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Abstract

The potential contribution of chronic inflammation to the development of neuropsychiatric disorders 
such as bipolar spectrum disorders has received increasing attention during the last years. Elevated 
biomarkers of inflammation have been found in bipolar patients during acute phases and throughout 
the course of the disease. Inflammatory cytokines can interact with multiple pathways known 
to be involved in the development of psychiatric disorders, including monoamine metabolism, 
neuroendocrine function, circadian rhythms, synaptic plasticity, and neurocircuits relevant to mood 
regulation. In addition, a number of typical comorbidities seem to share an inflammation-related 
background and might have mutually aggravating effects. Awareness of these relationships should 
lead to greater diagnostic vigilance and thorough diagnostic assessment. 
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Introduction

Bipolar spectrum disorders are severe psychiatric conditions with high prevalence and enormous 
economic and social burden (1;2). There is enough data presently to advocate a genetic 
immunological predisposition and a role of various environmental factors with an adverse impact on 
the immune system as part of the pathophysiological background of bipolar disorders and, possibly, 
associated comorbidities. Pro-inflammatory alterations of the immune system are closely interrelated 
with clinical symptoms and may prove to be useful diagnostic or therapeutic markers. Moreover, some 
inflammatory conditions or (auto-) immune disorders may elicit or worsen symptoms of depression, 
mania and associated comorbidities. A thorough and diligent investigation of the history and present 
condition of the patient with regard to possible immunological/inflammatory alterations should 
therefore always be included in the diagnostic work-up. In addition, new drugs targeting aberrant 
immunological mechanisms might become a welcome addition to the customary treatment in the 
future. In the current article, we aim to provide a short overview of the present state of knowledge 
relating to the immunological background and implications for diagnosis and treatment. 
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Epidemiological and genetic findings

Bipolar disorders are typical multifactorial disorders with a plethora of known associated genetic 
and environmental contributors, lacking, however, a readily identifiable single cause. A genetic 
domain of particular interest implicated in bipolar disorders on chromosome 6p22.1 contains several 
immunity-related genes (3). Other associated genetic regions include genes for inflammatory 
cytokines (4). Interestingly, pro-inflammatory and anti-inflammatory cytokines are known to play 
an important physiological role as regulators of the prenatal development of the central nervous 
system with substantial influence on neurogenesis and gliogenesis, cell differentiation, migration and 
synaptogenesis (5). Factors known to be associated with pro-inflammatory changes, like infection 
during pregnancy and early childhood, birth complications and early childhood traumata, amplify the 
risk to develop various psychiatric disorders in later life. (6-8). A positive family history of autoimmune 
disorders also augments the risk and patients who are newly diagnosed with certain autoimmune 
disorders are prone subsequently to develop bipolar spectrum disorders or psychosis (9). Notably, 
chronic inflammatory disorders are associated with a high rate of comorbid depression and pro-
inflammatory cytokines are known to cause “sickness behaviour” with symptoms resembling those of 
major depression (10;11). Taken together, these findings corroborate the hypothesis of a bidirectional 
relationship between immunological/inflammatory processes and a variety of psychiatric disorders, 
including the bipolar spectrum.

Immunological changes during the course of bipolar disorders
Early Stages

Bipolar disorders and psychotic disorders often present with an initial prodrome of non-specific 
and variable symptoms, typically during teenage years or in adolescence. An up-regulation of the 
expression of genes with immunological functions - a “pro-inflammatory signature” – has been 
found in monocytes during these first stages, even before the development of clear-cut clinical 
symptoms (12). Twin studies suggest that the better part of these changes is not due to a genetic 
background but to environmental factors yet unidentified (13). At the same time, there is evidence 
for an up-regulation of regulatory T-Cell networks, suggestive of an activation of the immune system 
involving both pro-inflammatory and anti-inflammatory forces in early stages (14). Interestingly, in 
spite of some overlap, the exact pattern of aberrant gene activation in monocytes seems to show 
subtle differences between patients who are later diagnosed with schizophrenia, bipolar disorder or 
recurrent unipolar depression and might be a trait marker (15).

