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Abstract 

Background: It remains unclear whether psychotic features increase the risk of completed suicides in unipolar 
depression. The present systematic review coupled with a meta-analysis attempts to elucidate whether unipolar psy-
chotic major depression (PMD) compared to non-PMD presents higher rates of suicides.

Methods: A systematic search was conducted in Scopus, PubMed, and “gray literature” for all studies providing data 
on completed suicides in PMD compared to non-PMD, and the findings were then subjected to meta-analysis. All 
articles were independently extracted by two authors using predefined data fields.

Results: Nine studies with 33,873 patients, among them 828 suicides, met our inclusion criteria. PMD compared to 
non-PMD presented a higher lifetime risk of completed suicides with fixed-effect pooled OR 1.21 (95% CI 1.04–1.40). 
In a sub-analysis excluding a very large study (weight = 86.62%), and comparing 681 PMD to 2106 non-PMD patients, 
an even higher pooled OR was found [fixed-effect OR 1.69 (95% CI 1.16–2.45)]. Our meta-analysis may provide 
evidence that the presence of psychosis increases the risk of suicide in patients suffering from severe depression. 
The data are inconclusive on the contribution of age, mood congruence, comorbidity, and suicide method on PMD’s 
suicide risk. The lack of accurate diagnosis at the time of suicide, PMD’s diagnostic instability, and the use of ICD-10 
criteria constitute the main study limitations.

Conclusions: The presence of psychosis in major depression should alert clinicians for the increased risk of com-
pleted suicide. Thus, the implementation of an effective treatment both for psychotic depression and patients’ suici-
dality constitutes a supreme priority.
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Background
Being affected by a mental disorder is a significant risk 
factor for suicide. Therefore, the identification of patients 
at risk for suicide among patients with mental disorders 
is of high clinical relevance. Psychological autopsy studies 
have shown that depression is the most common mental 

disorder at the time of suicide, occurring in half to two-
thirds of cases [1–4]. Unipolar depression has been 
associated with increased risk for suicide. In fact, sui-
cide accounts for nearly 20% of the deaths in psychiatric 
samples of depressed patients [5]. From a clinical point of 
view, the severity of depressive symptoms has been posi-
tively related to suicide [6].

The presence of psychotic features (delusional ideas 
and/or hallucinations) during a major depressive epi-
sode defines psychotic major depression (PMD) [7]. 
Unipolar PMD compared to non-PMD is a more severe 
form of depression with greater feelings of guilt and 
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more pronounced psychomotor disturbance. In addi-
tion, PMD compared to non-PMD patients were found 
to be more severely cognitively impaired with greater 
HPA axis abnormalities and with lower serum dopamine 
β-hydroxylase activity. Besides, PMD is associated with 
more brain atrophy and poorer short-term outcome with 
respect to daily functioning, residual depressive symp-
toms, mortality, and suicidality (see [8–10] for reviews).

As regards completed suicide (henceforth suicide), 
studies have reported conflicting results: some compar-
ing suicides between PMD and non-PMD patients have 
shown that psychosis increases the risk of suicide [11–
13], whereas other studies failed to show such an effect 
[14–19]. However, no study has reported decreased sui-
cide risk in unipolar PMD patients.

A recent systematic review of our group coupled with 
meta-analysis has shown that the presence of psychosis 
during a major depressive episode doubles the risk of 
a suicide attempt both lifetime and in the acute phase 
of the disorder [20]. In the same direction, Zalpuri and 
Rothchild [21] in a recent systematic review reached the 
same conclusion. Taking into consideration that a history 
of suicidal attempt increases the risk of a future suicide 
at 30–40 times compared with the risk in general popu-
lation [22, 23], these findings stress further the need to 
investigate and quantify the impact of psychosis on sui-
cides in unipolar depressed patients.

Thus, the aim of the current study was to elucidate 
further through a systematic review coupled with meta-
analysis whether the lifetime risk for suicide of unipo-
lar PMD compared to non-PMD patients is increased. 
An additional purpose of this study was to investigate 
whether the suicide risk in PMD in comparison to non-
PMD patients is associated with (a) age, (b) depression 
severity, (c) mood congruence of psychotic features, (d) 
use of more violent methods, and (e) the existence of 
comorbidity either psychiatric and/or physical.

