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Sammanfattning 
 

Depression är en sjukdom som drabbar människor i alla åldrar och kännetecknas av 

symptom som kronisk nedstämdhet och anhedoni. Forskning visar på att pro-

inflammatoriska responser kan bidra till utvecklingen av depression genom att inverka 

på bland annat neurotransmission, neuronala banor och ge upphov till 

beteendeförändringar som kan bidra till utvecklingen av depression. Under normala 

förhållanden är inflammatoriska biomarkörer inblandade i processer nödvändiga för 

hälsan och ökad aktivitet är förknippat med immunförsvarets aktivitet vid infektion eller 

skada. Inflammatoriska processer är också förknippade med depression. Cytokiner som 

produceras i kroppen kan påverka hjärnan och hjärnan har kapacitet att producera 

cytokiner genom aktiverade mikrogliaceller. Metabolismen av neurotransmittorer kan 

störas genom inverkan av inflammatoriska cytokiner. Inflammatorisk aktivitet påverkar 

kopplingar och banor i hjärnan som har med sinnestämning, motivation och 

alarmsignaler att göra, förändringar som även ses hos deprimerade. Inflammation och 

depression delar flera genetiska och miljömässiga faktorer som gör vissa individer mer 

mottagliga för inflammationsmedierad depression, som i sin tur föreslås utgöra en 

subtyp av alla deprimerade. Nivån av inflammation i kroppen kan påverka resultatet av 

behandling vid depression. Ökad förståelse för processerna hos inflammationsmedierad 

depression kan ge upphov till nya potentiella behandlingsstrategier vid depression. 
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Abstract 
 

Depression is a mood disorder affecting people in all ages and symptoms are depressed 

mood and anhedonia. Research show that pro-inflammatory responses can contribute to 

the development of depression by influencing neurotransmission, neurocircuits and give 

rise to behaviour changes, and contribute to the development of depression. 

Inflammatory biomarkers are essential for maintaining health and increased levels is a 

result of immune system activation due to infection or injury. Inflammatory processes 

are also associated to depression. Cytokines produced in the body can affect the brain, 

which in turn has the capacity to produce cytokines through activated microglial cells. 

The metabolism of neurotransmitters can be disrupted by inflammatory cytokines. 

Inflammatory activity can affect connections and circuits in the brain related to mood, 

motivation and alarm signals, the same changes are also observed in depressed people. 

Inflammation and depression share genetic and environmental factors that make some 

individuals predisposed to inflammatory mediated depression, which is suggested to be 

a subtype of depression. The levels of inflammation in the body can affect the outcome 

of treatment in depression. Increased understanding of the underlying processes behind 

inflammation mediated depression can have the potential of new treatment strategies for 

depressive disorders.  
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1 Introduction 

 

1.1 Depression 

1.1.1. Epidemiology of depression 

Depression is a mental disorder and one of the world's most common and burdensome 

health problems (1). It is estimated that over 300 million suffer from the condition in the 

world (2). The prevalence of depression in Sweden is estimated at 5 % of the population 

at any given moment. The lifetime risk is 25 % (30 % for women and 20 % for men) 

(3). Depression is a risk factor of suicide, and 10-15 % of all clinically depressed 

patients will complete suicide (1). More women than men express suicidal thoughts, but 

more men than women are completing suicide (4).  

 

1.1.2. Diagnostic criteria and symptoms of depression 

The manual of psychiatric disorders, the fifth edition of the Diagnostic and Statistical 

Manual for Mental Disorders (DSM-V) is a compilation of symptoms of mental 

disorders published by the American psychiatric association.  The DSM-V is used 

internationally and includes a checklist of symptoms to examine for a diagnosis of 

clinical depression, made by a clinician. Symptoms and behaviors are measured by 

clinical interview and verbal self report of the individual. To get a diagnosis of 

depression, one of two of the symptoms, a) depressed and sad mood over a period of 

two weeks and/or, b) inability to experience pleasure ( also known as anhedonia) has to 

be present together with at least four other additional symptoms on the DSM-V 

checklist. Some of the other symptoms can be, inability to make decisions, loss of 

energy and fatigue, unwarranted feelings of guilt and shame, sleep changes, appetite 

changes, attention problems, negative thinking, psychomotor slowing, and thoughts of 

death and suicide (5).  

 

1.1.3. Etiology of depression 

Heritability and genetic factors 

The underlying causes of the disorder is not fully understood and multiple genetic and 

environmental factors, together with individual vulnerability are involved in the 

pathogenesis of depression (1). There is no single genetic factor for depression and 

studies show mixed results. One study suggests that heritability is 31% to 42% (6). The 
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most studied allele is the short promoter allele for a serotonin transporter. Examples of 

genes associated to altered treatment response for antidepressants include 5-

hydroxytryptamine receptor-2A (HTR2A) and serotonin transporter alleles (7).  

 

1.1.4. Treatment of depression 

Treatments for depression commonly consist of substances that affect the levels of 

neurotransmitters in the synapses between nerve cells. Antidepressants are the collective 

term for selective serotonin reuptake inhibitors (SSRI), tricyclic antidepressants, 

monoamine-oxidase inhibitors and some additional drugs. They have effects either by 

increasing serotonin, dopamine and/or norepinephrine function. In recent years it has 

been discovered that antidepressants can stimulate the growth of new nerve cells in the 

hippocampus in depressed subjects (8). The most common pharmacological treatment 

of depression is SSRI (9). 

 

Mechanism of antidepressants 

The effect of SSRI treatment is that it reduces the reuptake of serotonin (5-HT) between 

nerve cells and that results in more 5-HT between nerve cells. It can take 2-3 weeks 

before the antidepressant effect occurs (9). In studies, the "typical" study trial period is 8 

weeks (10). 

 

Side effects of antidepressants 

SSRI can cause weight gain since not only the brain uses 5-HT, and enzymatic 

metabolism gets disrupted, also bone density can be reduced, and increase the risk for 

osteoporosis (8). Other side effects include decreased sexual function in both men and 

women, headache, nausea, insomnia (9). Blood platelets have serotonin transporters and 

these are needed for blood clotting, increased risk occurs for hemorrhage, ulcers and 

stroke. Long term treatment is associated with metabolic syndrome and increased 

systemic inflammation measured by C-reactive protein (CRP) (10). Another risk in the 

initial treatment of severe suicidal depression with SSRI is when psychomotor 

inhibition is reduced before the tendency of suicide is influenced, which can lead to 

completed suicide (9). 

 

Serotonergic syndrome is one potential serious side effect that can occur as a result of 

an over activity/toxicity of one or combinations of serotonin enhancing drugs. That can 
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result in a combination of symptoms like hyperthermia, high blood pressure, seizure, 

agitation, tremor, rapid heartbeat, mental changes, and other changes in the autonomic 

nerve system and neuromuscular abnormalities. When it is severe it can be a life 

threatening syndrome and medical treatment is needed (10, 11). 

 

Treatment resistance 

According to studies, 30% of the depressed population fail to respond to conventional 

antidepressants therapy, with unknown reasons (12). 

 

Other treatments 

Other treatments for depression include electro-convulsive therapy (ECT), repetitive 

transcranial magnetic stimulation (rTMS) and psychotherapy (8).  

