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ARTICLE

SUMMARY
It is well established that the immune system can 
modulate brain functioning and influence behav­
ioural processes. Awareness of communication 
between the immune and nervous systems has, 
over the years, progressively heightened interest 
in the relationship between psychiatric disorders 
and immune function. By reviewing findings 
from studies investigating inflammation in the 
periphery and in the central nervous systems, we 
summarise here the evidence linking inflammation 
to the development of depression, schizophrenia 
and bipolar disorder. We discuss how a 
pathophysiological role for inflammation has now 
been recognised across dif ferent psychiatric 
disorders, at least in a significant subpopulation 
of patients. Finally, we discuss a possible role 
for these findings in the development of future 
diagnostic classifications of psychiatric disorders 
as well as of new treatment strategies.

LEARNING OBJECTIVES
•	 Increase knowledge of the immune system and 

inflammatory markers
•	 Learn about the most recent research findings 

linking inflammation to onset of psychiatric 
disorders

•	 Understand the clinical relevance of increased 
inflammation across different psychiatric 
disorders, in particular in the context of the 
potential for future therapeutic strategies
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Over the years, we have become increasingly 
aware that the brain is only one part of the 
complex machine behind the onset of psychiatric 
disorders. Consequently, if we want to understand 
more about the pathogenesis of these disorders, we 
cannot separate the brain from what is happening 
in the rest of the body. Indeed, this seems to 
be true if we consider the immune system. It is 
now well established that the immune system 
can modulate brain functioning and influence 
behavioural processes. This modulation can be 

mediated by peripheral inflammatory signals 
to the brain as well as by central inflammatory 
processes produced within the brain (as in the case 
of neuroglial communication) (Yirmiya 2011). 

The immune system is the primary biological 
system providing the initial line of defence against 
infectious agents and various forms of injury. 
Some of the evidence that supports the role of 
the immune system in the onset of psychiatric 
disorders comes from the observation of striking 
similarities between the symptoms of cytokine-
induced sickness behaviour and depression 
(Dantzer 2008). Cytokine-induced sickness 
behaviour refers to the dramatic behavioural 
changes that take place when people experience a 
viral or bacterial infection. People experiencing an 
infection often feel feverish and nauseated, ignore 
food and beverages, and lose interest in their 
physical and social environments. They become 
easily tired, have problems with their sleep, feel 
depressed and irritable, and can experience mild 
cognitive disorders (Dantzer 2008). Furthermore, 
over the past few years, it has been established that 
pro-inflammatory cytokines can induce true major 
depressive disorders in physically ill patients with 
no previous history of mental illness.

This emerging evidence has led to an increased 
research interest in the relationship between 
psychiatric disorders and immune function. 
Although perhaps most prominent in depressive 
disorders, evidence suggesting the presence of 
inflammation has been reported in a broad range 
of psychiatric disorders. Inflammation in this 
context refers to systemic, chronic, low-grade 
inflammation, which is different from what we 
observe in response to acute infections, because 
(a) it is systemic and not limited to a local site 
of injury or infection, (b) it is of lesser magnitude 
than other types of inflammation, (c) it is typically 
a longer-term phenomenon, as opposed to the 
transient nature of inflammatory responses to 
infection, and (d) it does not have a clear origin 
or does not follow an apparent stimulus, such as 
infection or injury (Rohleder 2014). 
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In this article, we give an overview of the evidence 
supporting the presence of low-grade inflammation 
across different psychiatric disorders, and discuss 
its potential clinical relevance. In particular, we 
are going to focus on depression, psychosis and 
bipolar disorder, as these are the disorders on 
which most of the research in this area has been 
conducted so far. 

Evidence of peripheral inflammation in 
psychiatric disorders
To date, measurement of levels of inflammatory 
markers in the blood has been the most used 
research approach to investigate the presence 
of inflammation in psychiatric disorders. This 
is possibly due to the ease with which samples 
can be obtained, compared with investigating 
inflammation directly in the brain. As a result, 
most of the evidence supporting increased 
activation of the immune system in psychiatric 
disorders comes from these studies. Results are 
summarised in Box 1 and Table 1 and discussed 
in more detail below.

