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Patients with schizophrenia have a higher mortality risk than patients suffering from any other psychiatric disorder.
Previous research is inconclusive regarding the association of antipsychotic treatment with long-term mortality risk.
To this aim, we systematically reviewed the literature and performed a meta-analysis on the relationship between
long-term mortality and exposure to antipsychotic medication in patients with schizophrenia. The objectives were to
(i) determine long-term mortality rates in patients with schizophrenia using any antipsychotic medication; (ii) compare
these with mortality rates of patients using no antipsychotics; (iii) explore the relationship between cumulative exposure
and mortality; and (iv) assess causes of death. We systematically searched the EMBASE, MEDLINE and PsycINFO data-
bases for studies that reported on mortality and antipsychotic medication and that included adults with schizophrenia
using a follow-up design of more than 1 year. A total of 20 studies fulfilled our inclusion criteria. These studies reported
23,353 deaths during 821,347 patient years in 133,929 unique patients. Mortality rates varied widely per study. Meta-ana-
lysis on a subgroup of four studies showed a consistent trend of an increased long-term mortality risk in schizophrenia
patients who did not use antipsychotic medication during follow-up. We found a pooled risk ratio of 0.57 (LL:0.46
UL:0.76 p value <0.001) favouring any exposure to antipsychotics. Statiscal heterogeneity was found to be high (Q =
39.31, I2 = 92.37%, p value < 0.001). Reasons for the increased risk of death for patients with schizophrenia without anti-
psychotic medication require further research. Prospective validation studies, uniform measures of antipsychotic expos-
ure and classified causes of death are commendable.
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Introduction

Adults with schizophrenia have the highest mortality
risk compared with other patients suffering from psy-
chiatric disorders (Walker et al. 2015). Compared with
the general population, their life expectancy is about
20–25 years shorter (Saha et al. 2007). Somatic disease
contributes most to this high mortality risk (Olfson
et al. 2015). Recent publication of a large cohort of
patients with schizophrenia mentioned that cardiovas-
cular disease was the most common cause of death
(403.2/100,000 person years); the all-cause mortality
for the total sample was 1539.5 per 100,000 person
years (Olfson et al. 2015). Patients with schizophrenia
tend to make little use of health care resources while
they are known to have a bad physical health, reflect-
ing a multifactorial etiology (Leucht et al. 2007;
Copeland et al. 2009). The role of antipsychotic medica-
tion and its potential influence on premature mortality

is highly debated. Antipsychotic medication reduces
the severity of psychotic symptoms and the incidence
of psychotic relapse in most patients (Haukka et al.
2008). On the other hand, antipsychotics may
increase cardiovascular mortality risk by induction
of weight gain, diabetes mellitus and dyslipidemia
(De Hert et al. 2012; Correll et al. 2015). It is not
clear, however, whether exposure to antipsychotics
is associated with a shortened life expectancy for
patients with schizophrenia.

Short-term trials and safety extension studies
reported lower mortality in patients exposed to anti-
psychotics compared with patients receiving placebo
(Khan et al. 2007, 2013). The most common cause of
death in these trials was suicide. Though, when deaths
related to suicide were excluded, natural cause mortal-
ity rates still exceeded those of the general population
(Khan et al. 2013). A synthesis of the literature specifi-
cally on the long-term effects of antipsychotics on mor-
tality risk was published in 2009 (Weinmann et al.
2009). The authors concluded that there was some evi-
dence that long-term exposure to antipsychotics
increases mortality. However, they acknowledged
that this conclusion was based on observational

* Address for correspondence: J. M. Vermeulen, Department of
Psychiatry Academic Medical Center, Meibergdreef 9, 1105 AZ
Amsterdam, The Netherlands.

(Email: j.m.vermeulen@amc.uva.nl)

Psychological Medicine (2017), 47, 2217–2228. © Cambridge University Press 2017
doi:10.1017/S0033291717000873

REVIEW ARTICLE

https://doi.org/10.1017/S0033291717000873 Published online by Cambridge University Press

mailto:j.m.vermeulen@amc.uva.nl
https://doi.org/10.1017/S0033291717000873


studies reporting doubtful results regarding mortality
trends. While some reviewed studies reported higher
cardiovascular mortality in patients using anti-
psychotic medication, other studies found lower all-
cause mortality (Tiihonen et al. 2006; Osborn et al.
2007). After publication of this review, the largest
follow-up study so far was published (Tiihonen et al.
2009). In this cohort study the authors made use of a
Finnish nationwide database and their results contra-
dicted the conclusion of Weinmann et al. (2009) by
showing that long-term exposure significantly lowered
the risk of death compared with no antipsychotic
medication (Tiihonen et al. 2009). However, some of
these Finnish results were eventually appraised by
other authors as ‘problematic’ to interpret (De Hert
et al. 2010). Several methodological limitations were
underlined and discrepancies of results stated by
Tiihonen et al. compared with those from other
Finnish registry studies were found (De Hert et al.
2010).