 

1.1.5 Pathophysiology of depression 

Functional and anatomical brain changes in depression 

Changes in many brain regions, for example, prefrontal cortex and amygdala are 

associated with depression (13). Hippocampus is a structure in the brain, often 

associated to consolidation of memory (turning short term memory into long term 

memory), declarative memory, learning and regulation of emotions and stress (8). Meta 

analyses have revealed that hippocampal volume is decreased in patients with 

depression lasting over two years, or with several episodes (14).  

 

1.1.6. Neurotransmitters 

"The monoamine deficiency hypothesis" of depression proposes that there is a 

deficiency of available neurotransmitters (serotonin, dopamine, norepinephrine) in the 

synapse between neurons, and that contributes to depressive symptoms. The hypothesis 

was created from observations that antidepressant treatment increased the activity of 

one or more of these neurotransmitters. Also gamma-aminobutyric acid (GABA) and 

glutamate are suggested to play roles in the pathogenesis of depression (15).  

 

The Dopamine system 

Dopamine (DA), norepinephrine (NE), and adrenaline (A) are a group of molecules 

called catecholamines, synthesized from the precursor amino acid tyrosine (Tyr).Tyr 

can be converted to L-dopa by tyrosine hydroxylase (Tyr hydroxylase) and from L-dopa 



  

 

4 
 

to DA with the enzyme dopa decarboxylase (8). Tyr can also be produced from the 

amino acid phenylalanine (Phen). Tyr is produced from Phen with the enzyme Phen 

hydroxylase (PAH), both Tyr hydroxylase and Phen hydroxylase are dependent on the 

co-factor tetrahydrobiopterin (BH4) (16).  

DA functions as a neurotransmitter in the central nervous system (CNS) and neurons 

that use DA as neurotransmitter are called dopaminergic neurons. Most DA is 

synthesized in neurons located in substantia nigra (SN) and ventral tegmental area 

(VTA) (15), over 70 percent of human DA neurons are found within SN (17). DA 

neurons are in general found in four circuits in the brain (10). 

 

The first is the tuberoinfundibular pathway, which projects from the hypothalamus to 

pituitary and DA regulates (inhibits) the production of prolactin, and is also involved in 

the production of growth hormone (10, 17).  

 

The second is the nigrostriatal pathway that projects from substantia nigra to striatum, 

and is important for movement and learning habits (10, 17). 

 

The third is the mesolimbic pathway, where dopaminergic neurons project from ventral 

tegmental area (VTA) to the nucleus accumbens (NA). The mesolimbic pathway is 

associated with the use of drugs and the feeling of reward, also associated with food and 

sex (10). In contrast to the often described function as "reward" pathway for the 

mesolimbic pathway, another study proposes that it is not fully accurate, but more that 

dopamine is a neurotransmitter of wanting and gives motivation to do something. This 

pathway is also involved in the pathogenesis of depression (18). 

 

The fourth is the mesocortical pathway and projects from VTA to prefrontal cortex 

(PFC), which is important for executive functions and many higher functions of the 

brain. In this pathway VTA also projects neurons to hippocampus, where DA 

participates in the formation of new memories. Findings from animal studies point out 

this area as important for learning in the environment and for connecting behavior and 

consequences (10). 

 

There are five different types of DA receptors divided into two families, D1- like and D-

2 like. These are G-protein coupled receptors and some of them stimulate cAMP (cyclic 
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adenosine monophosfate) production and some inhibit it. The D1 and D5 are part of D1 

family and D2, D3, and D4 are part of the D2 like family. The D1 family members 

stimulate cAMP production and D2 family receptors inhibit cAMP production (17).  

 

DA can be metabolized by monoamine oxidase (MAO) that degrades DA inside 

neurons, microglia cells, and astrocytes. MAO is present in the outer mitochondrial 

membrane inside the mentioned cell types (19). The main metabolites in humans of DA 

is homovanillic acid (HVA), and 3,4 -dihydroxyphenylacetic acid (DOPAC) (19). In 

depressed patients lower cerebrospinal fluid (CSF) levels of HVA are found compared 

to healthy individual (20). It is estimated that in dopaminergic neurons, 10% of tyrosine 

is converted into dopamine, the rest is used in protein synthesis and other pathways 

(21). 

 

Pathologic conditions associated with the function of dopamine are Parkinson's (under- 

activity of dopamine), schizophrenia and psychotic disorder (over-activity of 

dopamine), addictions, and depression (under-activity) (1). Specific symptoms 

associating dopaminergic dysfunction and depression are psychomotor retardation 

(PMR), anhedonia, and fatigue (17).  

 

The Serotonin (5-HT) system 

Serotonin (5-Hydroxytryptamine, 5-HT) is a monoamine produced from the essential 

amino acid tryptophan (TRY). 5-HT is found primarily in a structure called raphe which 

is located in the brain stem and serotonergic neurons project from there to many 

structures in the brain, that are important for mood, sleep, memory, and cognition. 5-HT 

has many different kinds of receptors and functions in the body, and functions differ 

depending on receptor type and location (17). 5-HT often has excitatory effects on 

muscle control and an inhibitory effect on the brain and sensory pathways. Most 5-HT 

is found in the digestive system (90%) and only 1-2% is found in the brain, 8 % is found 

in blood platelets and immune cells (8).  

 

Pathways 

In the brain the primary areas associated with 5-HT are the raphe nuclei, and caudate, 

putamen, neocortex, and amygdala (15). Serotonergic pathways project from Dorsal 
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raphe nuclei (DRN), medial raphe nuclei (MRN) (which are located in the brainstem), 

and mesencephalic/pontine nuclei. 

 

Mechanisms  

In serotonergic neurons 5-HT is synthesized from trypthophan by the enzyme 

trypthophan hydroxylase and then packaged into vesicles, and released from the neuron 

when it is stimulated, and then binds to its receptor. In the postsynaptic neuron signals 

are transferred via second messengers. 5-HT can be transported back to the presynaptic 

neuron by the serotonin transporter (SERT) or broken down by MAO or aldehyde 

dehydrogenase (ALDH) into 5-hydroxyindolacetic acid (5-hiaa). 5-HT can also be 

removed by glial cells, capillaries or diffusion (22). Most catabolism of 5-HT takes 

place in the cytosol compared to in the extracellular space (21). 

 

Receptors 

There are many receptors that bind 5-HT and one type of receptor functions as an 

autoreceptor, that helps regulate levels of 5-HT in presynaptic neurons. When 

extracellular levels of 5-HT increase, terminal autoreceptors can inhibit synthesis and 

release of 5-HT from the vesicles, and when it decreases, autoreceptors can stimulate 

both synthesis and release into extracellular space (21). 

Genes 

In humans, the gene for the serotonin transporter (5HTTLPR) is responsible for 5-HT 

reuptake at the synapse and depending on allele variant the risk for depression can vary. 

For example a carrier of at least one of the short type of serotonin transporter allele (S-

allele) is, in case of environmental adversity in form of poor childhood or life stress, at 

increased risk of depression compared to someone who has one allele of the long type 

of transporter allele (L-allele). Variations of the 5HTTLPR are believed to be a genetic 

factor underlying social dominance hierarchies in animals and humans, meaning that 

social status is associated with 5-HT levels (23). 