Cytokines
Cytokines are certainly the main inflammatory 
markers that have been investigated in these 
studies. Cytokines are low molecular weight 
proteins that act as key messengers of the 
immune system. They coordinate the immune 
response both in the periphery of the body and 
in the brain. Cytokines are also thought to be 
important mediators of the ‘cross-talk’ between 
the central nervous system and the immune 
system (Upthegrove 2014). Research has 
consistently reported abnormalities in cytokine 
levels in several psychiatric disorders, although 
with differences across diagnoses as well as a 
degree of inconsistency within single disorders 
(Baumeister 2014).

Cytokines and depression

In depression, the most consistent finding is the 
presence of elevated levels of interleukin-6 (IL-6), 
a pro-inflammatory cytokine capable of crossing 
the blood–brain barrier (Howren 2009; Dowlati 
2010; Hiles 2012; Liu 2012). Similarly, tumour 
necrosis factor alpha (TNF-α), a pro-inflammatory 
cytokine mainly involved in the regulation of 
immune cells, has also been reported as 
significantly elevated in depressed patients 
(Dowlati 2010; Liu 2012). In contrast, the evidence 
for IL-1β, which is involved in the activation of 
several key inflammatory pathways, remains more 
inconclusive. In particular, one meta-analysis did 
not find significant differences (Dowlati 2010), 

another found a significant elevation of IL-1β with 
an effect that appeared to be dose-dependent 
according to clinical status (Howren 2009), and 
yet another found a similar elevation only in 
European samples (Liu 2012). Other interesting, 
although less replicated, findings show increased 
levels of IL-1 receptor antagonist (IL-1RA), a non-
productive ligand on IL-1 receptors, which may be 
considered as anti-inflammatory owing to its 
inhibition of IL-1β effects (Howren 2009). Further
more, depressed patients also show increased 
levels of soluble IL-2 receptor (sIL-2R) (Liu 2012), 
which primarily acts as a storage reservoir for 
circulating IL-2 in order to increase longevity of 
IL-2 signalling (Yang 2011). Interestingly, studies 
have as yet failed to find any significant difference 
in IL-2 levels in depressed patients (Dowlati 2010; 
Liu 2012). However, this might be related to the 
limitations of laboratory analysis methods, which 
in the case of elevated levels of sIL-2R/IL-2 may 
fail to identify the bound IL-2 accurately 
(Baumeister 2014). 

Cytokines and schizophrenia

In schizophrenia, the most consistent finding 
appears again to be an elevation of IL-6 levels, 
similar to what has been reported in depression 
(Potvin 2008; Miller 2011; Mondelli 2011; Di 
Nicola 2013). Furthermore, significant elevation 
of sIL-2R is also reported quite consistently in 
patients with schizophrenia (Potvin 2008; Miller 

TABLE 1 Cytokines associated with various psychiatric disorders

Disorder

Evidence of association 

Strong Moderate Inconclusive

Depression IL-6, TNF-a IL-1b, IL-1RA, sIL-2R

Schizophrenia IL-6 IL-1RA, IL-12 IL-1b, TNF-a, IFN-g

Bipolar disorder IL-4, sIL-2R, sIL-6R, 
TNF-α, sTNFR1, 

IL-1β, IL-1RA, IL-10

IFN, interferon; IL, interleukin; RA, receptor agonist; s…R, soluble receptor; TNF, tumour necrosis factor.

