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Background

Previous studies have reported conflicting results on the
association between schizophrenia and cancer mortality.

Aims

To summarise available evidence and quantify the
association between schizophrenia and cancer mortality
using meta-analysis.

Method

We systematically searched literature in the PubMed and
Embase databases. Risk estimates and 95% confidence
intervals reported in individual studies were pooled using the
DerSimonian±Laird random-effects model.

Results

We included 19 studies in the meta-analysis. Among them,
15 studies reported standardised mortality ratios (SMRs)

Schizophrenia is a serious mental illness that has a profound effect
on the patients, their families and society.1 Despite its low
prevalence in populations, schizophrenia is associated with an
enormous economic burden worldwide.2 In the USA, the
economic burden of schizophrenia was estimated at 62.7 billion
dollars in 20023 and 155.7 billion dollars in 2013.4 Patients with
schizophrenia are known to have a significantly higher risk of
premature death,5±7 with nearly 20% shorter life expectancy than
the general population.8 Although unnatural causes of death such
as suicide, homicide and accidents partly contribute to the excess
mortality of schizophrenia, more patients actually died from
natural causes, such as cardiovascular diseases, respiratory diseases
and cancers.9±12 In Sweden, natural causes accounted for 90.9%
and 82.3% of all deaths among women and men with
schizophrenia respectively.13 In a previous systematic review of
mortality in schizophrenia, the median standardised mortality
ratios (SMRs) were 2.58, 2.41 and 7.50 for mortality from all
causes, natural causes and unnatural causes respectively, when
comparing patients with schizophrenia with the general
population.5
During recent decades, there has been an immense interest in
estimating the risk of cancer mortality after a diagnosis of
schizophrenia. Findings from previous studies have been mixed
with positive, null and inverse associations between schizophrenia
and cancer mortality. Several studies, in particular early studies,
reported a lower or similar risk of cancer mortality among patients
with schizophrenia compared with the general population. For
instance, in a retrospective cohort study (1957±1986) in Denmark,
Mortensen & Juel reported a 15% lower risk of cancer mortality in
men but a 17% higher risk of cancer mortality in women.14
Similar results were found in subsequent studies in Japan15
and West Australia.16 However, a positive association between
schizophrenia and cancer mortality was observed in other
studies in a Danish population17,18 and studies in other
populations.9,10,13,19±27 In a large national cohort in the USA,
Olfson et al 9 found that adults with schizophrenia had a 1.8-fold
chance of dying from cancers compared with adults in the general

comparing patients with schizophrenia with the general
population, and the pooled SMR was 1.40 (95% CI 1.29±1.52,
P 0.001). The other four studies reported hazard ratios
(HRs) comparing individuals with schizophrenia with those
without schizophrenia; the pooled HR was 1.51 (95% CI
1.13±2.03, P = 0.006).
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Conclusions

Patients with schizophrenia are at a significantly increased
risk of cancer mortality compared with the general
population or individuals without schizophrenia.
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population. Similarly, paradoxical findings were also reported in
literature pertaining to cancer incidence after a diagnosis of
schizophrenia.28±31 Cancers are usually invasive and life-threating;
thus, it is important to accurately characterise cancer mortality
patterns after a diagnosis of schizophrenia, which may help
inform changes in clinical care to reduce cancer-related deaths
in patients with schizophrenia. However, because the prevalence
of both schizophrenia and cancer mortality are very low, a robust
estimate of the association between schizophrenia and cancer
mortality may not have been achievable in some previous studies.
Therefore, this study was performed to systematically review the
currently available evidence regarding cancer mortality in patients
with schizophrenia and to quantify the association between
schizophrenia and cancer mortality through a comprehensive
meta-analysis.

Method
This study was conducted in accordance with the guidelines in
the Meta-analysis of Observational Studies in Epidemiology
statement.32

Literature searches

We searched the PubMed and Embase databases for literature that
was published up to 16 October 2016. The search terms were a
combination of key words and standard subheading terms
relevant to schizophrenia, cancer and mortality. Specifically, we
used the following search terms in PubMed: (``Schizophrenia''
[Mesh] or ``schizophrenia''[tiab] or ``schizophrenic''[tiab]) AND
(``Neoplasms''[Mesh] or ``cancer''[tiab] or ``tumor''[tiab]) AND
(``Mortality''[Mesh] or ``mortality''[tiab] or ``death''[tiab]).
Similar search terms were constructed and used in the Embase
database. Additionally, the references listed in any relevant articles
or reviews were screened. No language restrictions were applied
for the searches or study inclusion.
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Study selection and data extraction