 

5-HT also functions as a substrate for synthesis of the hormone melatonin in the pineal 

gland, which is of importance in sleep regulation (24). 
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1.2 Inflammation 

The Latin verb Inflammare means (to set on fire). Pain, heat, swelling, redness, and loss 

of function, are classic cardinal symptoms of inflammation. These events normally 

occur as a result of the immune systems response to acute infection or tissue damage, 

but also other events, for example, psychological stress can trigger inflammation. 

Chronic inflammation can have damaging effects when it signals to target the own cells 

in the body and brain, these events may contribute to many diseases, including 

cardiovascular disease, diabetes, cancer, autoimmune disorder and depression (25-27). 

Risk factors for increased levels of inflammation are; depression (recurrent or chronic), 

older age, childhood adversity, diet, obesity, sedentary lifestyle,  chronic pain, smoking, 

alcohol dependence, female sex (28).  

 

1.2.1 Inflammatory biomarkers 

Inflammatory cytokines 

Cytokines are a general term for small proteins that are secreted from many cells and 

are involved in many biological processes, including the inflammatory response. Some 

important functions of cytokines are cell to cell signaling, initiation of acute phase 

proteins, and activation of macrophages (27).  

 

Acute phase proteins 

C-reactive protein (CRP) is a small protein mainly produced by the liver and is 

stimulated by interleukin-6 (IL-6) and interleukin-1 (IL-1). CRP levels can increase 

over hundred times when the body is under attack from a pathogen and initiate an acute 

response to help recruit and mobilize cells in order to fight the infection. CRP can 

enhance opsonization and phagocytosis. CRP is suggested to be a risk factor for many 

inflammatory diseases including heart disease and diabetes, and CRP has also been 

associated with the risk of depression, the exact role is unknown (7, 8).  

 

Intracellular inflammatory pathways 

Two significant intracellular inflammatory pathways are suggested to involve the 

nuclear factor kappa-beta (NF-κβ) and p38 mitogen-activated protein kinase (p38- 

MAPK). Both are involved in many processes in organisms. These pathways are also 

activated by inflammatory stimuli, including injection of lipopolysaccharide (LPS) and 

pro-inflammatory cytokines. When stimulated, these pathways have potential to, both 
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release stored pro-inflammatory cytokines and signal to genes in the nucleus to make 

more inflammatory molecules (17). For example tumor necrosis factor-alpha (TNF-α) 

and interleukin-1 beta (IL-1β) activate NF-κβ and excessive levels are associated with 

sleep loss, autoimmune disorders, and stressful life events (29).  

 

1.3 Depression and inflammation 

In 1991 researchers created the "macrophage theory of depression", describing that pro-

inflammatory cytokines can influence the brain and behaviour, and contribute to the 

pathogenesis of depression. Studies began on rodents exposed to electric shocks, and 

researchers observed increased levels of the pro-inflammatory cytokine IL-1β and 

"depressive behaviour" (less drinking, less moving, and inability of reacting to novel 

stimuli) in the animals. Further research began with injecting  LPS which induced an 

inflammatory response measured by higher levels of cytokines and sickness symptoms. 

In contradiction, "pre-treatment" with an inflammatory antagonist decreased depressive 

behaviour and was correlated to increased neurogenesis in hippocampus (10). This 

hypothesis has been supported since then by several studies, proposing that an 

imbalance of cytokines and other inflammatory signals can contribute to the 

development of depressive symptoms and behaviours in both animals and humans (30, 

31).  

 

1.3.1 Cytokines and inflammatory biomarkers associated with depression 

IL-1β is produced by macrophages, can increase fever, pain, endothelial activation and 

many different inflammatory signals (8, 30). Administration of IL-1β can provoke 

depressive symptoms like "sickness behaviors", memory dysfunction, anhedonia, and 

social isolation, which can be observed in MDD subjects. When the inflammatory 

signals are inhibited the same symptoms decrease (7). 

 

Long term treatment in clinical situations with the inflammatory cytokine interferon-

alpha (IFN-α) can induce depressive symptoms in as many as 50 percent of subjects, 

which can be prevented by antidepressants (17).  

 

Studies suggests two mechanisms where cytokines can influence monoamine 

transmitters. The first is that cytokine signals can activate indoleamine 2,3 dioxygenase 

(IDO), which can convert tryptophan into kynurenine, which can result in lower levels 
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of serotonin in the brain, which is commonly associated to depression according to 

"monoamine hypothesis". In addition, kynurenine increases together with decreases of 

tryptophan has been associated with depressive symptoms in patients having 

administered IFN-α, also, INF-γ can reduce levels of serotonin by converting tryptophan 

into catabolites, like kynurenine (32). Kynurenine can reach the brain and be converted 

to metabolites such as kynurenic acid (KYNA) and quinolinic acid (QUIN), both are 

active in astrocytes and microglia in the brain with potentially neurotoxic effects (33). 

Another mechanism involving the role of cytokines is that they can disrupt 

tetrahydrobiopterin (BH4), which is a co-factor important for both serotonin and 

dopamine synthesis, increased IL-6 is linked to decreased BH4 in CSF (33, 34).  

 

1.3.2 Genes associated with both depression and inflammation 

Most data suggest an epigenetic base, meaning that most genes associated with 

depression also have an environmental trigger, and that includes psychological 

factors(35). One study suggests that the IDO gene has a role in promoting depressive 

symptoms, based on studies when subjects get injected with IFN-α or other immune 

system challenges (34). Another study demonstrates that MDD patients have abnormal 

types of the genes for TNF-α, and IL-1 (7). Polymorphisms of CRP genes are associated 

with arousal, inflammation and trauma (26). 

 

1.3.3 Neuroinflammation 

Activation of microglia cells in the brain is associated with neuroinflammation. 

Increased levels of activated microglial cells are associated with both inflammation and 

depression. Microglia have surface receptors for hormones and neurotransmitters, they 

can produce both pro inflammatory and anti inflammatory cytokines. Microglia may 

have both direct and indirect effects on the inflammatory processes in the brain. 

Activated microglia have important and protective roles against infection, but when 

microglia activation is prolonged it can damage brain function and increase cellular 

damage, neurotoxicity and apoptosis, which can be the case in chronic inflammation 

(13).  

Astrocytes are supporting cells in the CNS, and are believed to have some important 

functions including maintaining the integrity of blood brain barrier (BBB), regulate 

synaptic neurotransmitter function, removal of end products of the tryptophan-

kynurenine pathway, converting glutamate into glutamine and possibly preventing 
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neurotoxicity by maintaining homeostasis, and these could be protective against 

depression (13). 

 

1.3.4 Body and brain communication 

The BBB has protectoral properties and also acts as an important communicator 

between the brain and the body. It protects against damaging molecules as well as it 

supports the brain with oxygen and nutritional molecules. Increased inflammation 

seems to make the BBB more vulnerable or "leaky", some regions in the brain seem to 

be more sensitive to inflammatory changes  (13).  

