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19Suicide as a Systemic Disorder
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19.1  Introduction

Suicide, broadly defined as the intentional termination of one’s own life, is a com-
plex phenomenon, which affects human societies worldwide. Despite increasing 
efforts to reduce this burden, suicide rates remain as high as ever, and in some 
Western countries are even growing. Suicide transcends common disciplines. It is 
driven by intricate interactions between genetic predisposition and environment. 
Accumulating evidence indicates that the alteration of the immune system is of 
paramount importance to the pathophysiology of suicidal behaviours (SB) [1]. In 
this chapter, we will overview the current evidence for the role of inflammation in 
the pathway from health to suicide.

19.2  Suicide and Inflammation: Epidemiological 
and Clinical Findings

Recent analyses of large-scale registry data contributed significantly to the increas-
ing appreciation of the innate immunity involvement in the pathway from health to 
suicide. Data from Danish registries showed the dose-dependent long-term increase 
in SB risk following infections treated with anti-infective agents for up to 5 years. 
Moreover, the risk was the highest for individuals treated with broad-spectrum anti-
biotics and requiring hospitalization [2]. Another large-scale sero-epidemiological 
case-control study from Denmark also showed a specific association between 
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herpes simplex virus type 1 infection and suicide attempt or suicide in an otherwise 
healthy population [3].

Accordingly, medical conditions whose core feature is immune system dysfunc-
tion, such as systemic lupus erythematosus [4], multiple sclerosis [5], and asthma 
[6] have also been consistently associated with SB. An inflammatory response to 
increased air pollen counts in sensitized individuals could also serve as a putative 
explanation for increased suicide occurrence in spring season [7]. Indeed, intranasal 
corticosteroids have been shown to reduce suicide risk [8]. Though allergic condi-
tions consist of various immune responses in the periphery with unknown effects on 
the central nervous system (CNS), supporting evidence for the peripheral inflamma-
tion and CNS function has been provided by tumour necrosis factor (TNF)-α inhibi-
tors trials. Apart for some studies demonstrating the causal relationship between the 
induced inflammation and subsequent onset of depression [9], suicidal ideation and 
attempts have also been documented in previously psychiatrically healthy patients 
with multiple sclerosis following treatment with interferon-β [10]. Seasonal changes 
in vitamin D, which contributes to immune function via T-helper system promotion, 
concentration might also add to this connection, as deficiency in vitamin D has been 
associated with both higher levels of inflammatory cytokines in blood and suicide 
attempt history [11].

Substantial evidence also links the presence of infectious agents in the CNS with 
SB risk, very likely at least partly via increased neuroinflammation. Studies have 
consistently confirmed the association between seropositivity to Toxoplasma gondii 
and cytomegalovirus, common conditions in worldwide populations causing chronic 
low-grade inflammation and increased SB risk [12].

19.3  Peripheral Inflammation Markers and Suicide

A mounting number of studies detected inflammatory marker changes in the blood 
of suicidal subjects. Suicide attempt history in psychiatric patients has been related 
to higher neutrophil to lymphocyte ratio [13]. Furthermore, meta-analytical evi-
dence demonstrated increased interleukin (IL)-1β and IL-6 in in-vivo blood levels 
and decreased in-vitro IL-2 levels in suicidal patients compared to both non-suicidal 
patients and healthy controls [14]. Another meta-analysis confirmed lower IL-2 
plasma levels in suicidal patients, also adding that these subjects had lower IL-4 and 
higher TNF-β plasma levels than healthy controls, but not psychiatric patients [15].

Contrary to cytokines, C-reactive protein (CRP) has a sufficiently long half-life 
and is widely measured in everyday clinical practice, supporting its applicability in 
clinical research. A study that measured fasting high sensitivity CRP (hs-CRP) in 
depressed patients found a direct dose-dependent relationship between hs-CRP and 
suicide attempt history, and low-grade inflammation (hs-CRP > 3 mg/L) compared 
to those with low levels of hs-CRP (<1 mg/L), even after exclusion of patients with 
chronic diseases and high CRP levels (>10 mg/L). Meanwhile, suicidal ideation was 
not related to hs-CRP levels in this study, suggesting that inflammatory changes 
may serve as a trait, but not state, markers for suicidal vulnerability in depressed 
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patients [16]. Accordingly, two recent studies with bipolar disorder and unipolar 
depression patients reported a positive link between high serum CRP levels 
(>3 mg/L) and suicide attempt history compared to those with low levels of CRP 
[17, 18], though the study in depressed people found that the existence of physical 
illness could explain this relationship [18]. A study in youth observed distinct 
inflammatory profiles in suicide attempters compared to suicide ideators and healthy 
controls, as suicide attempters had higher CRP, TNF-α mRNA, and lower glucocor-
ticoid receptor mRNA levels [19]. In a study of women with depression and anxiety 
diagnoses, the biological profile of patients assessed to be at increased suicide risk, 
the biological cluster containing increased levels of IL-6, lymphocytes, monocytes, 
white blood cell count, and polymorphonuclear leukocyte count significantly 
impacted suicide risk, while the cytokine IL-8 was independently and negatively 
associated with increased suicide risk [20].

