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Major depressive disorder (MDD) is one of the most prevalent mental iliness and a leading cause of disability
worldwide. Despite a range of effective treatments, more than 30% of patients do not achieve remission as a result
of conventional therapy. In these circumstances the identification of novel drug targets and pathogenic factors
becomes essential for selecting more efficacious and personalized treatment. Increasing evidence has implicated
the role of inflammation in the pathophysiology of depression, revealing potential new pathways and treatment
options. Moreover, convergent evidence indicates that MDD is related to disturbed neurogenesis and suggests a
possible role of neurotrophic factors in recovery of function in patients. Although the influence of antidepressants
on inflammatory cytokines balance was widely reported in various studies, the exact correlation between drugs
used and specific cytokines and neurotrophins serum levels often remains inconsistent. Available data suggest
anti-inflammatory properties of selective serotonin reuptake inhibitors (SSRIs), selective serotonin and
noradrenaline inhibitors (SNRISs), and tricyclic antidepressants (TCAS) as a possible additional mechanism of

reduction of depressive symptoms.

depression inflammatory cytokines response to antidepressants

| 1. Depression and Markers

Depression is the most commonly diagnosed psychiatric disorder. It has a multifactorial etiology and the various
hypotheses of depression are complementary to one another. Major depression has been associated with
symptoms of immune activation, the phenomenon of oxidative stress, changes in immune processes, and
activation of the inflammatory response system (IRS) WIZIEIAIEIGIEIPIL0ILL2I8[14]15] - Recognized markers of

inflammation include: inflammatory enzymes, pro-inflammatory cytokines, and anti-inflammatory cytokines.

Studies suggest that depression is associated with elevated levels of both pro-inflammatory and anti-inflammatory
cytokines, e.g., IL-1B3, IL-6, IFN-y, TNF-a, and C-reactive protein (CRP). Cytokines are a diverse group of
biochemical compounds produced by immunocompetent cells of the immune system: lymphocytes, macrophages,
and natural killer (NK) cells. The inflammatory hypothesis of depression, also referred to as the cytokine
hypothesis, suggests that pro-inflammatory cytokines, acting as neuromodulators, affect the neurochemical,
behavioral, and neuroendocrine features of depression BIAUISI4IS]  pro-inflammatory cytokines may cause
hypothalamic—pituitary—adrenal (HPA) axis hyperactivity by interfering with the negative feedback of the HPA axis
and corticosteroids (CS) and may reduce serotonin (5-HT) levels by decreasing the availability of its precursor,
tryptophan (TRP), through the activation of a TRP-metabolizing enzyme, indoleamine 2,3-dioxygenase (IDO) Bl

(L4)[15]116][17]  Excessive HPA-axis activity and immune dysregulation also lead to abnormal function of the
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kynurenine pathway responsible for tryptophan conversion to two key compounds involved in mood regulation:
serotonin and melatonin 28, According to the kynurenine hypothesis of depression, inflammatory factors cause
excessive activation of IDO, an enzyme found in microglia, astrocytes, and neurons [4I13I16]  Depression is

therefore associated with neuro—immuno—metabolic interactions and immunometabolic dysregulation.

| 2. Inflammatory Cytokines

Studies confirm that depressive disorders, in the absence of other physical comorbidities, are associated with
increased levels of various pro-inflammatory cytokines, including tumor necrosis factor alpha (TNF-a) and
interleukins (ILs). According to the cytokine hypothesis of depression proposed by Maes, markers of inflammation
play the key role in the development of depressive symptoms 2 Cytokines are most commonly classified
according to their effects on inflammation into cytokines that stimulate the development of inflammation, i.e., pro-
inflammatory cytokines (e.g., interferon (IFN)-y, TNF, IL-1, IL-2, IL-5, IL-8) and those that suppress inflammation,
i.e., anti-inflammatory cytokines (e.g., IL-1B3, IL-6, TNF-a, IL-10, IL-19, IL-20, IL-22, IL-24, IL-26, IL-28, IL-29).
There is also a group of cytokines categorized as either anti- or pro-inflammatory, depending on the circumstances
(e.g., IL-6, TGF-B, INF-0).

| 3. Interferon Gamma (IFN-y)

A total of 171 records were displayed using various combinations of the following search terms: IFN-y,
antidepressants, SSRI (selective serotonin reuptake inhibitor), SNRI (selective serotonin and noradrenaline
inhibitor), venlafaxine, sertraline, escitalopram, citalopram, mianserin, trazodone, agomelatine, duloxetine.

Relevant records numbered 27. The search criteria were met by six studies and three meta-analyses.