One review study suggests three pathways on how pro inflammatory cytokines in the 

body can affect the brain ; one is cytokine passage through "leaky regions" in BBB, 

which is described as the "humoral" pathway, the second is "neural" pathway and 

involves cytokine receptors on afferent nerves which then signal to the brain, the third is 

described as a "cellular route" which involves chemokines released by one main 

inflammatory type of brain cell, microglia, and adhesion molecules that can attract cells 

from the periphery, including T cells and monocytes, into the brain (33). 

 

The hypothesis of this literature study, is that changes of cytokines and other 

inflammatory signals in the periphery can when chronic, initiate and/or disrupt 

physiological mechanisms and cause depressogenic changes related to the pathogenesis 

of depressive disorder. This literature study will 1) examine the evidence for a link 

between inflammation and depression, and 2) discuss mechanisms that may explain or 

contribute to this link.  

 

2 Aim 

 

The aim of this study was to investigate the role of inflammatory biomarkers in the 

pathogenesis of depression. 

 

 

3 Method 
 

This is a literature study.  Databases/search engines used were Pub Med, One 

Search, and Google. The search terms used, were combinations of: "depression" and 
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"inflammation", in addition the words: "cytokines", "neurotransmitters", and other 

relevant words were added in combinations with terms like "pro inflammatory 

response in depression". After that some citations were tracked and links followed to 

additional relevant articles, which included both original articles,  reviews, and meta 

analyses with relevance to the aim. The search "Inflammation and Depression" 

resulted in 5819 hits in Pub Med. Seven studies were chosen for the results. The 

included studies were - On humans, original articles showing levels of inflammatory 

biomarkers compared in both healthy and clinically depressed individuals in 

different countries.  

 

The language of the studies had to be English and the studies should have a clearly 

defined sample, and approach. For the articles to be included they should investigate 

some of the most commonly present inflammatory biomarkers (IL-1β, IL-6, TNF-α, 

IFN-γ, or CRP) associated with depression. Studies that did not fit the requirements 

were excluded from results, such as,  reviews, animal studies, studies not focused on 

depression but other mental disorders, and studies that did not report any of the 

mentioned biomarkers. 

 

 

4 Results 
 

4.1 Study 1 

"Association of high sensitivity C-reactive protein with de novo major depression" 

Pasco et al., 2010 (32). 

 

Aim 

To investigate if systemic inflammation measured by CRP levels was associated with an 

increased risk for development of depression in women. 

Methods 

This was a retrospective cohort study, where 1494 women were randomly selected at 

baseline between the years 1994-7, 822 of them were on the follow up over a decade 

and 644 of these had no history of prior depression at the starting point. During 

baseline, 1494 women were tested for- serum, questionnaire data, and clinical analysis 

between periods 1994-1997 in a cohort. In 2004-2007, 822 women were included in one 
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following psychiatric retrospective study, including biochemical analysis. The serum 

was collected the morning after fasting over the night, and after that frozen at -80 

degrees until the analysis. Then CRP analysis in serum was made with the "Roche 

immunoturbidimetric ´CRP´ and ´C-reactive protein (latex) high sensitivity´ methods. 

Other measurements included body mass index (BMI), medication, waist 

circumference, lifestyle factors - like smoking (never, past or current), alcohol use, 

physical activity level, socioeconomic status. Other questions in the questionnaire were 

exposure to diseases like. cancer, pernicious anemia, systemic lupus erythematosus, and 

the prevalence of past depression. Psychiatric interviews were executed by trained 

personnel blinded to biochemical measures and the questionnaire data, the method used 

was DSM-IV-TR research version, non patient edition (SCID-I/NP). In the analysis of 

CRP, two main distinctions were made, one was CRP related to rate of major depressive 

disorder (MDD) and was based on data from all 822 women. The other was CRP and 

the risk for MDD based on 644 women who had not experienced an episode of MDD 

prior to baseline or within the first year after.  

Results 

Participants were divided into tertiles depending on the CRP level; the first group had 

serum levels of CRP at median 0.62mg/L (215 participants), the second 1.91mg/L (214 

participants), the third 5.21mg/L (215 participants). The risk of depression was highest 

in the third group. In total there were 48 new cases of MDD during 5827 person-years 

of follow-up. The risk for MDD was higher when CRP increased, and for every 

standard deviation there was 44% higher risk for MDD (hazard ratio, HR=1.44, 95% 

confidence interval (Cl) 1.04-1.99, P=0.026). Controlling for other factors like use of 

medications, other illnesses, and lifestyle did not explain the increased depression risk. 

At least one episode of MDD occurred in 151 women during 8090 person-years of 

follow-up. The rate of MDD was 18.7 per 1000 person-years and the rate increased by 

18% for every standard deviation increase in CRP, after adjusting for factors like past 

MDD, age, weight, and medications like NSAIDs (rate ratio, RR=1.18, 95% Cl 0.99-

1.42, P=0.069).  

 

4.2 Study 2 

"Elevated C-reactive Protein Levels, Psychological Distress, and Depression in 73 131 

individuals" Wium-Andersen et al., 2013 (36). 
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Aim 

One aim was to compare CRP levels with the presence of depression in the general 

population.  

Methods 

This was a combination of two population based studies ("Copenhagen City Heart 

Study" n= 10048 and "Copenhagen General Population Study" n=63083), the subjects 

were in the ages 20-100 years, and all of Danish descent. The subjects were randomly 

selected and answers to a questionnaire, blood samples, and physical tests were 

analyzed. All subjects with CRP levels available were included.  

 

Blood CRP levels were measured with a high sensitivity assay at a Copenhagen 

hospital. Psychological stress was determined by three yes or no questions to the 

subjects-"of not accomplishing much", "wanting to give up", and "feeling nervous or 

stressed". To measure depression, three methods were used - self reported use of 

antidepressant medication, register based prescriptions from Danish data base, the 

information about hospitalization for diagnoses of depression. Three different 

regression models were used to calculate the odds ratios (ORs) and were adjusted with 

95% confidence intervals. In this study, some of the adjustments considered were sex, 

age, alcohol use, income, smoking, education level, and time of physical activity, 

chronic disease (such as diabetes, heart disease, stroke, cancer) and BMI, three different 

adjustments were used to control for confounders. The subjects were separated into four 

groups with different CRP levels- 0.00-1.00 mg/L, 1.01-3.00 mg/L, 3.01-10.00 mg/L, 

and 10.01 mg/L and above. Statistical comparisons with CRP were made in four 

different categories -  one - psychological stress, two - depression measured by self 

reported use of antidepressants, three - depression measured by prescriptions of 

antidepressants, four - depression measured by hospitalization.  

Results 

Increased CRP levels were associated with higher prevalence of self reported 

psychological stress, "of not accomplishing much", "wanting to give up", but not for 

"feeling nervous or stressed". In the study, 1015 subjects (1.39%) were hospitalized for 

depression at least one time in both cross sectional and prospective analyses. Higher 

CRP levels resulted in higher rates of - self reported antidepressant use, increase in 

prescriptions, and hospitalization with depression, even when checking for confounders. 