In summary, the high mortality rate in patients with
schizophrenia is argued to be partly related to
increased risk of somatic disease associated with anti-
psychotic medication. However, current evidence is
equivocal with respect to the association between
long-term use of antipsychotics and mortality. A sys-
tematic review of long-term studies is therefore
needed to shine light on this topic. Therefore we
aimed to (i) determine long-term mortality rates in
patients with schizophrenia using any antipsychotics;
(ii) compare these with mortality rates of patients
who did not use antipsychotic medication during
follow-up; (iii) explore the relationship between cumu-
lative exposure of antipsychotic medication and mor-
tality; and (iv) assess the most common causes of
death.

Methods

This review was conducted following the guidelines of
the PRISMA statement (Moher et al. 2009). A protocol
was published in the PROSPERO database under
registration number CRD42016043452. We searched
EMBASE, MEDLINE and PsycINFO from inception
through 29 February 2016. The search strategy was
developed by a clinical librarian together with the
first author (JV) (presented as online supplement 1).
This strategy included terms for schizophrenia, anti-
psychotic medication (with additional description of
15 frequently prescribed antipsychotics in general
names, trade names and numbers), mortality (e.g.
death, years of life lost) and most frequent causes of
death (e.g. suicide, myocardial infarction). Reference
lists of eligible articles were hand searched to identify
eligible studies not previously identified through the

database search (forward- and backward tracking of
literature).

Study selection

Two reviewers (JV and EN) independently screened
titles and abstracts of retrieved citations on following
inclusion criteria: The study (1) included patients
older than 18 years diagnosed with schizophrenia
and related disorders; (2) used antipsychotic medica-
tion as an outcome measure or this was likely to be
reported in full text; (3) used mortality as outcome
measure or this was likely to be reported in full text;
(4) was an original research paper that used a
follow-up design; and (5) was written in English.
Conflicts in study inclusion were resolved in consensus
meetings. If a clear decision concerning inclusion cri-
teria could not be made during abstract screening,
the full text was consulted. Subsequently, articles that
met the following exclusion criteria were excluded dur-
ing full-text reading: The study (1) did not use one of
the following designs: a cohort study, case-control or
controlled clinical trial with or without randomization
or blinding; (2) had a follow-up of 52 weeks or less; (3)
did not describe number or any other measure of death
rate from all causes; (4) did not describe use of anti-
psychotic medication; (5) did not compare patients
with schizophrenia receiving antipsychotic treatment
to an adequate control group (patients without anti-
psychotics or other antipsychotic medication); and (6)
was published before 1990. We argued that from the
year 1990 both atypical antipsychotics and clozapine
had entered the international markets and were avail-
able to the majority of schizophrenia patients (Tandon
et al. 2010). The first 100 articles selected were reviewed
in full text by two reviewers independently and confl-
icts were settled through discussion. In view of the
fact that overlap was high, other articles were reviewed
by the first author (JV).

Data extraction

Data were extracted by two researchers independently
(JV and GvR) and accuracy was discussed in regular
meetings. The following data were extracted: first
author’s name, year of publication, country, years of
data collection, years of follow-up or patient years
(follow-up multiplied by sample size), sample source,
specific diagnoses, population (e.g. inpatient, out-
patient or subgroup), method of diagnosis of schizo-
phrenia, primary outcome(s), sample size, number of
deaths and total number of control or comparison
group, number of lost to follow-up, cause(s) of death
if available, source of mortality-data, source of infor-
mation on antipsychotic medication (such as dose,
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length of exposure and concomitant use) and (if
reported) confounders.

We aimed to include studies that reported on anti-
psychotic medication, dose and length of exposure.
Corresponding authors were contacted to ensure accur-
acy and completeness of data when studies lacked suffi-
cient information about the number of patients who did
not use antipsychotic medication. All-cause mortality
numbers were extracted and if possible categorized
cause-specific into natural (e.g. cardiovascular) and
unnatural causes (e.g. suicide). Quality of the studies
was assessed with the Cochrane risk of bias tool for ran-
domized trials or the Newcastle Ottawa scale for obser-
vational studies by the first author (Higgins et al. 2011;
Wells et al.). In case of overlapping samples, the largest
was included in the main analysis.

Statistical analysis

To answer the first question, we calculated unadjusted
all-cause mortality rates per 1000 patient years for unique
patients receiving any type of antipsychotic medication
during follow-up. The following formula was used to
estimate patient years if not provided by authors:

Patient years = number of people at risk at the beginning+ number of people at risk at the end of the time interval
2

[ ]

× [number of years in the time interval]

If studies consisted of subgroups using various antipsy-
chotics or with different duration of illness, we calcu-
lated a composite rate for each study. Furthermore, we
aimed to conduct a sub-analysis on studies that
described data for patients that used any type of
antipsychotics versus no antipsychotic medication dur-
ing follow-up. Crude risk ratios from mortality rates
per person years were calculated, pooled and are pre-
sented in a forest plot using a DerSimonian-Laird
random-effects model (Borenstein et al. 2009). Variance
was assessed using eyeballing, Q- and I2 -statistics
(Higgins et al. 2003). Publication bias was tested by
means of a funnel plot and Egger’s test if applicable.
All analyses were conducted in software named
Comprehensive Meta-Analysis, version 2.0.

Results

Study selection

The initial search yielded 5,125 articles, of which 382
remained after screening of titles and abstracts
(Fig. 1). Most of the 362 studies that we excluded
after full text review, had a short duration of follow-up

(52 weeks or less) or no assessment of mortality.
Seventeen overlapping samples were removed, result-
ing in 20 original samples subjected to quantitative
synthesis and four to meta-analysis.