Interferon gamma (IFN-y) is a pro-inflammatory cytokine produced by immune cells, principally Thl cells, cytotoxic
lymphocytes, B cells, and antigen-presenting cells. IFN-y induces indoleamine 2,3-dioxygenase (IDO), which
catalyzes conversion of tryptophan to kynurenine in the kynurenine pathway. This reaction results in decreased
serotonin levels and overactivity of the glutamatergic system, which have been linked to depressive symptoms B4l
(13)[14]15][16]118] 'Gjven the evidence suggesting the potential involvement of IFN-y in the pathogenesis of MDD, this
cytokine has been investigated in numerous studies. The present review included studies that assessed the effects
of treatment of MDD patients with venlafaxine, paroxetine, duloxetine, and sertraline on IFN-y.The results
concerning the effect of these antidepressant drugs on IFN-y levels obtained by the respective research teams and

presented in this review are conflicting.

In the study by Chen et al. 19, patients with MDD underwent 8 weeks of treatment with venlafaxine (75-300 mg) or
paroxetine (10—-40 mg). The dose of the drug was individually adjusted to the severity of symptoms. Baseline IFN-y
levels (WO0) were significantly higher in the group of patients (n = 91) compared with controls (n = 90) (p < 0.001).
In the group treated with venlafaxine (n = 41), decreased IFN-y levels were observed after 8 weeks of treatment
(W8) (p < 0.001). The reduction in IFN-y levels was statistically non-significant in remitters (n = 15) (p = 0.136) and
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significant in non-remitters (p = 0.002). There were no significant differences in IFN-y levels between subjects who
had responded to venlafaxine treatment and those without remission (p = 0.667 at WO, p = 0.978 at W8). After 8
weeks of treatment, IFN-y continued to be significantly higher compared with controls (p < 0.001 for remitters
and p < 0.001 for non-remitters). In the group treated with paroxetine (n = 50), IFN-y levels increased after 8 weeks
of treatment (p = 0.047). At WO, IFN-y levels were significantly higher than those in the group of healthy individuals
(p < 0.001). IFN-y levels increased among patients with remission (p = 0.456 for WO vs. W8), and the IFN-y
increase after 8 weeks was statistically significant (p = 0.014). While the difference in IFN-y levels between the
remitters and non-remitters at baseline (W0) was non-significant (p = 0.891), the IFN-y levels in non-remitters after
8 weeks of treatment were significantly higher (p = 0.026). At the end of the study (Week 8), IFN-y continued to be
significantly higher compared with controls (p < 0.001 for remitters and p < 0.001 for non-remitters). After 8 weeks
of treatment, the mean IFN-y level in the venlafaxine group was significantly lower than that in the paroxetine group
(p < 0.001). IFN-y levels decreased after treatment with venlafaxine (p < 0.001) and increased after treatment with
paroxetine (p = 0.047). These findings therefore suggest differential effects of these drugs on inflammatory factors.

Studies in a larger sample of patients are needed 12!,

Similarly, Dahl et al. reported in their study significantly elevated IFN-y levels in untreated patients with depression
(n = 50) compared with healthy individuals (p = 0.043). The selection of antidepressant drug in this group was
based on clinical assessment, and the effects of individual agents were not investigated in the study. SSRIs,
SNRIs, mirtazapine, benzodiazepines, lamotrigine, and psychotherapy were used. Patients who completed their
treatment had their cytokine levels measured after 12 weeks, and a decrease in IFN-y from baseline was observed
(p = 0.036). In the group of patients who achieved remission (n = 30), IFN-y levels were significantly decreased
compared with baseline (p = 0.043) 29,

A study (Hernandez et al., 2013) conducted in a small group of patients treated with SSRIs (n = 31) demonstrated
that IFN-y levels fluctuated during the treatment and significantly varied (p < 0.0001) depending on the time point at
which they were measured after commencement of the treatment. At Week 5 (W5), IFN-y levels were significantly
higher compared with those on the day of inclusion (p < 0.0001). In subsequent weeks, a decrease in IFN-y levels
was observed, while the levels of IFN-y at Week 52 (W52) were comparable to those in the control group 21, In a
6-week study (Brunoni et al., 2014) (n = 73) in patients treated with sertraline alone, IFN-y levels decreased after 6
weeks (W6), with the decrease being independent of the treatment response. In this study, baseline plasma levels

of the cytokines, including IFN-y, did not predict the response after 6 weeks of treatment (22,

In a study by Fornaro et al. (2013), levels of cytokines, including IFN-y, were monitored at baseline and at 6 and 12
weeks of treatment with duloxetine at the dose of 60 mg/day in patients with MDD (n = 30) and in controls (n = 32).
The patients were divided in two groups depending on treatment response: early responders (ER), defined as
those with >50% reduction in their Hamilton Depression Rating Scale (HAM-D) score from baseline to Week 6 (T6)
and early non-responders (ENR). After 6 weeks of duloxetine treatment, IFN-y levels significantly increased in the
ENR group (p = 0.021). Compared with the control group, early responders and early non-responders showed
lower levels of IFN-y throughout the study (p = 0.000). No significant differences in cytokine levels were observed

between ER and ENR. At Week 12 (W12), no statistically significant changes in plasma IFN-y levels were
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observed in ENR. No significant differences in the absolute values of cytokine levels at Week 6 were reported

between patients who demonstrated clinical response and non-responders [23l. The above findings are presented

in Table 1.
Table 1. The effects of antidepressant drugs on peripheral biomarkers.
.. Duration Influence of
Study LT Num_ber (j of the Markers Medications Drugs on Results
Year Patients
Study Markers
6 weeks of
treatment: no
significant variations
in mean cytokine
plasma values; in
early responders
(ER) TNF-a levels
decreased; in non-
responders (ENR)
IL-1b, IL-10 values
6 L2 IL- decreased and IL-
' 1b, IL-12, and IFN-g
Fornaro et weeks, 4, 1L-10, . .
a1, 23] 2013 N =30 12 IL-12 duloxetine NO levels |ncrea§ed.
’ Compared with
weeks IFN-g,