Methods
We performed a systematic review of the literature in 
Scopus and PubMed using various combinations of the 
key words “psychotic depression”, “depression with psy-
chotic features”, “delusional depression”, and “suicide” (see 
Appendix-Additional file 1). In addition, databases of the 
so-called “gray literature” such as CINAHL Complete, 
ProQuest Dissertations @ Theses Database, Open Gray, 
ERIC, NIOSH, ClinicalTrials.gov, Agency for Healthcare 
Research and Quality, National Institutes of Health, and 
Google advanced were searched. Reference lists from all 
relevant studies were also hand searched for additional 
relevant articles. This search was run until 03th August 
2018. No limitation in the search strategy was inserted. 
We developed a data extraction sheet and refined it 

accordingly. Titles and abstracts of the articles were 
screened, and the full texts of the selected articles were 
reviewed and assessed by two researchers independently 
(RG and KT) in relevance to our inclusion and exclusion 
criteria. Information was extracted from each study and 
included characteristics of participants (number, age), 
phase of the disorder, length of follow-up, severity of 
depressive episode, diagnostic criteria, method of sui-
cide used, mood congruence of psychotic features, and 
comorbidity. In cases of doubt, articles were discussed in 
a consensus meeting (RG, KT, and PM).

Only studies in English language providing informa-
tion on suicides of unipolar PMD and non-PMD patients 
were included. Studies on suicidal ideation and attempts, 
case reports, studies that did not present primary data 
(for example comments, letters and reviews), and studies 
whose population consisted of participants with schizo-
phrenia, delusional disorder, bipolar disorder, schizoaf-
fective disorder, anxiety disorders, or dementia were 
excluded. We also excluded articles which reported data 
on overlapping cohorts, and we included the most rep-
resentative and informative articles of the same and/or 
overlapping samples. Participants had to have been diag-
nosed with unipolar major depression according to the 
RDC, ICD-9, and DSM-III and beyond. The study fol-
lowed the PRISMA guidelines [24], with the exception 
of not having registered its protocol in a Web address in 
advance.

Statistical analyses
The primary outcome was defined by the odds ratio (OR) 
for a completed suicide comparing PMD with non-PMD 
patients. To generate the pooled OR, we initially used 
fixed-effect meta-analysis followed by random-effect 
models in cases of significant heterogeneity across stud-
ies [25]. To visualize individual ORs, we used forest plots, 
whereas, to test for small-study effects, we employed 
funnel plots along with Egger’s test. Statistical hetero-
geneity across studies was formally assessed using the 
corresponding Chi-square test [26], whereas the I2 sta-
tistic was used to quantify heterogeneity. All analyses 
were performed using the commands metan, metabias, 
metafunnel, and metareg in STATA (Version 13.0, Stata 
Corp, College Station, Texas).

Results
The search yielded 2242 in Scopus, 1646 in PubMed, and 
746 items in the “gray literature” (Google: 260, edu: 162, 
org: 259, gov: 75). Forty-seven studies were left for fur-
ther investigation after exclusion of duplicates and irrel-
evant to the research question references. Twenty-five 
reported data on attempted suicides either on samples 
with unipolar [15, 18, 27–40] or unipolar and bipolar 
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patients [41–49], while ten assessed suicidality by means 
of psychometric scales with no categorical data or with-
out comparison group [50–59].

From the remaining 12 studies which reported data on 
completed suicides, one was excluded [60], because its 
sample was part of another greater included study [17] 
and two [13, 61], because they reported numbers of sui-
cide victims but without providing data on the sample 
from which these numbers were derived from Fig. 1.

Results from the meta‑analytic leg of the study
The pooled‑effect OR across all studies
Thus, nine studies [11, 12, 14, 16, 17, 19, 62–64] ful-
filled our inclusion criteria (Table 1) and were subjected 
to the meta-analysis. The first meta-analysis concerns 
the general comparison between PMD and non-PMD 
patients regardless of depression severity with patients’ 
numbers as they were reported by the authors: the esti-
mated fixed-effect pooled OR of these nine studies was 

1.17 (95% CI 1.03–1.34, fixed-effects p = 0.020) with the 
corresponding random-effect pooled OR being 1.66 (95% 
CI 1.00–2.76, random-effects p = 0.049). However, the 
heterogeneity across studies was of significant size (I2 
statistic = 63%, p = 0.006). In an effort to explain the high 
level of heterogeneity, we observed that, in the Leadholm 
et al.’s [17] study, the PMD patients (all classified as suf-
fering from severe depression according to ICD-10 cri-
teria) were compared to non-PMD patients manifesting 
also severe depression. In the Black et al. [14] and Coryell 
and Tsuang [16] studies, the authors do not provide data 
on depression severity, but the clinical characteristics of 
the included patients imply inpatients manifesting severe 
depression, as well. Schneider et al. [64] compared three 
suicide victims PMD patients out of 60 PMD patients 
to 13 suicide victims out of 218 non-PMD patients. 
The authors do not display specific numbers regard-
ing depression severity; nevertheless, the majority (148) 
of these 278 in total patients suffered from melancholic 