In cross sectional analysis the odds ratios (ORs) for "hospitalization with depression" in 
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the different CRP-groups were the following - 1.30 (95% Cl, 1.01-1.67) for CRP level 

1.01-3.00 mg/L, 1.84 (1.39-2.43) for 3.01-10.00 mg/L, and 2.27 (1.54-3.32) for more 

than 10.00 mg/L compared to CRP from 0.01-1.00 mg/L. The results showed similar 

trends in prospective analyses even when checking for multiple factors. On a continuous 

scale, a doubling in CRP showed an OR of 1.07 (1.01-1.14) for depression 

hospitalization. The trends were also positive for psychological stress and 

antidepressant use, which included combinations of all end points together and with 

multiple confounders. Overall, increased CRP levels were associated with higher 

prevalence of psychological stress and depression (based on self reported and registered 

use of antidepressants, and hospitalization with depression) in general population in 

both cross sectional and prospective studies. 

 

4.3 Study 3 

"The plasma levels of various cytokines are increased during ongoing depression and 

are reduced to normal levels after recovery" Dahl et al., 2014 (37). 

 

Aim 

This study aimed to determine the levels of a broad spectrum of cytokines in the 

presence of depression compared to controls.  

Methods 

In the study 50 patients (43 completed the study) were recruited with a diagnosis of 

depression, they had to fulfil the criteria of the "Diagnostic and Statistical Manual of 

Mental Disorder, 4th edition (DSM-IV)" criteria for MDD and between ages 18-60 

years and to score at minimum 22 on "the Inventory of Depressive Symptomatology" 

(IDS) scale. The control group consisted of 34 healthy subjects at baseline. Participants 

underwent a clinical interview, blood test, and physical tests. Some of the exclusion 

criteria included mania or bipolar symptoms, chronic inflammation, alcohol 

dependence, or some autoimmune disorder. The patients also had to be drug free from 

antidepressants and anti-inflammatory and immune modulating medication. Patients 

were followed after 12 weeks of treatment (with antidepressants), then blood tests and 

measure of depressive symptoms were repeated. This was not drawn for the control 

group. Different tests were used to measure depression, including - "The Mini 

International Neuropsychiatric Interview v. 5.0 (MINI)", "The Montgomery Aasberg 

Depression Rating Scale (MADRS; 10-item version)", and also "Inventory of 
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Depressive Symptomatology (IDS; 30-item version)" performed by one psychiatrist. 

Blood collections were all taken at the same time after fasting to measure levels of 

cytokines. Confounders like BMI, age, and sex were tested in relation to cytokine 

differences, "Mann-Whitney test" and "Wilcoxon test" was used at baseline and after 12 

weeks to compare the levels of cytokines in subjects and controls.  

Results 

Comparisons of cytokine levels between controls and patients at the baseline showed 

statistically significant differences for IL-1β, IL-6, IFN-γ, but not for TNF-α, table 1. In 

total 9 of 13 cytokines were elevated compared to control. Statistical significances were 

established at p <0.05, therefore TNF-α levels did not reach statistical significance. In 

addition, when controlling for confounders such as age, BMI, and gender, the results 

were not affected, neither when a "linear regression analysis" was performed, these 

variables did not affect the results. 

 

Table 1. Cytokine levels in patients compared to control subjects at baseline. 

Biomarker 

 

MDD patients (n=50), 

Median (range)  

Healthy controls 

(n=34), Median 

(range)  

        P-values 

IL-1β 0.83 pg/ml (0.48-1.48) 0.44 pg/ml (0.28-0.95)          0.039 

IL-6 5.21 pg/ml (2.74-7.67) 2.35 pg/ml (1.28-6.28)          0.021 

IFN-γ 20.88 pg/ml  (10.86-

36.06) 

11.41 pg/ml (3.11-

33.62) 

         0.043 

TNF-α 16.99 pg/ml  (9.36-

29.77) 

9.63 pg/ml  (4.92-

22.65) 

         0.054 

Mann-Whitney test was done to compare median values. P-values were set as statistically significant at 

<0.05. 

 

After 12 weeks of therapy the levels of cytokines were significantly decreased in the 

patient group for seven of the nine biomarkers that were higher at baseline. (43 patients 

completed the 12 week follow up). The levels of IL-6, IFN-γ, TNF-α, but not of IL-1β 

were significantly decreased, see table 2.  

 

 

Table 2. Cytokine levels in patients from baseline compared after 12 weeks of treatment. 

Biomarker 

 

MDD patients at 

baseline (n=50), 

Median (range)  

MDD patients after 12 

weeks (n=43), Median 

(range)  

        P-values 

IL-1β 0.83 pg/ml (0.48-1.48) 0.63 pg/ml  (0.39-1.05)         0.055 
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IL-6 5.21 pg/ml  (2.74-7.67) 3.19 pg/ml  (2.11-5.40)         0.001 

IFN-γ 20.88 pg/ml (10.86-

36.06) 

13.08 pg/ml (5.64-

27.10) 

        0.036 

TNF-α 16.99 pg/ml (9.36-

29.77) 

14.47 pg/ml  (5.90-

20.95) 

        0.027 

 

Of the 43 patients, 30 were no longer depressed according to the DSM-IV criteria, and 

therefore "recovered". The recovered patients had significant decreases in cytokines 

compared to the "not recovered" patient group. The patient group still had higher 

cytokine levels than controls after 12 weeks.  

 

4.4 Study 4 

"Inflammation is associated with decreased functional connectivity within 

corticostriatal reward circuitry in depression" Felger et al., 2016 (38). 

 

Aim 

One aim was to investigate if increased pro-inflammatory response in depressed or 

bipolar patients leads to changes in reward circuitry as well as loss of motivation and 

goal- directed motor function.  

Methods 

34 females and 14 males in the age between 18-65 years with a diagnosis of depression 

or bipolar disorder (medically stable). The subjects were drug free at least 4 weeks prior 

to study (8 weeks for fluoxetine) including medication affecting the immune system. 

Biomarkers related to depression were measured including CRP, IL-6, TNF-α, through 

samples of blood analysis. CRP levels were tested together with screening over 1-4 

weeks on 2-4 different occasions. Subjects were recruited from a parent study in which 

patients had increased inflammation together with depression. Some of the tests used 

were - Hamilton rating scale for Depression (HAM-D) test to measure depression, 

Inventory of Depressive Symptomatology- Self-Report (IDS-SR) for Anhedonia, 

inflammatory markers measured were CRP, IL-6, TNF-α. Functional magnetic 

resonance imaging (fMRI) was used to study functional connectivity of different brain 

regions.  

Results 

Higher levels of CRP were associated with decreased connectivity between ventral 

striatum and ventromedial prefrontal cortex (vmPFC), (correlation coefficient, R=0.56, 
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P˂0.05), IL-6 elevations (R=0.55, P˂0.001), and also CRP was correlated with 

anhedonia (correlation coefficient, R=0.34, P=0.020). Higher levels of CRP were 

associated with decreased connectivity between ventral striatum and vmPFC, which in 

addition was related to increased feelings of anhedonia. Using the whole brain analysis 

the increased inflammatory response including CRP and IL-6 levels was associated with 

decreased activity in reward related regions in the brain, and depressive symptoms such 

as anhedonia. Decreased connectivity between dorsal striatum and vmPFC was 

associated with psychomotor slowing.  

 

4.5 Study 5 

"Is depression an inflammatory disease? Findings from a cross-sectional study at a 

tertiary care center" Muthuramalingam et al., 2016 (39). 

