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ARTICLE INFO ABSTRACT

Keywords: A growing amount of research suggests that inflammatory responses have a crucial role in the complex patho-
MDD physiology of Major Depressive Disorder (MDD), a disabling medical condition. The present review has two
Major depressive disorder primary goals. Firstly, to highlight and summarize results from studies that investigated the changes of IL-6 in
fg:::gjﬁ;»rgwew MDD patients before and after combined treatment. The second aim is to enlighten the need for further research
-6 on the difference in the concentration of the pro-inflammatory cytokines between MDD and Treatment-Resistant
Treatment MDD. The protocol of this study was written using PRISMA, and it is registered at PROSPERO (identification:
Combined treatment CRD42021289233). We searched the following bibliographic databases to identify potentially eligible articles
without any time limit until September 2021: Pubmed, Web of Science, Scopus, PsycINFO. As they met the
eligibility criteria, 14 articles were included in this systematic review. The selected studies assessed twelve
different elements as an adjunction to the standard pharmacotherapy (ECT, Ketamine, CBT, NCT, Ketoprofene,
Lithium, Celecoxib, Metformin tDCS, Pentoxifylline, ethyl-EPA, Zinc). Significant results were found in the
studies that analyzed the impact of combined treatment with the adjunction of the following elements: ECT,
Ketamine, CBT, NCT, Celecoxib, Metformin, and Pentoxifylline. Overall, this systematic review identifies several
potentially beneficial combined treatments for MDD patients. Further evidence is needed to confirm the efficacy
of reducing IL-6 levels in patients with Treatment-Resistant MDD.

1. Introduction neurotransmitters, particularly serotonin, noradrenaline, and dopamine

(Bains et al., 2021). Consistent with this hypothesis, several antide-

1.1. Rationale

Major Depressive Disorder (MDD) is a disabling medical condition
that is highly prevalent worldwide. According to the 5th Edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-5), to be
diagnosed with MDD, an individual must have at least five of the
following symptoms, of which one must be a depressed mood or anhe-
donia causing social or occupational impairment (APA, 2013). MDD can
be diagnosed when an individual has: a persistently low mood, anhe-
donia or decreased interest in enjoyable activities, feelings of guilt or
worthlessness, lack of energy, sleep disturbances, poor concentration,
psychomotor retardation, or agitation, appetite changes, or suicidal
thoughts (APA, 2013).

The etiology of MDD is considered multifactorial, including biolog-
ical, genetic, environmental, and psychosocial factors. The most
accredited  hypothesis  attributes MDD to alterations in
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pressant drugs have primarily targeted monoamine pathways (e.g.,
SSRIs). Monoaminergic drugs constitute the most effective treatment,
even though more than 30% of depressed individuals fail to achieve
remission despite multiple treatment trials (Lopez et al., 2018). Hence,
there is a great need to identify novel neurobiological targets relevant to
depression for developing new medications and enlighten related bio-
markers to recognize potentially responsive patients (Miller et al.,
2009).

There is accumulating evidence of reciprocal communication path-
ways between the nervous, endocrine, and immune systems (Schiepers
et al., 2005). Indeed, the most recent literature has highlighted a crucial
role in activating the immune system in developing psychiatric diseases,
including MDD (Lee and Giuliani, 2019). The immune system’s cells
release a wide range of biologically active molecules; there are cyto-
kines, a heterogeneous group of polypeptides (Ting et al., 2020).
Pro-inflammatory cytokines mediate a range of effects: activate the HPA
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axis, impair neuroplasticity, interfere with anti-oxidative mechanisms,
and disturb the neuroendocrine functions and metabolism of neuro-
transmitters, especially serotonin (Wicdiocha et al., 2018). Furthermore,
various studies have noticed an involvement of pro-inflammatory cy-
tokines in clinical features of several psychiatric disorders, including
MDD, such as alexithymia and suicidal ideation (De Berardis et al., 2014,
2017). Among pro-inflammatory cytokines, both animal and clinical
studies have shown that IL-6 may have a relevant role in the patho-
genesis of MDD and its somatic symptoms and the effects of antide-
pressant treatment (Ting et al., 2020). However, even if there is
consensus on the pro-inflammatory function of IL-6, new research is
pointing out that it could also be involved in other mechanisms.
Therefore, further research is needed to understand its exact role (Del
Giudice and Gangestad, 2018).