TNF-a controls, ER showed
lower levels of IFN-g
and TNF-a while
ENR showed lower
levels of IFN-g and
IL-1b.

12 weeks: ENR—
lower levels of IL-1b,
IFN-g, and TNF-a
compared with
controls.

:II:;BIL escitalopram,

4, IL-6, C|talop.ram, o

\éﬁng et al. 2019 N =123 21neat;’;1- . IL-10, sertralme, NO Non-significant
ysis TNE-O fluoxetlng, treatment effect.
' fluvoxamine,
g paroxetine
IFN-y
Wiedlocha 2017 N =154 meta- IL-11, escitalopram, NO There was no
et al. 2 analysis  IL-2, IL-  citalopram, statistically

5, IL-6, sertraline, significant effect of

IL-8, IL-  fluoxetine, antidepressant

10, fluvoxamine, treatment on

CRP, venlafaxine, cytokines levels.

duloxetine,
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Publication Number of Duration — Influence of
Study Year Patients of the Markers Medications Drugs on Results
Study Markers
TNF-q, paroxetine,
IFN-y amitriptiline,
clomipramine,
nortriptiline,
mirtazapine
IL-6,
TNF-q,
IL-1b,
IL-10,
IL-4, escitalopram,
IFN-y, citalopram, Levels of
IL-2, IL-  sertraline, cytokine/chemokines
Kohler et _ meta- 8, CCL- fluoxetine, were not significantly
al. [28] 2017 N=242 analisys 2, CCL- fluvoxamine, NO altered after
3,IL-13, paroxetine, antidepressant drug
IL-17, venlafaxine, treatment.
IL-5, IL- duloxetine
7, IL-
1R, sIL-
2
receptor
Chenetal. 2018 91 were 8 IFN-y, venlafaxine, IFN-y YES 8 weeks of
(L] completers weeks TNF-q, paroxetine Venlafaxine:  treatment:
for 8-week IL-1p, IL-5, IL-8 venlafaxine—the
paroxetine IL-2, IL- YES; IL-1 mean IFN-y, TNF-a,
(n =50) or 4, IL5, NO IL-4, IL-5, and IL-8
8-week IL-6, IL- Paroxetine: levels were
venlafaxine 8, IL-10, IL-4 NO significantly lower
treatment and than in the
(n=41) GM- paroxetine-treated
CSF group. Levels of the
Th1 cytokines, IFN-
y, and TNF-a
decreased after
venlafaxine

treatment, whereas
IFN-y and TNF-a
increased after
paroxetine
treatment.
Significant
differences between
paroxetine and
venlafaxine
treatment were
observed in the
change of cytokine
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Duration Influence of
of the Markers Medications Drugs on Results
Study Markers

Publication Number of

Study Year Patients

levels such as IFN-y,
TNF-a, IL-4, IL-5, IL-
8, and GM-CSF.
After the 8-week
paroxetine
treatment, the mean
IFN-y and TNF-a
levels increased in
the ENR. IL-6 levels
increased more in
the ENR than in the
ER. In the
venlafaxine-treated
group, the mean
changes in cytokine
levels did not differ
significantly between
ENR and ER.

For levels of the Th2
and other cytokines,
venlafaxine
treatment caused a
greater decrease in
IL-4, IL-5, and IL-8
levels than did
paroxetine
treatment. After the
8-week venlafaxine
treatment, the mean
IL-1B and IL-8 levels
had decreased and
did not differ
significantly from
those of the healthy
controls.

The levels of IFN-y
and TNF-a
increased after
paroxetine
treatment.

Dahl et al. 2014 N =50 12 IL-1b, sertraline, YES Seven of the nine

29] weeks IL-1Ra, escitalopram, cytokines that were
IL-2, IL- citalopram, elevated at baseline
5, IL-6, venlafaxine, were significantly
IL-7, IL- mirtazapine, reduced after the 12
8, IL-10, benzodiazepines, weeks of therapy
IL-15, lamotrigine, compared with
G-CSF, psychotherapy baseline: IL-1Ra, IL-
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Study Year Patients
Brunoni et _
al. 221 2013 N =18
Hernandez
et al. [21] 2013 N=31
Carboni et 2019 N =103
al. &

Publication Number of

Duration
of the Markers
Study
MIP-1a,
TNF-a,
(IFNg)

IL-2, IL-
4, 1L-6,
6 IL-10,
weeks IL-17A,
IFN-y,
TNF-a

IL-18,
IL-2,
52 IFN-y,
weeks IL-4, IL-
10, and
IL-13

10 IL-6, IL-
10,
TNF-q,
TNFRII,
BDNF,
CRP,
MMP9,
and
PAI1

Medications

sertraline

fluoxetine,
setraline,
paroxetine

venlafaxine (51),

paroxetine (52)

Influence of
Drugs on
Markers

YES/no

YES

YES

Results

6, IL-7, IL-8, IL-10,
G-CSF, and IFNg.
The levels of IL-1b
and IL-5 were not
significantly
reduced.