Acute phases

Abnormal cytokine levels, independent of other inflammatory processes, have been found during 
acute psychotic, depressive and manic episodes. In first episode and acutely relapsed psychotic 
patients, levels of macrophage-derived cytokines (Interleukin-1β, Interleukin-6, and Tumour necrosis 
factor α) and TH1- derived cytokines (Interferon-γ, Interleukin-12) are elevated. There is also evidence 
for an initial counter-regulatory elevation of anti-inflammatory cytokines like Tumour growth factor 
β and Interleukin-1 Receptor antagonist (16). In major depression, a recent meta-analysis reaffirmed 
previous findings of an activation of the inflammatory response system, reflected by elevated levels 
of tumour necrosis factor α and Interleukin-6 (17). Analogous changes with raised levels of pro-
inflammatory cytokines were seen both during manic and depressive episodes in bipolar patients 
(18).

Remission and progression

Several studies report that the levels of pro-inflammatory markers like soluble Interleukin-2 receptor 
and Interleukin 6 drop to lower or normal levels with remission of the acute phase, while other pro-
inflammatory markers (e.g. tumour necrosis factor α ) seem to lack this association (19). Although the 
“pro-inflammatory signature” in monocytes of bipolar patients appears to be retained throughout 
the course of disease, a counteroffensive T-cell response-  often present in younger patients- may be 
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lost in some subjects, leading to a less favourable outcome with a higher rate of complications (20). 
Few studies have reported findings regarding inflammation during euthymia or long-term remission. 
The results were inconsistent. One study comparing early-stage versus late-stage bipolar patients 
suggests that an initial counter-regulatory reaction with raised levels of the anti-inflammatory 
Interleukin-10 could be lost throughout the course of the disorder and the level of pro-inflammatory 
cytokines may rise along with increasing duration of the disorder in later stages. These findings may 
indicate a deterioration of the inflammatory status as a possible stage marker (21).

Impact of inflammation on bipolar disorders and possible causal connections

Inflammation during acute phases and throughout the course of disease can influence a variety 
of functions in the central nervous and endocrine system. These mechanisms may, in part, explain 
clinical symptoms of the disorder and its associated comorbidities.

Tryptophan Metabolism

Tryptophan is an essential amino acid and a precursor molecule of serotonin. Some aspects of its 
metabolism highlight interesting points to bridge the gap of knowledge about the interrelation 
between neurotransmission and immunology (22). Pro-inflammatory cytokines, like those seen 
elevated in acute phases of bipolar disorder, can induce enzymes involved in tryptophan metabolism, 
causing a shift away from the production of serotonin. The alternative pathway leads to kynurenine 
and a variety of subsequent neuroactive tryptophan catabolites with multiple functions. Under 
physiological conditions, some catabolites are used for the production of adenosine triphosphate 
and nicotinamide adenine dinucleotide, a pathway which is important for glycogen storage/
glycolysis and mitochondrial functioning. An excess of another catabolite, quinolinic acid, can cause 
excitotoxicity through an agonistic effect at glutamatergic NMDA-receptors, whereas kynurenic acid 
is an antagonist at the same target. By means of this dichotomy, tryptophan catabolism is closely 
intertwined with immunological, monoaminergic and glutamatergic functioning. In addition, 
kynurenic acid also antagonizes 7-nicotinic acetylcholine receptors which play a role in cognitive 
processes. Lastly, 3-hydroxykynurenine can induce neuronal apoptosis. In summary, inflammatory 
alterations of the immune system can lead to an imbalance between tryptophan catabolites and may 
therefore interfere with monoaminergic and glutamatergic transmission, cause cognitive impairment 
and contribute to cell damage. In agreement with this, disproportionate production of tryptophan 
catabolites has been shown in psychotic, manic and depressed patients in different patterns. (23-
26). As yet, directly targeting these imbalances with pharmacological compounds remains a mere 
theoretical possibility. However, anti-inflammatory or immunomodulatory drugs with indirect effect 
on tryptophan catabolism have already been tested and demonstrated some beneficial effects.