 

Aim 

To compare the levels of the pro-inflammatory cytokines TNF-α, IL-6, and the anti-

inflammatory cytokine transforming growth factor-beta (TGF-β) between one group 

with depressed patients (unmedicated) and one healthy control group, and the 

differences between gender for these markers. 

Methods 

55 patients (21 men and 34 women) with the diagnosis major depressive disorder in the 

ages 18-65 and one control group of 42 participants. A cross sectional study in one 

Indian hospital was executed between February 2014 until December 2014. The patients 

were consulted by a psychiatrist and diagnosis was set through the mini-international 

neuropsychiatric interview (M.I.N.I). Exclusion criteria were a history of psychiatry 

visit, suspected infection or fever, co-morbid conditions like diabetes, drug therapy as 

anti-depressants and anti-psychotics. The control group had the same exclusion criteria 

and in addition, they had no result of depression in the M.I.N.I test. Furthermore, 

valuations done were 1) Hamilton Depression Rating Scale (HDRS), the 17 item 

version and 2) The Presumptive Stressful Life Events Scale (PSLES), one 51 item scale, 

which examined things such as stressful events, both desirable and not desirable. Every 

participant had 5 ml of blood drawn to assess the levels of the cytokines IL-6, TNF- α, 

and TGF-β. Mann-Whitney U-test was used to measure statistics of cytokine levels 

including differences between patients, control and to differentiate between gender.  
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Results 

The pro inflammatory cytokines levels at baseline were significantly higher in the 

patients compared to control group, TNF-α (63.30 in patient group vs. 14.75 in control 

group, p=<0.001), IL-6 (16.30 in patient group vs. 1.55 in control group, p=<0.001), 

and no difference in anti inflammatory cytokine TGF-β (p=0.433) see table 3. There 

were no significant gender differences in levels of pro-inflammatory cytokines. 

 

Table 3. Comparison of biomarkers of patients and control group. (No units of the level of biomarker was 

mentioned in this study).  

Biomarker Patient group (n=55) 

Median (range) 

Controls (n=42)  P-value 

IL-6 16.30 (9.30-29.50) 1.55 (0.77-3.95)  <0.001 

TNF-α 63.30 (45.75-91.25) 14.75 (7.88-24.82)  <0.001 

TGF-β 1.90 (1.50-2.40) 1.95 (1.47-2.60) 0.433 (not statistically 

significant) 

 

 

4.6 Study 6 

"Oxidative stress, inflammation and treatment response in major depression" Lindqvist 

et al., 2017 (40). 

 

Aim 

One aim was to determine inflammatory markers and oxidative stress in depressed 

patients compared to a control group of healthy patients. Another aim was to compare 

levels of these biomarkers to the responsiveness to antidepressant treatment in 

depressed patients. 

Methods 

55 depressed patients compared to 50 healthy patients in the control group.  

Depressed subjects scored greater than 17 on the Hamilton Depression Rating Scale 

(HDRS) test which was required to participate in the study. Diagnoses were made by 

the clinical interview for DSM IV-TR Axis I Disorders (SCID) performed by a 

psychiatrist. Control subjects did not have any history of DSM IV-TR Axis I  disorder. 

22 of the depressed subjects had 8 weeks of treatment with SSRI antidepressant. The 

inflammatory biomarkers TNF-α and IL-6 were measured with Mesoscale Discovery, 

Gaithersburg, MD).  
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Results 

The levels of IL-6 (0.35 pg/ml) and TNF-α (2.75 pg/ml) were significantly increased in 

depressed patients compared to control group (0.17 pg/ml and 2.10 pg/ml, respectively, 

p˂0.001 for both), no significant differences were seen between the groups in CRP 

levels, see table 4. The inflammatory markers IL-6 and TNF-α were higher in the MDD 

group even when controlling for effects of BMI, age, smoking, and gender. 

 

Table 4. Inflammatory markers in depression compared to control group. 

Biomarker MDD group (n=50) 

Median  

(interquartile range) 

Controls (n=55) 

Median 

(interquartile range) 

P-value 

IL-6 (pg/ml)  0.35 (0.23-0.59) 0.17         (0.10- 

0.30)  

˂0.001 

TNF-α (pg/ml) 2.75 (2.21-3.01) 2.10         (1.82- 

2.33) 

˂0.001 

CRP (mg/L) 0.48 (0.25-1.30) 0.60 (0.20-1.70) 0.49 

 

 

Responders in the treatment group showed a statistically significant decrease in levels 

of IL-6 over the course of treatment (p=0.019). On the contrary non-responders showed 

a small increase in IL-6 but, this was not statistically significant (p=0.130). Changes in 

HDRS score, did not correlate with any changes in biomarkers. Levels of oxidative 

stress markers was increased in depressed patients compared to the healthy subjects. In 

summary the results show increased blood levels of IL-6, and TNF-α in depressed 

subjects compared to healthy individuals, which indicates a correlation between 

depression and inflammation. In addition these levels of previously described markers 

were still higher in the non-responder group compared to the responder group when 

treated with antidepressants.  

 

4.7 Study 7 

"Inflammatory cytokines in major depressive disorder: A case-control study" Cassano et 

al., 2017 (41). 

 

Aim  

To test the diversity and role of cytokines and other inflammatory markers, in major 

depression compared to healthy controls.  
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Methods 

This was a controlled study with both MDD patients and an healthy control group (total 

number= 236), in the ages 18-70 years, and both groups were drawn for blood to test the 

levels of multiple cytokines.  

Exclusion criteria included BMI greater than 35, not suffering from depression for long 

enough time, schizophrenia and psychotic disorder, medical disorders, chronic 

inflammatory disorders, cancer, use of anti-depressive medication 2 weeks before tests, 

or anti-inflammatory medication 3 days before blood test. Inclusion criteria were, 

chronic unipolar MDD, with current episode and lifetime duration of at least 5 years 

since first episode. Patients were examined by clinicians by "Structured Clinical 

Interview for DSM-IV", and self report. Depression was measured by, 1) MADRS (0-60 

item) to measure severity of depression. Biomarkers in focus were IL-6, TNF-α, and IL-

1β, and nineteen other inflammatory markers were included. Cytokine plasma levels 

were measured with the "MILLIPLEX Multi-Analyse Profiling Human 

Cytokine/Chemokine Assay" together with "Luminex technology". For comparisons the 

levels of cytokines between MDD and healthy controls, the "Wilcoxon rank-sum test" 

was used. The confounders considered were use of alcohol, education, drug use, BMI, 

physical activity, hypertension, and medical illness. 

Results 

The three main cytokines TNF-α, IL-1β, and IL-6, or the remaining 19 cytokines tested 

did not significantly differ between depressed patients and control subjects. Patients vs. 

controls had mean levels of IFN-γ (23.56 pg/ml vs. 43.67 pg/ml, p= 0.08), IL-1β (11.62 

pg/ml vs. 15.21 pg/ml, p=0.24), IL-6 (11.62 pg/ml vs. 15.21 pg/ml, p=0.24), TNF-α 

(5.63 pg/ml vs. 6.36 pg/ml, p=0.50) significance set at 0.05 or less, see table 5.  

 

Table 5. Cytokine levels compared between groups. 