19.4  From Systemic Inflammation to Central Nervous 
System Changes

Several lines of evidence converge on the link between peripheral and central 
inflammation and its effects on brain structure and function. Possibly due to their 
short half-life, cytokine levels in the periphery do not reflect their levels in the 
CNS. Peripheral and central inflammation are nevertheless tightly linked. In a study 
with depressed patients, plasma CRP levels were related to cerebrospinal fluid 
(CSF) CRP levels, which, in turn, were linked to CSF cytokine receptors [21]. 
Different mechanisms have been proposed to link immune system and brain func-
tion changes that can mediate suicidal behaviours. Firstly, systemic inflammation 
and neuroinflammation cause blood-brain barrier (BBB) lesions, including changes 
of BBB permeability [22]. An increase in blood-brain barrier (BBB) permeability 
impairs synaptic transmission and neuronal functioning [23]. Interestingly, changes 
in blood levels of S100B, a protein biomarker of BBB permeability, were found in 
adolescents with suicidal ideation in comparison to healthy controls [24]. Altogether, 
it is hypothesized that BBB permeability may have an impact on the communication 
between peripheral inflammation and the brain [25], and may play a role in suicidal 
physiopathology.

Systemic inflammation is also proposed to affect the body’s interoceptive sys-
tems. Following the immune activation, circulating inflammatory mediators activate 
visceral autonomic afferents, humoral, and cellular interoceptive pathways in paral-
lel that then communicate the changes in immune state to the brain. When inflam-
mation is severe, chronic, occurs during critical developmental period, or on a 
background of other chronic brain exposures, prolonged activation of interoceptive 
pathways can precipitate long-standing maladaptive neurobiological and behav-
ioural changes [26]. Systemic inflammation has been demonstrated to alter the 
microstructure of the insular cortex, which is implicated in representing internal 
physiologic states including inflammation, also linking it to subjective fatigue [27]. 
Moreover, in accordance with the stress-diathesis model of suicide, interoceptive 
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pathways activation has been linked to the stress sensitization. For example, direct 
monocyte trafficking to brain, a cellular interoceptive pathway, increases signifi-
cantly following severe stress, and possibly serves as a mechanism for amplifying 
behavioural stress responses when stress is repetitive or prolonged [28]. Self- 
reported interoceptive deficits, or the inability to effectively and accurately monitor 
the physiological state of the body, have been linked to both suicidal ideation and 
suicide attempts [29, 30], and are more pronounced in the extreme end of the sui-
cidal continuum [30]. Indeed, in a large multiple sample study, self-reported intero-
ceptive deficits in adult participants were associated with suicide attempts history, 
but not suicidal ideation [31].

19.5  Central Inflammation and Suicide

While normal brain function requires low levels of inflammatory cytokines, when 
inflammation surpasses brain adaptive capacity, elevated cytokine levels result in 
anatomical and functional damage, entailing maladaptive neurobiological and 
behavioural changes. Cerebrospinal fluid (CSF) levels of IL-6 are increased in sui-
cide attempters regardless of their psychiatric diagnosis [32], and IL-1β and IL-6 
levels in both CSF and post-mortem brain samples have been linked to suicidality in 
patients with psychiatric disorders [14]. Consistently, a human post-mortem study 
found a significant increase in the complement system, which plays a critical role in 
inflammation, component 3 expression in the prefrontal cortex of depressed suicide 
subjects [33]. Another putative neuroinflammation marker found in patients with 
suicidal ideation, the translocator protein (TSPO), reflecting microglial activation. 
A post-hoc analysis of a small sample of depressed patients demonstrated that 
TSPO was increased in individuals with suicidal thoughts compared to those with-
out suicidal thoughts, who were not different from healthy controls, most robustly 
in the anterior cingulate cortex and insula [34].