4634 articles identified:
- 2242 articles in Scopus
-1646 articles in PubMed
-746 in “grey literature”

4482 articles were excluded
as irrelevant on the basis of

title and abstract

105 articles were irrelevant
to the research question

152 articles retrieved in
full text for further

assessment

9 studies were included

47 articles identified

38 articles were excluded:
-25 referred to suicidal attempts
-10 assessed suicidal ideation 

or had no comparison group
-2 did not provide data on the sample 

suicide victims derived from
-1 had a sample which was part of 

a greater included study

Fig. 1 Flowchart of meta-analysis study selection
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subtype of depression, a clinical concept very close to 
severe depression. In contrast, in the Suominen et  al.’s 
[12] study, 19 victims out of 110 PMD patients were 
compared to 53 victims out of 912 non-PMD patients 
suffering from mild to severe depression. From the 912 
non-PMD patients, only the 447 suffered from severe 
depression. In all the rest studies, the authors do not pro-
vide data on depression severity and the patients’ num-
bers are too small and inconclusive [19, 62, 63].

Thus, to reduce heterogeneity, in a second meta-analy-
sis, we included the Suominen et al. [12] study’s patients 
suffering only from severe depression (110 PMD vs. 447 
non-PMD). Then, the pooled fixed-effects becomes 1.16 
(95% CI 1.01–1.32), which still implies a significant dif-
ference between PMD and non-PMD patients (p = 0.036). 
The heterogeneity across studies becomes moderate 
(I2 = 38.7%) and non-significant (p = 0.110), and the ran-
dom-effect pooled OR becomes 1.45 (95% CI 0.99–2.14), 
being marginally non-statistically (p = 0.057). Thus, in the 
subsequent analyses, we used the Suominen et  al.’s [12] 
comparison among patients with severe depression.

However, an additional methodological issue arises: 
in the Leadholm et  al.’s [17] study, PMD and non-PMD 
episodes were evaluated over the course of the disorder 
and, in their statistical analysis, some patients who expe-
rienced both PMD and non-PMD episodes contributed 
to both groups. In the subsequent analyses, we excluded 
the patients who had both diagnoses based on the fol-
lowing steps: (a) definition of denominators: in the Lead-
holm et al.’s [17] study, it is clarified that the total sample 
consisted of 34,671 patients, whereas there were 12,150 
PMD and 26,106 non-PMD patients resulting in a total of 
38,256 patients; thus, 3585 patients received both diag-
noses. We estimated that the total number of patients 
having only one or more PMD episode(s) was 8565 (PMD 
patients: 12,150 − 3585 = 8565) and the total number of 
patients with only one or more non-PMD episode(s) was 
22, 521 (non-PMD: 26,106 − 3585 = 22,521), (b) defini-
tion of numerators: in total, 755 patients committed sui-
cide. In the Zalpuri and Rothschild [21] review, it was 
reported that, among the 12,150 PMD and the 26,106 
non-PMD patients, there were 280 and 551 completed 
suicides, respectively. Thus, 76 patients who commit-
ted suicide had both diagnoses (831 − 755 = 76). As in 
the step a, we estimated that there were 204 completed 
suicides among the 8564 PMD patients (PMD patients 
who committed suicide 280 − 76 = 204) and 475 suicidal 
patients (551 − 76 = 475) among the 22,521 patients who 
had only non-PMD diagnosis. Consequently, these num-
bers were included in our main analysis.

The estimated fixed-effect pooled OR of these nine [11, 
12, 14, 16, 17, 19, 62–64] studies became 1.21 (95% CI 
1.04–1.40), indicating statistically significant difference 

between PMD and non-PMD patients (p = 0.015). 
The heterogeneity across studies was of medium size 
(I2 statistic = 34.5%) albeit not statistically significant 
(p = 0.142) with the corresponding random-effect pooled 
OR being 1.46 (95% CI 1.01–2.12). Taking into account 
the p value of the Egger’s test (p = 0.141), along with the 
funnel plot, we concluded that there is no significant 
small-study effect. Consequently, this analysis constitutes 
the main analysis of our study (Fig. 2).