Study characteristics

Clinical data per study are presented by type of study
design (Table 1). The included randomized open label
trials, cohorts and case-control studies originate from
over ten different, mostly western countries. Clinical
and methodological characteristics of the studies
were heterogeneous. Although all samples matched
the inclusion criterion of schizophrenia and related dis-
orders, some also included few patients with bipolar
diagnoses or unspecified diagnoses. Various clinical
subgroups and a wide range of antipsychotics were
studied (Table 1). Follow-up time ranged from 1.25 to
14 years. Two studies were prematurely terminated
after completion of 1 year follow-up of the last patient
because the predetermined difference in effectiveness
was achieved or the drug in question, sertindole, was
taken from the market (Gaebel et al. 2010; Kasper

et al. 2010). A descriptive arm of a randomized trial
was published in a separate paper and we combined
data from both papers in question into a single com-
posite rate (Gaebel et al. 2010; de Arce Cordon et al.
2012). Quality of the studies was variable but in most
cases scored as moderate (see online supplement 2–4).

Mortality rates for patients using antipsychotic
medication

A number of 14,643 deaths during 657,400 patient years
was reported for unique patients with schizophrenia and
related disorders using any antipsychotic medication.
Unadjusted mortality rates per 1,000 patient years for
patients taking antipsychotic medication are presented
per study (Fig. 2). Because of the great diversity in
study designs and clinical characteristics, we refrained
from pooling these results into a meta-analysis.

Comparison of patients with any antipsychotic use
versus no use

A total of 22,141 deaths in 715,904 patient years were
identified in four cohort studies comparing patients
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with any antipsychotic use to patients who did not use
antipsychotic medication during follow-up. The corre-
sponding author of one of these retrospective cohort
studies, which combined medical record data with nat-
ural language processing tools, provided additional
data (Hayes et al. 2015). All the four studies showed
that mortality rates of patients with any use of anti-
psychotic medication are lower than no antipsychotic
treatment during long-term follow-up (Fig. 3). The
pooled risk ratio was 0.57 (LL:0.46 UL:0.76 p value
<.001). Statiscal heterogeneity was found to be high
(Q = 39.31, I2 = 92.37%, p value <.001). Publication bias
was difficult to interpret from the few included studies
but was not suggested from a funnel plot (not shown,
available on request) or Egger’s test (β = 3.57 S.E. = 1.77
and (1-tailed) p value 0.090).

The relationship between cumulative exposure and
mortality

Torniainen et al. (2015) showed that bothnoandveryhigh
exposure to antipsychotic medication (expressed as
defined daily dose per day) is related to high mortality
rates. This U-shaped mortality curve was found in

chronic schizophrenia patients compared with the gen-
eral population. Authors of the largest cohort study
observed an inverse relationship between mortality and
duration of cumulative exposure (up to 11 years) for
patients with at least one filled prescription (Tiihonen
et al. 2009). The lowest adjusted hazard ratio concerned
patients using antipsychotic medication from 0 to 0.5
years [aHR 0.49 (95% CI 0.46–0.52)] compared with no
antipsychotic medication. Since details about anti-
psychotic dose and length of exposure were missing in
many articles or reported in substantively inconvertible
measures, we were unable to perform a meta-analysis.
Units of measurement that we encountered were for
example any use over time, use at baseline, proportion
of doses (defined daily dose per day) or mean chlorpro-
mazine equivalents per treatment arm. Therefore, we
merely describe the results of latter Scandinavian studies
that specifically presented results on cumulative expos-
ure and (adjusted) hazard rates.

Causes of death

Thirteen of all 20 studies reported data, to a varying
extent, on the causes of death. Cardiovascular disease

Fig. 1. Flowchart of study selection.
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Table 1. Study characteristics of all studies included in the forest plot

First Author, year
Nationalities

Diagnoses (n)
Subgroup details

Total sample
size (n)
Source

Length of follow-up in years
(inclusion period) Comparisons

Characteristics
Mean agea, Gender (m/f)
(n), Mean duration of
illness in years

Randomized trials, open label

(Alphs et al., 2015)
United States of
America, Puerto Rico

Schizophrenia (450)
Outpatients, history of
incarceration, homeless

450
Recruitment from non-
traditional locations

1.25 (2010–2013) Paliperidone palmitate versus
other oral antipsychotics

38.1, 383/61, specified in
strata

(de Arce Cordon et al.,
2012, Gaebel et al.,
2010)
Multinational

Schizophrenia (585)
Schizoaffective (126)
In- and outpatients
previously treated ineffectively
or had side effects

711
Recruitment
routine care settings

2 (2004–2007) Risperidone long-acting injection
versus Quetiapine versus
Aripiprazole

41.6, 411/300, n.s.

(Meltzer et al., 2003)
Multinational

Schizophrenia (609)
Schizoaffective (371)
High risk suicide

980
n.s.

2 (1998–2001) Clozapine versus Olanzapine 37.1, 302/378, n.s.

(Ritchie et al., 2010)
Australia

Schizophrenia (66)
Under care of old age
psychiatrists, currently on
conventional antipsychotics

66
Recruitment from
psychiatric treatment
settings

3.5 (1997–2000) Olanzapine versus Risperidone 69.8, 19/47, n.s.