In this perspective, the role of inflammation on depression also
provides novel insights into inadequacies in the current treatment op-
tions. For example, many studies have found that patients with a history
of nonresponse to antidepressants have increased plasma concentrations
of IL-6 compared with treatment-responsive patients (Raison et al.,
2006). Similarly, patients with evidence of increased inflammatory
activation before treatment are less responsive to antidepressants
(Lanquillon et al., 2000). In MDD patients, various antidepressant
treatment strategies (e.g., pharmacotherapy, ECT, psychotherapy) seem
to reduce inflammatory activity with improvements in depressive
symptoms, suggesting a role for decreased inflammation in treatment
response (Raison et al., 2006).

A growing number of studies suggest that inflammation represents
the primary pathophysiological mechanism in the development of
chronic diseases. Although the attention on the role of inflammation in
these diseases is focused mostly on diabetes, cancer, neurodegenerative
and cardiovascular diseases, there is a growing interest in neuropsy-
chiatric diseases, such as major depression, that should suitably be
added to the list of disorders in which inflammatory processes are
significantly involved. This hypothesis is also supported by the existence
of a high comorbidity of depression with chronic diseases, for example
heart diseases and cancer, conditions in which inflammatory processes
are known to play a crucial role (Anisman and Hayley, 2012).

The present review has two primary purposes. Firstly, to analyze and
summarize results from studies that investigated the changes of IL-6
before and after combined treatment in MDD patients. Indeed, while
there have been other systematic reviews on this general topic (e.g.,
Strawbridge et al., 2015), to our knowledge, none explicitly targeted
pro-inflammatory cytokine IL-6 in MDD patients after combined treat-
ment. The second aim is to enlighten the need for further research on the
difference in the concentration of the pro-inflammatory cytokines be-
tween MDD and Treatment-Resistant MDD.

We analyzed studies using different adjunctions to the standard
pharmacotherapy in the treatment of MDD patients, evaluating the
variation in inflammatory markers with a focus on IL-6. We focused on
combined treatment because multiple studies show that depressive
disorders have an abnormal inflammatory profile, which may play a role
in their etiology (Dowlati et al., 2010; Miller et al., 2009). Moreover,
treatment resistance boosts the burden of depressive disorders (Gibson
et al., 2010). Initial research indicated that increased inflammation
might contribute to treatment resistance, while existing research in-
dicates that pharmacological therapy may reduce inflammation levels
(Hannestad et al., 2011; Hiles et al., 2012; Janssen et al., 2010).
Therefore, combined antidepressant and anti-inflammatory treatment
may improve the clinical response in treatment-resistant depression
(Vazquez et al., 2021).

We found studies using Electroconvulsive Therapy (ECT), Ketamine,
Cognitive-Behavioral Therapy (CBT), Narrative Cognitive Therapy
(NCT), Ketoprofen, Lithium, Celecoxib, Metformin (MET), Transcranial
Direct Current Stimulation (tDCS), Pentoxifylline (PTX), Ethyl-
eicosapentaenoic Acid (EPA), and Zinc.

There is some evidence that omega-3 fatty acids in fish oil
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supplements containing high levels of EPA treat effectively, but not
prevent, major depression (Hallahan et al., 2016).

There is preliminary evidence that COX-2 inhibitors, such as cele-
coxib, can benefit major depression (Miiller et al., 2011). COX-2 is an
enzyme which is implicated in prostaglandin E2 (PGE2) production.
Several clinical and preclinical studies have shown the add-on antide-
pressant and neuroprotective effects of COX-2 inhibitors (Abbasi et al.,
2012; Enatescu et al., 2020).

Lithium appears effective at lowering the risk of suicide in in-
dividuals with unipolar depression to nearly the same levels as the
general population (Cipriani et al., 2013). There is also evidence that
shows the immunostimulating properties of lithium (Lieb, 2004).