Furthermore, the weight of studies in our main meta-
analysis which report that they compare patients suf-
fering only from severe depression [12, 17] is 90.82%. In 
addition, the Suominen et  al. [12] study is the only one 
that reports separately the numbers of suicide victims 
in each depression subtype. By comparing the 59 sui-
cide victims out of 587 patients all suffering from severe 
depression (PMD and non-PMD with severe depression) 
to 13 suicide victims out of 435 patients suffering from 
non-PMD of medium and mild severity of the Suominen 
et al.’s [12] study, the OR was 3.63 (1.96–6.70). Then, we 
compared the 19 PMD suicide victims out of 110 PMD 
patients to the 53 non-PMD suicide victims out of 912 
non-PMD patients of all degrees of severity, and we 
found an OR 3.38 (1.92–5.97). Finally, in a comparison of 
19 PMD victims of suicide out of 110 PMD patients to 40 
suicide victims out of 447 non-PMD patients presenting 
severe depression, the OR was 2.28 (1.26–4.12).

Besides, we carried out an additional meta-analysis 
with the group of PMD patients of the Leadholm et al.’s 
[17] study consisted of 12,150 patients, 8565 with only 
PMD episode(s) and 3585 patients presenting both PMD 
and non-PMD episode(s). The group of non-PMD is con-
sisted of 22, 521 patients with only non-PMD episode(s) 
(26,106 − 3585 = 22,521). Thus, the PMD group com-
prises patients who presented at least once a PMD epi-
sode in the course of the disorder and the non-PMD 
group only non-psychotic episodes. The estimated fixed-
effects pooled OR became 1.16 (95% CI 1.01–1.33), indi-
cating statistically significant difference between PMD 
and non-PMD patients (p = 0.037). The heterogeneity 
across studies was of medium size (I2 statistic = 38.5%) 
albeit not statistically significant (p = 0.112) with the cor-
responding random-effect pooled OR being marginally 
not significant 1.45 (95% CI 0.99–2.14) (see Additional 
file 1).

Sensitivity analysis
As the fixed-effect pooled estimate was dominated by 
the Leadholm et al.’s [17] large study which accounts for 
the 86.62% of the total weight (Fig.  2), we performed a 
sensitivity analysis excluding this study. Results showed 
that the statistically significant difference between the 
two groups persisted and it became even stronger: the 
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fixed-effect pooled OR was 1.69 (95% CI 1.16–2.45), with 
the I2 statistic being 15.5% indicating weak (and non-
statistically significant p = 0.309) heterogeneity, whereas 
the random-effects pooled OR was 1.70 (95% CI 1.09–
2.66) (Fig. 3). In the main analysis, there was no signifi-
cant small-study effect as evaluated by the Egger’s test 
(p = 0.782) and the corresponding funnel plot.

Results from the systematic review leg of the study
Suicides in relation to patients’ age
The included studies evaluated suicides in the range of 
adulthood. Three studies [11, 14, 63] did not provide 
specific data regarding the age of PMD or non-PMD 
patients, whereas the remaining six studies [12, 16, 17, 
19, 62, 63] reported mean ages of their samples within the 
range of adulthood (Table  1). No study was found with 
data on suicide in children or adolescents. Given that the 
included studies provide data on suicidality within the 
age of young adulthood, it was not possible to study sui-
cides among the elderly people as a separate category.

Suicides in relation to the phase of the disorder, acute, 
or in remission
The study of Roose et  al. [11] has shown an increased 
risk for suicide in hospitalized or recently discharged 
PMD patients (10 victims out of 19 patients) compared 

to non-PMD (4 victims out of 23 patients) with an esti-
mated OR = 5.3. Wolfersdorf et  al. [63] following the 
same methodology with the Roose et al.’s [11] study found 
that four PMD and two non-PMD patients of their sam-
ple committed suicide, numbers too small any conclusion 
to be drawn. All the remaining studies were follow-up 
studies which have assessed the overall risk for suicide of 
PMD as compared to non-PMD patients in short [62] or 
long term [12, 14, 16, 17, 19, 64]. Thus, these studies did 
not display data on suicide risk separately for the acute 
phase of the disorder or in remission.