The plasma levels of
all cytokines (except
TNF-a) decreased
during the treatment.
No significant results
were found
comparing cytokine
plasma levels at
baseline according
to clinical response.

IFN-y levels
fluctuated during the
treatments and
showed significant
changes. Before
treatment, patients
had lower IFN-y
levels. At the end of
treatment, IFN-y
levels were
comparable with
those of healthy
volunteers.

Paroxetine: increase
in biomarker levels
after treatment
correlated with
reduction in
depression
symptomatology for
TNF-q, IL-6, IL-10,
and CRP.
Responders showed
higher baseline IL-
10 levels compared
with non-
responders.
Venlafaxine—
significant
association between
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Duration Influence of
of the Markers Medications Drugs on Results
Study Markers

Publication Number of

Study Year Patients

baseline levels of
CRP and changes in
HAM-D in males.

IL-6 levels were
significantly higher in
MDD patients when
compared with
controls. Pre-
treatment serum IL-6
concentrations did
not significantly
differ between
responders and
nonresponders.
Both groups also did
not show significant
reduction in the IL-6
levels post-
treatment.

A significant
correlation was
observed between
the percentage
change in IL-6 and
percentage change
in depression score
in responders.

N=73
MDD
patients (39
Zﬂta;_o['ga” 2016 responders 6 IL-6 fluoxetine NO
and 34
non-
responders)

Serum
concentrations of IL-
1B and IL-6 did not
fluoxetine NO change significantly
after intervention
based on repeated-
measures ANOVA.

Jazayeri et

IL-1, IL-
al. 291 2010 N=14 8

Halaris et 2015 N=20 8 and CRP, escitalopram NO Closer inspection of
al. 12 TNF-q, the averages
weeks IL-1, IL- indicates a tendency
4, 1L-6, for some biomarkers
IL-8, IL- to decline at week 8
10 but to bounce back
up again at week 12
(e.g., IL-6, hsCRP,
TNF-a).
At 8 weeks of ESC
monotherapy, when
the HAM-D and
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Duration Influence of
of the Markers Medications Drugs on Results
Study Markers

Publication Number of

Study Year Patients

related scores
improved
significantly, hsCRP,
TNF-q, IL-6, IL-8, IL-
10, and MCP1
trended lower.

The comparison of
baseline cytokine
levels between
responders, non-
responders, and
healthy subjects
demonstrated
statistically
significant between-
groups difference for
TNF-a but not for
other cytokines.

N =100 4 and Escitalopram: the
Eller, et al. 74 IL-8, . TNF—YES, concentration of
(31 2008 responders 12 K TNF-a escitalopram The rest NO  TNF-a did not

45 HV Weeks significantly change

during 12 weeks of
treatment; however,
it increased to
normal levels in the
group of responders.
Week 12, ANCOVA
did not show
differences in
cytokine levels
between treatment
groups and healthy
volunteers.

Chang et 2020 N =149 6 CRP venlafaxine (n = NO The baseline CRP
al. 22 76) fluoxetine levels were

(n=73) significantly
correlated with
treatment response
at week 2. Patients
with higher CRP
levels had a poorer
treatment response.
CRP level had
increased gnificant
significantly after six

24][25][26
[24]125][26)] weeks of treatment ~ Ved that

T T oo 23] and
these reports have been confirmed by a meta-analysis that compared pre-treatment results in MDD patients (n =
154) with those in healthy individuals [22l. Chen et al. (2017) and Dahl et al. (2014) reported significantly increased
levels of IFN-y in untreated patients with depression 22201 Thijs review shows that the results concerning IFN-y
levels before the treatment of MDD and after its initiation are equivocal and require further studies. Studies have

shown increased INF-y levels after treatment with duloxetine and paroxetine 221231 and decreased IFN-y levels
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Publication Number of Duration [19](22] Influence of adict the