Any published article that reported the risk of cancer mortality in
patients with schizophrenia was eligible for inclusion in this
systematic review. During the screening steps, we excluded
reviews, editorials or protocols that did not include original data.
We also excluded studies on animals or cell lines, studies that did
not evaluate schizophrenia as an exposure variable, and studies
that did not include cancer mortality as an outcome variable.
After detailed evaluation, we excluded studies if risk estimates
and/or confidence intervals for the association between schizophrenia and cancer mortality were not reported and were unable
to be calculated. We also excluded two studies33,34 in which the
results were updated by later reports10,35 with longer follow-up
in the same population. Another study was excluded because
the participants already had cancer at baseline, with a focus on
cancer fatality rather than mortality from cancer.36
The following data were extracted from each included article:
title, author, publication year, location, study design, number of
participants, methods used for the assessment of schizophrenia
and cancer death, statistical methods used for the analysis, risk
estimates and 95% confidence intervals after adjustment for
covariates, and any covariates that were adjusted or matched for
in the multivariate model. When the original studies reported the
results separately in men and women we considered them
independent populations and extracted the risk estimates separately.
Statistical analysis

Risk estimates and 95% confidence intervals reported in
individual studies were pooled in a meta-analysis using the
DerSimonian±Laird random-effects model, which incorporates
between-study heterogeneity in addition to sampling variation.37
The majority of studies on cancer mortality in patients with
schizophrenia used SMRs compared with the general population
as their risk estimates. The relative risk (RR) of cancer mortality
in comparing patients with schizophrenia with the general
population, as reported in one study,19 was assumed to
approximate SMRs. Several studies reported hazard ratios (HRs)
using a Cox proportional hazards model to compare individuals
with schizophrenia with those who did not have schizophrenia.13,23,25,26 Therefore, we separately summarised the results
as pooled SMRs and pooled HRs in the meta-analysis given the
difference in comparator populations. In one study,26 the 95%
confidence intervals were not directly reported, and therefore
we calculated these on the basis of reported risk estimates and
P-values following the method of Altman & Bland.38
Heterogeneity across studies was assessed by both the w2-based
Cochran's Q statistic and the I2 metric.39 To explore the potential
sources of heterogeneity, we conducted meta-regression analyses
with the following factors: geographical location, sample size
(53000 v. 53000), follow-up duration (510 v. 510 years) or
adjustment for covariates (age and gender only v. age, gender
and other factors). Additionally, we conducted stratified analyses
by gender because of the observed gender disparity in several
earlier studies.
The possibility of publication bias was visually inspected by
funnel plot and statistically assessed using the Egger regression
asymmetry test.40 Sensitivity analyses were performed by omitting
one study at a time and calculating a pooled estimate for the
remainder of the studies to determine whether the results were
markedly affected by a single study. We also used the fixed-effect
model for all above analyses as another set of sensitivity analyses.
All statistical analyses were performed using Stata software
(version 14.0). A P50.05 was considered statistically significant.

Results
Characteristics of the included studies

Through a systematic search in literature databases and reference
lists of relevant articles, we identified 356 potentially relevant
articles. After implementing the screening process, we finally
included 19 studies9,10,13±27,35,41 that fulfilled our eligibility criteria
in the meta-analysis (Fig. 1). Two10,35 of the included studies
updated the data of their earlier reports33,34 in the same population;
thus, the earlier studies33,34 were not included in our list. Of the 19
included studies 11 were conducted in Europe, 4 in Australia, 3 in
North America, and 1 in East Asia (Table 1). The majority of the
included studies had a retrospective cohort study design with
population-based record linkage data. In those studies, schizophrenia was usually defined according to clinical diagnosis in
medical records, register, or administrative data and cancer death
was ascertained from national or regional registries of vital
statistics. The number of patients with schizophrenia in the
included studies ranged from 370 to 1 138 853, with most studies
having over 1000 patients. The follow-up period varied from 6 to
37 years, and the majority of the included studies had a follow-up
duration of 10 years or longer.
Association between schizophrenia
and cancer mortality

Among the 19 included studies, 15 studies9,10,14±22,24,27,35,41
reported SMRs comparing patients with schizophrenia with the
general population. An inverse, null or positive association
between schizophrenia and cancer mortality was observed in those
studies, with the reported SMRs ranging from 0.81 to 2.02 (Fig. 2).
In the random-effects meta-analysis, the pooled SMR of cancer
mortality in patients with schizophrenia compared with the
356 Potentially relevant articles identified
162 PubMed database
189 Embase database
5 Other resource (i.e. reference list)

