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Objective   Amongst psychiatric disorders, major depressive disorder (MDD) is the most prevalent, by affecting approximately 15–17% 
of the population and showing a high suicide risk rate equivalent to around 15%. The present comprehensive overview aims at evaluat-
ing main research studies in the field of MDD at suicide risk, by proposing as well as a schematic suicide risk stratification and useful 
flow-chart for planning suicide preventive and therapeutic interventions for clinicians.
Methods   A broad and comprehensive overview has been here conducted by using PubMed/Medline, combining the search strategy of 
free text terms and exploded MESH headings for the topics of ‘Major Depressive Disorder’ and ‘Suicide’ as following: ((suicide [Title/Ab-
stract]) AND (major depressive disorder [Title/Abstract])). All articles published in English through May 31, 2019 were summarized in a 
comprehensive way. 
Results   Despite possible pathophysiological factors which may explain the complexity of suicide in MDD, scientific evidence sup-
posed the synergic role of genetics, exogenous and endogenous stressors (i.e., interpersonal, professional, financial, as well as psychiatric 
disorders), epigenetic, the hypothalamic-pituitary-adrenal stress-response system, the involvement of the monoaminergic neurotrans-
mitter systems, particularly the serotonergic ones, the lipid profile, neuro-immunological biomarkers, the Brain-derived neurotrophic 
factor and other neuromodulators.
Conclusion   The present overview reported that suicide is a highly complex and multifaceted phenomenon in which a large plethora of 
mechanisms could be variable implicated, particularly amongst MDD subjects. Beyond these consideration, modern psychiatry needs a 
better interpretation of suicide risk with a more careful assessment of suicide risk stratification and planning of clinical and treatment 
interventions. Psychiatry Investig 2020;17(3):207-221
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INTRODUCTION

Suicide is a leading public health problem, being a leading 
cause of injury and death at a worldwide level, with approxi-
mately one million people who die by suicide per year and 
an estimate of around one suicide death occurring every 40 
seconds.1-3 Suicide is ranked as the 2th leading cause of death 
among people aged 10 to 34 and the tenth among all age 
groups.3,4 Notably, suicidal behaviour has been implicated as 
a co-morbidity of several neuropsychiatric disorders, includ-
ing borderline personality disorder, schizophrenia, bipolar 
disorder and major depressive disorder (MDD), being con-
sidered one of the leading causes of preventable death 
amongst people affected with mental disorders.5 MDD is a 
common psychiatric disorder which is associated with sig-
nificant personal suffering, physical and mental disability, 
with a global point prevalence being around 4.7% and a life-
time prevalence ranging from 3% in Japan to 16.9% in USA, 
whilst in other Western countries the figures varied between 
8% and 17%.6-8 The association between MDD and suicide 
attempts (SA) and/or ideation (SI) has been well document-
ed, being SI and suicidal behaviour frequently reported dur-
ing depressive episodes, with a suicide risk rate equivalent to 
around 15%.3,9-11 Furthermore, epidemiological studies re-
ported as well that MDD subjects with comorbid anxiety 
disorders were among the main predictors of SA amongst 
depressed suicide subjects.12 However, the role of comorbid 
anxiety disorders, in increasing suicidal risk is still a matter 
of debate although it has been well recognized that the asso-
ciation between MDD and anxiety disorders appear to have 
more a synergic role in increasing suicidal risk.13 Despite 
possible pathophysiological factors which may determine/
explain the correlation between depression and suicidal risk 
are not yet fully understood, it has been supposed the syner-
gic role of genetics, exogenous and endogenous stressors (i.e., 
interpersonal, professional, financial, as well as psychiatric 
disorders), the hypothalamic-pituitary-adrenal (HPA)-stress-
response system, epigenetics, the involvement of the mono-
aminergic neurotransmitter systems, particularly the seroto-
nergic ones, the role of specific neurotrophins, such as the 
Brain-derived neurotrophic factor (BDNF), etc.14-16 Overall, 
suicide is a complex phenomenon and, according to the 
World Health Organization,3 suicidal behaviour may be de-
fined as “a range of behaviours that include thinking about 
suicide (suicidal ideation, SI), suicide threat (ST), planning 
for suicide (SP), attempting suicide (SA) and suicide itself 
(CS)” (Table 1). The complex phenomenon is not due to a 
simple etiology but rather is the result of a complex interac-
tion of genetic vulnerability, stress factors, underlying psy-
chopathology and social aspects, even though the precise 

pathophysiological mechanisms underlining the suicide be-
haviour is not yet fully understood and probably not com-
pletely investigated. Being literature published so far on sui-
cide risk within patients affected with MDD extremely varied 
and broad, the present paper aimed at overviewing only a se-
lected range of suicide risk predictors in MDD subjects, by 
analysing both research and clinical evidence, as primary ob-
jective, to try identifying a pathophysiological as well as clini-
cal perspective, able to answer to questions regarding per-
forming preventive tools (if any), easy to measure and useful 
for clinical practice. Furthermore, as secondary objective, a 
schematic suicide risk stratification proposal together with a 
useful flow-chart for planning suicide preventive and thera-
peutic interventions has been here proposed for clinicians 
working in the field of Mental Health, particularly with those 
subjects affected with mood disorders at higher suicidal risk. 