Study - of the Markers Medications Drugs on Results
Year Patients 224 dy Markers
in patients receiving
either
antidepressant. The
CRP level remained
significantly high
after six wgeks gf leukin 1,
treatment in patients _
with a higher nelatine,
baseline level. jies and
Raison et al. (2013)
[l_paseline values
of hsCRP > 5 mg/L
predicted a greater  rtant for
decrease in HAMD- . IL-1
17 scores in lon. IL-
infliximab-treated types of
patients than
37
pIa(:ebo—treateu[J he term
subjects. ;e of the
Papakostas et al.
(2014) B4_changes (IL-1F2)
on the HAMDZS they are
scoring list were
significantly greater  nocytes,
than baseline scores
in a subpopulation  that IL-
Yang et al. 2019 review above the study
= median value when  1€ans of
comparing L- \qulation
methylfolate with guiatio
placebo treatmerf88l39 A total
Kruse et al. (2018)
85__paseline CRP
was not associated
with changes of
MADRS scores, but healthy
[19][23][29][40][41] it was significantly ) on IL-1
correlated with the
19 i
12 end-of-treatment tine, the
scores for women. | healthy

Chen et al. (2018)
L9__jog-transformed Ner than

[19] CRP. Ie_vels Wergamt shile the
predictive for

ketamine treatment  levels of

response. al. 19
increased ¥Y. |n a study by Pérez-Sanchez et al. (2018), the Mann—Whitney U test revealed significant differences
in the levels of IL-1B (Z = 2.8409; p < 0.01). During the fourth week of treatment with fluoxetine, patients with MDD
had significantly higher IL-1p3 levels than did healthy individuals, while after 8 weeks of treatment, IL-1[3 returned to
baseline (p < 0.005). ANOVA showed that fluoxetine was a significant predictor of the change in IL-1[3 levels (F =
15.58; p < 0.0001) 411, Similar results concerning pre-and post-treatment IL-1p levels have also been reported by
Hernandez et al. After treating MDD with fluoxetine, paroxetine, and sertraline, IL-1(3 levels were comparable with

those in healthy individuals 2. Fornaro et al. (2013) identified in their study a group of subjects who responded to
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o Duration Influence of i
Study Pub\lrlcatlon Nll;n:_bertof of the Markers Medications Drugs on Results ' a rapid
ear atients  study Markers =1.827,
CRP levels after vement
treatment were .
significantly lower ove with
than those on the drug
citalopram, ?:?)nn:;:rci)sn(;n of pr@ A lack of
Tuglu et al. TNF-a sertraline, and post-treatment
(361 2003 N = 26 6 crp | fluoxetine, YES easurements orted by
29] fluvoxamine, revealed that TNF-a, dws that
paroxetine ’

CRP, and leukocyte .
udies. A

count decreased to

levels comparable levels of

with those of the

control subjects. 2ports of

no erect or antiaepressant arugs on IL-1 leveis 229 reports or aecreasea levels 22 ana reports or increased
levels (21231149 after treatment with antidepressant drugs. Patients achieving clinical improvement had higher IL-1p
levels compared with those who had not achieved improvement with the treatment, and patients with a later

response to the drug had lower IL-1p levels compared with those in healthy individuals 22!,

| 5. Interleukin-6 (IL-6)

A total of 437 records were displayed using various combinations of the following search terms: IL-6, interleukin 6,
antidepressants, SSRI, SNRI, venlafaxine, sertraline, escitalopram, citalopram, mianserin, trazodone, agomelatine,
duloxetine. Relevant records numbered 34. The records that met the selection criteria included seven studies and

one meta-analysis.

Pro-inflammatory properties of IL-6 and its elevated levels in patients with depression were reported in most
studies. This is usually accompanied by elevated levels of acute phase proteins. It has even been proposed that IL-

6 elevation should be considered a biological marker of depression 42,

Carboni et al. (2019) compared IL-6 levels in the control group and in the group of patients with MDD treated with
paroxetine (n = 52) and venlafaxine (n = 51) (27, |L-6 levels were measured at baseline (W0) and after 10 weeks
(W10). In patients treated with paroxetine, IL-6 positively correlated with the HAM-D score after 10 weeks of
treatment (r = —=0.23, p = 0.016), where the negative signs indicate a correlation between biomarker increase and
HAMD score reduction. These correlations were stronger in women. No significant correlations were, however,
observed in the venlafaxine group 24, In a study by Pérez-Sanchez et al. (2018), baseline IL-6 levels in patients
were higher than those in healthy individuals. The Mann-Whitney U test revealed significant differences in IL-6
levels (Z = 2.86816; p < 0.01) between the two groups. During the fourth week of treatment with fluoxetine, patients
with MDD had significantly lower IL-6 levels compared with the levels on the day of inclusion in the study, while
after 8 weeks of treatment (W8), IL-6 returned to baseline (p < 0.05). Analysis of variance showed a significant
change in the treatment with fluoxetine for IL-6 (F = 3.354; p < 0.05, df = 2/65) [l The IL-6 levels observed in the
study depended on the timing of antidepressant intake. Similarly, in a study by Manoharanet et al. (2016), IL-6