6

7

90 Duplicates removed

266 Potentially relevant articles screened

7

226 Excluded
81 Reviews, commentary or protocol
12 Non-human studies (animals or cells)
76 Not schizophrenia as an exposure
57 Not cancer mortality as an outcome

7

21 Excluded
16 No reported risk estimates
and/or confidence intervals
3 Cancer fatality rather than mortality
2 Updated data reported in newer papers

6

40 Evaluated in detail

6

19 Included in the systematic review

Fig. 1 Flow diagram for literature search and study selection.
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5

general population was 1.40 (95% CI 1.29±1.52; P 0.001). There
was evidence of heterogeneity across studies (I 2 = 95%, P 0.001).
In meta-regression analyses, we observed no evidence that the
heterogeneity was caused by a difference in the geographical
location, sample size, follow-up duration or adjustment for
covariates. In several10,14±16,41 although not all9,17,19,22,24 previous
studies, a gender difference was noted; however, gender did not
appear to be a significant source of heterogeneity in this metaanalysis. Stratified analyses by gender showed that the pooled
SMR of cancer mortality was 1.32 (95% CI 1.11±1.57) in men,
1.42 (95% CI 1.24±1.63) in women, and 1.47 (95% CI 1.20±1.79)
in studies with both men and women (online Fig. DS1). Further
exploration using a cumulative meta-analysis showed evidence
of cohort effects; the pooled estimates shifted from an inverse
association to a positive association with overall time (online
Fig. DS2). There was also evidence for publication bias, as
indicated by the funnel plot (online Fig. DS3) and the Egger

Authors

Year

5

5

regression asymmetry test (P 0.01). Sensitivity analyses by
omitting one study at a time did not substantially alter the pooled
results, which ranged from 1.37 (95% CI 1.26±1.49) to 1.46 (95%
CI 1.35±1.57). Additionally, similar results but with a stronger
positive association were obtained when a fixed-effect model
was used instead of a random-effects model.
The other four studies13,23,25,26 reported HRs comparing
patients with schizophrenia with those without schizophrenia.
All of those studies with the exception of the one by Kredentser
et al 26 reported a positive association between schizophrenia
and cancer mortality (Fig. 2). The pooled HR of cancer
mortality in individuals with schizophrenia compared with those
without schizophrenia was 1.51 (95% CI 1.13±2.03, P = 0.006).
Similarly, there was evidence for heterogeneity across studies
(I 2 = 94%, P 0.001). Only the study by Crump et al 13 reported
the HRs separately by gender, in which the HRs were 1.39 (95%
CI 1.11±1.74) in men and 1.68 (95% CI 1.36±2.07) in women.

5

ES (95% CI)

Gender

SMR (people with schizophrenia versus the general population)
Men
1990
Mortensen & Juel14
Women
1990
Mortensen & Juel14
Men
1993
Mortensen & Juel41
Women
1993
Mortensen & Juel41
Men
1995
Saku et al15
Women
1995
Saku et al15
Men
2000
Lawrence et al16
Women
2000
Lawrence et al16
Men
2005
Heila et al19
Women
2005
Heila et al19
Men
2007
Laursen et al17
Women
2007
Laursen et al17
Both
2009
Tran et al20
Men
2010
Brown et al10
Women
2010
Brown et al10
Both
2010
Daumit et al21
Men
2012
Talaslahti et al22
Women
2012
Talaslahti et al22
Both
2013
Castagnini et al18
Men
2013
Kisely et al24
Women
2013
Kisely et al24
Both
2014
Perini et al35
Men
2015
Olfson et al9
Women
2015
Olfson et al9
Both
2016
Kisely et al27
Subtotal (I 2 = 94.5%, P50.001)

0.85 (0.76±0.95)
1.17 (1.06±1.29)
0.81 (0.55±1.20)
1.01 (0.76±1.34)
0.84 (0.55±1.28)
1.37 (0.83±2.27)
0.90 (0.57±1.43)
1.19 (1.03±1.37)
1.50 (1.42±1.59)
1.48 (1.40±1.57)
1.24 (1.08±1.43)
1.32 (1.18±1.48)
1.50 (1.19±1.89)
1.93 (1.21±3.07)
1.02 (0.52±2.00)
1.40 (1.30±1.50)
1.90 (1.71±2.11)
2.00 (1.85±2.16)
1.50 (0.99±2.27)
2.00 (1.51±2.64)
1.68 (1.29±2.18)
0.83 (0.51±1.34)
1.72 (1.67±1.77)
1.80 (1.76±1.84)
2.02 (1.61±2.53)
1.39 (1.28±1.52)

