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IntroducƟ on
Our understanding of the immune system has grown exponenƟ ally 
within the last century, and more quesƟ ons are raised with each new 
development. Over the past few decades research has emerged to 
suggest that the immune system may be responsible for more than just 
fi ghƟ ng everyday pathogens. The term ‘psychoneuroimmunology’was 
fi rst coined by Dr Robert Ader and his colleagues in 1975 as a conceptual 
framework to encompass the emerging interacƟ ons between the 
immune system, the nervous system, and psychological funcƟ oning. 
Cytokines have since been found to be important mediators of this 
relaƟ onship. [1] There is considerable research that supports the 
hypothesis of proinfl ammatory cytokines, in parƟ cular interleukin-6 
(IL-6), in playing a key role in the aeƟ ology and pathophysiology of 
depression. [1-5] While both posiƟ ve and negaƟ ve results have been 
reported in individual studies, a recent meta-analysis supports the 
associaƟ on between depression and circulaƟ ng IL-6 concentraƟ on. [6] 
This review will explore the impact of depression in Australia, the role 
of IL-6 and the proposed links to depression and clinical implicaƟ ons 
of these fi ndings.

Depression in Australia and its diagnosis
Depression belongs to a group of aī ecƟ ve disorders and is one of the 
most prevalent mental illnesses in Australia. [7] It contributes to one 
of the highest disease burdens in Australia, closely following cancers 
and cardiovascular diseases. [7] Most of the burden of mental illness, 
measured as disability adjusted life years (DALYs), is due to years of life 
lost through disability (YLD) as opposed to years of life lost to death 
(YLL). This makes mental disorders the leading contributor (23%) to 
the non-fatal burden of disease in Australia. [7] Specifi c populaƟ ons, 
including paƟ ents with chronic disease, such as diabetes, cancer, 
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cardiovascular disease, and end-stage kidney disease, [1,3,4,10] are 
parƟ cularly vulnerable to this form of mental illness.[8, 9] The accurate 
diagnosis of depression in these paƟ ents can be diĸ  cult due to the 
overlapping of symptoms inherent to the disease or treatment and the 
diagnosƟ c criteria for major depression. [10-12] Nevertheless, accurate 
diagnosis and treatment of depression is essenƟ al and can result in 
real gains in quality of life for paƟ ents with otherwise incurable and 
progressive disease. [7] Recognising the high prevalence and potenƟ al 
biological underpinnings of depression in paƟ ents with chronic disease 
is an important step in deciding upon appropriate diagnosis and 
treatment strategies. 

Role of IL-6 in the body
Cytokines are intercellular signalling polypepƟ des produced by 
acƟ vated cells of the immune system. Their main funcƟ on is to 
coordinate immune responses; however, they also play a key role 
in providing informaƟ on regarding immune acƟ vity to the brain and 
neuroendocrine system. [13] Interleukin-6 is a proinfl ammatory 
cytokine primarily secreted by macrophages in response to pathogens. 
[14] Along with interleukin-1 (IL-1) and tumour necrosis factor-alpha 
(TNF-ɲ), IL-6 plays a major role in fever inducƟ on and iniƟ aƟ on of the 
acute-phase response. [14] The laƩ er response involves a shiŌ  in the 
composiƟ on and abundance of proteins synthesised and secreted by 
the liver, favouring several acute phase proteins that act like broad 
spectrum anƟ bodies to opsonise pathogens and acƟ vate complement 
cascade. [14] Some examples of these include C-reacƟ ve protein (CRP), 
mannan-binding lecƟ n and serum amyloid protein. [14] Interleukin-6 
also regulates T-cell acƟ vaƟ on and proliferaƟ on, B cell growth and 
diī erenƟ aƟ on, anƟ body producƟ on and prostaglandin secreƟ on. [15] 

Numerous studies in human and animal models have shown that 
infl ammatory cytokines can induce ‘sickness behaviour.’ Sickness 
behaviour consists of a group of symptoms including faƟ gue, anorexia, 
anhedonia, psychomotor retardaƟ on, altered sleep paƩ erns, defects 
in learning and memory and reducƟ on of personal hygiene and 
grooming. [16] The signs and symptoms that accompany immunologic 
responses to infecƟ on overlap signifi cantly with the symptoms seen in 
the development and maintenance of depression. [11,17,18] Of the 
numerous cytokines secreted in the infl ammatory response, IL-6 has 
shown a parƟ cularly robust associaƟ on with depressive symptoms.
[6] Numerous studies have documented higher than normal plasma 
concentraƟ ons of IL-6 in depressed individuals compared to non-

 Stephy Zhang
Fourth Year Medicine (Undergraduate)
James Cook University

Stephy has a special interest in mental health, parƟ cularly in rural and remote Australia. She 
hopes to promote awareness about the importance of mental health in communiƟ es by breaking 
down the negaƟ ve percepƟ on surrounding it. In the near future, she hopes to also conduct 
research in the fi eld of mental health in Indigenous populaƟ ons.