levels were higher in patients compared with healthy individuals (p < 0.01). Patients who responded to fluoxetine
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treatment (39 responders) did not differ in terms of pre-treatment IL-6 levels from those who did not respond to the
treatment (34 non-responders) (p = 0.58). Additionally, no significant reduction in IL-6 levels was observed in either
group after treatment with fluoxetine (p = 0.05 for responders, p = 0.34 for non-responders). A significant
correlation was, however, observed between the percentage change in IL-6 levels and the HAM-D score in
responders (Pearson r = 0.38; p = 0.0173) [28l, |n a study by Yoshimura et al. (2013), IL-6 levels were significantly
higher in patients responding to the study drugs, paroxetine (n = 66) and sertraline (n = 42), compared with non-
responders (p = 0.0328). Moreover, the baseline, pre-treatment levels of IL-6 positively correlated with the results
of a questionnaire measuring the clinical symptoms of depression (r = 0.167, p = 0.07014). In the respondents, IL-6
levels significantly decreased after 8 weeks of treatment (p = 0.029), while no such changes were observed in
patients with no improvement in the clinical symptoms of depression. A significant correlation was also observed
between the changes in HAM-D scores and the changes in IL-6 levels (r = 0.246, p = 0.007) 2], The review of the
studies assessing the effects of antidepressant drugs on IL-6 levels revealed considerable discrepancies in study
results. In all the studies included in the review, IL-6 levels in patients with MDD were significantly higher than
those in healthy individuals 271281141[43] ht the effects of the study drugs on IL-6 levels varied. These effects also
varied depending on the timing of the second measurement of the IL-6 level. In a study by Manoharanet al. (2016),
patients who favorably responded to the treatment did not differ in terms of pre-treatment IL-6 levels from non-
responders 28 while in the study by Yoshimura et al. (2013), IL-6 levels were significantly higher in patients

favorably responding to the drugs 43l In patients responding to the treatment, IL-6 levels significantly decreased
after treatment [27(411[43],

| 6. Interleukin-8 (IL-8)

A total of 85 records were displayed using various combinations of the following search terms: IL-8, interleukin 8,
antidepressants, SSRI, SNRI, venlafaxine, sertraline, escitalopram, citalopram, mianserin, trazodone, agomelatine,
duloxetine. Relevant records numbered four. The records that met the selection criteria included three studies and

one meta-analysis.

Interleukin-8 is not only a pro-inflammatory cytokine but also a chemotactic factor that can stimulate migration of
immune cells in the body, thereby affecting the immune response. This means that it stimulates migration and
propagation of T cells, neutrophils, and monocytes. This is a protective effect. IL-8 stimulates histamine release
from basophils, which results in an allergic reaction. IL-8 is released by monocytes, endothelial cells, and skeletal

muscle cells in response to increasing concentrations of IL-13, TNF-a, and reactive oxygen species.

Chen et al. assessed the effect of venlafaxine (n = —=41) and paroxetine (n = —=50) on interleukin levels in patients
diagnosed with MDD. In this study, IL-8 levels were higher in patients compared with healthy individuals (p <
0.001). After 8 weeks of treatment, the mean IL-8 levels decreased and did not differ significantly from those in
healthy individuals (p = 0.491). The decrease was greater in patients treated with venlafaxine than those treated
with paroxetine (F = 18.539, df = 1.78, p < 0.001) 121 Eller et al. (2008) assessed the effect of escitalopram on IL-8
levels in a group of patients with MDD (n = 100) versus controls (n = 42). Seventy-four patients responded to

escitalopram treatment. However, no significant difference was observed in the mean IL-8 levels between the
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responders and non-responders (p > 0.05). The duration of drug effect was also irrelevant (F = 2.18, df = 2, p =
0.118). Cytokine levels were measured at baseline and after 4 and 12 weeks of the experiment. No correlations
between IL-8 and depression markers were observed 2. Levels of IL-8 were either unaffected BB or decreased
[29131] following antidepressant treatment with venlafaxine and sertraline. Two studies confirm the lack of effect on

IL-8 levels by escitalopram [B931],

| 7. Tumour Necrosis Factor (TNF)

A total of 403 records were displayed using various combinations of the following search terms: TNF,
antidepressants, SSRI, SNRI, venlafaxine, sertraline, escitalopram, citalopram, mianserin, trazodone, agomelatine,
duloxetine. Relevant records numbered 35. The records that met the selection criteria included six studies and one

meta-analysis.

Another mediator of inflammation that plays a significant role in the pathogenesis of depression is TNF-a, which is
produced in small amounts by neurons and microglia. Elevation in plasma TNF levels is believed to play the role of
a mediator in patients with depression compared with healthy individuals 44 (Almond, 2013). Most studies have
reported elevated TNF levels in patients with MDD compared with healthy individuals [Z7BLI41E4] - However,
Fornaro et al. (2013) did not observe any differences in pre-treatment TNF levels between healthy individuals (n =
32) and patients with MDD (n = 30) [23], Eller et al. (2008) evaluated in their study 100 patients with MDD and 42
healthy individuals. Seventy-four patients showed a good response to escitalopram. When the mean TNF levels
were compared, they were found to differ significantly between these groups. Patients with a favorable response to
the drug had lower TNF levels compared with controls (p < 0.05) and with non-responders, while the controls and
non-responders did not differ significantly between one another in terms of TNF levels B No significant
differences were, however, demonstrated between TNF levels before and after treatment with escitalopram. There
was also no correlation with the results obtained in the questionnaire quantifying clinical symptoms of depression,