BOX 1	 Association of peripheral C-reactive 
protein (CRP) levels with psychiatric 
disorders

•	 CRP levels have been reported consistently elevated in 
schizophrenia and in bipolar disorder

•	 Experience of childhood maltreatment has been 
found to be associated with high CRP levels in both 
depression and schizophrenia

•	 CRP levels are inversely correlated with cognitive 
performance in patients with bipolar disorder
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2011). Other interesting albeit less replicated 
findings in schizophrenia show increased levels 
of IL-1RA and IL-12 (Potvin 2008; Miller 2011). 
In contrast, a certain degree of inconsistency 
characterises the findings of other cytokines, such 
as IL-1β, TNF-α or interferon gamma (IFN-γ), 
which were reported as either increased or at 
similar levels to those in healthy controls (Potvin 
2008; Miller 2011; Zajkowska 2014).

Cytokines and bipolar disorder

In bipolar disorder, meta-analyses reveal that 
elevated levels of sIL-2R, IL-4, TNF-α, soluble 
TNF-α receptor 1 (sTNFR1) and soluble IL-6 
receptor (sIL-6R) have been consistently reported 
from the studies conducted so far (Modabbernia 
2013; Munkholm 2013). In contrast with what has 
been reported in depression and schizophrenia, 
these meta-analyses found no significant 
differences in IL-6 levels. Findings on IL-1β, IL-
1RA and IL-10 remain inconsistent in bipolar 
disorder, where either elevated or normal levels 
have been reported.

Inconsistencies across studies

The inconsistencies across studies could be partly 
explained by the great variation in both theoretical 
and methodological approaches. Indeed, current 
literature on this topic presents considerable 
variation in the assessment of inflammatory 
markers, with regard to both whether serum or 
plasma samples were used, and to specific analysis 
techniques. Unfortunately, only a few studies 
have investigated the role of major confounding 
factors such as medication, stage of illness, body 
mass index, smoking status and ethnicity, which 
may also account for the different findings across 
studies. 

C-reactive protein (CRP)
C-reactive protein (CRP) is another frequently 
investigated peripheral inflammatory marker. 
CRP is an acute-phase protein mainly synthesised 
by the liver in response to factors released by 
macrophages and adipocytes. High levels of CRP 
(>10 mg/L) are usually interpreted as a sign of 
infection or systemic inflammation. Interestingly, 
even a mild elevation in inflammation levels 
(such as an increase in CRP within a lower range 
(>3 mg/L)) is associated with increased risk of 
cardiovascular disease in apparently healthy 
individuals. In this context, the high-sensitivity 
CRP (hsCRP) test has been introduced as an 
adjunct to traditional risk factor screening for 
cardiovascular disease (Pearson 2003).

CRP and depression

To date, the evidence for elevated CRP levels 
in depression remains inconsistent (Kuo 2005; 
Howren 2009). The inconsistencies might be 
partly related to the effect of modifiers, such as 
body weight as recently suggested by Liu et al 
(2014). Interestingly, however, a meta-analysis of 
longitudinal studies measuring CRP shows that 
increased CRP precedes the onset of depressive 
symptoms; these findings support a causal role 
of inflammation in the development of depression 
(Valkanova 2013). Work partly conducted in 
our own research group has demonstrated that 
maltreated children show a significant increase 
in CRP levels in adulthood (Danese 2007). 
Interestingly, the effects of childhood maltreatment 
on CRP appear larger in individuals who become 
depressed in adulthood (Danese 2008). Childhood 
maltreatment has been associated not only 
with depression in adulthood, but also with a 
variety of other mental and physical illnesses in 
adults. However, the mechanisms influencing 
the trajectory towards one or another disorder 
still remain unknown (Goodwin 2004; Putnam 
2013). The immune system is embedded in a 
network of other biological systems involved in 
the development of psychopathology (Baumeister 
2014), and the dysfunction of this network at 
different levels could play a role in facilitating 
progression towards one or another trajectory.

CRP and schizophrenia

In schizophrenia, CRP levels appear to be reported 
to be quite consistently elevated. However, the 
inconsistencies in the association between CRP 
and factors such as symptoms, antipsychotic 
treatment and metabolic abnormalities make it 
difficult to draw conclusions about the specificity of 
this marker in this condition (Singh 2014). Similar 
to what has been reported in depression, high CRP 
levels at the onset of psychosis in adults have been 
associated with experience of maltreatment in 
childhood (Hepgul 2012).

