morrison LC, Yost GS, Potts WK: Low-dose paroxetine exposure causes lifetime declines in
male mouse body weight, reproduction and
competitive ability as measured by the novel
organismal performance assay. Neurotoxicol
Teratol 2015;47:46–53.
91 Swinkels JA, de Jonghe F: Safety of antidepressants. Int Clin Psychopharmacol 1995; 9:
19–25.
92 Sherwood A, Blumenthal JA, Trivedi R, Johnson KS, O’Connor CM, Adams KF, Dupree
CS, Waugh RA, Bensimhon DR, Gaulden L:
Relationship of depression to death or hospitalization in patients with heart failure. Arch
Intern Med 2007;167:367–373.
93 Anda R, Williamson D, Jones D, Macera C,
Eaker E, Glassman A, Marks J: Depressed affect, hopelessness, and the risk of ischemic
heart disease in a cohort of US adults. Epidemiology 1993;4:285–294.
94 Andrews PW, Kornstein SG, Halberstadt LJ,
Gardner CO, Neale MC: Blue again: perturbational effects of antidepressants suggest
monoaminergic homeostasis in major depression. Front Psychol 2011;2:159.

Psychother Psychosom 2017;86:268–282
DOI: 10.1159/000477940

95 Fava GA, Offidani E: The mechanisms of
tolerance in antidepressant action. Prog
Neuropsychopharmacol Biol Psychiatry
2011;35:1593–1602.
96 Hollon SD: The efficacy and acceptability of
psychological interventions for depression:
where we are now and where we are going.
Epidemiol Psychiatr Sci 2016;25:295–300.
97 Higgins J, Thompson SG: Quantifying heterogeneity in a meta-analysis. Stat Med
2002;21:1539–1558.
98 Rudisch B, Nemeroff CB: Epidemiology of
comorbid coronary artery disease and depression. Biol Psychiatry 2003;54:227–240.
99 Cohen S, Pressman SD: Positive affect and
health. Curr Dir Psychol Sci 2006; 15: 122–
125.
100 Fava GA, Cosci F, Sonino N: Current psychosomatic practice. Psychother Psychosom 2017;86:13–30.
101 Mojtabai R, Olfson M: Proportion of antidepressants prescribed without a psychiatric diagnosis is growing. Health Aff (Millwood) 2011;30:1434–1442.
102 Diez-Quevedo C, Lupón J, González B, Urrutia A, Cano L, Cabanes R, Altimir S, Coll
R, Pascual T, de Antonio M, Bayes-Genis A:
Depression, antidepressants, and long-term
mortality in heart failure. Int J Cardiol
2013;167:1217–1225.
103 Krantz DS, Whittaker KS, Francis JL, Rutledge T, Johnson BD, Barrow G, McClure
C, Sheps DS, York K, Cornell C, Bittner V:
Psychotropic medication use and risk of adverse cardiovascular events in women with
suspected coronary artery disease: outcomes from the Women’s Ischemia Syndrome Evaluation (WISE) study. Heart
2009;95:1901–1906.
104 Hamer M, Batty GD, Seldenrijk A, Kivimaki
M: Antidepressant medication use and future risk of cardiovascular disease: the Scottish Health Survey. Eur Heart J 2011;32:437–
442.

Maslej et al.

Downloaded by:
Imperial College, School of Medicine, Wellcome Libr.
155.198.30.43 - 9/15/2017 9:03:14 AM

78 Khan A, Faucett J, Morrison S, Brown WA:
Comparative mortality risk in adult patients
with schizophrenia, depression, bipolar disorder, anxiety disorders, and attention-deficit/hyperactivity disorder participating in
psychopharmacology clinical trials. JAMA
Psychiatry 2013;70:1091–1099.
79 Ryan J, Carriere I, Ritchie K, Stewart R, Toulemonde G, Dartigues J-F, Tzourio C, Ancelin
M-L: Late-life depression and mortality: influence of gender and antidepressant use. Br J
Psychiatry 2008;192:12–18.
80 Higgins JPT, Thompson SG, Deeks JJ, Altman
DG: Measuring inconsistency in meta-analyses. BMJ 2003;327:557–560.
81 Cook RD, Weisberg S: Residuals and Influence in Regression. New York, Chapman &
Hall, 1982.
82 Viechtbauer W: Conducting meta-analyses in
R with the metafor package. J Stat Softw 2010;
36:1–48.
83 Planer D, Lev I, Elitzur Y, Sharon N, Ouzan E,
Pugatsch T, Chasid M, Rom M, Lotan C: Bupropion for smoking cessation in patients
with acute coronary syndrome. Arch Intern
Med 2011;171:1055–1060.
84 Sterne JAC, Sutton AJ, Ioannidis JPA, Terrin N,
Jones DR, Lau J, Carpenter J, Rücker G, Harbord RM, Schmid CH, Tetzlaff J, Deeks JJ, Peters J, Macaskill P, Schwarzer G, Duval S, Altman DG, Moher D, Higgins JPT: Recommendations for examining and interpreting funnel
plot asymmetry in meta-analyses of randomised controlled trials. BMJ 2011;343:d4002.
85 Balogun RA, Abdel-Rahman EM, Balogun
SA, Lott EH, Lu JL, Malakauskas SM, Ma JZ,
Kalantar-Zadeh K, Kovesdy CP: Association
of depression and antidepressant use with
mortality in a large cohort of patients with
nondialysis-dependent CKD. Clin J Am Soc
Nephrol 2012;7:1793–1800.