the Montgomery-Asberg Depression Rating Scale (MADRS) 3],

Similar results were obtained by Halaris et al. (2015). Their study demonstrated that TNF levels changed over the
course of escitalopram treatment (3.33 at WO, 1.92 at W8, 2.35 at W12; p = 0.07), although the changes were not
statistically significant (p > 0.05) [2%. Carboni et al. (2019) observed in a group of patients treated with paroxetine a
significant correlation between TNF elevation and HAM-D questionnaire scales (r = -0.22, p = 0.020) after 10
weeks of treatment (W10). They also found that higher baseline levels of TNF correlated with better treatment
responses. Such correlations were not, however, observed in the group of patients treated with venlafaxine (p >
0.05) 27, pérez-Sanchez et al. (2018) demonstrated significant changes in TNF levels during the treatment with
fluoxetine (F = 5.074; p < 0.05, df = 2/65). The Mann—Whitney U test revealed significant differences in TNF-a
levels (Z = 3.23518; p < 0.01). During the fourth week of treatment with fluoxetine, patients with MDD had
significantly lower TNF levels, but after 8 weeks of treatment, TNF levels returned to baseline (p < 0.05) 41,
Fornaro et al. (2013) identified in their study a group of subjects who responded to duloxetine early (within 6
weeks) and compared them with the group of patients who did not achieve such a rapid response and with the

group of healthy individuals. They noticed significant differences in TNF levels between the group of responders
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and the group of non-responders (F = 3.812, df = 47.9; p = 0.022). The patients achieving clinical improvement
after 6 weeks of treatment with duloxetine had lower TNF levels compared with those who did not improve with the

treatment (p = 0.000) 23], The above findings are summarized in Table 1.

As shown in Table 1, the effects of antidepressant drugs on TNF vary. There have been reports of no effect of
antidepressant drugs on TNF levels W927IB0IEL - reports of increased TNF levels 23274 and reports of
decreased levels of this cytokine 2. While escitalopram treatment did not affect TNF levels BYE1 data on the
effects of venlafaxine, paroxetine, fluoxetine and duloxetine are equivocal L8271 Higher baseline TNF levels

correlated with better treatment responses.

| 8. Interleukin-10 (IL-10)

A total of 142 records were displayed using various combinations of the following search terms: IL-10, interleukin
10, antidepressants, SSRI, SNRI, venlafaxine, sertraline, escitalopram, citalopram, mianserin, trazodone,
agomelatine, duloxetine. Relevant records numbered 11. The records that met the selection criteria included five

studies and one meta-analysis.

The last interleukin included in the present review is the anti-inflammatory interleukin IL-10. Its main task is to
suppress inflammation. It is produced by B cells, macrophages, and dendritic cells. It minimizes the effects of
inflammation on physical exertion by suppressing the production of pro-inflammatory cytokines TNF-a and IL-8 and
stimulates the synthesis of IL-1 receptor antagonist in muscles. Data on IL-10 levels in patients with MDD are
equivocal. The study by Fornaro et al. (2013) cited above did not demonstrate any significant differences in IL-10
between patients and healthy individuals at baseline and at the end of the study. IL-10 levels initially decreased
after 6 weeks of treatment with duloxetine (p = 0.041) and then returned to baseline after 12 weeks of treatment
(231 Carboni et al. compared two groups in their study: a group consisting of patients with MDD treated with
paroxetine (n = 52) and controls (n = 54) and a group that comprised patients with MDD treated with venlafaxine
(n = 51) and controls (n = 53). Cytokine levels were measured before treatment initiation and after 10 weeks of
treatment (W10). Before the experiment, the group of patients treated with paroxetine displayed a correlation
between IL-10 and HAM-D scores (r = 0.19, p = 0.045). Such correlations were not, however, observed in the
group of patients treated with venlafaxine (p > 0.05). After 10 weeks of treatment with paroxetine, IL-10 levels
positively correlated with HAM-D scores (r = —0.23, p = 0.022)), where the negative signs indicate a correlation
between biomarker increase and HAMD score reduction. Higher baseline IL-10 levels correlated with better
treatment responses. These correlations were stronger in men. It was also found that the baseline IL-10 levels
differ significantly (p = 0.0099) in patients who favorably responded to paroxetine (n = 36) compared with the
patients who did not achieve improvement with the treatment. No such effect was observed in the placebo group.
No significant correlations were, however, observed in the venlafaxine group 24, Most studies failed to confirm any
effect of antidepressant drugs on IL-10 levels 1B Carboni et al. (2019) observed an effect of paroxetine on
IL-10 levels, which might mean that IL-10 could be a significant predictor of response to paroxetine treatment 2],

Higher baseline IL-10 levels correlated with better treatment responses.
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| 9. C-Reactive Protein (CRP)

A total of 91 records were displayed using various combinations of the following search terms: CRP, major
depressive disorder, SSRI, SNRI, ketamine, antidepressants, sertraline, escitalopram, citalopram, mianserin,
trazodone, agomelatine, venlafaxine, duloxetine. Relevant records numbered 36. The records that met the

selection criteria included four studies, one meta-analysis, and one review (Table 1).