Depression is one of the most common health problems addressed 
by general pracƟ Ɵ oners in Australia. It is well known that biological, 
psychosocial and environmental factors play a role in the aeƟ ology 
of depression. Research into the possible biological mechanisms 
of depression has idenƟ fi ed interleukin-6 (IL-6) as a potenƟ al 
biological correlate of depressive behaviour, with proposed 
contribuƟ ons to the aeƟ ology and pathogenesis of depression. 
Interleukin-6 is a key proinfl ammatory cytokine involved in the 
acute phase of the immune response and a potent acƟ vator of 
the hypothalamic-pitutary-adrenal axis. PaƟ ents with depression 
have higher than average concentraƟ ons of IL-6 compared to non-
depressed controls, and a dose-response correlaƟ on may exist 
between circulaƟ ng IL-6 concentraƟ on and the degree of depressive 
symptoms. Based on these insights the ‘cytokine theory of 
depression’ proposes that proinfl ammatory cytokines, such as IL-6, 
act as neuromodulators and may mediate some of the behavioural 
and neurochemical features of depression. Longitudinal and case-
control studies across a wide variety of paƟ ent cohorts, disease 
states and clinical seƫ  ngs provide evidence for a bidirecƟ onal 
relaƟ onship between IL-6 and depression. Thus IL-6 represents a 
potenƟ al biological intermediary and therapeuƟ c target for the 
treatment of depression. RecogniƟ on of the strong biological 
contribuƟ on to the aeƟ ology and pathogenesis of depression 
may help doctors to idenƟ fy individuals at risk and implement 
appropriate measures, which could improve the paƟ ent’s quality 
of life and reduce disease burden.
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and TNF-ɲ acƟ vate the tryptophan and serotonin degrading enzyme, 
indoleamine 2,3-dioxygenase, leading to a reducƟ on in tryptophan 
and serotonin levels. Decreased serotonin concentraƟ ons have been 
robustly linked to the development of depressive symptoms and 
pharmacotherapies aimed at enhancing serotonin signalling are the 
mainstay of current treatment regimes for depression. [26] Although a 
number of studies have shown that proinfl ammatory cytokines, such 
as IL-1, IL-2 and interferon-gamma, may contribute to the development 
of depressive symptoms, a recent meta-analysis reported that these 
associaƟ ons were not signifi cant. [6] However, the consistency and 
nature of the relaƟ onship between IL-6, depression and the severity of 
depressive symptoms has lead many experts to believe that IL-6 may 
have a causaƟ ve role in the aeƟ ology and pathogenesis of depression.
[19] Other proinfl ammatory cytokines have not been shown to have 
the same potent eī ect that IL-6 exerts on the HPA axis. [11,15] Given 
that HPA dysfuncƟ on is hypothesised as one of the main drivers of 
depression symptoms, it can be inferred that IL-6 plays a notable role 
in the onset and progression of depression. InteresƟ ngly, there have 
also been recent reports that suggest a similar associaƟ on between 
circulaƟ ng IL-6 levels and paƟ ents with schizophrenia. [27]