(Thomas et al., 2010)
Multinational

Schizophrenia (9,809) Intolerant
for 1 other antipsychotic

9,809
Recruitment by
psychiatrists

1.4 (2002–2008) Sertindole versus Risperidone 37.1, 5,426/4,383, specified
in strata

Cohorts, prospective
(Girgis et al., 2011)b

China
Schizophrenia (122)
Schizophreniform(38)
In- and outpatients
First episode patients

160
Medical records

9 (1995–2007) Clozapine versus Chlorpromazine 28.7, 84/76, n.s.

(Kasper et al., 2010)
Europe

Schizophrenia (2.219)
102 patients without primary
diagnoses of schizophrenia

2,321
Recruitment
by investigator

1.5 (1997–1998) Sertindole versus Other 40.6, 1,325/996, n.s.

(Montout et al., 2002)
France

Schizophrenia (3,325)
In- and outpatients

3,325
Questionnaires

4 (1993–1997) First versus second generation
antipsychotics

39.3, 2,127/1,198, specified
in strata

(Ran et al., 2015)
China

Schizophrenia (510)
Patients from rural county
townships

510
epidemiological data

14 (1994–2008) Never treated versus ever treated 44.6, 237/273, 13.7|11.9

A
ntipsychotic

m
edication

and
long-term

m
ortality

risk
in

patients
w
ith

schizophrenia
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Table 1 (cont.)

First Author, year
Nationalities

Diagnoses (n)
Subgroup details

Total sample
size (n)
Source

Length of follow-up in years
(inclusion period) Comparisons

Characteristics
Mean agea, Gender (m/f)
(n), Mean duration of
illness in years

Cohorts, retrospective

(Cullen et al., 2013)
United States of
America

Schizophrenia (2,132)
Outpatients

2,132
Database

10 (1994–2005) First and second generation versus
First generation ever

42.0, 1,130/1.002, n.s.

(Deslandes et al., 2015)
United Kingdom

Schizophrenia (n.s.)
Schizoaffective (n.s.)
Parts of patients were
non-responders to clozapine

176
Medical records

5 (2006–2013) Risperidone long-acting injection
versus Aripiprazole

n.s. for total cohort

(Hayes et al., 2015)
United Kingdom

Schizophrenia (9,437)
In- and outpatients

9,437
Database

5c (2007–2011) Clozapine newly prescribed
versus first and second
generation versus no
antipsychotics

43.2e, 7,985/6,769, n.s.

(Kelly et al., 2010)
USA

Schizophrenia (964)
Schizoaffective (561)
Psychosis NOS (161)

1,686
Database

6–10 (1994–2000) Clozapine versus Risperidone 39.8, 1,059/627,n.s.

(Pridan et al., 2014)
Israel

Schizophrenia (527)
Inpatients
Elderly
2x previously treated
unsuccessfully

527
Medical records

5 (2007–2012) Amisulpride versus other
antipsychotics

67.4, 184/343, 35.7

(Tenback et al., 2012)
2012
Netherlands

Schizophrenia(7,415) 7,415
Database

3 (2006–2008)d First versus second generation
antipsychotics versus combined
use

45.5, 4,538/2.877, n.s.

(Tiihonen et al., 2009)
Finland

Schizophrenia
and related disorders
At least one hospital stay

66,881
Database

11 (1973–2006)
(mean 7.8 users
antipsychotics and 8.9 years
never treated patients)

No antipsychotics versus
cumulative exposure strata

51.0, 30,803/36,078, n.s.

(Torniainen et al., 2015)
Sweden

Schizophreniac (22,722)
1. Chronic patients (21,492)
2. First Episode Patients
(1,230)

22,722
Database

1. 5(2006–2010)
2. No mean specifiedd

No exposure versus low versus
moderate versus high exposure

45.0, 15,856/8,866, n.s.
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was reported to be the cause of death in 15.7% of
14,818 deaths, and suicide in 6.7%. The remaining
causes were described as other natural, unnatural or
were undetermined. For patients without use of anti-
psychotic medication, causes of death were reported
in two studies representing 173 out of 8,710 deceased
patients. Cardiovascular disease was reported for 59
(0.7%) and suicide for 22 (0.3%) patients. Since data
were found to be scarce, we dropped presenting results
in a table or figure.

Discussion

Summary

To our knowledge, current study is the first quantita-
tive synthesis that used meta-analysis to explore the
association between long-term mortality and anti-
psychotic use in schizophrenia patients.

This reviewaimed to assess this association byanswer-
ing four subquestions. Our primary aim was to assess
unadjusted mortality rates for schizophrenia patients
using any antipsychotic medication. It appeared that
these vary widely per study. Furthermore, our aims
were to comparemortality rates of patientswith any anti-
psychotic exposure to patients who did not use anti-
psychotic medication. Additionally, exploration of the
association of cumulative exposure to antipsychotic
medication with mortality was performed. Lastly, we
aimed to assess causes of death in exposed and non-
exposed patients.