HR (people with versus without schizophrenia)
Men
2013
Crump et al13
Women
2013
Crump et al13
Both
2013
Guan et al23
Both
2014
Almeida et al25
Both
2014
Kredentser et al26
Subtotal (I 2 = 94.1%, P50.001)

1.39 (1.11±1.74)
1.68 (1.36±2.07)
1.61 (1.26±2.06)
2.00 (1.81±2.21)
1.05 (0.93±1.18)
1.51 (1.13±2.03)

0.5

1

4

Fig. 2 Forest plot of the risk of cancer mortality in patients with schizophrenia compared with the general population (above) or people
without schizophrenia (below).

ES, effect size; HR, hazard ratio; SMR, standardised mortality ratio.
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We did not perform a meta-regression analysis for those studies
because the limited number of included studies did not allow
sufficient statistical robustness in meta regression. There was
no evidence for significant publication bias (P =0.84 in the Egger
regression asymmetry test). Sensitivity analyses by omitting one
study at a time did not substantially alter the pooled results, which
ranged from 1.39 (95% CI 1.08±1.80) to 1.69 (95% CI 1.42±2.01).
We also observed similar results when a fixed-effect model was
used instead of a random-effects model.

receive smoking cessation advice,48 which can increase the risk
of cancer mortality. Additionally, different types of antipsychotic
drugs may also complicate
the risk of cancer mortality in patients
with schizophrenia.49 In female patients with schizophrenia,
prolactin and antipsychotic-induced hyperprolactinaemia have
been hypothesised to play a role in the development and
progression of breast cancer,50±52
but available evidence remains
controversial and inconclusive.
Strengths and limitations

Discussion
Main findings

In this study, we found that patients with schizophrenia had a
higher risk of cancer mortality. Specifically, the risk of cancer
mortality in patients with schizophrenia was 40% higher than
the general population and 51% higher than individuals without
schizophrenia.
The risk of cancer mortality in patients with schizophrenia has
not been previously quantified using a meta-analysis. The present
study, based on a systematic review of epidemiological studies, was
conducted to provide an updated estimate for the risk of cancer
mortality in patients with schizophrenia by pooling original data
from individual studies.
Interpretation of our findings
and comparison with other studies

In the current study, we observed heterogeneity in previous
individual studies looking at the association between schizophrenia and cancer mortality, which was not convincingly
explained by differences in gender, geographical location, sample
size, follow-up duration or adjusting for covariates. We noted
possible cohort effects showing a relatively consistent and positive
association in recent publications; this was in contrast to
inconsistent associations in earlier publications. However, this
may be a result of publication bias, and such findings should be
interpreted with caution.
Interestingly, there appeared to be a paradox in the
associations between
schizophrenia and cancer incidence versus
cancer mortality.28±31 Whereas our study showed a significantly
increased risk of cancer mortality in patients with schizophrenia,
a previous meta-analysis on the association of schizophrenia
and cancer incidence showed no significant association in general,30
although there were variations in the risk of specific cancer sites.
Several factors have been suggested to explain the divergent
associations between schizophrenia and cancer incidence and
mortality. Cancer mortality is influenced by not only cancer15
incidence, but also the survival of those who develop36,42,43
cancer.
Several studies on cancer fatality in schizophrenia
have
consistently indicated that the presence of schizophrenia increases
cancer fatality in patients who had cancer (online Table DS1).
Compromised accessibility to treatment facilities and lower
quality of care may be the primary reasons for the increased
cancer mortality observed in patients with schizophrenia,
indicating an imperative need to increase access and popularise
cancer screening and detection in this patient population.42,44
Reduced cancer screening and delayed cancer diagnosis in those
with schizophrenia, which results in a late staging of cancer and
a higher prevalence of metastasis at the time 24,45,46
of cancer diagnosis,
may also contribute to worse cancer survival.
Patients with
schizophrenia are
also
more
likely
to
have
physical
health
multimorbidity,47 engage in more smoking, and are less likely to