Causal Pathways
The cause-eī ect relaƟ onship between infl ammaƟ on and depression 
has been researched extensively. The literature strongly suggests 
that a complex, bidirecƟ onal process exists between depression and 
infl ammaƟ on. [28] It is likely that these two processes are part of a 
complex feedback loop that involves the neuroendocrine and immune 
systems. A major, long-term prospecƟ ve cohort study conducted by 
Stewart et al. [29] found that the level of depressive symptoms was 
a predictor of six year change in IL-6, thus implying that depression 
may lead to infl ammaƟ on. In 2001 Musselman et al. [3] posed that, 
if proinfl ammatory cytokines like IL-6 were to play a direct role in 
inducing major depression, then paƟ ents with diseases associated 
with immune acƟ vaƟ on may be at increased risk for depression.
[3] It has since been shown that rheumatoid arthriƟ s, Alzheimer’s 
disease, cancer and coronary artery disease are all associated with an 
increase in the concentraƟ on of infl ammatory markers and possess a 
clear associaƟ on with depression. [30-32] These fi ndings imply that 
immune acƟ vaƟ on due to a biological disorder may precipitate, or 
aggravate, depression-like symptoms. [8, 9] While those longitudinal 
studies that do exist [9, 29] support the bidirecƟ onal nature of the 
relaƟ onship between IL-6 and depression, it should be noted that most 
of the studies invesƟ gaƟ ng the relaƟ onship between IL-6, depression 
and chronic disease are cross-secƟ onal and thus cause and eī ect 
relaƟ onships cannot be directly inferred. [11] Further elucidaƟ on of 
the causal pathways between depression and infl ammatory cytokines 
will require more prospecƟ ve studies to be carried out in community 
based and clinical samples. [18] 

Clinical implicaƟ ons

The associaƟ on between depression and circulaƟ ng IL-6 concentraƟ on 
is supported by a large number of longitudinal and case-control studies 
across a wide range of paƟ ent cohorts, disease states, and clinical 
seƫ  ngs. [1,5,6, 11,17,18] This has many implicaƟ ons for the health of 
individuals with depression. Interleukin-6 sƟ mulates CRP producƟ on, 
which infl uences the iniƟ aƟ on and progression of atherosclerosis [33] 
and may also promote growth of certain types of cancer by inhibiƟ ng 
apoptosis and facilitaƟ ng angiogenesis in solid tumours.[34, 35] 
Therefore, a plausible link between depression and an increased risk 
of cardiovascular diseases and cancer must be considered, especially 
in paƟ ents with other comorbidiƟ es. Our understanding of the role of 
IL-6 in depression also opens many avenues for novel anƟ depressant 
therapies. Infl ammatory cytokine synthesis inhibitors (for example, 
pyridinyl imidazole compounds), cytokine antagonists and anƟ -
infl ammatory cytokines may be incorporated into the management 
of mood disorders. [16,36,37] One day paƟ ents may receive 
immunotherapy to reduce or eliminate the cytokine-induced ‘sickness 

depressed, healthy controls. [1-4,9,11,18] This posiƟ ve associaƟ on has 
been consistently demonstrated in both clinical and community based 
trials. As a result of this, special aƩ enƟ on has been placed on the role 
of IL-6 in the aeƟ ology and pathogenesis of depression.

Proposed links between IL-6 and depression
The ‘cytokine theory of depression’ proposes that proinfl ammatory 
cytokines such as IL-6 act as neuromodulators and may mediate some 
of the behavioural and neurochemical features of depression. [4] In 
addiƟ on to depressed individuals possessing higher than average 
concentraƟ ons of IL-6, [6] it has been suggested that a dose-response 
relaƟ onship may exist between IL-6 concentraƟ on and the severity of 
depressive symptoms. [11,18] Higher concentraƟ ons of cytokines may 
therefore induce greater degrees of ‘sickness behaviour.’ Furthermore, 
Maes et al. [5] reported that plasma concentraƟ ons of soluble IL-6 
receptor (sIL-6R) were signifi cantly increased in paƟ ents with major 
depression. They proposed that the posiƟ ve relaƟ onship between IL-6 
and sIL-6R concentraƟ ons may be due to the hyperproducƟ on of IL-6, 
causing an upregulaƟ on of the expression of IL-6 receptor mRNA. This 
simultaneous upregulaƟ on of IL-6 and sIL-6R in the plasma of paƟ ents 
with major depression may have a synergisƟ c eī ect on the biological 
acƟ viƟ es of IL-6. From these fi ndings, the study hypothesised that IL-6 
may elicit a greater biological response in depressed subjects than 
esƟ mated from the plasma IL-6 values alone. [5] 