Mortality rates and methodological limitations of
included studies

Large differences in unadjusted mortality rates were
found for patients using any antipsychotic medication,
ranging from 1.91 to 43.31 per 1,000 patient years.
Interpretation and evaluation of these mortality
figures was difficult in view of the substantial meth-
odological limitations, as also reported in the previous
review (Weinmann et al. 2009). A recently published
retrospective cohort study that did not report any mea-
sures for antipsychotic exposure, found a crude all-
cause mortality rate of 15.39 per 1.000 patient years
(Olfson et al. 2015). This cohort was at least ten times
as large as the largest retrospective cohorts that we
included, which found deviating unadjusted mortality
rates for patients exposed to antipsychotics (14.41 and
26.84 per 1,000 patient years) (Tiihonen et al. 2009;
Torniainen et al. 2015). The latter cohort studies were
national record linkage studies in which administrative
data from different sources was matched. Several
forms of bias may have been introduced that tend to
make interpretation of the observed rates difficult.
This pertains, for example, to database studies that
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often provided little information on lifestyle factors
such as smoking, diet and substance use, which limits
adjustment for influential confounders. For other stud-
ies, flaws were also noticed in measurement of decisive
factors such as duration of illness or somatic comorbid-
ity. Included randomized trials tended to study very
specific clinical subgroups such as high suicide risk
patients. Generalizability of these mortality rates is
therefore limited. The highest mortality rate [43.31
per 1,000 patient years (Pridan et al. 2014)] could be
explained by an older aged sample and may not be
representative for adult populations. Some studies
used medication prescriptions as a reflection of

exposure and thereby disregarded possible non-
compliance with therapy. This systematic measure-
ment error is important, in particular since earlier clin-
ical trials showed low compliance rates in patients with
schizophrenia (Lieberman et al. 2005). Furthermore,
type of antipsychotic medication that patients were
assigned to within studies was often a misrepresenta-
tion of the whole follow-up period. Two studies sur-
passed this problem by calculating defined daily
doses and testing associations for current and cumula-
tive use or on average low, medium or high exposure
(Tiihonen et al. 2009; Torniainen et al. 2015). Also, a
couple of studies did not address limitations such as
immortal time bias when comparing exposed and non-
exposed individuals. Immortal time refers to a period
during follow-up when patients are not assigned to
any treatment group while death could occur
(Levesque et al. 2010). Hereby, underestimation of
death rates could be introduced since patients who
end up in the exposed group have survived until anti-
psychotic treatment is started. Lastly, others did not
account for survival bias and selected only a group
of chronic patients and thereby possibly underesti-
mated mortality rates. Taking everything into consid-
eration, the need for high-quality, long-term, studies
researching standardized outcomes of antipsychotic
exposure and mortality is undisputable. The

Fig. 2. Mortality rates for patients using any antipsychotic medication.

Fig. 3. Mortality rate ratios of no antipsychotic use versus
any antipsychotic use.
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cornerstone design to monitor drug toxicity is a pro-
spective cohort study and one may even resort to
‘restrictive cohorts’ to review the effect of antipsychotic
medication on long-term mortality (Horwitz et al. 1990;
Pocock & Elbourne, 2000). Girgis et al. (2011) showed
another valid design of converting a randomized trial
after 2 years into a prospective cohort following the
patients for 7 extra years. Overall, our findings did
not allow to present a summary estimate rate of long-
term mortality for patients using any antipsychotic
medication. Therefore, firm conclusions about the asso-
ciation between antipsychotic use and long-term mor-
tality were not drawn.

Comparison of patients with any antipsychotic use
versus no use

A striking result was found by meta-analysis that
showed lower risk of all-cause mortality for patients
with any antipsychotic exposure compared with
patients who did not use any antipsychotic medica-
tion. This association was determined using four
large retrospective cohort studies with moderate to
high quality. Since we found consistent evidence for
a higher all-cause mortality risk in patients who did
not use antipsychotic medication during follow-up,
we are keen to elaborate on many factors that could
explain this. It has been hypothesized that patients
without antipsychotic medication make little use of
both mental and somatic health care and therefore do
not use antipsychotics (Copeland et al. 2009). These
schizophrenia patients could represent the most
severely ill group whose social deprivation and lack
of illness insight could impose a relevant threshold to
access health care, with undertreatment as a result.
Consequently, these patients could have a higher mor-
tality risk as a result of somatic risk factors on the one
hand and on the other hand have severe psychiatric
symptoms that may lead to psychiatric events such
as suicide or violence. Thus, increased attention for
patients who do not use antipsychotic medication is
commendable. Besides, differentiating between natural
and unnatural reasons of death could further clarify
this association.

The relationship between cumulative exposure and
mortality

Remarkably, most studies lacked an adequate meas-
urement of cumulative exposure. Short-term trials
express cumulative time of exposure to antipsychotics
in units of patient exposure years (Khan et al. 2007,
2013). Long-term retrospective observations, for
example, in a Swedish cohort study were grouped as
no, low, moderate or high exposure in windows of
average defined daily dose per day. Contrary to

patient exposure years, this unit of measurement
allows not only length of exposure but also doses
and polypharmacy to play a role. In this study, low
and moderately dosed antipsychotic treatment was
associated with lower mortality than no or high dose
antipsychotic treatment (Torniainen et al. 2015). This
is partly underlined by Tiihonen et al. (2009) however
cumulative exposure was presented slightly different
namely in strata of years of cumulative exposure.
These authors pointed out that the lowest risk for
death is found in patients with short-term exposure
(0–0.5 years) followed by long term exposure (5-7
years ). Overall, we found some evidence that on aver-
age low and medium cumulative exposure, or long-
term treatment is associated with a lower risk of death.