Suicides in relation to method used (violent or not) and mood 
congruence
The studies included in the meta-analysis do not pro-
vide data on the suicide method used, and only the psy-
chological autopsy study of Isometsa et  al. [61]—which 
was included in the systematic review leg of the study—
reported that, in all suicides committed within 1 year in 
Finland, PMD patients were more likely to commit more 
violent suicides than non-PMD patients (21 cases out of 
26 PMDs [88%] vs. 27 cases out of 46 [59%]). Violent sui-
cide methods included hanging, shooting, and cutting, 
whereas nonviolent included drowning, use of gases or 
intoxicants, drugs, and poisons.
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Fig. 2 Forest plot of study-specific odds ratios for completed suicide. The term ‘M–H’ stands for the fixed-effect approach using the Mantel–
Haenszel method, whereas the term ‘D + L’ stands for the random-effect approach
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As regards the contribution of mood congruence in 
suicide risk, Kessing [60] found no differences in the 
risk of suicide between PMD patients with or without 
mood incongruent psychotic features. In the Maj et al.’s 
[19] study, the small number of suicide victims (two 
PMD patients and two non-PMD) did not allow any 
meaningful comparisons between the 58 PMD patients 
with mood congruent psychotic features and the 21 
with mood incongruent ones. In the Schneider et  al.’s 
[64] study, 2 out of 52 PMD patients with mood con-
gruent psychotic features committed suicide and 1 out 
of 8 PMD patients with mood incongruent ones. As it is 
obvious, the small numbers of patients in these studies 
do not allow meaningful comparisons.

Suicides in relation to comorbidity
In the Leadholm et al.’s [17] study, it was found in both 
PMD and non-PMD patients that the odds of commit-
ting suicide were lower if the suffered from an organic 
mental disorder, albeit this relation was stronger in 
PMD. In addition, Isometsa et al. [61] in a psychologi-
cal autopsy study did not find that that the two groups 
differed in regard to anxiety, psychoactive substance, 
physical illness, and personality disorder comorbidity.

Discussion
This systematic review and meta-analysis of nine stud-
ies, comprising in total 33,873 patients, among them 
828 suicide victims, showed that patients with PMD 
are at 1.21-fold higher lifetime risk of committing sui-
cide than patients with non-PMD. An additional sub-
analysis of eight studies comprising 2787 patients, 
among them  149 suicide victims, after the exclusion of 
a large study with a huge weight in the analysis (86.62%) 
revealed a 1.69-fold increased risk for suicide of PMD 
patients, as well.

Our findings have important clinical implications. 
Patients with PMD during a major depressive episode 
experience psychotic phenomena, impulsivity, and 
strong feelings of guilt, shame, intense anxiety, fear, 
etc., being in a chaotic mental state and unable to con-
trol their actions and suicidal behavior [53]. Unfortu-
nately, these phenomena and symptoms are frequently 
underdiagnosed as these patients are often too psy-
chomotorly disturbed and avoid giving adequate ver-
bal information about their psychotic experiences, 
symptoms, and suicidal thoughts [65], and thus, their 
suicidal intention remains frequently overlooked. On 
the other hand, our study reports alarming findings 
on suicide risk of PMD patients and highlights the 
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Fig. 3 Forest plot of study-specific odds ratios for completed suicide excluding the study of Leadholm et al. [17]. The term ‘M–H’ stands for the 
fixed-effect approach using the Mantel–Haenszel method, whereas the term ‘D + L’ stands for the random-effects approach
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importance of recognizing and treating adequately psy-
chotic depression and assessing patients’ suicidality, as 
well [66].

To the best of our knowledge, only the review of Zal-
puri and Rothschild [21], comprising eight studies [11, 
12, 14, 16, 17, 61–63] has investigated the effect of psy-
chosis on suicide risk using a systematic research method 
without a meta-analytic leg though. The authors con-
clude that “most studies did not find any differences in 
completed suicides between the two groups; however, in 
some studies, the psychiatric status of the victims at the 
time of suicide was unknown”. The systematic part of our 
study comprised 12 studies (four more studies: 13, 19, 60, 
64), while the meta-analytic part, which quantified the 
effect of psychosis on unipolar depressive patients sui-
cide behavior, included nine studies [11, 12, 14, 16, 17, 19, 
62–64]. We also attempted to investigate the associations 
between PMD’s suicides with age, severity of depression, 
phase of the disorder, mood congruence, suicidal method 
used, and comorbidity.