MATERIAL AND METHODS

Search sources and strategies
A broad overview has been here conducted with literature 

searches performed by using PubMed/Medline. We combined 
the search strategy of free text terms and exploded MESH 
headings for the topics of ‘Major Depressive Disorder’ and 
‘Suicide’ as following: ((suicide [Title/Abstract]) AND (major 
depressive disorder [Title/Abstract])). All articles published in 
English have been properly selected and screened. Studies 
published through May 31, 2019 were here considered. In ad-
dition, secondary searches were performed using the reference 
listing of all eligible as well as relevant articles and consultation 
with experts in the field and or manual search.

Study selection, data extraction and management
We considered studies evaluating the Suicide in MDD, by 

excluding other mental disorders in comorbidity, including 
anxiety disorders and/or bipolar disorder and/or psychotic 
disorders. We examined all titles and abstracts, and obtained 
full texts of potentially relevant papers. After this first screen-
ing, we followed a two-step process: 1) in a first phase, we 
specifically selected all papers containing relevant data on 
suicide risk factors in MDD subjects (with the aim to identify 
which suicide risk factors better investigate in the next step, 
with the aim to address those aspects useful for preventive 
strategies); 2) in the second phase, we specifically selected a 
range of macro-categories to be better deepened, as follows: 
1) The role of genetic vulnerability and epigenetic modula-
tion in determining suicide risk in MDD subjects; 2) the role 
of HPA axis in suicide risk in MDD subjects; 3) the role of 
serotoninergic system in suicide risk in MDD subjects; 4) the 
role of neurotrophins and neuroplasticity in suicide risk in 
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MDD subjects; 5) the role of neuro-immunological media-
tors/biomarkers in suicide risk in MDD subjects; 6) the role 
of metabolic factors (i.e., lipid profile) in suicide risk in MDD 
subjects; 7) the role of cognitive domains and neuropsycho-
logical dimensions in suicide risk in MDD subjects; 8) the 

role of personality traits in suicide risk in MDD subjects; 9) 
evidences coming from neuroimaging studies in suicide risk 
in MDD subjects. Working independently and in duplicate, 
two reviewers (LO and DDB) read the papers and deter-
mined whether they met inclusion criteria. LO and DDB, in-

Table 1. Definitions and suicide risk formulation

Suicidal  
  ideation (SI)

Thoughts, fantasies  
  and wishes about ending  
  one’s own life 

If a patient states that SI is present, the clinician is obligated to explore SI furtherly by posing  
  the following questions:

• Content (active thoughts of suicide vs. passive wishes for death)
• Content (planning or not?)
• Duration of SI
• Frequency of SI
• Intensity of SI
• Controllability or not?
•  Expectations about death (i.e., thoughts of reuniting with lost significant others; thoughts  

of evoking punishment of others; the need to escape a painful physical or psychological  
situation; thoughts of harming others first before harming him or herself) 

Suicide  
  threat (ST)

Thoughts of engaging in  
  self-injurious behavior that  
  are verbalized and intended  
  to lead others to think that  
  one wants to die, despite no  
  intention of dying (e.g., ‘if you  
  leave me, I will kill myself ’)

If patient manifests a ST, clinicians should furtherly investigate the followings:
•  Are there non-suicidal self-injurious thoughts? e.g., are there any thoughts of engaging  

in self-injurious behavior characterized by the deliberate destruction of body tissue in the  
absence of any intent to die or not?

Suicide  
  plan (SP)

Having plans on how to  
  end one’s own life

If a patient has a SI, clinicians should carefully investigate the presence and characteristics  
  of SP as following:

•  Has a specific plan been formulated or implemented, including a specific method,  
place and time? 

• What is the anticipated outcome of the plan?
• Are the means of committing suicide available or readily accessible? 
• Does the patient know how to use these means?
• What is the lethality of the plan? (patient’s conception of lethality vs objective lethality?)
• What is the likehood of rescue?
•  Have any preparations been performed (e.g., changing wills, suicide notes, etc.) or  

how close has the patient come to completing the plan? 
• Has the patient practiced the suicidal act or has an actual attempt already been made?
• Is there a history of impulsive behaviours or SUD that might increase impulsivity? 
• What is the patient’s ability to control impulsivity?

Suicide  
  attempt  
  (SA)

Self-destructive act with  
  intent to end one’s own life,  
  even though is not fatal

If patient did a SA, clinicians should furtherly investigate the followings:
• Is a self-injurious behaviour accompanied by any intent to die or not? If yes, it is a real SA
•  Is a non-suicidal self-injurious behaviour? i.e., a deliberate destruction of body tissue in  

the absence of any intent to die?
• Investigate if patient had a previous SA and/or a family history of a SA or CS
• Managing patient as follows:

Medical stabilization
Inpatient hospitalization  

Completed  
  suicide  
  (CS)

Self-injurious behaviour  
  with intent to end one’s  
  own life and is fatal

Clinicians should apply post-suicide interventions, i.e., helping family, friends and coworkers  
  understand why suicide victims killed themselves and decreasing the assumption of  
  inappropriate guilt for the death

• Identify ‘survivors’ at risk of suicide
• Prevent PTSD, complicated grief, depressive symptoms 

SUD: substance use disorder, PTSD: posttraumatic stress disorder
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dependently extracted the data on the above subcategories 
and selected relevant data useful for the present overview. 
Disagreements were resolved by discussion and consensus 
with a third member of the team (FV). All English-language 
articles identified by the data sources, reporting data on sui-
cide in MDD, both from a preclinical and clinical perspec-
tive, have been considered for the present overview. Data 
collected were then summarized according to the abovemen-
tioned categories. 