Causes of death

Due to a paucity of results we could not meaningfully
report on most common causes of death in patients
not using or using any antipsychotic medication.
Tiihonen et al. (2009) stated that no increased risk for
mortality due to ischaemic heart disease was found
after 7–11 years of cumulative exposure to antipsycho-
tics. Osborn et al. (2007) studied death because of heart
disease specifically and observed that patients receiving
high doses of antipsychotic treatment are more likely to
die from heart disease than patients receiving lower
doses, no medication or than the general population.
Torniainen et al. (2015). stated that the excess of overall
and specifically cardiovascular mortality in schizophre-
nia is not related to antipsychotics when used in low
or moderate doses based on a U-shaped morality
curve. Reasons of death could clarify clinical implica-
tions of an increased risk of death and therefore future
research is required.

Strengths and limitations

By providing an overview of evidence regarding anti-
psychotic use and long-term mortality in schizophre-
nia, we could add new insights. Recently published
studies that used substantial sample sizes were com-
pared with other unadjusted mortality rates and we
demonstrated large differences. To our knowledge,
we performed the first meta-analysis looking into the
association between mortality and antipsychotic
exposure in schizophrenia patients so far. The pooled
estimate rate showed an increased risk for death for
patients who did not use antipsychotic medication.
This patient group requires further research into the
reasons and risk factors for mortality. Despite these
strengths, limitations of current study need to be
acknowledged. First, heterogeneity was a complication
factor for all outcomes of interest. Apart from the
impossibility to compare and pool all data due to the
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large variation in clinical and statistical characteristics,
insufficient data provided by studies such as cause of
death obstructed answering our subquestions. Second,
we did report clinical subgroups of patients with schizo-
phrenia (Table 1) though we were unable to correct for
any of these characteristics. Due to methodological
inequalities and substantial difference in the use of con-
founding factors for observational studies, we regarded
presenting (incomparable) adjusted rates unwise. Third,
we did not compare mortality rates of included patients
to those in the general population and could therefore
not correct for geographical differences. Lastly, we
chose all-cause mortality per patient years as it is a
robust outcome that is less likely to be affected by
lack of blinding. One might argue that patient reported
or other clinical outcomes such as quality-adjusted life-
years more adequately cover the perspective of patients
(Bushe et al. 2010).

Conclusions

To our knowledge, this is the first quantitative synthesis
of the risk of long-term mortality for patients with
schizophrenia who use antipsychotic medication. The
long-term unadjusted mortality rates varied widely
between studies. Heterogeneity in clinical and statistical
characteristics was high. The true relationship between
the adverse effects of antipsychotic medication and the
consequence of this for long-term mortality risk in
patients with schizophrenia remained unrevealed.
Aggregate findings of four studies suggested a note-
worthy association between patients who did not use
antipsychotic medication and an increased long-term
mortality risk. Validation of our results and reasons
for these patients to be prone for premature mortality
need further research. Uniform units of cumulative
exposure measurement and reporting causes of death
are required to understand clinical implications.
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The supplementary material for this article can be
found at https://doi.org/10.1017/S0033291717000873.

Acknowledgements

We thank J. G. Daams, clinical librarian of the
Academic Medical Center, for help with the literature
search. We also thank Richard Hayes who kindly sup-
plied extra data. Jentien Vermeulen received a Ph.D.-
Scholarship in 2015 from the Academic Medical
Center of Amsterdam.

Declaration of interest

Lieuwe de Haan received an investigator initiated
grant from E. Lilly in 2003. Other authors have
declared that there are no conflicts of interest in rela-
tion to the subject of this study.

References

Alphs L, Benson C, Cheshire-Kinney K, Lindenmayer J,
Mao L, Rodriguez S, Starr H (2015). Real-world outcomes
of paliperidone palmitate compared to daily oral
antipsychotic therapy in schizophrenia: a randomized,
open-label, review board-blinded 15-month study. Journal of
Clinical Psychiatry 76, 554–561.

Borenstein M, Hedges L, Higgins J, Rothstein H (2009).
Introduction to Meta-Analysis. John Wiley & Sons Ltd:
Chichester, UK.

Bushe C, Taylor M, Haukka J (2010). Mortality in
schizophrenia: a measurable clinical endpoint. Journal of
Psychopharmacology 24, 17–25.

Chen V, Liao Y, Lai T, Lane H, Shao W, Dewey M, Lee C, Lu
M (2015). Survival analysis of the use of first and second
generation antipsychotics among patients suffering
schizophrenia: a nationwide population-based cohort
study. Schizophrenia Research 169, 406–411.

Copeland L, Zeber J, Wang C, Parchman M, Lawrence V,
ValensteinM,Miller A (2009). Patterns of primary care and
mortality among patients with schizophrenia or diabetes: a
cluster analysis approach to the retrospective study of
healthcare utilization. BMC Health Services Research 9, 127.

Correll C, Detraux J, De Lepeleire J, De Hert M (2015).
Effects of antipsychotics, antidepressants and mood
stabilizers on risk for physical diseases in people with
schizophrenia, depression and bipolar disorder. World
psychiatry 14, 119–136.