The overall results of our main meta-analysis of nine 
studies showed an increased 1.21-fold lifetime risk of sui-
cide for PMD patients compared to non-PMD. We con-
sider this finding as very interesting: so far, the results of 
large and influential studies did not show any differences 
between the two groups of patients in the long term [14, 
16, 17], and thus, the above-mentioned comment of Zal-
puri and Rothschild [21] seemed to be justified. Further-
more, the finding of our main meta-analysis attempts to 
answer whether psychosis is a risk factor for suicide in the 
context of unipolar depression, a question which is often 
encountered in the literature. We consider this research 
question as quite general in nature. In the current meta-
analysis, two different sorts of studies were included: 
two studies [11, 63] investigated the suicide risk of PMD 
patients during the acute phase of the disorder and the 
remaining seven studies presented the long-term suicide 
risk of PMD patients. In the Roose et al.’s [11] study, PMD 
patients were found to be 5.3 times as likely to commit 
suicide compared to non-PMD patients. The patients of 
this study committed suicide while hospitalized in the 
inpatient setting or after having recently eloped or while 
out on pass. Therefore, they were thoroughly assessed for 
their psychopathological status at the time of suicide. In 
addition, Wolfersdorf et al. [63] following the same meth-
odology with the above-mentioned study found only 
very small and inconclusive numbers of suicide victims. 
The results of Roose et al.’s [11] study are in line with the 
findings of our recently published meta-analysis of 20 
studies [20] which found a twofold increase of suicide 
attempt during the acute phase. The authors of the Roose 
et  al.’s [11] study attempt to answer the question “is the 
risk for suicide of PMD compared to non-PMD patients 

increased during a major depressive episode?” We con-
sider this question as the most crucial in clinical prac-
tice and their results are alarming at the highest degree. 
Of note, the weight of the Roose et al.’s [11] study in the 
meta-analysis was extremely low (0.58%) and Wolfersdorf 
et al. [63] 0.62%, as well, and thus, practically, the pooled 
OR of our main analysis is extracted from the remaining 
seven studies. Surprisingly, the results of the Roose et al. 
[11] have not been replicated in a large study yet, and this 
certainly constitutes a major weak point in PMD’s sui-
cidal behavior research.

The remaining seven studies reported data on short- 
[62] or long-term time period [12, 14, 16, 17, 19, 64]. 
These studies assessed initially patients as either PMD or 
non-PMD, without providing information over the pres-
ence of psychosis in patients’ depressive episodes dur-
ing the course of the disorder, with the exception of the 
Leadholm et al.’s [17] study which was a registered-based 
nation-wide study and followed patients within a period 
of 17  years providing data over the number of patients 
with psychotic or non-psychotic episodes or with both. 
These studies followed up their patients without provid-
ing separate risk values for suicide for the acute phase of 
the disorder or the remission though, attempting thus 
to answer the question “is the risk for suicide of PMD 
compared to non-PMD patients increased in the long-
term?”. Given the much lower fixed-effect pooled OR of 
our main meta-analysis in comparison to the Roose et al. 
[11] study, there is an “attenuation” in the risk of suicide 
between the study of the acute phase [11] to the studies 
offering lifetime data.

In an attempt to interpret this previously mentioned 
difference, we should take into consideration several 
parameters: these studies consisted of initially hospital-
ized patients, gathering information about suicides from 
national data bases [14, 17], or by interviewing living 
probands and first-degree relatives even many years after 
death [16]. In these studies, retrospective in nature, the 
patients’ psychopathological state at the time of suicide 
remains unknown, which constitutes a major limitation. 
Even studies which closely followed initially admitted 
patient in short- [62], or long-term [19] follow-up do not 
provide an accurate diagnosis at the time of suicide. In 
addition, patients on long-term follow-up receive antide-
pressants and for long periods of time are in remission.

Furthermore, the diagnoses of PMD and/or non-
PMD are not stable: in the Kessing [60] study, only 50% 
of patients with a single PMD episode re-presented the 
same symptoms in their second admission, and in the 
Ruggero et al.’s [50] study, PMD patients shifted to other 
diagnoses at a rate over 40% across 10 years. Coryell and 
Tsuang [16] determined a switch to bipolarity at a rate of 
about 12.5% for both PMD and non-PMD patients and 
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Maj et  al. [19] at 10.1%. Moreover, we should take into 
consideration that, in the course of the disorder, patients 
present not only PMD but also non-PMD episodes [67]. 
Finally, the Leadholm et al. [17] and the Suominen et al. 
[12] studies used ICD-10 criteria for PMD that include 
beyond delusions or hallucinations depressive stupor, as 
well.