ECT is effective for about 50% of people with treatment-resistant
major depressive disorder, whether bipolar or unipolar (Dierckx et al.,
2012). Clinical evidence indicates that for individuals with severe MDD,
ECT can produce improvements in nearly 80% of patients (Bahji et al.,
2019). There is increasing evidence for tDCS efficiency as a depression
treatment. A recent meta-analysis summarized results across nine
studies. It concluded that active tDCS was significantly superior to sham
for response (30.9% vs. 18.9%, respectively), remission (19.9% vs.
11.7%), and depression improvement (Moffa et al., 2020).

MET is widely used as a first-line treatment for patients with type 2
diabetes. MET has been shown to enhance antidepressant efficacy and
improve cognition in preclinical studies (Guo et al., 2014). Several
studies demonstrated that MET could rapidly cross the blood-brain
barrier and have beneficial effects on the brain, such as
anti-inflammatory and neuroprotective effects and antioxidant
properties.

As has been shown in different studies, Cognitive Behavioral Therapy
(CBT) may be a highly effective intervention in treating depression
(Pedrotti Moreira et al., 2015). This form of psychotherapy aims to
identify dysfunctional cognitive patterns, helping people modify dis-
torted thinking, which implicitly induces positive changes in the emo-
tions associated with irrational thinking (Vasile, 2020).

Narrative Cognitive Therapy (NCT) is a psychotherapeutic approach
based on the assumption that individuals create narratives to define
themselves and give meaning to their experiences and life events. The
purpose is to help people narrate their life stories in more enjoyable
ways since psychological suffering is viewed as a problematic way of
telling life stories (Lopes et al., 2014).

In clinical and preclinical studies, there is some evidence of the an-
tidepressant effect of Ketamine and Esketamine, an enantiomer of Ke-
tamine (De Berardis et al., 2020), which leads to increased AMPAR
activity and expression of BDNF (Corriger and Pickering, 2019).
Recently, both Ketamine and Esketamine have received extensive
consideration for its rapid antidepressant property, especially in patients
with treatment-resistant MDD (Tomasetti et al., 2019). In fact, they both
have been found to significantly and rapidly reduce suicidal ideation in
patients with MDD and treatment-resistant MDD (De Berardis et al.,
2018).

Ketoprofen is a nonsteroidal anti-inflammatory, analgesic, and
antipyretic drug. Some preliminary studies showed that treatment with
ketoprofen was associated with decreased depression symptomatology
(Al-Hakeim et al., 2020).

PTX is a methylated xanthine derivative used for treating intermit-
tent claudication. It is administered to MDD patients because it sup-
presses the phosphodiesterase enzyme (PDE), decreasing inflammation
(El-Haggar et al., 2018).

Finally, Zinc is a trace metal ion necessary for brain development,
and it plays a crucial role in axonal and synaptic transmission (Choi
et al., 2020). Some studies have found that MDD patients may have
decreased zinc intake, leading to depressive symptoms. Since preclinical
studies have found an increment in synaptic zinc concentration after
chronic zinc treatment, zinc supplementation in MDD patients may in-
crease zinc levels in the brain. (Ranjbar et al., 2014).
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1.2. Objective

The aim of this systematic review, which to our knowledge is not
available in the current literature, is to highlight and summarize the
research on the changes of the pro-inflammatory cytokine IL-6 in MDD
patients after combined treatment. We looked for studies whose purpose
was to investigate the effect of adding another therapeutic element to
standard pharmacotherapy (ECT, Ketamine, CBT, NCT, Ketoprofene,
Lithium, Celecoxib, Metformin, tDCS, Pentoxifylline, ethyl-EPA, Zinc).

2. Methods
2.1. Protocol and registration

This protocol was written using PRISMA, Preferred Reporting Items
for Systematic Reviews and Meta-Analyses: The PRISMA Declaration
(Page et al., 2021). It is registered at PROSPERO International Pro-
spective Register from Systematic Reviews (https://www.crd.york.ac.
uk/prospero/identification: CRD42021289233).