An early study by DenƟ no et al. [17] postulated that the pathophysiologic 
mechanism between the observed ‘sickness behaviour’ and IL-6 
levels was due to an immunoendocrine dysregulaƟ on. Interleukin-6 
is a potent acƟ vator of all three of the organs in the hypothalamic-
pituitary-adrenal axis and thus may independently sƟ mulate an 
increased producƟ on of corƟ sol.[10,11,15,19]  Sustained elevaƟ on 
in circulaƟ ng IL-6 eventually leads to chronic pathologic hyperacƟ vity 
of the HPA axis. [20] Furthermore, infl ammaƟ on is possibly not the 
only iniƟ ator of IL-6 secreƟ on. [21] Interleukin-6 producƟ on can also 
be sƟ mulated by catecholamines in a Ɵ me-dose dependent manner. 
[21] This suggests that strong emoƟ onal stress could induce elevated 
levels of plasma IL-6 independent of any infl ammatory process. The 
hypothesis of HPA axis dysregulaƟ on has been supported in more 
recent studies and remains one of the key explanaƟ ons for the link 
between IL-6 and depression. [10,15,17,20] The mechanism by which 
IL-6 can acƟ vate the HPA axis is not fully understood. However, some 
studies have reported that elevated concentraƟ ons of IL-6 induce a 
state of impaired glucocorƟ coid-mediated negaƟ ve feedback on the 
HPA axis via inhibiƟ on of the glucocorƟ coid receptor. [10,22] This 
results in HPA hyperacƟ vaƟ on.[10,22] In support of this concept, many 
observaƟ onal studies have noted a decrease in the relaƟ ve diurnal 
variaƟ on of plasma corƟ sol as well as reduced suppression of corƟ sol 
values post dexamethasone administraƟ on in depressed paƟ ents 
compared with healthy control subjects. [4,10,11,15]

While intriguing and consistent across many studies in a variety 
of seƫ  ngs, it should be recognised that associaƟ ons between 
IL-6 concentraƟ ons and depression have not been observed in 
every published report. Brambilla et al. [23] compared IL-6 plasma 
concentraƟ ons in ten elderly women with major depressive disorder 
with ten age-matched healthy females and found no signifi cant 
diī erences. Similar fi ndings were reported in a study conducted 
by Kagaya et al. [24] which compared depressed paƟ ents in Japan 
with control subjects. Furthermore, the relaƟ onship and extent of 
IL-6 involvement in the clinical manifestaƟ ons of diī erent types of 
depression is yet to be determined. Therefore a generalised  paƩ ern 
between IL-6 concentraƟ ons and depressive symptoms sƟ ll needs to be 
fully defi ned. [6] AlternaƟ ve explanaƟ ons for the relaƟ onship between 
IL-6 and depressive symptoms include the potenƟ al confounding eī ect 
of IL-6 as a generic marker of the acute phase response. Many other 
infl ammatory cytokines, including IL-1, TNF-ɲ, interleukin-2 (IL-2) and 
interferon-gamma have shown similar associaƟ ons with depression.
[4,15] Müller et al. [25] recently reported that IL-2, interferon-gamma 
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DysregulaƟ on of the HPA axis has been strongly implicated as the 
major biological mechanism behind this link. A beƩ er understanding 
of IL-6 may lead to the development of innovaƟ ve anƟ cytokine 
anƟ depressant therapies, which could fundamentally change the way 
depression is perceived and treated.
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behaviours.’ [36] EducaƟ ng the community about these fi ndings 
may help alleviate the negaƟ ve sƟ gma that commonly surrounds 
mental health disorders. [38] This could increase the likelihood for 
presentaƟ on to doctors, which means an earlier diagnosis can be made 
and appropriate treatment plans implemented to maximise the quality 
of life for individuals with depression. [38]

Conclusion
The importance of IL-6 in the aeƟ ology and progression of depression 
has been implied in a number of studies. The level of IL-6 in the blood 
appears to be correlated with the degree of depressive symptoms. 