It should also be underlined that Schatzberg and 
Rothschild [68] presented data in favor of poorer short-
term outcome (< 2 years) of PMD patients compared to 
non-PMD patients; however, their long-term outcome 
(> 2–5 years) was found to be similar to their non-PMD 
counterparts. Studies that compared the course and out-
come of PMD to non-PMD patients have found PMD 
patients to present more enduring depressive episodes, 
more depressive episodes, fewer weeks in remission, 
higher frequency of relapse of recurrence, higher num-
ber of hospitalizations, more psychological impairment, 
higher rates of alcoholism, and a twofold greater risk of 
death [see, for review, 8, 68, 69]. However, other studies 
found similar rates between the two groups with regard 
to the number of depressive episodes and hospitaliza-
tions [70] and global functioning at the end of the follow-
up period [19, 71]. We consider that the suicide risk in 
PMD follows a similar pattern to the impact of psychosis 
in the short- or long-term course of the disorder as pre-
sented by Schatzberg and Rothschild [68]. Consequently, 
these follow-up studies might present an attenuation in 
PMD’s suicide OR due to the long periods of patients in 
remission, use of antidepressants, lack of accurate diag-
nosis at the time of suicide, PMD’s diagnostic instability, 
and the use of ICD-10 criteria.

At this point, we should comment that the Leadholm 
et  al.’s [17] study is by far the largest study included in 
the meta-analysis, carried out in Denmark, following up 
the course of 34,671 PMD and non-PMD patients, with 
755 of them committing suicide, without finding any sta-
tistically significant differences between the two groups. 
Nevertheless, the inclusion of this interesting study 
raises two methodological questions. First, its weight in 
the meta-analysis is huge (86.62%), and thus, its over-
all results tend to determine the findings of the meta-
analysis, at a crucial degree. Furthermore, the PMD and 
non-PMD diagnoses were not mutually exclusive, leading 
thus to the inclusion of 3585 patients in both PMD and 
non-PMD groups, among them 76 who committed sui-
cide. To adjust for any effects due to patients appearing 
in both groups, in our main meta-analysis, we removed 
the numbers of patients with both diagnoses. We spec-
ulate that this removal was necessary not only to avoid 
the inclusion of 3585 patients in both groups, but also to 
reduce the probability of the type II error. More specifi-
cally, the ICD-10 criteria for psychosis include depressive 

stupor and tend either way to categorize, in the PMD 
group, a number of patients with no real psychosis, but 
with only severe psychomotor retardation. When in the 
PMD group we included patients with both ICD-10 PMD 
and non-PMD episodes, this tendency to type II error 
might have become even stronger. We consider that, for 
this reason, our main meta-analysis showed both the 
fixed and random-effects being statistically significant, 
whereas, in the last one, the fixed-effect models remained 
statistically significant, but the random-effects were mar-
ginally not significant.

Owning to the previously mentioned considerations, 
we performed a sub-analysis excluding the above-men-
tioned large study and including the remaining eight 
studies. PMD patients were found to be 1.69 times more 
likely to commit suicide compared to non-PMD ones. 
This sensitivity analysis comprised studies of four coun-
tries (USA, Germany, Italy, and Finland) with even more 
alarming results. The strong point of this sensitivity anal-
ysis lies on the low heterogeneity of the included studies 
with respect to research question. On the other hand, the 
total number of included patients was reduced, and this 
constitutes its weak point.

Furthermore, it should be noted that the three excluded 
studies, namely the Isometsä et  al. [61] psychological 
autopsy study and the population-based Brådvik et  al. 
[13] study presented data which showed a preponderance 
of PMD patients among suicide victims. The third study, 
in particular the Kessing [60] one, did not report statisti-
cally significant findings, but its sample was part of the 
Leadholm et al. [17] study.

Suicides in association with age and depression severity
Our search did not isolate any studies concerning PMD’s 
suicides in adolescence and in old age. Only Schnei-
der et  al. [64] and Suominen et  al. [12] included some 
patients over 11 or 16 years, respectively, and an undeter-
mined number of elderly people, as well. In general, we 
consider that all studies included patients within the age 
range of adulthood.

The investigation of the contribution of depression 
severity to PMD patients’ suicides was between the pur-
poses of our study. At this point, it should be noted that 
our main analysis is conducted between patients suf-
fering from severe depression. Leadholm et  al. [17] and 
Suominen et  al. [12] compared both groups of patients 
suffering from severe depression and the weight of these 
two studies in the main meta-analysis is over 90%. As, 
we analytically mention in our Results, the clinical char-
acteristics of Black et  al. [14], Coryell and Tsuang [16] 
and Schneider et al. [64] studies, which do not offer data 
on depression severity and occupy an additional 7.55% 
weight in the main meta-analysis, imply the inclusion of 
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patients suffering to a great extent of severe depression, 
as well. The remaining studies share the same clinical 
characteristics but offer only a small number of individu-
als in the analysis. In other words, our main meta-analysis 
may show that the existence of psychosis in the context of 
severe depression elevates the risk of suicide. In addition, 
the Suominen et al.’s [12] study displayed data on suicides 
across different degrees of depression severity, and as we 
calculated in the Results, this study clearly showed that 
the greater the depression severity, the higher the risk 
for suicide. Moreover, it showed that psychosis in the 
context of severe depression doubles the risk of suicide. 
However, not all studies are in agreement: Kessing [60] 
comparing PMD patients to all non-PMD patients (ICD-
10 criteria), regardless of depression severity, did not find 
any statistical significant differences in terms of suicides. 
Thus, our meta-analysis reports that PMD patients mani-
fest elevated risk of suicide even when they are compared 
with non-PMD patients who suffer from severe depres-
sion. However, the ICD-10 categorization of PMD only 
in the context of severe depression and the inclusion of 
depressive stupor in the criteria of psychosis constitute 
obstacles on the further elucidation of suicide risk, PMD 
and depression severity association.