Compelling evidence comes from studies examining the relationship between 
conditions directly causing neuroinflammation and glial activation in the brain, such 
as traumatic brain injury [35] and concussion [36], and SB. Microglia and macro-
phages belong to the innate immune system and are highly reactive to alterations in 
homeostasis. Upon the recognition of environmental stressors, they morph into 
active phenotypes and induce the transcription of the inflammasome [37]. In the 
face of repetitive environmental challenges, microglia and macrophages are primed 
for amplified and persistent inflammatory responses. This chronic neuroinflamma-
tion might increase susceptibility to new stressors, serving as a neurobiological 
mediator within the stress-diathesis model of suicide. Indeed, individuals with trau-
matic brain injury history have been demonstrated to have significantly higher 
TNF-α levels than healthy controls, which were associated both with disinhibition 
and suicidal ideation up to 12 months after the injury [38]. Several post-mortem 
studies found higher microglia priming, demonstrated by overactive de- ramification, 
in the anterior cingulate cortex of suicide descendants compared to subjects that 
died from other causes [39, 40].
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A study has demonstrated that, within the default mode network, which is crucial 
for the self-referential processes, IL-6 covaried positively with the connectivity of 
the subgenual anterior cingulate cortex and negatively with a region of the dorsal 
medial prefrontal cortex [41]. Increased default mode network activity has been 
observed in suicide attempters, especially in recent attempters [42]. Salience net-
work, which is involved in coordinating the activation of executive control and 
default mode networks coherence, has been demonstrated to decrease in functional 
connectivity in response to increased plasma IL-6 and TNF-α concentration [43], 
and reduction in suicidal ideation is associated with increased salience network 
coherence [44].

Genetic and epigenetic changes have been proposed to take part in this complex 
relationship between inflammation and SB.  A family-based analysis revealed a 
genetic overlap between IL-8 and risk for suicide attempt in females [45]. Post- 
mortem studies demonstrated increased mRNA and protein levels of IL-1β, IL-6, 
TNF-α, lymphotoxin A, and certain Toll-like receptors, as well as decreased anti- 
inflammatory cytokine IL-10, and IL-1 receptor antagonist levels in the prefrontal 
cortex of depressed individuals who died by suicide compared with controls [46, 
47]. In accordance, a study that used two different cohorts of brain samples revealed 
consistently increased TNF-α expression in the dorsolateral prefrontal cortex of all 
individuals who died by suicide regardless of psychiatric diagnosis [48].

19.6  Kynurenine Pathway

A growing body of evidence suggests that a putative pathway linking inflammation 
and SB is the dysregulation of the kynurenine pathway of tryptophan metabolism. 
Under normal circumstances, around 90% of tryptophan is metabolized via this 
pathway, raising the levels of cellular energy, while a fraction of tryptophan is con-
verted to 5-HT and, subsequently, melatonin. In the brain, where tryptophan is 
transported via the BBB, the kynurenine pathway produces several neuroactive 
compounds, of which quinolinic acid and kynurenic acid are of particular impor-
tance. Increased levels of pro-inflammatory cytokines due to the inflammation 
induce the kynurenine pathway, preferentially generating cellular energy, in disad-
vantage of 5-HT production [49]. Chronic excess of pro-inflammatory cytokines 
continually up-regulates the expression of the enzymes that launch the kynurenine 
pathway hepatic tryptophan-2,3-dioxygenase (TDO) and extrahepatic 
indoleamine- 2,3-dioxygenase (IDO), while in the brain-activated microglia and 
infiltrating monocytes and macrophages convert kynurenine into quinolinic acid. 
Quinolinic acid, synthesized mainly by activated microglia and brain-infiltrating 
macrophages, selectively agonizes N-methyl-D-aspartate (NMDA) receptors, inhib-
its glutamate uptake by astrocytes, and stimulates glutamate release, resulting in 
decreased brain-derived neurotrophic factor (BDNF) expression and ecotoxicity 
[50]. Moreover, it has pro-inflammatory and immunoregulatory properties. 
Meanwhile, astrocytes express the enzyme kynurenine aminotransferase essential 
to produce kynurenic acid, which, in contrast to quinolinic acid, exerts 
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neuroprotective properties via antagonism of NMDA and cholinergic α7 nicotinic 
receptors [51]. Preclinical evidence shows that chronic mild stress leads to increased 
IDO expression and increased levels of quinolinic acid in rats. Interestingly, antide-
pressants restored these effects [52].