Cytokine 

 

MDD mean 

value 

MDD 

standard 

deviation 

(SD) 

Controls 

mean value 

Controls SD p-value 

IFN-γ 23.56 pg/ml 62.16 pg/ml 43.67 pg/ml 91.59 pg/ml 0.08 

IL-1β 1.94 pg/ml 4.28 pg/ml 3.56 pg/ml 7.83 pg/ml 0.54 

IL-6 11.62 pg/ml 35.14 pg/ml 15.21 pg/ml 31.88 pg/ml 0.24 

TNF-α 5.63 pg/ml 4.65 pg/ml 6.36 pg/ml 8.91 pg/ml 0.50 
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5 Discussion 
 

The aim of this study was "to investigate the role of inflammatory biomarkers in the 

pathogenesis of depression". 

 

5.1 Summary of results 

Study 1 

The study showed 44 % increased risk for MDD by every standard deviation increase in 

hs-CRP for women that never earlier experienced an episode of depression. That 

association could not be explained by differences in lifestyle, weight, co- morbidity, or 

use of medication. These findings were supported by a positive association of 

circulating hs-CRP levels and the presence of depression over a 10 year period (32).  

Study 2 

In the study, there was an association between raised levels of CRP and a risk for 

depression in the general population. The results were based on observations made on 

73 131 individuals in both cross sectional analyses and prospective studies, higher 

levels of CRP resulted in more frequent hospitalization for depression (36). 

Study 3 

The main finding of the study, was that a wide pattern of elevated cytokine levels were 

measured in untreated patients with ongoing depression. These results were followed up 

and most cytokines were reduced after 12 weeks of treatment and at the same time 

depression was improved (37).  

Study 4 

The study showed that increased inflammation reflected by CRP and inflammatory 

cytokines in plasma was associated with decreased connectivity in brain areas linked to 

reward, measured with whole brain analyses. Further observations made was that 

decreased connectivity between ventral striatum and vmPFC correlated with symptoms 

of anhedonia and that decreased connectivity between dorsal striatum and vmPFC 

correlated with psychomotor slowness (38).  
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Study 5 

The study shows that non medicated depressed individuals had increased levels of 

systemic inflammation, measured by the inflammatory cytokines TNF-α and IL-6, 

compared to the general population. No differences was observed between men and 

women, considering the levels of inflammatory markers (39).  

Study 6 

The main finding of the study was that unmedicated somatic healthy individuals with 

MDD had significant higher levels of inflammatory markers in the blood compared to a 

healthy control group. The inflammatory markers IL-6 and TNF-α were higher in the 

MDD group, even when controlling for effects of BMI, age, smoking, and gender (40). 

Study 7 

Depressed subjects and a healthy control group were compared and no correlation was 

found between depression and systemic inflammation reflected by levels of 19 different 

cytokines. Compared to the other studies, the levels of inflammation were higher overall 

(41). 

 

5.2 Inflammatory markers and depression 

This review study is focused mostly on the inflammatory markers CRP, IL-1β, IL-6, 

TNF-α, and IFN-γ  as they are suggested to be some of the most relevant cytokines 

associated to depression in meta analyses comparing depressed and healthy controls 

(42). In four of the seven studies CRP levels were measured. In three of these four 

studies there was an association of increased CRP and depression (32, 36, 38).  

These studies indicate that increased inflammation gives more depressive symptoms 

and that depressed people have higher levels of inflammatory markers as a group (32, 

36-40). The included studies in this thesis do in 6 of 7 cases show an association 

between inflammation and depression, but not in study 7 (41). Study 7 shows that there 

is no significant difference between depressed subjects and controls. The study 

discusses a possible "sampling bias" selecting for a non-inflammatory depression 

sample in the given study (41).  

 

Levels of inflammatory markers 

In study 3 the levels of cytokines were, IFN-γ (20.88 pg/ml vs. 11.41 pg/ml, p= 0.043),  

IL-1β (0.83 pg/ml vs. 0.44 pg/ml p= 0.039), IL-6 (5.21 pg/ml vs. 2.35 pg/ml, p= 0.021), 

TNF- α (16.99 pg/ml vs. 9.63 pg/ml, p=0.054) (37).  
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In study 6 the levels of IL-6 (0.35 pg/ml vs. 0.17 pg/ml, p= ˂0.001) and TNF-α (2.75 

pg/ml vs. 2.10 pg/ml, p=˂0.001  ) were significantly increased in depressed patients 

compared to the control group, no significant differences were seen between the groups 

in CRP levels (40). 

In study 7 there are higher levels of most cytokines. Patients vs. controls had mean 

levels of IFN-γ (23.56 pg/ml vs. 43.67 pg/ml, p= 0.08), IL-1β (11.62 pg/ml vs. 15.21 

pg/ml, p=0.24), IL-6 (11.62 pg/ml vs. 15.21 pg/ml, p=0.24), TNF-α (5.63 pg/ml vs. 6.36 

pg/ml, p=0.50) (41).  

These results show higher levels of several cytokines in study 7 in both patients and 

controls compared to the other studies, making the results hard to interpret, even if the 

other studies showed that there was an association between increased inflammatory 

markers in depressed compared to control.  

 

Possible reasons for discrepancies in results 

Some of the results are contradictory in this study, and there may be many reasons for 

that. Some suggestions may be fallacy in testing of the various inflammatory markers, 

due to possible measurement errors. There are also some differences in study design, 

sample and the number of participants that may contribute to some discrepancies. It is 

complex to measure the severity of depression in the included subjects, the time of 

measurement of inflammatory markers in relation to the different stages of depression 

may contribute to discrepancies. It is also unclear how levels of inflammation in plasma 

mirror the levels of brain inflammation (40, 41).  

 

Inflammation and depression 

In study 4 there are suggestions that increased levels of inflammation disrupted 

connections in the brain and may decrease levels of important neurotransmitters like 

dopamine, which may give rise to anhedonia (one of the cardinal symptoms of 

depression) (38). The study suggests that higher blood levels of inflammatory markers 

(CRP, IL-6, and IL-1β) made depressive symptoms worse. One potential limitation of 

that study was the lack of a healthy control group. Another was the cross sectional 

design of the study (38). Study 1 and 2 were of longitudinal design and suggested that 

increased levels of CRP was a risk factor for depression and higher levels of 

inflammation may contribute to worse treatment response in depressed patients (32, 36). 

Study 3 suggested that a number of inflammatory cytokines may be involved and 
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influence treatment in depression. Studies should investigate a wide spectrum of 

inflammatory cytokines over time to find possible inflammatory profiles that may 

contribute to depressive symptoms. It is difficult to establish the exact role of each 

individual cytokine and other inflammatory signals (37). 

It is suggested that inflammation mediated depression constitutes a subgroup of the total 

depressed (28). The understanding of baseline CRP can help predict treatment response 

in depressed individuals. It is estimated that one third of the depressed population fail to 

response to conventional therapy, also one third of the total depressed is suggested to 

have the "inflammatory subtype" (35). Depressogenic risk levels of CRP are suggested 

to be 5mg/L (28). 