RESULTS

Risk factors 
Although the aetiology of suicide and MDD is certainly 

complex, some suicide risks factors are thought to contribute 
to the risk of suicidal behaviour, including biological/indi-
vidual, psychological social, clinical/symptomatological and 
environmental factors (Table 2).3,14,17,18

Genetic vulnerability and epigenetic modulation
Family studies suggest that SA and fulfilled suicide show fa-

milial accumulation,19 with heritability estimates of suicidal 
behavior between 30% and 55% and an increased risk of at 
least two-fold.20-23 Inherited genetic differences have a relevant 
role in suicidality, as demonstrated by twin studies, particularly 
that monozygotic twins’ concordance for the CS is notably 
higher than in dizygotic twin pairs, being respectively 24.1% 
and 2.8%.23-25 A genome-wide association study (GWAS) of 
suicidal thoughts and behaviour in MDD, indicated a poly-
genetic architecture with multiple genes implicated even 
though with small effects.26 However, although several GWAS 
studies have been conducted on SA examining individuals 
with MDD, comparing suicide attempters with non-attempt-
ers and testing for genetic variants that might contribute inde-
pendently to SA,27-31 epidemiological evidence suggests that 
the inheritance of suicidality is likely to be independent of the 
underlying MDD, by supporting a distinct genetic contribu-
tion to suicidality.32 Polygenic risk scores for SA have shown 
modest predictive capability in independent samples, and 
small but significant single-nucleotide polymorphism (SNP) 
heritability estimates for SA have been reported.28,33,34 A signifi-
cant association between two SNPs (rs12415800 and rs4746720 
in 3’UTR) and CS amongst MDD women aged more than 50 
years compared to healthy controls.35 The FKBP5 gene which 
encodes the FK506 binding protein 51 (FKBP51) and partici-
pates as regulator of the glucocorticoid receptor (GR) activity, 
has received an increasing attention as well, in relation to the 
suicidal behaviour.36,37 FKBP51 is an important modulator of 
stress response.38 FKBP5 SNPs have been associated with an 
increased risk of MDD and SA.39-43 Amongst the serotonin 

system candidate genes for SB, many genetic association stud-
ies have focused on the SLC6A4 (Solute Carrier Family 6, 
Member 4) gene,44,45 located on chromosome 17 (17q11.2) 
which encodes for the serotonin transporter, a transmembrane 
presynaptic protein involved in the reuptake of the released se-
rotonin from the synaptic cleft.46 Moreover, the transcriptional 
activity of SLC6A4 gene is modulated by a 44 base-pair inser-
tion/deletion polymorphism, commonly known as 5-HTTL-
PR (serotonin transporter linked polymorphic region poly-
morphism-rs4795541), located upstream of the transcription 
start site. Genetic studies demonstrated that depressed suicide 
victims had a smaller amount of serotonin transporters in the 
PFC, hypothalamus and brainstem compared to not suicide 
MDD subjects.47 Moreover, a recent GWAS study identified 
GWS SNPs in proximity to genes involved in the regulation of 
circadian clock rhythms (ARNTL2), anaerobic energy pro-
duction (LDHB) and catecholamine catabolism (FAH), 
amongst MDD patients with SA.48 Therefore, further studies 
should better evaluate which is common (if any) genetic load 
in MDD subjects at risk for SA and/or SC and the correlation 
(if any) is dependent or independent. 

Furthermore, distal (predisposing) factors interact with 
proximal (precipitating) factors in determining suicidal 
event, i.e., genetic predisposition/vulnerability, early adversi-
ties and associated epigenetic modifications, and together 
may modulate suicidal behaviour and personality traits asso-
ciated to suicide in MDD.49 Early life adversity is considered 
one of the strongest risk factor for SA, i.e., exposure to mal-
treatment during the early phases of a person’s development 
increases the risk of SB thought the lifespan within 2- to 
5-fold times.50 In fact, these events may epigenetically regu-
late key emotional and behavioural systems which in turns 
may contribute to the development of MDD and suicide be-
haviour, mainly by inducing a DNA methylation.51-54 A study 
investigated whether epigenetic modifications of stress-relat-
ed genes play a role in suicidal behaviour and whether these 
modifications are common to or independent of MDD, by 
reporting a significant increase I DNA methylation of stress-
related genes including BDNF, NR3C1, FKBP5, and CRHBP 
amongst MDD subjects (with and without SI) compared to 
healthy controls, together with a concomitant decrease in ex-
pression of BDNF, NR3C1, and FKBP5 transcript variant 1, 
2 and 3 (but not 4) amongst MDD-suicide subjects com-
pared to healthy controls.54

The hypothalamic-pituitary-adrenal axis
The HPA axis is the major neuroendocrine system involved 

in the regulation of the body’s response to stress.14 The stress-
related theory of MDD states that chronic stress may lead to 
long-term activation of the HPA axis, which may result in re-
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Table 2. Suicide risk and protective factors in MDD

Risk factors Protective factors
Factors affecting threshold for suicidal behaviour

Demographic and individual risk factors Demographic and individual risk factors
• Male gender
• Younger and/or older age
• Personal history of attempted suicide
• Positive family history of suicide
• Marital isolation
• Chronic physical illness
• Parental loss through death before age 11
• Child history of physical or sexual abuse
• Corporal punishment in adolescence