Plasma level of kynurenine, the first metabolite produced along the kynurenine 
pathway, has been reported to be significantly elevated in depressed suicide attempt-
ers compared to non-suicidal patients [53]. Another study found a net decrease in 
plasma tryptophan levels and an increase in kynurenine/tryptophan ratio in suicidal 
adolescents with major depressive disorder, compared to non-suicidal individuals 
with major depressive disorder and healthy controls. Moreover, the kynurenine/
tryptophan ratio was correlated with the severity of suicidal ideation [54]. Quinolinic 
acid levels in CSF have been demonstrated to be two to three times in suicide 
attempters compared to controls [55]. Moreover, in accordance with the inflamma-
tory hypothesis, they positively correlated with IL-6 levels in CSF. Notably, quino-
linic acid levels, though decreasing, remained increased at almost 2 years after the 
suicide attempt, and the magnitude of suicidal symptoms during the follow-up was 
related to fluctuations in cytokines and kynurenic acid, with direct relationship with 
the former and inverse with the latter, showing sustained dysregulation of the 
tryptophan- kynurenine pathway [56]. Post-mortem study demonstrated increased 
counts of quinolinic acid-reactive microglia cells in the subgenual anterior cingulate 
cortex and anterior midcingulate cortex in depressed suicide completers [57]. 
Moreover, the deficient activity of one kynurenine pathway enzyme has been linked 
to increased suicidal vulnerability [58]. Accordingly, a post-mortem study has dem-
onstrated decreased 5-HT transporter and increased 5-HT1A and 5-HT2A binding 
in the neocortex of depressed suicide victims compared to healthy controls [59], 
suggestive of an adaptive response to low 5-HT availability in the brain, which 
could result from the kynurenine pathway hyperactivation. Involvement of the kyn-
urenine pathway in the pathophysiology of suicide might also explain the specific 
rapid anti-suicidal effect of ketamine, an NMDA-antagonist [60].

19.7  Inflammation as a Mediator Between Stress 
and Suicidal Behaviour

Stress, broadly referred to as the disruption of homeostatic balance by a stressor has 
been proposed to play a crucial role in increased SB susceptibility. Glucocorticoids, 
the end-products of the stress-response pathway, execute rapid anti-inflammatory 
action via a plethora of mechanisms, such as altered gene expression of pro- 
inflammatory cytokines [61], and protective action on the BBB [62]. Notably, glu-
cocorticoids have a direct action on the brain, as their receptors are expressed by 
microglia [63]. However, this tight relationship between the stress-immune axes is 
highly susceptible to dysfunction, and excessive glucocorticoid release can contrib-
ute to increased inflammation by stimulating the release of IL-1β from microglia, 
which further contributes to activation of microglia and recruitment of monocytes 
into the brain.
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Glucocorticoids and peripheral catecholamines facilitate inflammatory responses 
to future stimuli by stimulating monocytes to leave the bone marrow, down- 
regulating inhibitory receptors on microglia, and priming inflammatory responses 
mediated by peripheral monocytes or macrophages [64]. Pre-clinical studies show 
that stressors significantly increase microglial reactivity in the brains of experimen-
tal rodent models, which then contributes to altered behavioural responses [65]. 
Pro-inflammatory stress effects are also seen in clinical populations, as stress sig-
nificantly increases the levels of circulating pro-inflammatory cytokines [66], pos-
sibly contributing to increased vulnerability when facing life challenges. Conversely, 
baseline peripheral inflammation modifies the prefrontal activity during social 
stress in patients having a history of depression but independently of suicidal sta-
tus [67].

Inflammatory immune system dysregulation has also been proposed to act as a 
biological mediator linking SB and early life adversity. Solid evidence proves that 
early life adversity increases SB risk [68]. Early-life exposure to stress can trigger 
dysfunctional immune reprogramming, altering brain development, and increasing 
reactivity to stressors later in life. Pro-inflammatory state in adults, demonstrated by 
increased levels of such peripheral inflammation markers like CRP, IL-6, TNF-α 
[69], and soluble urokinase plasminogen activator receptor [70], has been consis-
tently linked to early life adversity history. In accordance with the stress-diathesis 
model, unfavourable childhood environment has been associated with larger IL-6 
stress responses in adulthood [71]. Increased levels of pro-inflammatory cytokines 
in depressed adolescent subjects with a childhood trauma history have been linked 
to inhibitory control deficits [72], behaviourally translating to impulsivity, which is 
linked to suicidality [73]. Interestingly, lithium, a proven anti-suicidal agent, is an 
inhibitor of the glycogen synthase kinase-3, which is activated in the brain by stress 
and promotes inflammation, as well as aggressive and depression-like behaviours in 
rodents [74].