2.2. Eligibility criteria

The inclusion criteria were: 1. articles published in English; 2. human
MDD patients; 3. adults between 18 and 75 years old; 4. both sexes.

The exclusion criteria were: 1. Non-human (animal models); 2. MDD
subtypes; 3. in vitro treatment; 4. childhood, adolescence, or adults over
75 years old; 6. Comorbid clinical or medical conditions; 5. Reviews and
Meta-analysis.

2.3. Information sources

We searched the following bibliographic databases to identify
eligible articles without any time limit until September 2021: Pubmed,
Web of Science, Scopus, PsycINFO. We exported the results of this search
to Mendeley, and the software removed all the duplicates.

2.4. Search

We used the following keyword string in all the mentioned data-
bases: (IL-6 OR interleukin-6) AND (major depression OR major
depressive disorder) AND (treatment). The filters were: Humans; En-
glish; Adult: >18 years.

2.5. Study selection

After uploading the obtained articles to Mendeley, this review fol-
lowed a two-step screening process to define whether the publications
met the inclusion criteria or not. In each step, two reviewers indepen-
dently assessed all identified articles. When both reviewers agreed on
the pertinence of an article, it went to the next step. If the two reviewers
could not agree on the article’s eligibility, a third reviewer participated
in the final decision.

In the first step, the reviewers assessed the admissibility of the
pertinent articles based on title and summary. Articles that investigated
the pro-inflammatory cytokine IL-6 in MDD patients after combined
treatment (On topic and right population) were selected for the next
step. This step also included articles that needed to be read thoroughly to
verify the compliance with the inclusion criteria, e.g., type of treatment
or samples that are not listed in the title or abstract. The other articles
were excluded for the following reasons.

1. On topic but wrong population, e.g., treatment related to anxiety
disorders.

2. Not on topic and right population, e.g., cytokines levels in MDD
patients, but no treatment study
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3. Not on topic and wrong population, e.g., genetic polymorphisms in
schizophrenia.

In the second step of the screening process, both reviewers had to
read the full text of all articles that passed the first step to determine
whether the articles should be included in this systematic review or not,
in accord with the inclusion criteria.

2.6. Data collection process

Two reviewers individually charted data from each eligible publi-
cation. Any disagreements were resolved through discussion between
two reviewers or with the help of a third reviewer. Data charting was
conducted with the software Google Sheets. The collected data was in a
spreadsheet available to the entire team.

2.7. Data items

We abstracted data on article characteristics (Author(s) and year of
publication), study populations (groups, number of subjects, sex, age,
diagnostic criteria of MDD), type of treatment, methodology (study
design), and main findings.

2.8. Risk of biases in individual studies

We divided the studies into two main groups: non-randomized
clinical trials and randomized clinical trials.

For the non-randomized group of studies, we evaluated each one
using the Newcastle-Ottawa quality rating scale (NOS) (Wells et al.,
2012). This scale has a score ranging from O to 9, and a study is
considered to be of high quality if it scores higher than 7. The NOS is a
classical assessment tool that evaluates three aspects of studies: Selec-
tion, comparability, and exposure.

To evaluate the randomized group of studies, we used the Oxford
quality scoring system, the Jadad scale (Jadad et al., 1996). The Jadad
scale is used to assess the methodological quality of studies. This vali-
dated score ranges from O to 5, and studies are scored according to three
critical methodological features of randomization, blinding, and
accountability of all patients, including withdrawals and dropouts. On
this scale, a study is considered high quality if it scores from 3 to 5.

Two reviewers performed the calculation of the NOS and the JADAD
scores separately. Discussion with a third reviewer resolved any dis-
agreements between the two until consensus was reached.

3. Results
3.1. Study selection

In the initial research, we identified 1171 publications. After
removing the duplicates through Mendeley, we analyzed 700 articles
during the first phase of the screening process. Six hundred sixty-six of
these articles were excluded on the following grounds: Not on topic and
wrong population, n = 332; Not on topic and right population, n = 110;
On topic and wrong population, n = 183; Review and Meta-analysis, n =
41.