resistant depression. Cytokines. 1997;9(11):853– 8.
[20] Chrousos GP. The hypothalamic-pituitary-adrenal axis and immune-mediated 
infl ammaƟ on. N Engl J Med. 1996;332(20):1351-62.
[21] Kiecolt-Glaser JK, Preacher KJ, MacCallum RC, Atkinson C, Malarkey W, et al. Chronic 
stress and age-related increases in the proinfl ammatory cytokine IL-6. Proceedings of the 
NaƟ onal Academy of Sciences USA. 2003;100(15):9090-5.
[22] Miller AH, Pariante CM, Pearce BD. Eī ects of cytokines on glucocorƟ coid receptor 
expression and funcƟ on. GlucocorƟ coid resistance and relevance to depression. Adv Exp 
Med Biol. 1999;461:107-16.
[23] Brambilla F, Maggioni M. Blood levels of cytokines in elderly paƟ ents with major 
depressive disorder. Acta Psychiatr Scand. 1998;97(4):309-13.
[24] Kagaya A, Kugaya A, Takebayashi M, Fukue-Saeki M, Saeki T, Yamawaki S, et al. Plasma 
concentraƟ ons of interleukin-1 beta, interleukin-6, soluble interleukin-2 and tumor necrosis 
factor alpha of depressed paƟ ents in Japan. Neuropsychobiology. 2001;43(2):59-62.
[25] Müller N, Schwarz MJ. The immune-mediated alteraƟ on of serotonin and glutamate: 
Towards an integrated view of depression. Mol Psychiatry. 2007;12(11):988-1000.
[26] Rang HP, Dale MM, RiƩ er JM, Flower RJ. Rang and Dale’s psharmacology. 6th ed. 
London: Elsevier; 2007. 560-8.
[27] Frommberger UH, Bauer J, Haselbauer P, Fraulin A, Riemann D, Berger M. Interleukin-
6-(IL-6) plasma levels in depression and schizophrenia: Comparison between the acute 
state and aŌ er remission. Eur Arch Psychiatr Clin Neurosci. 1997;247(4):228-233.
 [28] Massay B, Lim A, Marsland AL. Current understanding of the bi-direcƟ onal relaƟ onship 
of major depression with infl ammaƟ on. Biol Mood Anxiety Disord. 2012;2:4.
[29] Stewart JC, Rand KL, Muldoon MF, Kamarck TW. A prospecƟ ve evaluaƟ on of the 
depression-infl ammaƟ on relaƟ onship: Is depression a cause or a consequence? 66th 
Annual ScienƟ fi c MeeƟ ng of the American PsychosomaƟ c Society. 2008, BalƟ more, MD.
[30] Dickens C, McGowan L, Clark-Carter D, Creed F. Depression in rheumatoid arthriƟ s: 
Asystemic review of the literature with meta-analysis. Psychosom Med 2002;64(1):52-60.
[31] Zorilla EP, Luborsky L, McKay JR, Rosenthal R, Houldin A, Tax A, et al. The relaƟ onship 
of depression and stressors to immunological assays: A meta-analyƟ c review. Brain Behav 
Immun. 2001;15(3):199-226.
[32] Lesperance F, Frasure-Smith N. Depression in paƟ ents with cardiac disease: A pracƟ cal 
review. J Psychosom Res. 2000;48(4-5):379-91.
[33] Paul A, Ko KW, Li L, Yechoor V, McCrory MA, Szalai AJ, et al. C-reacƟ ve protein 
accelerates the progression of atherosclerosis in apolipoprotein E-defi cient mice. 
CirculaƟ on. 2004;109(18):647–55.
[34] Hodge DR, Hurt EM, Farrar WL. The role of IL-6 and STAT3 in infl ammaƟ on and cancer. 
Eur J Cancer. 2005;41(16):2502–12.
[35] Nilsson MB, Langley RR, Fidler IJ. Interleukin-6, secreted by human ovarian carcinoma 
cells, is a potent proangiogenic cytokine. Cancer Res. 2005;65(23):10794–800.
[36] Maes M, Yirmyia R, Noraberg J, Brene S, Hibbeln J, Perini G, et al. The infl ammatory 
& neurodegeneraƟ ve (I&ND) hypothesis of depression: Leads for future research and new 
drug developments in depression. Metab Brain Dis. 200924(1):27–53.
[37] Schiepers OJ, Wichers MC, Maes M. Cytokines and major depression. Prog Neuro-
psychopharmacol Biol Psychiatry. 2005;29(2):201-17.
[38] Barney LJ, Griĸ  ns KM, Jorm AF, Christensen H. SƟ gma about depression and its impact 
on help-seeking intenƟ ons. Aust NZ J Psychiat. 2006;40(1):51-4.