19.8  Inflammation, Intermediate Phenotypes and Suicide

The increasing interest in the dimensional approach has led to a better understand-
ing of certain behavioural dimensions that are implicated in suicidality. Anhedonia, 
a transdiagnostic positive valence symptom dimension, defined as the loss of plea-
sure or interest in previously rewarding stimuli, is independently related to increased 
suicidal ideation risk [75]. Convergent evidence suggests that inflammatory activa-
tion in response to physical, psychological or immunological stress disrupts meso-
limbic reward functioning by interfering with dopamine synthesis, or via 
kynurenine-induced oxidative stress [76]. In animal models, chronic social stress 
led to immune activation and reduced the functioning of the ventral tegmental area- 
nucleus accumbens dopaminergic pathway, resulting in reduced reward-directed 
behaviours [77]. In humans, inflammation has been repeatedly linked to anhedonia 
[78] and related brain changes, such as the activation of the posterior cingulate cor-
tex, prefrontal cortex, and basal ganglia regions, during reward processing [79]. 
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Both increased glutamate levels in the basal ganglia and dorsal anterior cingulate 
cortex and anhedonia have been noted in depressed patients with serum CRP levels 
of 3 mg/L or higher, relative to those with CRP < 3 mg/L [80]. Another study identi-
fied that patients presenting a combination of elevated plasma CRP, basal ganglia 
glutamate levels, and greater severity of anhedonia also demonstrated lower regional 
homogeneity and impaired network integrity in the brain, supporting the link 
between peripheral inflammation, increased glutamate toxicity, and altered brain 
functionality [81]. Inflammation-induced neural responses to reward may provide 
insight into the sex gaps in suicide. For example, a functional magnetic resonance 
study that used an experimental inflammatory challenge found that endotoxin led to 
a reduced reward-related ventral striatum activity in anticipation of reward only in 
female participants [82]. Interestingly, anhedonia has also been linked to the ket-
amine’s anti-suicidal effect [83].

Another intermediate phenotype, possibly linking inflammation and SB, is 
impulsivity. It has been linked to SB, especially the recent ones [73]. Increased 
anger and hostility have been observed in patients with hepatitis C that underwent 
IFN-α treatment [84]. In a sample with psychiatric inpatients, admitted because of 
suicide attempt or suicidal ideation, and healthy controls, TNF-α mRNA was asso-
ciated with impulsivity and hopelessness [85]. Trait aggression and impulsivity 
have been proposed to mediate the relationship between T.Gondii infection and SB 
[86]. However, while some studies link immune system dysfunction to maladaptive 
decision-making patterns, characterized by impulsivity, present focus, and inability 
to delay gratification that can result in SB [87], other studies suggested that inflam-
matory profile and impulsivity both increase SB risk independently [88].

19.9  Conclusion

The current suicide prevention, prediction, and treatment strategies, vastly based on 
heterogenous categorical constructs of mental disorders, are both overwhelmingly 
unspecific and unsatisfactory in their outcomes. In light of strengthening position of 
dimensional approach to mental disorders in medicine, reflected by the rise of such 
frameworks as the Research Domain Criteria, inflammation may be regarded as a 
transdiagnostic phenomenon, conferring to increased suicide risk. As described in 
this chapter, inflammatory changes are the common denominator in suicidal behav-
iours occurring throughout a range of ailments of varying severity. Peripherally, 
increased cytokines and CRP levels are detected in suicide attempters and com-
pleters, while microglia activation and kynurenine pathway activation seem to be 
involved centrally. Multiple biological bodily systems are implicated in this intri-
cate relationship, spanning from subtle molecular to overt neuroanatomical altera-
tions. Addressing the inflammatory pathways is a viable way to complement clinical 
and research practices by both serving as the heuristic in the assessment and inter-
vention in suicidal behaviour risk, stratifying intervention options for susceptible 
individuals, and facilitating the development of novel specific therapeutic targets in 
suicide.
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