Circadian rhythm and synaptic function

Circadian rhythms are endogenous oscillations of biological processes, including not only the 
sleep-wake cycle but also a variety of other bodily functions. These reiterative patterns are encoded 
on a genetic level by “clockwork genes”. A recognized core feature of bipolar disorders is the 
desynchronisation of circadian rhythms, which may partly be explained by genetic predisposition. 
However, the relationship between circadian rhythms, clockwork genes and the immune system is 
unquestionably bidirectional. On the one hand, the immune response is governed by superordinate 
regulatory clockwork genes and follows a chronobiological pattern. On the other hand, inflammatory 
cytokines exert an impact on the activity of clockwork genes and may inflict a loss of proper 
chronobiological functioning (27). In the light of these findings, it seems reasonable to suggest 
that the inflammatory alterations documented in bipolar disorders contribute to the typical clinical 
symptoms of disturbed circadian rhythms. In similar ways, proper functioning of monoaminergic 
synapses - like synaptic plasticity and synaptic scaling which both regulate synaptic activity in the 
central nervous system - and inflammatory signals have a reciprocal relationship (28;29). Whenever 
the balance between pro-inflammatory and anti-inflammatory signals is lost, the stability of synaptic 
transmission may be endangered (30). 
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Autoimmune Diseases

A family history of pernicious anaemia is known to be a risk factor for bipolar disorders, and patients 
with a history of Guillain-Barré syndrome, Crohn’s disease and autoimmune hepatitis have a 
heightened risk of developing bipolar disorders (9). Possibly the most important and most frequent 
autoimmune disease associated with bipolar disorders is Hashimoto’s thyroiditis (31). It seems to 
be linked to an unfavourable outcome, higher frequency of episodes and rapid cycling. Women 
are affected more frequently than men. Although lithium treatment may often lead to thyroid 
hypofunction, it is currently not thought be the sole and exclusive cause. An early diagnosis and 
treatment of comorbid Hashimoto’s thyroiditis is crucial to a good outcome of patients with bipolar 
disorders. Some other autoimmune disorders are not clearly associated with bipolar disorders per se 
but may mimic symptoms of mania, depression and psychosis. These include autoimmune connective 
tissue diseases (32), multiple sclerosis (33), antiphospholipid syndrome (34), Behcet’s syndrome (35) 
and others.

Inflammation-related Comorbidities

A number of somatic diseases known to be frequent comorbidities of bipolar disorders are associated 
with chronic inflammation (18). For over a quarter of a century, studies have shown increased 
mortality due to cardiovascular disease in bipolar disorder (36;37). Inflammation is an antecedent of 
cardiovascular disease and may individually predict mortality. Measurement of inflammatory markers 
in cardiovascular disorders has become a regular medical procedure in cardiology and reducing 
inflammation may lead to a better outcome (38). Moreover, epidemiological data suggest a mutually 
increased prevalence of bipolar disorder, obesity and insulin resistance, even after controlling for 
psychotropic medication with possible metabolic adverse effects (39;40). Similar findings have 
emerged from studies on migraine (41;42), cigarette smoking (43), heavy alcohol abuse (44) and 
impaired sleep efficiency (45;46), which are all frequent among bipolar patients, even during phases 
of remission. All of these disorders share a pathophysiological background hallmarked by chronic 
inflammation. There is hope that targeting inflammation as a common denominator both of bipolar 
disorders and these comorbidities may help to achieve a better overall therapeutic outcome.

Febrile infections

A possible positive impact of febrile infections on the course of affective and psychotic disorders has 
been acknowledged for over two centuries (47).While, in some cases, bipolar patients may actually 
recover from an acute episode along with an infection, it should be noted that complex effects of 
febrile states on drug metabolism for medicated patients may also be expected. Barring non-specific 
effects on fluid homeostasis, electrolytes and excretion, pro-inflammatory cytokines can directly 
impair hepatic detoxification pathways and thereby alter pharmacokinetics of various psychotropic 
drugs (48). The importance of diligent clinical monitoring of bipolar patients and regular laboratory 
tests of drug plasma levels under febrile conditions is therefore strongly emphasised.

Immunosuppressive drugs with possible negative effects

A variety of psychiatric symptoms, including depression, psychosis and suicidal ideation, are 
possible adverse effects of immunosuppressive therapy with interferon-α; a history of psychiatric 
disorders is one of the known risk factors for these adverse events (49). Similarly, systemic high-dose 
cortisol therapy can be accompanied by psychiatric symptoms. However, in this case, a history of 
psychiatric disorders does not seem to a particular risk factor (50). While it does not seem justified to 
deny psychiatric patients the possible benefits of these therapies when needed for severe medical 
conditions, close monitoring for adverse psychiatric events and regular consultation with specialists 
are strongly recommended.
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Possible future anti-inflammatory and immunomodulatory treatment 
approaches