The residual 34 were evaluated independently by two reviewers in
full-text during the second screening phase. Of these, n = 20 were
excluded for the following reasons: IL-6 wasn’t analyzed, n = 2; wrong
sample (both MDD and BD patients), n = 5; there wasn’t a combined
treatment, n = 12; MDD subtypes were considered, n = 1.

Therefore, the remaining 14 articles that met the eligibility criteria
were included in this systematic review’s qualitative analysis (for more
details, see Table 1). For the flow chart of the search process, refer to
Fig. 1.
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Table 1

Reasons behind selection criteria for the included studies inclusion

Author(s) and
(year)

Inclusion Criteria

Exclusion Criteria

Abbasi et al.
(2012)

Abdallah et al.
(2020)

Akhondzadeh
et al. (2009)

Al-Dujaili et al.
(2019)

Al-Hakeim et al.
(2018)

Combined treatment on MDD
patients; measure of IL-6;
adulthood.

“In a randomized double-blind
placebo-controlled study, 40
patients with MDD and were
randomly assigned to either
celecoxib (200 mg twice daily)
or placebo in addition to
sertraline (200 mg/day) for 6
weeks. Outcome measures
were serum IL-6
concentrations at baseline and
week 6, and Ham-D scores at
baseline and weeks 1, 2, 4, and
6.”

Combined treatment on MDD
patients; measure of IL-6;
adulthood.

“In this double-blind placebo-
controlled study, 80 adult
outpatients with MDD (DSM-IV
criteria) were randomized to
receive fluoxetine 20 mg once
daily plus placebo (n = 40) or
fluoxetine 20 mg once daily
plus MET 1000 mg once daily
for 12 weeks. Patients were
assessed by HAM-D score
(weeks 0, 4, 8, and 12). The
serum levels of TNF-q, IL-1p,
IL-6, IGF-1, MDA, CRP, BDNF,
and serotonin were measured
before and after therapy.”
Combined treatment on MDD
patients; adulthood.

“Forty adult outpatients who
met the DSM-IV-TR criteria for
major depression participated
in the trial. Patients have a
baseline Hamilton Rating Scale
for Depression score of at least
18. Patients were allocated in a
random fashion: 20 to
fluoxetine 40 mg/day plus
celecoxib 400 mg/day (200 mg
bid) (morning and evening)
and 20 to fluoxetine 40 mg/day
plus placebo. Patients were
assessed by a psychiatrist at
baseline and after 1, 2, 4, and 6
weeks after the medication
started.”

Combined treatment on MDD
patients; adulthood.

“The present study examined
a) differences in both cations
between drug-naive MDD
patients and controls, and b)
the effects of sertraline and
ketoprofen on Ca and Mg (both
total and ionized).”

Combined treatment on MDD
patients; measure of IL-6;
adulthood.

“Out of 140 patients with MDD
included in the study, 34 were
followed up for 2 months of
treatment combining sertraline

ND

ND

No measure of IL-6.
“Measurements: patients
were assessed by a
psychiatrist at baseline and
after 1, 2, 4, and 6 weeks
after the medication started.
The principal measure of the
outcome was the 17-item
Ham-D. Remission was
defined as an endpoint Ham-
D total score of 7. Treatment
response was defined as at
least 50% improvement
during the study period in
the Ham-D scale. The rater
(psychiatrist) used
standardized instructions in
the use of Ham-D. The mean
decrease in Ham-D score
from baseline was used as the
main outcome measure of
response of depression to
treatment.”

No discussion about IL-6.

ND

Table 1 (continued)
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Author(s) and
(year)

Inclusion Criteria

Exclusion Criteria

Allen et al.
(2018)

Brunoni et al.
(2014)

Chen Mu-Hong
et al. (2018)

Del Grande da
Silva et al.
(2016)

and ketoprofen. The cytokine
levels and Beck Depression
Inventory-II scores of the
patients with MDD were
compared with those of 40
healthy controls. All cytokine
levels were measured with
ELISA.”

MDD patients; measure of IL-6;
adulthood.