CRP and bipolar disorder

C-reactive protein levels have been also found 
to be increased in bipolar disorder (Dickerson 
2007), during both manic and depressive phases 
(Dickerson 2007; Cunha 2008; De Berardis 2008; 
Goldstein 2009). Increased CRP levels have been 
associated with more severe manic symptoms, and 
have been suggested as an independent predictor of 
symptom severity (Dickerson 2007). Moreover, in 
a more recent study involving people with bipolar 
disorder, elevated CRP was found to be inversely 
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related to cognitive performance (Dickerson 
2013). However, interestingly, CRP levels remain 
significantly elevated during remission phases 
(Tsai 2012).

Evidence of neuroinflammation in 
psychiatric disorders
The evidence from studies on peripheral markers 
of inflammation has certainly greatly advanced 
our knowledge and understanding of the role of the 
immune system in the development of psychiatric 
disorders. However, how much these peripheral 
abnormalities ref lect central inf lammation 
remains under debate.

At a cellular level, central immune responses 
are mainly regulated by microglia and astrocytes, 
which generally play inflammatory and anti-
inflammatory roles respectively. Microglia are 
the resident immune cells in the brain and their 
number and function appear to be tightly controlled 
by the local microenvironment. Under quiescent 
conditions, microglia may be involved in facilita
tion of neurogenesis, but activation of microglia 
has been implicated in neurogenesis suppression 
(Yirmiya 2011). Most of the evidence supporting 
a role of neuroinflammation in the development of 
psychiatric disorders still comes from preclinical 
studies. Of course, animal studies conducted in 
vivo allow direct investigation of the brain during 
specific treatments (Kreisel 2014). In contrast, 
human studies are of course limited to either post-
mortem dissection or in vivo neuroimaging.

To date, only one study has been conducted 
quantifying microglial activation in vivo in 
humans (Hannestad 2013). Positron emission 
tomography (PET) of brain regions of interest in a 
small sample of depressed individuals and healthy 
controls showed no significant difference in 
microglial activation between the two groups. Of 
note, this study focused only on individuals with 
mild-to-moderate depression and with low levels 
of CRP. It might not reflect what is happening in 
severely depressed patients or depressed patients 
in whom peripheral inflammation has been 
reported. A few more PET studies quantifying 
microglial activation in vivo have been conducted 
in patients with schizophrenia. These reported 
increased microglia activation (van Berckel 
2008; Doorduin 2009), further supporting the 
presence of neuroinflammation in this condition. 
Only one very recent PET study has investigated 
microglial activation in bipolar disorder, revealing 
the presence of focal neuroinflammation in the 
right hippocampus of individuals with the illness 
(Haarman 2014).

Similarly, very few post-mortem studies have 
focused on microglia in patients with major 
depression. These studies actually included 
patients with different psychiatric diagnoses and 
could not find a particular effect of diagnosis on 
density of microglia. They did, however, find an 
association between suicide and higher microglial 
density in several brain regions (Steiner 2008). 
Only recently did Torres-Platas and colleagues 
(Torres-Platas 2014) provide the first evidence of 
increased microglial activation in post-mortem 
brain samples from middle-aged depressed 
people who died by suicide. Further supporting 
the presence of a neuroinflammatory process 
in the same individuals is the high density of 
perivascular macrophages when compared with 
matched controls. Those findings are summarised 
in Box 2.

Post-mortem studies in people with schizo
phrenia have reported mixed findings, again 
possibly because of methodological problems: 
most of these studies have been conducted on 
relatively small samples, included mainly elderly 
people in whom incidental lesions are common, 
and have used different methods for counting 
astrocytes and microglia (Schnieder 2011). To 
date, one single study has observed an increase 
in microglial activation in the post-mortem tissue 
from the frontal cortex of people with bipolar 
disorder (Rao 2010).