[1] Jacobson CM, Rosenfeld B, Pessin H, Breitbart W. Depression and IL-6 blood plasma 
concentraƟ ons in advanced cancer paƟ ents. PsychosomaƟ cs. 2008;49(1):64-6.
[2] Bob P, Roboch J, Maes M, Susta M, Pavlat J, Josova D, et al., Depression, traumaƟ c stress 
and interleukin-6. J Aī ect Disord. 2010;120(1-3):231-234.
[3] Musselman DL, Miller AH, Porter MR, Manatunga A, Gao F, Penna S, et al. Higher than 
normal plasma interleukin-6 concentraƟ ons in cancer paƟ ents with depression: Preliminary 
fi ndings. Am J Psychiatry. 2001;158(8):1252–7.
[4] Sonikian M, Metaxaki P, Papavasileiou D, Boufi dou F, Nikolaou C, Vlassopoulos D, et al. 
Eī ects of interleukin-6 on depression risk in dialysis paƟ ents. Am J Nephrol. 2010;31(4): 
303-8.
[5] Maes M, Meltzer HY, Bosmans E, Bergmans R, Vandoolaeghe E, Ranjan R, et al. Increased 
plasma concentraƟ ons of interleukin-6, soluble interleukin-6, soluble interleukin-2, and 
transferrin receptor in major depression. J Aī ect Disord. 1995;34(4):301-9.
[6] DowlaƟ  Y, Herrmann N, Swardfager W, Liu H, Sham L, Reim EK, et al. A meta-analysis of 
cytokines in major depression. Biol Psychiatry. 2010;67(5):446-57.
[7] Australian InsƟ tute of Health and Welfare. Australia’s health 2008: 11th biennial report 
of the Australian InsƟ tute of Health and Welfare. Canberra: AIHW; 2008. AIHW cat. no. 
AUS 99.
[8] Dantzer R, Kelley K. Twenty years of research on cytokine-induced sickness behavior. 
Brain Behav Immun. 2007;21(2):153–60.
[9] Gimeno D, Kivimaki M, Brunner EJ, Elovainio M, Vogli R, Steptoe A, et al. AssociaƟ ons 
of C-reacƟ ve protein and interleukin-6 with cogniƟ ve symptoms of depression: 12-year 
follow-up of the Whitehall II study. Psychol Med. 2009;39(3):413-23.
[10]Jehn CF, Kuhnhardt D, Bartholomae A, Pfeiī er S, Krebs M, Regierer AC, et al. Biomarkers 
of depression in cancer paƟ ents. Cancer. 2006;107(11):2723-9.
[11] Jehn CF, Kuhnhardt D, Bartholomae A, Pfeiī er S, Schmid P, Possinger K, et al. AssociaƟ on 
of IL-6, hypothalamus-pituitary-adrenal axis funcƟ on, and depression in paƟ ents with 
cancer. Integr Cancer Ther. 2010. 9(3):270-5.
[12] American Psychiatric AssociaƟ on. DiagnosƟ c and staƟ sƟ cal manual of mental 
disorders. 4th ed. Washington, DC: American Psychiatric AssociaƟ on. 1994.
[13] Kiecolt-Glaser JK, McGuire L, Robles TF, Glaser R. Psychoneuroimmunology: 
Psychological infl uences on immune funcƟ on and health. J Consult Clin Psychol. 
2002;70(3):537-47.
[14] Janeway CA, Travers P, Walport M. Immunobiology. 6th ed. USA: Garland Science 
Publishing; 2005. 85-8.
[15] Maes M, Scharpe S, Meltzer HY, Bosmans E, Suy E, Calabrese J, et al. RelaƟ onships 
between interleukin-6 acƟ vity, acute phase proteins and funcƟ on of the hypothalamic-
pituitary-adrenal axis in severe depression. Psychiat Res. 1993;49(1):11-27.
[16] Leonard BE, Song C. Changes in the immune system in rodent models of depression. 
Int J Neuropsychopharmacol. 2002;5(4):345-56.
 [17] DenƟ no AN, Pieper CF, Rao MK, Currie MS, Harris T, Blazer DG, et al. AssociaƟ on 
of interleukin-6 and other biologic variables with depression in older people living in the 
community. J Am Geriatr Soc. 1999;47(1):6-11.
[18] Howren MB, Lamkin DM, Suls J. AssociaƟ ons of depression with C-reacƟ ve protein, 
IL-1, and IL-6: a meta-analysis. Psychosom Med. 2009;71(2):171-186.
[19] Maes M, Bosmans E, De Jongh R, Kenis G, Vandoolaeghe E, Neels H. Increased serum 
IL-6 and IL-1 receptor antagonist concentraƟ ons in major depression and treatment 

References