• No personal history of attempted suicide
• No family history of suicide and/or attempted suicide
•  No personal and/or family history for psychotic symptoms and/ 

or disorders
• No personal and/or family history for SUD and/or AUD
• Religious or moral constraints
• Concern about social disapproval
• Better coping skills
• Feelings of responsibility towards family
• Living with children under age 18
• Supportive relationships
• Positive and valid therapeutic alliance 
• Better impulsivity control
• Better emotional regulation 

Symptom risk profile risks
• Presence of hopelessness
• Presence of low self-esteem
• Feelings of whortlessness
• Feelings of helplessness
• Feelings of entrapment
• Anhedonia 
• Cognitive rigidity
• Impaired problem solving and/or decision making
• Impulsive aggressive personality trait
• Early onset of MDD
• First episode of MDD
• Comorbid SUD and/or AUD
• Comorbid BPD

Suicide risk factors as triggers
Demographic and individual risk factors Symptom protective risks

• Social, financial or family crisis or loss
• Contagion or recent exposure to suicide
• Social support lacking

• Good self-esteem
• Self-efficacy
• Good problem-solving skills
• Willingness to seek help
• Positive coping skills
• Emotional stability
• Responsibility to family
• Developed self-identity
• Healthy lifestyle choices 

Symptom risk profile risks
• Comorbid anxiety symptoms
• Comorbid panic disorder
• Acute alcohol and/or substance intoxication
• Presence of psychotic symptoms
• Severity of depressive episode of MDD
• Post-partum

Circumstantial risk profile risks* Circumstantial risk profile risks*
• Reduced or absent desire to live
• Active SI
• Presence of a SP
• Presence of SB or SHB
• Acute alcohol and/or substance intoxication
• Unresolvable problems
• Presence of auditory imperative hallucinations  
  (order to suicide oneself)  

• Absence of SI, SP, SB or SHB
• No feelings of hopelessness, desire to die
• Good connectedness
• Good therapeutic adherence
• Positive therapeutic relationship and alliance
• Good future planning
• Solving of previous critical problems
• Positive social support
• Moral objections towards SB
• Fear of social disapproval towards SB

*these factors should be evaluated, in the moment of clinical observation (Interview Risk Profile), by a psychiatrist or a medical doctor. MDD: 
major depressive disorder, SUD: substance use disorder, AUD: alcohol use disorder, BPD: borderline personality disorder, SI: suicidal ide-
ation, SP: suicide planning, SB: suicidal behaviour, SHB: self-harm behaviour 
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ductions in the volume or impaired function of the hippo-
campus.55 The corticotrophin-releasing hormone (CRH) and 
vasopressin are hormones released from neurosecretory 
nerve terminals and act synergistically to stimulate the secre-
tion of stored adrenocorticotrophic hormone (ACTH) from 
corticotrophin cells, which in turns stimulates biosynthesis of 
corticosteroids.14 Prospective biological studies suggest that 
dysfunctions in the HPA axis have some predictive power for 
suicide in MDD.14 Subjects affected with MDD who manifest 
a suicidal behaviour show an increased level of CRH in the 
cerebrospinal fluid compared to not suicide MDD subjects.56 
Several studies reported that cortisol non-suppression in re-
sponse to the dexamethasone challenge test represents a 
strong predictor of suicidal behaviour in MDD.14,57-60

Serotonergic system
The serotonin system has been widely investigated in stud-

ies of both MDD subjects and suicidal behaviour. Postmor-
tem studies of the suicidal brains have shown evidence of se-
rotonin dysfunction amongst MDD subjects.61-63 Serotonin 
transporters have been reported to be reduced in the pre-
frontal cortices, hypothalamic, occipital cortices, and brain-
stems of subjects affected with MDD who have committed 
suicide.45 Studies demonstrated a lower concentration of the 
serotonin metabolite 5-hydryndolacetic acid (5-HIAA) in 
the cerebrospinal fluid of depressed patients prone to develop 
suicidal behaviour64 as well as lower levels of serotonin (5-
HT) and 5-HIAA in the brainstem of suicide victims,65-67 
compared to non-suicide MDD subjects. The serotonin 
transporter (5-HTT) is the major determinant of 5-HT inac-
tivation following 5-HT release at synapses, a decrease in 
5-HTT has been observed in suicide victims with MDD.68 
Some postmortem studies have reported increased 5-HT2A 
receptor binding in the prefrontal cortex of suicidal individu-
als with MDD.69,70 A meta-analysis of prospective biological 
studies estimated the odds ratio for the prediction of suicide 
completion to be 4.5-fold greater for MDD subjects with low 
levels of 5-HIAA in the cerebrospinal fluid compared to sub-
jects with high levels of 5-HIAA.71 The serotonin transporter 
gene is located on chromosome 17q11.1-q12 and two poly-
morphisms have been reported.72 Electroencephalographic 
(EEG) changes and various polysomnographic findings can 
reflect the central serotonin activity and demonstrate that 
high suicidality score has been associated with shorter REM 
(rapid eye movement) latency.73 An increase of REM time 
and activity in MDD subjects with SA has been associated 
with reduced serotonin activity or 5-HIAA levels in cerebro-
spinal fluid.74