“We assessed the potential
impact of ketamine infusion on
neurobiological drivers of
kynurenine pathway
metabolism in major
depression (HPA axis
hyperactivity, inflammation)
in patients with treatment-
resistant depression compared
to gender-matched healthy
controls. Furthermore, we
assessed these biomarkers
before and after
electroconvulsive therapy
(ECT), which is currently the
gold standard for management
of treatment-resistant
depression.”

Combined treatment on MDD
patients; measure of IL-6;
adulthood.

“In a 6-week, double-blind,
placebo-controlled trial, 73
antidepressant-free patients
with unipolar depression were
randomized to active/sham
tDCS and sertraline/placebo (2
x 2 design). Plasma levels of
several cytokines (IL-2, IL-4, IL-
6, IL-10, IL-17a, IFN-y, and
TNF-a) were determined to
investigate the effects of the
interventions and of clinical
response on them.”

Combined treatment on MDD
patients; measure of IL-6;
adulthood.

“Seventy-one patients with
TRD were randomized into
three groups according to the
treatment received: 0.5 mg/kg
ketamine, 0.2 mg/kg ketamine,
and normal saline infusion.
Proinflammatory markers,
including C-reactive protein
(CRP), interleukin (IL)-6, and
tumor necrosis factor (TNF)-a
were examined at baseline and
at 40 min, 240 min, Day 3, and
Day 7 postinfusion.”
Combined treatment; measure
of IL-6; adulthood.

“This work presents data from
a randomized clinical trial that
sought to evaluate the
effectiveness of two brief
psychotherapeutic for
Depression: Cognitive
Behavioral Therapy (CBT) and
Supportive-Expressive
Dynamic Psychotherapy
(SEDP). This was a
convenience sample composed
of 46 individuals that were
evaluated using a structured

No combined treatment.
“Participants received either
twice-weekly brief-pulse
bitemporal ECT or sub-
anesthetic (0.5 mg/kg)
intravenous infusions of
ketamine once a week for up
to three weeks.”

ND

ND

No MDD patients

“This was a convenience
sample. The participants
were individuals who have
voluntarily sought our
psychology service (after
reading or hearing about the
research in the media)
wishing to receive treatment;
or had been referred from the
public facilities where
recruitment took place.”

(continued on next page)
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Table 1 (continued)

Table 1 (continued)
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Author(s) and
(year)

Inclusion Criteria

Exclusion Criteria

Author(s) and
(year)

Inclusion Criteria

Exclusion Criteria

El-Haggar et al.
(2018)

Enatescu et al.

(2020)

Euteneuer et al.
(2017)

diagnostic interview and then
randomly allocated to the
SEDP group. We examined
baseline and post-intervention
serum levels of the Interleukin-
6 (IL-6) and the Tumor
Necrosis Factor (TNF-a) in
addition to the severity of
depressive symptoms
according to the Outcome
Questionnaire - 45.2 (0Q-45.2)
and the Beck Depression
Inventory (BDI).”

Combined treatment on MDD
patients; measure of IL-6;
adulthood.

“This was a prospective, 12-
week, double-blind study of
parallel groups. Eighty adult
outpatients who met the DSM-
1V criteria for MDD
participated in the trial.
Patients were required to have
a baseline Hamilton Rating
Scale for Depression (HAM-D)
score of at least 18. Patients
were allocated randomly: 40
received escitalopram 20 mg/
day plus placebo while the
other 40 received escitalopram
20 mg/day plus PTX (400 mg
b.i.d.). Patients were assessed
by a psychiatrist at baseline,
and 4, 8, and 12 weeks after the
medication had been started.
The serum levels of TNF-a, IL-
6, IL-10, BDNF, 8-OHdG, and
serotonin were measured at
baseline and after therapy.”
Combined treatment on MDD
patients; measure of IL-6;
adulthood.

“This is a prospective study
over an 8-week period in 50
MDD patients with single or
multiple episodes recruited
from the Timisoara Psychiatry
Clinic during 2016-2019.
Several psychometric measures
were applied and baseline for C
Reactive Protein (CRP) and
Interleukin-6 (IL-6) blood
levels were determined.”