Cullen B, McGinty E, Zhang Y, Dosreis S, Steinwachs D,
Guallar E, Daumit G (2013). Guideline-concordant
antipsychotic use and mortality in schizophrenia.
Schizophrenia Bulletin 39, 1159–1168.

de Arce Cordon R, Eding E, Marques-Teixeira J, Milanova
V, Rancans E, Schreiner A (2012). Descriptive analyses of
the aripiprazole arm in the risperidone long-acting
injectable versus quetiapine relapse prevention trial
(ConstaTRE). European Archives of Psychiatry and Clinical
Neuroscience 262, 139–149.

De Hert M, Correll C, Cohen D (2010). Do antipsychotic
medications reduce or increase mortality in schizophrenia?
A critical appraisal of the FIN-11 study. Schizophrenia
Research 117, 68–74.

De Hert M, Detraux J, van Winkel R, Yu W, Correll C (2012).
Metabolic and cardiovascular adverse effects associated
with antipsychotic drugs. Nature Reviews Endocrinology 8,
114–126.

Deslandes P, Dwivedi M, Sewell R (2015). Five-year patient
outcomes with risperidone long-acting injection or oral
aripiprazole. Therapeutic Advances in Psychopharmacology 5,
151–157.

2226 J. Vermeulen et al.

https://doi.org/10.1017/S0033291717000873 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291717000873
https://doi.org/10.1017/S0033291717000873


Gaebel W, Bergmans P, De Arce R, Rouillon F, Cordes J,
Eriksson L, Schreiner A, Smeraldi E (2010). Relapse
prevention in schizophrenia and schizoaffective disorder
with risperidone long-acting injectable vs quetiapine:
results of a long-term, open-label, randomized clinical trial.
Neuropsychopharmacology 35, 2367–2377.

Girgis R, Phillips M, Li X, Li K, Jiang H, Wu C, Duan N, Niu
Y, Lieberman J (2011). Clozapine v. chlorpromazine in
treatment-naive, first-episode schizophrenia: 9-year
outcomes of a randomised clinical trial. British Journal of
Psychiatry 199, 281–288.

Haukka J, Tiihonen J, Harkanen T, Lonnqvist J (2008).
Association between medication and risk of suicide,
attempted suicide and death in nationwide cohort of
suicidal patients with schizophrenia. Pharmacoepidemiology
and Drug Safety 17, 686–696.

Hayes R, Downs J, Chang C, Jackson R, Shetty H, Broadbent
M, Hotopf M, Stewart R (2015). The effect of clozapine on
premature mortality: an assessment of clinical monitoring
and other potential confounders. Schizophrenia Bulletin 41,
644–655.

Higgins J, AltmanD,Gotzsche P, Juni P,MoherD,OxmanA,
Savovic J, Schulz K, Weeks L, Sterne J, Cochrane Bias
Methods Group & Cochrane Statistical Methods Group
(2011). TheCochraneCollaboration’s tool for assessing riskof
bias in randomised trials. British Medical Journal 343, d5928.

Higgins J, Thompson S, Deeks J, Altman D (2003).
Measuring inconsistency in meta-analyses. British Medical
Journal 327, 557–560.

Horwitz R, Viscoli C, Clemens J, Sadock R (1990).
Developing improved observational methods for
evaluating therapeutic effectiveness. American Journal of
Medicine 89, 630–638.

Kasper S, Moller H, Hale A (2010). The European
post-marketing observational Sertindole study: an
investigation of the safety of antipsychotic drug treatment.
European Archives of Psychiatry and Clinical Neuroscience 260,
59–68.

Kelly D, McMahon R, Liu F, Love R, Wehring H, Shim J,
Warren K, Conley R (2010). Cardiovascular disease
mortality in patients with chronics schizophrenia treated
with clozapine: a retrospective cohort study. Journal of
Clinical Psychiatry 71, 304–311.

Khan A, Faucett J, Morrison S, Brown W (2013).
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 70, 1091–1099.

Khan A, Schwartz K, Stern C, Redding N, Kolts R, Brown
W, Robinson D (2007). Mortality risk in patients with
schizophrenia participating in premarketing atypical
antipsychotic clinical trials. Journal of Clinical Psychiatry 68,
1828–1833.

Leucht S, Burkard T, Henderson J, Maj M, Sartorius N
(2007). Physical illness and schizophrenia: a review of the
literature. Acta Psychiatrica Scandinavica 116, 317–333.

Levesque L, Hanley J, Kezouh A, Suissa S (2010). Problem of
immortal time bias in cohort studies: example using statins

for preventing progression of diabetes. British Medical
Journal 340, b5087.

Lieberman J, Stroup T, McEvoy J, Swartz M, Rosenheck R,
Perkins D, Keefe R, Davis S, Davis C, Lebowitz B, Severe
J, Hsiao J, Clinical Antipsychotic Trials of Intervention
Effectiveness Investigators (2005). Effectiveness of
antipsychotic drugs in patients with chronic schizophrenia.
New England Journal of Medicine 353, 1209–1223.

Meltzer H, Alphs L, Green A, Altamura A, Anand R,
Bertoldi A, Bourgeois M, Chouinard G, Islam M, Kane J,
Krishnan R, Lindenmayer J, Potkin S, International
Suicide Prevention Trial Study Group (2003). Clozapine
treatment for suicidality in schizophrenia: International
Suicide Prevention Trial (InterSePT). Archives of General
Psychiatry 60, 82–91.