Neuroplasticity, brain-derived neurotrophic factor 
and nerve growth factor

Several theories have been proposed to explain the biologi-
cal substrates of suicide behaviour, including the role of spe-
cific neurotrophins, such as the brain-derived neurotrophic 
factor (BDNF) and the nerve growth factor (NGF).75-80 The 
“neurotrophic hypothesis” of MDD seeks to understand de-
pression through regulatory proteins (e.g., BDNF) which 
promote neuroplasticity, adult neurogenesis and neurotrans-
mission.81-83 Changes in brain structures and function, such 
as reduced neuronal cell numbers, density and size, as well as 
decreased cortical thickness and changes in synaptic circuits, 
may be associated with MDD, stress and suicidal behav-
iour.84,85 In fact, both MDD and suicidal behaviour involve 
altered neural plasticity, resulting in an abnormal central 
nervous system response to stressors and environmental out-
comes.79 The neurotrophic factors activate the neuroendo-
crine cells and the neuronal responses, by regulating the 
growth and proliferation of glial cells, modulating the activity 
of endogenous opioid peptides, activating the HPA axis, ex-
erting effects on corticotrophin releasing hormone-produc-
ing neurons, and acting on the endothelial cells of the cere-
bral vasculature or on the glial cells in the circumventricular 
organs.86 Furthermore, the neurotrophic factors may influ-
ence as well as the metabolism of the noradrenergic, seroto-
nergic and dopaminergic systems.87 It has been as well sup-
posed that low BDNF levels relate to suicidality rather than 
to MDD specifically,88 even though low BDNF levels have 
been reported in MDD subjects who attempted suicide when 
compared to non-suicidal MDD and healthy controls.77,80,89 
A recent study found that serum BDNF levels were signifi-
cantly lower in MDD with SI compared to MDD without SI 
but were not significantly correlated with MDD severity.90 
CREB1 (cyclic adenosine monophosphate response element 
binding protein) is a transcription factor that controls the 
transcription of numerous neuronally expressed genes such 
as BDNF.91-95 There is evidence for CREB1 playing an impor-
tant role in the neurobiology of suicidal behaviour.96-99 Nerve 
growth factor (NGF) is a neurotrophin, produced in the cor-
tex, hippocampus and hypothalamus as well as in the periph-
eral nervous system and immune system.100 Neurotrophins 
generally are implicated in neuronal survival, differentiation, 
connectivity and plasticity during development and adult-
hood.101 Clinical studies have detected reduced levels of NGF 
in patients with MDD and suicide victims, particularly in the 
prefrontal cortex and the hippocampus,101-104 areas implicated 
in the cognition and mood regulation as well as in the patho-
physiology of affective disorders and suicide.102 Furthermore, 
the hippocampus is an area affected by early stress, which in 
turns is implicated in the suicidal behaviour.101 However, 



L Orsolini et al. 

   www.psychiatryinvestigation.org  213

studies specifically investigating NGF, MDD and suicide risk 
are scarce and extremely heterogeneous from a methodolog-
ical point of view, hence, further studies should be carried 
out in order to better clarify the potential role of NGF in in-
creasing suicide risk amongst MDD subjects.  

Neuro-immunological markers
Inflammatory mediators and oxidative stress leading to 

excitotoxicity may play a critical role in the pathophysiology 
of MDD and suicide, including an imbalance between pro-
inflammatory cytokines (i.e., interleukin IL-1b, IL-2, IL-6, 
interferon-gamma INF-γ) and tumor necrosis factor-alpha 
(TNF-α) versus anti-inflammatory cytokines (i.e., IL-4 and 
IL-10); or increased levels of pro-inflammatory cytokines 
and level of severity of MDD.105 Therefore, a dysregulation of 
immune response could be a contributing factor to MDD at 
risk of suicide, including the vascular endothelial growth fac-
tor (VEGF) and kynurenine levels.105,106 Moreover, several 
findings suggest that suicidal MDD patients display a distinct 
peripheral blood cytokine profile compared to non-suicidal 
patients with MDD, being specific changes in inflammatory 
cytokines levels most frequently associated with MDD and 
suicidality.105 In particularly, lower IL-8 levels linked to a re-
duced neuroprotection and higher IL-13 levels have been 
found in MDD patients with SI compared to those MDD 
subjects without;105 whilst increased levels of interferon-gam-
ma (INF-γ) and IL-6 appeared to be more robustly associated 
with SA in MDD,107 even though previous studies evaluating 
suicidal MDD patients reported decreased levels of INF-γ 
and IL-6, compared with non-suicidal MDD patients.108,109 
Indeed, other studies are quite conflicting in findings, for in-
stance, high IL-4 levels have been found in MDD women 
with CS, suicidal MDD patients and both suicidal and non-
suicidal MDD subjects.105 Suicidal MDD subjects, particular-
ly those who were violent SA, were are likely to own higher 
IL-6 and lower IL-2 levels compared to non-suicidal MDD 
subjects and healthy controls.105 Furthermore, higher TNF-α 
levels have been reported as well in suicidal MDD subjects 
compared to non-suicidal MDD and healthy controls, even 
though some evidence appear to be contrasting.105 A key bio-
logical pathway which may link inflammation and MDD is 
the activation of the HPA axis by cytokines, mainly due to 
psychosocial stressors, resulting in increased cortisol levels 
and release of monoamines which may initially enhance in-
flammatory signaling pathways and active immune system. 
However, not all studies demonstrated a positive correlation 
between inflammatory cytokines and suicidal behaviour in 
MDD subjects, hence, further studies should better investi-
gate this correlation (if any). For a more complete overview, 
see Marini et al.110