Suicide and method used (violent or not), mood 
congruence, and comorbidity
The systematic review leg of this study revealed a psy-
chological autopsy study [61] of all suicides committed 
within 1 year in Finland, which found that PMD patients 
were more likely to commit violent suicides than non-
PMD patients. In the Suominen et al.’s [12] study, patients 
with severe depression used a more violent method; how-
ever, the authors do not provide data separately on the 
suicides committed by PMD and/or non-PMD patients. 
As regards suicidal attempts, Hori et  al. [35] have 
reported significantly higher levels of violent suicidal 
attempts in PMD patients, and Coryell et  al. [15] found 
that “non-PMD patients were twice as likely to have made 
attempts judged to be medically and psychologically non- 
serious”. In the same vein, Lyness et al. [38] have shown 
that patients with PMD committed more “severe” sui-
cidal attempts in comparison to non-PMD patients. On 
the other hand, in a study of our group [18], no differ-
ences were found between the two groups in terms of the 
method used. Thus, more research is warranted to clarify 
the effect PMD exerts on suicide method used.

In respect to the mood congruence of psychosis on 
suicide risk, Kessing [60] found no differences in the risk 
of suicide between PMD patients with or without mood 
congruent psychotic features. In the Maj et  al. [19] and 
in the Schneider et al. [64] studies, the numbers of PMD 
patients with or without mood congruent psychosis who 

committed suicide are too small to be conclusive. In addi-
tion, our recent meta-analysis [20] on suicidal attempts 
found the evidence scarce on this topic. Moreover, rather 
the high prevalence of mixed psychotic features in PMD, 
58% in the Burch et al.’s [72] study underlines the restric-
tions that research work can face to clarify the differential 
effect of mood congruent vs. mood incongruent psycho-
sis on suicide risk evaluating the two concepts in a cat-
egorical way.

Surprisingly, only two studies [17, 61] assessed a num-
ber of parameters regarding psychiatric or physical 
comorbidity such as anxiety, psychoactive substance use, 
physical illness, or personality disorder but found only 
limited associations: in the Leadholm et  al.’s [17] study, 
PMD patients were less likely to committing suicide if 
they suffered from an organic mental disorder. Con-
sequently, the evidence at this point is restricted to the 
findings of the afore-mentioned two studies, and thus, no 
conclusions on this topic can be drawn [73].

Limitations
In addition to the methodological issues discussed above 
regarding the studies included, such as lack of accurate 
diagnosis at the time of suicide, PMD’s diagnostic insta-
bility, and the use of ICD-10 criteria, further limitations 
of this study are the search of relevant articles only in 
English literature and the inclusion of studies carried 
out in different time periods with possibly different gen-
eral trends in suicidal behavior. On the other hand, we 
performed a large search in English literature and in the 
so-called “gray literature” as well, including, in our meta-
analysis, 9 studies with a large number of patients. Fur-
thermore, we consider the clarification of the research 
questions as a crucial contribution to the field.

Conclusions
The present systematic review and meta-analysis has 
shown that psychosis in unipolar depression is an impor-
tant risk factor for suicide. This risk is elevated in both the 
acute phase of the disorder and lifetime. Consequently, 
PMD should be early and accurately diagnosed, and a 
possible concurrent suicidal ideation thoroughly evalu-
ated. Then, effective treatment for the disorder and sui-
cide management plans should be implemented. Future 
studies should assess the diagnosis of patients close to 
the time of suicide more accurately, should evaluate the 
impact of psychosis (delusions and/or hallucinations) on 
suicide in adolescence and old age, and explore further 
the role of depression severity, and the role of psychiat-
ric, substance, and physical comorbidity in PMD’s suicide 
behavior, as well.
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