At present the main focus of research interest and drug development for mood disorders has 
predominantly relied on targeting the monoaminergic system. Almost all of the currently available, 
effective and approved compounds interfere with one or more of the monoamine systems. New 
drugs targeting aberrant immunological mechanisms might prove to become a welcome addition to 
customary treatment. Celecoxib is a cyclooxygenase-2 inhibitor licensed for osteoarthritis, rheumatoid 
arthritis, ankylosing spondylitis and for the management of acute pain in adults. Benefits of celecoxib 
add-on therapy have repeatedly been shown in patients with schizophrenia, major depression and 
bipolar disorder (51-55). In addition to a reduction of overall symptom severity, celecoxib may also 
accelerate treatment response and have a positive effect on cognition (56). Future studies are needed 
to identify predictors of response, like cytokine and tryptophan catabolite levels or inflammation-
related genotypes, in order to maximise the risk-benefit ratio of celecoxib treatment. Acetylsalicyc 
acid (ASA) is available worldwide on a generic basis. Findings from large epidemiological studies as 
well as controlled clinical trials point towards a favourable influence of low-dose ASA in both unipolar 
depressive and bipolar patients (57-59). Recently, the tetracycline antibiotic minocycline has gained 
increasing attention, since it attenuates the inflammatory response of T cells and microglia (60). In 
psychotic disorders, minocycline shows favourable effects on negative symptoms and executive 
function and was well tolerated up to 6 months of treatment (61). On a cautionary note, antagonists 
of pro-inflammatory cytokines have lately also been proposed as possible treatment options (62;63). 
However, these compounds are potent immunosuppressive agents and their safety and efficacy has 
not been assessed in psychiatric populations in controlled trials yet.

Discussion

A growing body of evidence points towards a multifaceted interrelationship between bipolar 
spectrum disorders, the immune system and inflammation. While many findings suggest a certain 
genetic background, additional environmental factors seem to be of considerable importance. No 
single environmental cause has been identified unequivocally yet, conceding the possibility that 
different environmental causes with an impact on the immune system might be responsible in 
different cases. As inflammatory signals can not only influence a variety of brain functions which are 
directly connected with mood regulation or psychosis but chronic inflammation is also related to a 
number of typical comorbidities, knowledge about this shared cause may become crucial for good 
medical practice.

Potential implications are clear:

• A thorough and diligent investigation of a bipolar patient’s history and present condition with regard
   to possible immunological/inflammatory alterations should always to be included in the diagnostic
   work-up.

• Auto-immune disorders mimicking bipolar symptoms have to be ruled out as a possible differential
   diagnosis

• Other frequent comorbid auto-immune disorders with negative impact on the course of the disorder
  (e.g. Hashimoto’s thyroiditis) should always be considered and referred to a consulting specialist. 
   Early treatment may be crucial for a good outcome.

• Bipolar patients in need of immunomodulatory treatment for other serious medical conditions may
  be at risk of adverse psychiatric events. While it does not seem ethical or necessary to refuse such 
  treatments to bipolar patients, regular clinical and psychiatric monitoring are necessary.

• Many typical comorbidities of bipolar disorders (e.g. cardiovascular disease, obesity, and diabetes)
  seem to share a common cause: chronic inflammation. Bipolar patients should be treated as “high
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  risk” patients for these disorders. Some typical “lifestyle” modifications have a direct positive impact
  on chronic inflammation. These include smoking cessation, reduction of alcohol consumption and 
  establishing a regular sleep/wake pattern.
 
• In the future, inflammatory or immunological markers may serve as state, trait or staging markers or
  as predictors for treatment response. Some anti-inflammatory compounds, e.g. celecoxib, have
  already been tested in bipolar disorders and merit further investigation. 

GP Comment

What have I learned from this paper?

I learned of the fascinating links between measurable inflammatory biomarkers and bipolar disorder, 
with a definite signature in early, acute and remitted disease. It is thus important to rule out an 
inflammatory differential diagnosis, and especially to watch out for and treat Hashimoto’s thyroiditis, 
as this leads to a poorer outcome unless treated aggressively. Bipolar patients needing immune-
modularity treatments need careful monitoring, due to the risk of deterioration. Lifestyle interventions 
such as smoking cessation, alcohol reduction, and establishing a regular sleep/ wake cycle have 
an impact on chronic inflammation, and can also reduce co- morbidities; they are important from 
diagnosis, and should be emphasised in routine care.

Dr John Hague, GP, Suffolk.
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