Metabolic pattern
Large randomized clinical trials of cholesterol-lowering 

drugs and meta-analytic studies reported an increase in vio-
lence-related deaths, including suicide, amongst individuals 
taking serum cholesterol-lowering medications.111,112 Suicidal 
MDD patients tend to have dysregulated lipid levels com-
pared with non-suicidal patients.113-115 Clinical studies carried 
out on psychiatric subjects, including MDD subjects, revealed 
a relationship between lower total cholesterol levels and sui-
cidal behaviour.116-120 Lower levels of total cholesterol in MDD 
patients with SI, compared to non-suicide MDD subjects, 
have been reported in a recent meta-analysis.121 Low triglyc-
erides, low levels of low-density lipoprotein (LDL) and low 
levels of high-density lipoprotein (HDL) are significantly re-
lated to suicidality in MDD patients.122,123 A proposed hypoth-
esis suggested that reduced cholesterol levels may reduce se-
rotonin precursors and modify the functions and viscosity of 
serotonin receptors and transporters, by increasing one’s ten-
dencies towards impulsive, aggressive, and suicidal behaviour. 
Low serum triglycerides concentrations may also alter sero-
tonin metabolism, leading to poor control of aggressive im-
pulses in MDD subjects, by resulting in an increased suicidal-
ity risk.124 Another hypothesis state that low peripheral and 
central cholesterol can reduce lipid viscosity of neuronal cell 
membranes, which may decrease exposures of pre-synaptic 
serotonin transporter or post-synaptic serotonin receptors.125 
Similarly, further studies should better investigate the role of 
metabolic (including lipid) profile in determining an in-
creased suicide risk amongst MDD patients, and evaluate 
how anti-cholesterol and anti-dyslipidemia drugs may reduce 
suicidality in MDD patients. 

Neuropsychological and neurocognitive factors
Patients with MDD show cognitive deficits in neuropsycho-

logical domains, such as visual and verbal memory, working 
memory, attention, executive function and processing speed,126 
being the executive functioning impairment the most promi-
nent.127-130 More specifically, impairments in cognitive control 
(i.e., the ability to regulate one’s own thoughts and actions in 
order to achieve internal goals and allows flexible adaptation of 
behaviour to changing environments), has been strongly asso-
ciated with MDD-related pathology.131-133 Impaired cognitive 
control abilities have been correlated as well with high suicide 
rate amongst MDD subjects.128,132-137 In fact, neurocognitive 
deficits are presumed to increase suicide risk as they may deter-
mine an incorrect appraisal of one’s life situation and an im-
paired decision-making.133,136 One of the neuropsychological 
domains strongly impaired in MDD regards the executive 
function, a set of self-regulatory cognitive processes essential 
for adaptive behaviour.137-143
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Temperament, character and personality traits
The suicide risk factors implicated in MDD subjects may 

include distal factors (i.e., those risk factors not strictly related 
to current episode), such as family history of suicide, early 
onset of mood disorders, alcohol/substance abuse, adverse 
early life events, and specific personality traits; as well as prox-
imal factors (i.e., related to current or past mood episode), in-
cluding hopelessness levels, impulsiveness, SI, severity of cur-
rent episode within MDD, and recent life events (Table 2). 
Overall, personality refers to individual features in character-
istic patterns of thinking, feeling and consequently behaviours 
and belong to the stress-diathesis model for suicidal behav-
iour, being significant influencing factors able to discriminate 
if a suicidal behaviour emerges within a recrudescence of a 
psychiatric condition or whether is a situation-oriented pro-
cess.144 In fact, specific personality traits, temperaments and 
characters may predispose a subject with MDD to develop a 
SI and/or SA or SC. According to the Cloninger’s psychobio-
logical model of temperament and character,145 MDD subjects 
who had recent SA during a depressive episode exerted differ-
ent personality profile compared to non-suicidal control 
group.144 In fact, MDD subjects suicide attempters, showed 
significantly higher scores on harm avoidance (HA) (i.e., a 
tendency to respond intensely to signals or aversive stimuli) 
and significantly lower scores in self-directedness (SD), coop-
erativeness (CO) and persistence (PS) when compared to the 
non-suicidal group.144 HA is highly heritable temperament 
dimension linked to the serotonergic system which is in turns 
altered in suicidal behavior, as abovementioned. SD encom-
passes personality features like responsibility, self-acceptance, 
effectiveness; hence, low SD levels have been associated with 
immaturity, poor self-integration, ineffectiveness and destruc-
tiveness which are related to suicidality.145 Similarly, the alexi-
thymia construct applied to MDD subjects, seemed to dem-
onstrate a correlation between alexithymia traits, MDD 
severity and increased risk of SI and more severe SA.146,147