Moher D, Liberati A, Tetzlaff J, Altman D, Prisma Group
(2009). Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. PLoS Medicine 6,
e1000097.

Montout C, Casadebaig F, Lagnaoui R, Verdoux H, Philippe
A, Begaud B, Moore N (2002). Neuroleptics and mortality
in schizophrenia: prospective analysis of deaths in a French
cohort of schizophrenic patients. Schizophrenia Research 57,
147–156.

Olfson M, Gerhard T, Huang C, Crystal S, Stroup T (2015).
Premature mortality among adults with schizophrenia in
the United States. JAMA Psychiatry 72, 1172–1181.

Osborn D, Levy G, Nazareth I, Petersen I, Islam A, King M
(2007). Relative risk of cardiovascular and cancer mortality
in people with severe mental illness from the United
Kingdom’s General Practice Rsearch Database. Archives of
General Psychiatry 64, 242–249.

Pocock S, Elbourne D (2000). Randomized trials or
observational tribulations? New England Journal of Medicine
342, 1907–1909.

Pridan S, Baruch Y, Swartz M, Barak Y (2014). Amisulpride
for older patients with long-standing schizophrenia. Journal
of Clinical Psychopharmacology 34, 736–737.

Ran M, Weng X, Chan C, Chen E, Tang C, Lin F, Mao W, Hu
S, Huang Y, Xiang M (2015). Different outcomes of
never-treated and treated patients with schizophrenia:
14-year follow-up study in rural China. British Journal of
Psychiatry 207, 495–500.

Ritchie C, Harrigan S, Mastwyk M, Macfarlane S,
Cheesman N, Ames D (2010). Predictors of adherence to
atypical antipsychotics (risperidone or olanzapine) in older
patients with schizophrenia: an open study of 3(1/2)
years duration. International Journal of Geriatric Psychiatry 25,
411–418.

Saha S, Chant D, McGrath J (2007). A systematic review of
mortality in schizophrenia: is the differential mortality gap
worsening over time? Archives of General Psychiatry 64,
1123–1131.

Sernyak M, Desai R, Stolar M, Rosenheck R (2001). Impact
of clozapine on completed suicide. American Journal of
Psychiatry 158, 931–937.

Tandon R, Nasrallah H, Keshavan M (2010). Schizophrenia,
‘Just the Facts’ 5. Treatment and prevention Past, present,
and future. Schizophrenia Research 122, 1–23.

Antipsychotic medication and long-term mortality risk in patients with schizophrenia 2227

https://doi.org/10.1017/S0033291717000873 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291717000873


TaylorD,Douglas-Hall P,OlofinjanaB,Whiskey E, ThomasA
(2009). Reasons for discontinuing clozapine: matched,
case-control comparison with risperidone long-acting
injection. British Journal of Psychiatry 194, 165–167.

Tenback D, Fiji B, Smeets H, van Os J, van Harten P (2012).
All-cause mortality and medication risk factors in
schizophrenia: a prospective cohort study. Journal of Clinical
Psychopharmacology 32, 31–35.

Thomas S, Drici M, Hall G, Crocq M, Everitt B, Lader M, Le
Jeunne C, Naber D, Priori S, Sturkenboom M, Thibaut F,
Peuskens J, Mittoux A, Tanghoj P, Toumi M, Moore N,
Mann R (2010). Safety of sertindole versus risperidone in
schizophrenia: principal results of the sertindole cohort
prospective study (SCoP). Acta Psychiatrica Scandinavica 122,
345–355.

Tiihonen J, Lonnqvist J, Wahlbeck K, Klaukka T,
Niskanen L, Tanskanen A, Haukka J (2009). 11-year
follow-up of mortality in patients with schizophrenia: a
population-based cohort study (FIN11 study). Lancet 374,
620–627.

Tiihonen J, Wahlbeck K, Lonnqvist J, Klaukka T, Ioannidis
J, Volavka J, Haukka J (2006). Effectiveness of
antipsychotic treatments in a nationwide cohort of patients
in community care after first hospitalisation due to
schizophrenia and schizoaffective disorder: observational
follow-up study. British Medical Journal 333, 224.

Torniainen M, Mittendorfer-Rutz E, Tanskanen A,
Bjorkenstam C, Suvisaari J, Alexanderson K, Tiihonen J
(2015). Antipsychotic treatment and mortality in
schizophrenia. Schizophrenia Bulletin 41, 656–663.

Walker E, McGee R, Druss B (2015). Mortality in mental
disorders andglobaldiseaseburden implications: a systematic
review and meta-analysis. JAMA Psychiatry 72, 334–341.

Weinmann S, Read J, Aderhold V (2009). Influence of
antipsychotics on mortality in schizophrenia: systematic
review. Schizophrenia Research 113, 1–11.

Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos
M. The Newcastle-Ottawa Scale (NOS) for assessing the
quality of non-randomised studies in meta-analyses http://
www.ohri.ca/programs/clinical_epidemiology/oxford.asp.

2228 J. Vermeulen et al.

https://doi.org/10.1017/S0033291717000873 Published online by Cambridge University Press

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1017/S0033291717000873