Are we seeing just a correlational effect? 
Although it remains unclear to what degree 
inflammatory dysregulation plays a role in the 
pathogenesis and aetiology of mental illness, and 
how this may differ between different disorders 
and syndromes, current evidence suggests more 
than a correlational effect. 

Suggesting a causal effect is the observation 
that inflammatory probes such as recombinant 
preparations of interferon alpha (IFN-α) can elicit 
a variety of neuropsychiatric symptoms, with 
differential effects depending on dose and length 

BOX 2	 Microglia activation and psychiatric 
disorders

•	 Findings from in vivo studies point to the presence of 
microglial activation in schizophrenia 

•	 Most of the evidence supporting microglial activation in 
depression comes from post-mortem studies

•	 An association between suicide and higher microglial 
activation has been reported in studies including 
patients with different psychiatric disorders
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of treatment. As an acute response, IFN-α can, 
albeit rarely, induce transient confusional states, 
generally marked by disorientation, psychomotor 
retardation, lethargy, psychotic symptoms, 
Parkinsonism and speech impediments. More 
long-term effects with ongoing treatment include 
fatigue and depressive symptoms, which are 
prevalent in up to 80% and 60% of patients 
respectively. Furthermore, IFN-α treatment 
may bring on manic symptoms, irritability and 
hypervigilance in a small proportion of patients 
(Raison 2005).

Mechanisms linking inflammation to onset of 
psychiatric disorders

The mechanisms through which inflammatory 
cytokines mediate the onset of psychiatric disorders 
are still largely under investigation and may 
include interaction with multiple pathways such as 
monoamine metabolism, neuroendocrine function 
and synaptic plasticity (Zunszain 2012, 2013). 
The most exciting data concerning mechanisms 
underlying the association between inflammation 
and psychiatric disorders still come from animal 
studies, where it is possible to investigate different 
aspects of inflammation directly in the brain tissue. 
In particular, the above-mentioned study using a 
chronic unpredictable stress model to induce a 
depressive condition in rodents has provided direct 
causal evidence that deviation of microglia from 
their homeostatic state has an aetiological role in 
chronic stress-induced depression (Kreisel 2014). 
These findings advocate microglia as a possible 
target for further understanding the pathogenesis 
of depression and for the development of future 
antidepressant drugs.

As regards the causes of increased inflammation 
in people with psychiatric disorders, we have briefly 
mentioned the potential role of stress. However, 
other possible factors have been considered over 
the years to explain this observation, such as the 
presence of an autoimmune activation. Psychiatric 
disorders have been reported to occur more often 
among people with autoimmune diseases than in 
healthy individuals (Iseme 2014). Interestingly, 
psychiatric research has recently renewed its 
interest in the role of autoantibodies in the onset 
of psychiatric disorders. One particular focus 
of research has been anti-N-methyl-d-aspartate 
(anti-NMDA) receptor encephalitis, which is an 
autoimmune condition caused by immunoglobulin 
G (IgG) antibodies directed against the NMDA 
glutamate receptor (discussed in Advances by 
Rickards et al (2014)). About 65% of people with 
this condition present with psychiatric symptoms, 
particularly psychosis. However, only a minority 

of patients with psychosis test positive for anti-
NMDA receptor antibodies, and it remains to 
be established whether this subset of individuals 
differs from antibody-negative patients in 
terms of underlying pathology and response to 
antipsychotic treatment (Pollak 2014).

Clinical relevance and implications for 
future treatment strategies
Over the past few years, there has been a lot of 
discussion about the criteria currently used 
to classify patients with psychiatric disorders. 
Indeed, one of the main aspects in which psychiatry 
differs from other medical specialties is the lack 
of objective and quantitative (biologically based) 
diagnostic criteria. As a consequence, we still rely 
on symptom-based categories when deciding the 
care of patients with psychiatric disorders, and 
this is clearly affecting progress in therapeutic 
development. The recent controversy over the 
launch of DSM-5 and the decision of the US National 
Institute of Mental Health (NIMH) to reorient its 
research away from DSM categories and support 
research projects looking across current categories 
(Davies 2013) clearly show that psychiatry is 
ripe for a conceptual shift in its understanding 
of mental disorders. A classification of patients 
according to biological abnormalities rather 
than to symptoms would address this challenge, 
and would considerably help towards developing 
effective treatments as well as individualising 
treatments (Cattaneo 2013). 