Neuroimaging studies
Neuroimaging studies show changes in several brain areas 

associated with an increased vulnerability to suicidality.148 It 
has been documented that brain dysfunctions located in 
temporal, parietal and frontal (specifically dorsolateral and 
orbitofrontal areas) cortices are described in the suicidal 
brain.148-154 Moreover, three structural areas, e.g., the left su-
perior temporal gyrus, rectal gyrus, caudate nucleus; and 
three functional areas, e.g., right cingulate gyrus, the anterior 
cingulate and posterior cingulate have been identified as im-
plicated in an increased suicidal vulnerability.151,155-157 A 
smaller volume of the orbitofrontal cortex (right and left), 
lower left ventrolateral prefrontal cortex (VLPFC), frontal 

and temporal lobe volumes were observed amongst MDD 
patients with SA.158-160 Reduced grey matter volumes in the 
frontal, parietal, temporal, insula cortices, left angular gyrus, 
lentiform nucleus, midbrain, nucleus accumbens, cerebellum 
have been reported amongst MDD subjects with SA and 
have been correlated with higher hopelessness levels and 
lower social support seeking.161-163 Right amygdala volumes 
and lower hippocampal volumes are reported amongst 
MDD subjects with SA compared to non-suicide attempt-
ers.158,160,164 Studies carried out on a sample of MDD subjects 
by using functional magnetic resonance (fMRI) reported a 
greater resting state functional connectivity in the amygdala, a 
greater amplitude of low-frequency fluctuation (ALFF) in the 
right superior temporal gyrus, left middle temporal gyrus and 
left middle occipital gyrus, whilst a lower ALFF in the left su-
perior frontal gyrus, right ventral medial frontal gyrus and left 
middle frontal gyrus, amongst MDD subject with SA com-
pared to MDD without SA.165-167 Further fMRI studies de-
scribed a reduced left lateral orbitofrontal cortex (OFC) and 
occipital cortex activation during risky choices, a higher acti-
vation on the left hippocampal and left middle temporal gy-
rus, amongst MDD with SA.168-170 Moreover, a dysfunctional 
emotion processing neural circuitry has been documented 
amongst MDD subjects with SA.171 In addition, PET studies 
reported a lower 5-HTT binding in the midbrain, but not in 
the ventral PFC or the anterior cingulate network, reduced 
SERT binding potential in the midbrain/pons and putamen, 
amongst MDD with SA.172,173 A SPECT study found reduced 
SERT binding in the OFC, temporal areas, midbrain, thala-
mus, basal ganglia and cerebellum of MDD subjects with SA, 
which in turns are correlated with an increased impulsivity.174  

DISCUSSION AND CONCLUSION

Suicide behaviour is highly prevalent amongst patients with 
MDD,11,175 however, depression per se is not a useful tool for a 
proper understanding of the complexity of suicide, and SI is 
not a proxy for the diagnosis of MDD.176 The uniqueness of 
each patient determines the variability of the threshold for 
sustaining mental pain, a condition dependent on personal 
experiences, emotional states and intimate situation experi-
enced from childhood.175,176 Hence, someone could argue that 
human sadness, most as a reaction to a loss, grief, somewhat 
crisis, etc., could share features with MDD even in the ab-
sence of a validated psychiatric diagnosis.177,178 In line with 
this, the fifth edition of the Diagnostic and Statistical Manual 
of Mental Disorders (DSM-5) states, “Diagnosis of a mental 
disorder should have clinical utility” but “the diagnosis of a 
mental disorder is not equivalent to a need for treatment. 
Need for treatment is a complex clinical decision that takes 
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Table 3. Proposal for suicide risk stratification and recommended interventions

‘White code’–no suicide risk
• Absence of SI
•  Negative personal and/or family history of suicide,  

previous SA
• Symptomatological stability 
• Absence of specific suicide risk (Table 1)  

• Clinical observation 
•  Periodic suicide risk evaluation (including the occurrence of new situations,  

e.g., the presence of suicide risks before not present)

‘Green code’–low suicide risk
•  Presence of SI (occasional, inconstant, fleeting,  

reported to clinician with scarce credence/conviction  
(e.g., with the aim at requesting attention and help;  
e.g., present but criticized by the patent in a credible  
manner)

•  Acute depressive episode in MDD, mild severity  
(not stable, not remitted, without comorbid anxiety  
and/or mixed symptoms)

• Positive family history of suicide and/or SA in MDD
•  Positive personal history of SHB and/or ST  

(single and/or recurrent, with low lethality)
• Negative personal history for SA

•  Careful and periodic clinical observation by clinicians and all components  
of the multi-disciplinary team (i.e., physicians, nurses, psychiatric  
rehabilitators, auxiliary staff, psychologists, etc.) of the patient, especially  
if he/she is almost silent (and/or he/she does not ask for help/support)

•  Actively listen to or support even only with our presence, by ensuring  
a peaceful atmosphere and inviting the patient to call and ask for help in  
the case he/she may experience negative thoughts

• Developing a good therapeutic alliance and relationship
• Encouraging the expression of thoughts and/or feelings (also negative)
•  Providing information and support to patient and his/her family members  

regarding the management of a potential emotional crisis and/or instability  
and about the alternative coping strategies useful for managing and solving  
critical problem(s)

•  Carefully observing family, personal and group dynamics and identifying  
specific potential trigger factors

•  Monitoring and alerting about the occurrence of potential symptoms and/ 
or behaviours at risk (e.g., anxiety, agitation, irritability, hypervigilance and/ 
or mood instability)

• If possible, do not leave the patient alone (e.g., choose a room with a mate)
•  Carefully evaluating the correct intake of medications (do not leave the  

medications to patient without checking its assumption)
• Carefully monitoring about personal potentially risky duties  

‘Yellow code’–moderate suicide risk
• Presence of SI (constant, with low intensity) 
•  Presence of SI (partially criticized by the patent in a  

credible manner)
•  Positive and recent personal history of SA without  

current SI
•  Acute depressive episode in MDD, moderate  

severity (not stable, not remitted, with comorbid  
anxiety and/or mixed symptoms, without psychotic  
symptomatology)