 

5.3 Possible mechanisms 

The incidence rate measured by hospitaliation with depression in study 2 (36) were 

associated with higher CRP levels, in this study three underlying mechanisms for 

inflammation mediated depression were suggested. First that increased inflammation 

activates the enzyme indoleamine 2,3 dioxygenase, which can lead to a decrease in 

serotonin activity and increases of kynurenic and quinolinic acid. Second that 

depression can contribute to inflammation by the activation of stress systems such as the 

hypothalamic-pituitary-adrenocortical axis (HPA axis) and the sympathetic nervous 

system (SNS), these systems are related to increased levels of glucocorticoids and 

catecholamines. Activity of stress systems are associated with inflammation measured 

by CRP and cytokines. In addition adipose tissue can release the cytokine IL-6, other 

studies have linked weight gain, and inflammation with depression, and also suggested 

that early life adversity (ELA) and obesity are two major risk factors to the development 

of depression (17). A third factor mentioned in study 2 (36) is that medical illness and 

lifestyle influence the levels of inflammation and chronic CRP levels between 3.00 to 

10.00 mg/L can be a risk factor to cardiovascular disease, cancer or metabolic 

syndrome. Hospitalization with depression may be more likely to occur in people that 

have other comorbidities, even though this study checked for BMI and chronic disease, 

the exact association is not clear (36).  

 

5.4 Inflammatory stimuli cause depression 

Study 4 showed that inflammatory cytokines and CRP levels were associated with 

decreased connectivity between ventral striatum and vmPFC, which in turn correlated 
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with symptoms of anhedonia (38). Healthy people administered inflammatory stimuli 

get symptoms that are similar to patients diagnosed with major depression, in addition, 

symptoms of anxiety are reported (26). Other studies on humans show that 

administration of an inflammatory stimulus, for example LPS or IFN-α gives increased 

activity in "alarm" associated areas in the brain like the dorsal anterior cingulate cortex 

(dACC) and amygdala (43). In addition less activity is seen in areas related to reward 

and pleasurable feelings like in basal ganglia and other areas with dopaminergic neuron 

activity (34). Another study shows that an increased number of dopaminergic neurons 

die after IFN-α treatment, similar to the profiles of Parkinson patients. The same group 

shows elevations of depressive symptoms (33).  

 

5.5 Treatment strategies 

Increased levels of pro-inflammatory cytokines, which are increased in some MDD 

patients, have been associated with treatment resistance compared to those patients 

responding to treatment with lower levels of cytokines, and after treatment levels of 

cytokines have been normalized. Studies indicate that treatment response is depending 

on levels of different cytokines, underlining the role of cytokines in MDD treatment 

response (7, 31). Studies suggest that patients with MDD have an imbalance of pro and 

anti-inflammatory cytokines, inflammatory antagonists, like celexocib, etanecept, and 

infliximab have shown effects on depressive symptoms (44) (7). 

 

Anti-inflammatory agents 

Injection with an antagonist for the cytokine TNF-α (infliximab) or saltwater to 

randomly assigned healthy or "treatment resistant MDD" patients over a period of 12 

weeks, gave no improvement in general to those with an initial low level of 

inflammation in the blood. Subjects with higher levels of inflammation, decreased 

depressive symptoms as suspected. In conclusion, TNF antagonism does not have a 

general effect on treatment resistant depression, only in those people with increased 

levels of inflammation at starting point. Infliximab gave more depressive symptoms 

than placebo in patients with low inflammation (45). Treating depressed patients 

without inflammation with an antagonist of inflammation can be harmful, underlining 

the importance of identification and the important role of healthy levels of inflammatory 

biomarkers in the body and brain (28). Depression is also associated to an increased 

activity of the glutamate subtype receptor N-methyl-D-aspartate (NMDA). Injections of 
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ketamine to patients has shown improvement in effects of antidepressants in treatment 

resistant subjects. Ketamine is a NMDA receptor blocker (8, 46).   

Omega-3 

Studies suggest that increased inflammation is associated to resistance to conventional 

antidepressants (38). Treatments with anti-inflammatory properties such as Omega-3 

polyunsaturated fatty acids (PUFAs) and cytokine antagonists predict a positive 

outcome, which at the same time decrease depressive symptoms and lower pro-

inflammatory markers (38). Omega-3 fatty acids include eicosapentaenoic acid and 

docosahexaenoic acid, found in fish oil and walnuts, and can exert anti-inflammatory 

functions (47). There are receptors for omega-3 on white blood cells, including 

macrophages (FFA4 receptor). During LPS injections and in tandem using omega-3, as 

agonist for the macrophage FFA4 receptors led to a decrease in the pro-inflammatory 

cytokines TNF-α and IL-6 and other inflammatory signals as prostaglandins are 

decreased with omega-3 (48). Another study suggests that omega-3 also has receptors in 

hypothalamus and the anti-inflammatory effects can reverse hypothalamic inflammation 

in obesity and modulate appetite (49). Even if omega-3 effects have some support to 

decrease inflammation, those without an inflammatory profile are less benefitted with 

omega-3 (28).  

Lifestyle 

Regular exercise can result in beneficial long term effects against inflammation and 

depression (28). Exercise is associated with increased neurogenesis in the hippocampus 

and overall increased stress tolerance, which both can have potential anti-depressant 

effects. Exercise also tends to decrease NF-κβ activation (10). Another aspect is that 

depression can increase the risk for obesity by 58 %, and obesity increases the risk for 

depression by 55 %. Adipose cells can secrete inflammatory cytokines and heighten the 

inflammatory response. Sleep loss activates inflammatory pathways and disrupts 

appetite, both these changes are seen in depression (28). 

 

5.6 Summary 

People with depression have as a group increased levels of inflammatory biomarkers 

compared to healthy controls, inflammatory stimuli cause depressive symptoms in both 

chronic and acute exposure. Accumulating evidence in both animals and humans show 

that acute and chronic administration with inflammatory stimuli cause disruptions of 

neurotransmitters, including serotonin and dopamine. Many risk factors for depression 



  

 

27 
 

also tend to increase inflammatory responses, such as a sedentary lifestyle, lack of sleep, 

obesity and psychosocial stress. Depression seems to be influenced by events in the 

body that are mediated by inflammatory biomarkers (17, 28).  

The role of the pro-inflammation response in depression is not obvious and not present 

in all types of depression. The role of inflammatory biomarkers in depression, may 

depend on combinations of genetic, environmental factors and individual vulnerability. 

Cytokines have roles in many important processes in the brain and body, and may also 

have the potential to influence the brain and cause fatigue, lack of motivation, appetite 

changes, anhedonia and sleep changes (symptoms seen in depressed people and 

sickness). Another aspect is that the "sickness" response, may help the organism to 

mobilize energy, decrease interest of social interactions, decrease appetite (less nutrients 

& iron to pathogens), and withdrawal to decrease risk of further danger and infections 

(17, 35).   

 

6 Conclusion 

This literature study suggests that inflammatory processes can alter neurotransmitter 

metabolism, brain connectivity and structure. Inflammatory biomarkers can affect 

mood, motivation, and give depressive symptoms such as anhedonia and have the 

ability to cause other changes often seen in depressed individuals. The exact role of 

inflammatory biomarkers in the pathogenesis of depression cannot be determined and 

needs further investigation.  
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