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Major depression is a common disabling disorder that affects about
280 million people worldwide (1-3) and is predicted to become the
main contributor to global Disability-Adjusted Life Years (DALY) by
2030 (4). The costs imposed by depression and its complications in
the United States reach more than 200 billion annually - considering
occupational problems and suicide of patients (5). There are effective
treatments for depression, but about one-third of patients are resistant
to treatment. In addition, Electroconvulsive Therapy (ECT) has been
reported to be beneficial for only half of refractory patients (4,6). A
better understanding of the neuropathophysiology of the disorder,
which leads to more appropriate and useful classifications, preventions,
and treatments, seems to be a solution.

After the monoaminergic system, the glutamatergic system and,
recently, the neuroinflammation hypothesis have been proposed in
the pathophysiology of major depression. Inflammation disrupts the
regulation of the Hypothalamus-Pituitary-Adrenal (HPA) axis and
the production of neurons in the hippocampus (7). Inflammatory
cytokines disrupt the serotonin production pathway by decreasing
Brain-Derived Neurotrophic Factor (BDNF) expression and increasing
tryptophan oxidation (8). Decreased levels of BDNF and decreased
signaling between it and its receptor in the hippocampus and prefrontal
cortex cause depression (9). The result of the oxidation of tryptophan
is kynurenine, whose compositions have agonistic and antagonistic
effects on the N-methyl-d-aspartate (NMDA) receptor, a major
player in the glutamatergic system (8,10). In general, the evidence
shows the complexity and overlap of systems in the pathoetiology
of inflammatory depression. Regarding this, even a subtype called
Inflammatory Cytokine-Associated Depression (ICAD) has been
suggested so that different treatment approaches can be considered for
these patients (10).

There is clinical evidence for these proposed mechanisms. An
imbalance in the levels of kynurenine metabolites in patients with
depression and an increase in the levels of pro-inflammatory cytokines
in patients with resistant depression have been reported. Another
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suggester is its higher prevalence in patients with
chronic autoimmune connective tissue disorders and
exacerbated activation times of the innate immune
system (11). The administration of cytokine and
interferon for the treatment of cancer and hepatitis
C, respectively, has led to depression in patients
(7,10,11). Moreover, anti-inflammatory compounds
such as celecoxib, simvastatin, pioglitazone, and
dexamethasone have shown antidepressant effects in
various trials (8).

Blood levels of Interleukin-6 (IL-6) and C-Reactive
Protein (CRP) are associated with depression, so that
inflammation measured through these two predicts
future depression (13). The levels of peripheral
inflammatory cytokines have also been helpful in
predicting patients’ responses to antidepressant
treatment. Specifically, lower baseline IL-8 levels
have been reported to lead to a better response
Additionally,
responders had a significant reduction in Tumor
Necrosis Factor-o (TNF-a) (10,12).

It seems that any primary neuroinflammation of the
brain and any chronic inflammatory condition that

to antidepressants. antidepressant

produces markers crossing the blood-brain barrier and
even chronic stress on the vessels can cause depression

(7). Also, genetics, cellular damage, obesity, stress,
diet,and gutmicrobiome can fuel chronicinflammation
(10). Considering that inflammation predicts future
depression and depression is a predictor of IL-6, it
is possible to suggest a bidirectional relationship
between inflammation and depression. The evidence
promises an important therapeutic target for major
depression treatment approaches. Also, more research
is necessary to investigate the possibility of using
inflammatory cytokines as biomarkers of response to
pharmacological treatment and even other treatments.

Funding statement

This paper did not receive any specific grant from
the public, commercial, or not-for-profit funding
agencies.

Conflict of Interest

The authors have no conflict of interest.
Keywords: Affective Autoimmune
diseases, Cytokine, Inflammation, Nonsteroidal anti-
inflammatory agent, Treatment-resistant depressive

disorder,

disorder

joyNanor

& TIINNOT V210N NYINYYI

ee)

References

1. Ghajar A, Neishabouri SM, Velayati N, Jahangard L, Matinnia N, Haghighi M, et al. Crocus sativus L. versus
citalopram in the treatment of major depressive disorder with anxious distress: A double-blind, controlled clinical trial.
Pharmacopsychiatry 2017 Jul;50(4):152-60.

2. Jafarinia M, Afarideh M, Tafakhori A, Arbabi M, Ghajar A, Noorbala AA, et al. Efficacy and safety of oral ketamine
versus diclofenac to alleviate mild to moderate depression in chronic pain patients: A double-blind, randomized,
controlled trial. J Affect Disord 2016 Nov 1;204:1-8.

3. Yekehtaz H, Farokhnia M, Akhondzadeh S. Cardiovascular considerations in antidepressant therapy: an evidence-
based review. J Tehran Heart Cent 2013 Oct 28;8(4):169-76.

4. Malhi GS, Mann JJ. Depression. Lancet 2018;392(10161):2299-312.

5. Cipriani A, Furukawa TA, Salanti G, ChaimaniA, Atkinson LZ, Ogawa Y, et al. Comparative efficacy and acceptability
of 21 antidepressant drugs for the acute treatment of adults with major depressive disorder: a systematic review and
network meta-analysis. Lancet 2018;391(10128):1357-66.

6. Hassamal S, Spivey M, Pandurangi AK. Augmentation therapy with serial intravenous ketamine over 18 months
in a patient with treatment resistant depression. Clin Neuropharmacol 2015;38(5):212-6.

Volume 5 m Number 4 m Autumn 2022



Shamabadi A and Akhondzadeh Sh

7. Troubat R, Barone P, Leman S, Desmidt T, Cressant A, Atanasova B, et al. Neuroinflammation and depression: A
review. Eur J Neurosci 2021 Jan;53(1):151-71.

8. Kohler O, Krogh J, Mors O, Benros ME. Inflammation in depression and the potential for anti-inflammatory
treatment. Curr Neuropharmacol 2016;14(7):732-42.

9. Zhang JC, Yao W, Hashimoto K. Brain-derived neurotrophic factor (BDNF)-TrkB signaling in inflammation-related
depression and potential therapeutic targets. Curr Neuropharmacol 2016;14(7):721-31.

10. Lotrich FE. Inflammatory cytokine-associated depression. Brain Res 2015 Aug 18;1617:113-25.

11. Grygiel-Gorniak B, Limphaibool N, Puszczewicz M. Cytokine secretion and the risk of depression development
in patients with connective tissue diseases. Psychiatry Clin Neurosci 2019 Jun;73(6):302-16.

12.LiuJJ, WeiYB, Strawbridge R, BaoY,Chang S, ShiL, etal. Peripheral cytokine levels and response to antidepressant
treatment in depression: a systematic review and meta-analysis. Mol Psychiatry 2020 Feb;25(2):339-50.

13. Colasanto M, Madigan S, Korczak DJ. Depression and inflammation among children and adolescents: A meta-
analysis. J Affect Disord 2020 Dec 1;277:940-8.

Volume 5 m Number 4 m Autumn 2022

foyNanor

& TIINNOT V210N NYINYI

O