The evidence reported in this article supports 
a pathophysiological role for inf lammation 
across different psychiatric disorders, at least 
in a significant subpopulation of patients. This 
of course suggests possible convergent patho
physiological routes between conditions that have 
so far been considered separately in diagnostic 
classifications. Interestingly, although factors such 
as psychosocial stressors have been increasingly 
acknowledged to play an important role in the 
development of various psychiatric disorders, the 
concept of common biological pathways across 
conditions remains largely unrecognised. Notably, 
inflammation can be exacerbated by psychosocial 
stressors, and could be one of the biological 
mechanisms mediating the link between stress and 
onset of these disorders. In the future, inflammation 
could possibly indicate the development of stress-
induced disorder and therefore help a different 
classification of psychiatric disorders. 

This view would, of course, support inflam
mation as a potential new therapeutic target. 
Interestingly, a recent clinical trial combining an 
anti-inflammatory agent with an antidepressant 
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in a sample of patients with treatment-resistant 
depression found an improvement in depressive 
symptoms when compared with placebo only, 
in patients with higher CRP levels at baseline 
(Raison 2013). Thus, identifying the degree of 
inflammation could be useful for patients who 
do not respond to psychotropic medications. 
Inflammation has become clearly recognised as 
one of the mechanisms mediating the onset of 
psychiatric disorders. Now further research is 
needed to clarify which individuals might most 
benefit from treatment targeting it.
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MCQs
Select the single best option for each question stem

1	 Cytokines:
a	 are mediators of inflammation that can be 

found only in the periphery of the body and not 
in the central nervous system

b	 are synthesised by the liver
c	 can never cross the blood–brain barrier
d	 coordinate immune response both in the 

periphery of the body and in the brain
e	 are high molecular weight proteins.

2	 As regards C-reactive protein (CRP):
a	 CRP is mainly produced by the stomach
b	 CRP levels have been found to be increased 

in bipolar disorder during both manic and 
depressive phases

c	 elevated levels of CRP have never been found 
to be associated with childhood trauma

d	 levels of CRP >3 mg/L are a sign of infection
e	 elevated levels of CRP have been consistently 

reported in depression.

3	 As regards microglia:
a	 microglia are immune cells which can be found 

only in the periphery of the body
b	 activation of microglia has been reported in 

vivo in patients with depression
c	 the number and function of microglia appear to 

be tightly controlled by local microenvironment 
in the brain

d	 post-mortem studies have consistently 
reported activation of microglia in people who 
had schizophrenia

e	 activation of microglia can be studied in vivo in 
humans using MRI.

4	 As regards peripheral inflammatory markers: 
a	 peripheral inflammatory markers are increased 

in depression and bipolar disorder but not in 
schizophrenia

b	 peripheral inflammatory markers are increased 
in schizophrenia but not in affective disorders

c	 all pro-inflammatory cytokines are consistently 
reported to be elevated across all psychiatric 
disorders 

d	 previous studies have consistently found 
elevated levels of interleukin-2 (IL-2) and 
soluble IL-2 receptor in depression

e	 interleukin-6 has been found to be consistently 
elevated in depression and schizophrenia but 
not in bipolar disorder.

5	 As regards inflammation:
a	 inflammatory probes can evoke a variety of 

neuropsychiatric symptoms
b	 there is no evidence supporting a pathophysio

logical role for inflammation in psychiatric 
disorders 

c	 anti-inflammatory agents administered 
together with antidepressants improve 
depressive symptoms regardless of baseline 
levels of inflammation 

d	 inflammation is the main cause of all 
psychiatric disorders

e	 inflammation cannot influence brain activity.
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