• As for ‘green code’ plus
• Informing and involving family members 
• Providing a personalized supervision and vigilance
•  Evaluating the safety of personal duties  

(assisting the patient during the use of potential risky objects)
•  Eventually, if any, evaluating if changing the room, the position of the bed,  

in order to increase the visibility for clinical observation
•  Encouraging the patient to objectively evaluate the positive aspects of the  

current situation, by analyzing the success experiences (self-motivating statement)
•  Correcting his/her sensorial and/or situation/circumstantial wrong perceptions,  

without belittle his/her fears and without showing disapproval of his/her convictions
•  Limiting frustrating situations if patient is not currently able to express  

the anger feeling in a constructed and balanced manner
•  Facilitating the expression of anger feelings in a more functional manner  

(e.g., sports) 
•  Stimulating the patient in identifying values of life, the meaning of life,  

by doing open-questions, e.g., what do you think it should be your tasks  
in your life? Which are your dreams’ life? etc. 

• Encouraging the patient that ‘changing is possible’
• Involving the patient in some positive activity, by facilitating the social interaction
•  Encouraging the patient in communicating SI and/or self-harm thoughts  

to clinicians
•  Identifying potential initial agitation and/or anxiety and/or irritability and/ 

or impulsivity    
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into consideration symptom severity, symptom salience (e.g., 
the presence of suicidal ideation), the patient’s distress (mental 
pain)” and “Clinicians may thus encounter individuals whose 
symptoms do not meet full criteria for a mental disorder but 
who demonstrate a clear need for treatment or care. The fact 
that some individuals do not show all symptoms indicative of 
a diagnosis should not be used to justify limiting their access 
to appropriate care.”176,179

The present comprehensive review aimed at investigating 
only a selection of the myriad of suicide risk factors supposed 
to be implicated in the suicidality amongst MDD subjects. 
Overall, suicidality is indeed a highly complex and multifac-
eted phenomenon in which a large plethora of mechanisms 
and processes could be variable implicated, including the dys-
regulation of HPA activity, genetic load, epigenetics, choles-
terol and triglyceride profile, specific neurocognitive and 
neuropsychological impaired domains, some personality 
traits and characters, sometimes state-dependent, and so on.
8,23,41,43,65,78,110,112,114,128,130,144,145,148,150,175,176 However, somewhat 
contrasting and sometimes inconclusive findings have been 
so far published, by enlarging the plethora of research fields 
yet to be furtherly deepened and investigated in the field of 
suicide risk amongst MDD subjects. As abovementioned, 
great deal of research has focused on dysfunction of the HPA 
axis and on alterations of main neurotransmitter system as 
well as a set of neuro-inflammatory modulators, even though 
concluding findings are still unclear.14,55-60 Indeed, the recently 
investigated and interesting role of glutamatergic involvement 
may play a significant role, given recent antisuicidal findings 
with NMDA antagonist esketamine.180,181 Further evidences 
appear to emerge at the genetic and epigenetic level, with a 
series of supposed proximal and distal suicide risk factors as-
sociated with various endophenotypes implicated in suicidal-
ity amongst MDD subjects.19-54 Therefore, assessing suicidality 
amongst MDD subjects requires a multidimensional ap-
proach, which takes into account suicidality factors at every 

level, preclinical, neurobiological, neurochemical, clinical and 
psychopathological. Overall, key suicide and protective risk 
factors amongst patients with MDD have been clearly recog-
nized and analyzed (Table 2). However, one could argue that 
SA would be indeed different with CS, regarding a suicide 
risk stratification as it reflects a different underpinning bio-
logical mechanism. Indeed, the most significant predictors of 
CS appeared to be represented by the presence of a history of 
previous SA, reaching an odds ratio (OR) of around 4.84.182 
Therefore, the identification of a range of suicide risk factors, 
particularly regarding a previous (family and personal) histo-
ry of SA is clinically relevant for clinicians and should be al-
ways considered for preventing CS amongst MDD patients. 
Beyond these consideration, modern psychiatry needs a bet-
ter interpretation of suicide risk with a more careful assess-
ment of suicide risk stratification and planning of clinical and 
treatment interventions, particularly amongst special popula-
tion.183,184 Therefore, authors here propose a stratification 
model of suicide risk accompanied with a list of suggested 
recommendations regarding interventions and treatments to 
be planned, useful for clinical practice, particularly for those 
working in Mental Health (Table 3). 
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Table 3. Proposal for suicide risk stratification and recommended interventions (continued)

‘Red code’–severe suicide risk
•  Positive and recent personal history of SA with active,  

current and intensive SI
•  Presence of SI (constant, with high intensity but not  

criticized by the patent in a credible manner)
•  Acute depressive episode in MDD, severe severity  

(not stable, not remitted, with and/or without psychotic  
symptomatology, e.g., guilt or ruin delusion, with an  
intense psychomotor agitation, impulsivity, with mixed  
symptoms, higher introversion levels, with auditory  
imperative hallucinations of self-harm)

• As for ‘green’ and ‘yellow’ code plus
•  Providing a more careful and intense clinical supervision and vigilance  

(eventually, providing a continuous, 24h monitoring of patient)
• Evaluating hospitalization 

SI: suicide ideation, SA: suicide attempt, ST: suicide threat, SHB: self-harm behaviour, MDD: major depressive disorder
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