C-Reactive protein is a non-specific acute phase protein whose levels increase in response to systemic
inflammation. CRP is used in psychiatry as a marker of chronic inflammation 42!, Meta-analyses of cross-sectional
studies confirm that the mean concentrations of circulating CRP and inflammatory cytokines are higher in patients
with a depressive episode compared with controls (28147 These findings formed the basis for studies investigating
the use of CRP as a prognostic factor for the response to antidepressant treatment 28, In cases of treatment with
fluoxetine (n = 73) and venlafaxine (n = 76), the baseline CRP levels significantly correlated with treatment
response at 2 weeks (p = 0.02). Higher CRP values were associated with a lower treatment efficacy. After 6 weeks,
CRP significantly increased with both treatments (p < 0.001) (22 Paroxetine treatment in patients with MDD (n =
52) elevated CRP levels, which was correlated with a reduction in depressive symptoms on the HAM-D scale (p <
0.001) [27. Baseline CRP levels were associated with subsequent responses to the drug. Early responders (those
responding after 6 weeks) showed higher CRP levels (p = 0.008) than non-responders. Late responders (those
responding after 12 weeks) also displayed moderately elevated CRP levels, although to a statistically significant
degree (p = 0.054) 42 A comparison of CRP levels in a group of patients with MDD (n = 26) treated with SSRis for
6 weeks revealed that CRP levels at the end of the study were significantly lower than those observed on
admission (p = 0.011) and decreased to values comparable with those in the control group (p = 0.01) 38, A meta-
analysis of nine studies (n = 325) assessing the effects of antidepressant drugs (SSRIs, SNRIs, TCAs) on CRP
levels did not show any statistically significant effect of the treatments on CRP (p > 0.05) [28]. Data on the effects of
these drugs on CRP are equivocal. The meta-analysis by Wiedtocha et al. (2018) suggests no effect of these
drugs, and the effects in the studies included in this review vary 23, The effects of antidepressants on various

cytokines are summarized and presented in Table 2.

Table 2. The effects of antidepressant drugs on various cytokines.

Study Medication Effect *
IL-1

venlafaxine -

Chen et al. 19
paroxetine =
Piletz et al. 49 venlafaxine +

Jazayeri et al. 29 fluoxetine N/C

Hernandez et al. [21] SSRIs (fluoxetine, paroxetine, sertraline) +
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Study

Fornaro et al. 2

Halaris et al. 39

Carboni et al. 24

Pérez—Sanchez et
al, 41l

Manoharanet et al.
[36]

Yoshimura et al. 42!

Jazayeri et al. 22

Halaris et al. 2%

Chen et al. [19

Eller et al. B1

Halaris et al. 2%

Carboni et al. [21

Fornaro et al. 2

Halaris et al. 2%

Chen et.al. [19]

Medication
IL-1

duloxetine
escitalopram
IL-6
venlafaxine

paroxetine

fluoxetine

fluoxetine

Sertraline
paroxetine
fluoxetine
escitalopram
IL-8
venlafaxine
paroxetine
escitalopram
escitalopram
IL-10
venlafaxine
paroxetine
duloxetine
escitalopram
venlafaxine
paroxetine

TNF

Effect *

+/—, +(non responders)

N/C

N/C

- after 6 weeks, +/- after
8 weeks

N/C

— (responders)
— (responders)
N/C

8 week — ; later N/C

N/C

N/C

N/C
+/-, + (responders)
+/-, — (non responders)

N/C

N/C
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Study

Eller et al. B2
Carboni et al. [£1
Pérez—Sanchez et
al. 41

Fornaro et al. &
Halaris et al. 29

Chen et.al. 2

Fornaro et al. &

Chen et al. [19

Brunoni et al. 22

Chang et al. 32

Carboni et al. &2

Tugku et al. B8

Wiedtocha et al. 23]

References

Medication Effect *
IL-1
escitalopram N/C
venlafaxine N/C
paroxetine + u responders
fluoxetine +/-
duloxetine +/-, — u responders vs. nr
escitalopram 8 week —; 12 week N/C
venlafaxine -
IFN-y
duloxetine +
paroxetine +
venlafaxine -
sertraline -
CRP
venlafaxine +
fluoxetine +
paroxetine +
SSRI (citalopram, sertraline, fluoxetine, fluvoxamine, a
paroxetine)
SSRI (escitalopram, Citqlopram, ser_traline, fluoxetine, N/C
fluvoxamine, paroxetine)
SNRI (venlafaxine, duloxetine) N/C
TCA (amitriptiline, clomipramine, nortriptiline) N/C

* + increase, — decrease, N/C unchanged.
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