The major strength of this study is the use of a systematic
approach to identify and analyse available evidence. Additionally,
the inclusion of data from a large number of identified studies
ensures a robust pooled estimate with a high statistical power.
There appears to be a high validity of death status and causes
of death in the included studies. Information on death status
and causes in all the included studies was ascertained from
well-established general death registries (such as the National
Death Index in the USA and Swedish Death Registry), specific
registries of cause of death (for example Danish Register of Causes
of Death and Finnish National Causes of Death Register) or
directly from national or local death certificates. Death certificates
and other official documents were referred to in order to establish
the causes of death in all those death registries. Furthermore, there
was evidence indicating that the causes of death on death
certificates in patients with schizophrenia were probably more
accurate than in the general population, because rates of postmortem examination (54% v. 22%) and coroner's
inquest (15%
v. 6%) were higher than the national average.10
There are also several limitations. First, the use of SMRs in
most previous studies may underestimate the true risk of cancer
mortality in patients with schizophrenia, because in calculating
SMRs, the comparator group is usually the general population,
which is comprised of individuals with and without53,54
schizophrenia. As shown in previous methodological papers, this
bias was obvious when the risk was assessed in cohort studies of
people with common diseases or exposures and/or when large
SMRs were observed. However, because the prevalence of
schizophrenia is low (~1%) in the general population and the
observed SMRs for cancer mortality after a diagnosis of
schizophrenia in most studies were modest, the underestimation
of true risk by SMRs in the current scenario would be minor.53,54
In this meta-analysis, such concerns were further reduced because
we presented not only the pooled SMRs, but also the pooled HRs,
which appeared to be stronger than the pooled SMRs. Second, the
risk of cancer mortality by specific types/sites (i.e. lung cancer,
breast cancer, etc.) was not summarised in this study because a
possible selective reporting bias was observed for the risk of
mortality from certain types of cancer in previous studies. In
addition to the risk of overall cancer mortality, many studies
simply chose to report significant findings for certain types of
cancer. Some other studies may be unable to derive a risk estimate
for certain types of cancer because the sample size was too small.
Apparently, pooling the results from those studies will9 lead to a
biased estimation. In the large study by Olfson et al, increased
mortality was consistently observed in all cancer subtypes (i.e.
lung, colon, breast, liver, pancreas, haematological), with nearly
identical SMRs in men and women. This indicates that variations
in the risk of mortality from different types of cancer may not be
substantial. Further investigation on this is warranted in future
studies. Third, information on antipsychotic medication and
smoking status was not available in most studies. Whether these
factors moderate or mediate the association between
schizophrenia and cancer mortality needs further investigation.
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Implications

This study has important clinical implications. Because of the high
social and economic burden associated with schizophrenia,2 it is
important to clearly understand schizophrenia-related clinical
outcomes such as morbidity and mortality risk. Findings from
our study emphasise the need for clinicians to be aware of the
increased risk of cancer mortality in people with schizophrenia.
It appears to be imperative to address health disparities and
improve cancer survival among patients with schizophrenia
through an integrated approach, which may involve an
improvement in access and quality of care, early cancer screening
and diagnosis, as well as smoking cessation services.
In conclusion, this systematic review and meta-analysis found
a significantly increased risk of cancer mortality in patients with
schizophrenia. Future cohort studies with a large sample size
and long follow-up are warranted to confirm our findings and
to elucidate the risk of mortality from specific types/sites of
cancers.
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From lesion theory of mental illness to Westworld and back
Abdi Sanati

What is mental illness? This question has challenged psychiatrists for several decades and despite lengthy debates we still do not
have a clear answer. Yet we continue to treat mental illnesses and are quite successful at it ± there is evidence that our
treatments are as effective as those in other medical disciplines. One of the main criticisms of the concept of mental illness
is that as there are no observable lesions in the brain, there is no pathology.
This issue came to my mind recently when I was watching the movie Westworld. It was made in 1973 and starred Yul Brynner.
The recent TV series has got much attention, yet the 1973 film was more original. It is the first time that the concept of computer
virus is referred to in a film, in fact one of the first references to viruses in any medium. What amused me was the shock of the
computer scientists and technicians who, seeing nothing wrong with the hardware, could not comprehend how things could
have gone wrong. A philosophical doctrine that addresses that issue is called emergentism. It states that as systems become
more complex, their behaviour cannot be predicted solely by determining the behaviour of their constituting elements. One
cannot approach a computer the same way as a tape recorder. Given the fact that the brain is immensely more complex than
any system known to us, the way things can go wrong in the brain could also be more complex than its constituting elements
and its physical structure, and colleagues who manage functional disorders can vouch for that. Interestingly, I found that the late
Frank Fish had stated the same in his comprehensive psychopathology textbook.
It seems to me that when discussing disorders of the mind, we mainly focus on the disorder parts. Yet we also need to focus on
the mind ± and for that, we may find an ally in philosophy of mind.
The British Journal of Psychiatry (2017)

211, 13. doi: 10.1192/bjp.bp.117.199851
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