MDD patients; measure of IL-6;
adulthood.

“The present study examined
whether behavioral activation
with exercise affects
inflammatory processes in MD.
Ninety-eight patients with MD
were randomly assigned to
cognitive-behavioral therapy
(CBT) emphasizing exercise
during behavioral activation
(CBT-E), CBT with pleasurable
low-energy activities as an
active control condition (CBT-
C) or a passive waiting list
control group (WL). Plasma
levels of C-reactive protein
(CRP), interleukin (IL)-6, IL-
10, lipopolysaccharide (LPS)-
stimulated IL-6 production,
and blood immune cell counts
were analyzed at baseline and

ND

ND

No combined treatment
“Not every patient was
taking antidepressants, the
one who took medications
were considered for
participation under the
assumption that the dose had
been stable for at least 2
weeks and would remain so
during study participation.”

Frommberger
et al. (1997)

Hasebe et al.
(2017)

Jarventausta
et al. (2017)

Jazayeri et al.
(2010)

weeks 8 (post-behavioral
activation) and 16 (post-
treatment).”

MDD patients; measure of IL-6;
adulthood.

“Interleukin-6 plasma levels
were determined in depressed
(n = 12) and schizophrenic (n
= 32) patients during the acute
state of illness and after
remission at approximately 8
weeks after admission and
were compared with healthy
controls (n = 12). Patients
were di-agnosed according to
DSM-III-R by the Structured
Clinical Interview (SCID).”

MDD patients; measure of IL-6;
adulthood.

“We embarked on a 12-week
clinical trial of NAC (2000 mg/
day compared with placebo) as
an adjunctive treatment for
unipolar depression. A follow-
up visit was conducted 4 weeks
following the completion of
treatment. We collected serum
samples at baseline and the end
of the treatment phase (week
12) to determine changes in
interleukin-6 (IL6), C-reactive
protein (CRP) and brain-
derived neurotrophic factor
(BDNF) following NAC
treatment.”

Combined treatment; measure
of IL-6; adulthood.

“Thirty patients suffering from
MDD participated in the study.
IL-6, interleukin-1b (IL-1b) and
interleukin-1 receptor
antagonist (IL-1RA) levels were
examined at baseline and at 2
and 4 h after the first, fifth and
the last ECT sessions. The
response to ECT was measured
with Montgomery-Asberg
Depression Rating-Scale
(MADRS).”

Combined treatment on MDD
patients; measure of IL-6;
adulthood.

“In the present study, plasma
cortisol and serum interleukin-
1beta (IL-1B) and interleukin-6
(IL-6) were measured in
patients with a diagnosis of
major depressive disorder
(MDD) participating in
aforementioned trial to
determine the effects of 8
weeks of treatment of
depression with 1000 mg EPA
alone or in combination with
20 mg fluoxetine on HPA axis
activity and inflammatory
cytokine production and
compare the changes in these
variables with those of treating
with 20 mg fluoxetine alone.
Forty-two patients were
included in the analysis.”

No combined treatment
“Due to the nature of this
study as a pilot study only
some of the patients (n = 4
depressed and n = 11
schizophrenic patients) were
assessed in drug-free status
defined as a condition of no
medical drug intake for at
least 6 months before
admission in the case of
schizophrenic patients, or no
medical drug intake for at
least 2 weeks before
admission in depressed
patients.”

MDD subtypes and no
combined treatment.
“Number of patients not
taking any psychotropic
medication: 33; number of
patients taking
Antipsychotic medication: 9;
number of patients taking
Mood Stabilizers: 5; number
of patients taking
Benzodiazepine: 10.”

MDD subtypes

“The patients fulfilled the
diagnostic criteria for MDD,
and 14 of them had psychotic
symptoms.”

ND

(continued on next page)
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Author(s) and
(year)

Inclusion Criteria

Exclusion Criteria Author(s) and

(year)

Inclusion Criteria

Exclusion Criteria

Kiraly et al.
(2017)

Kranaster et al.
(2018)

Kranaster et al.
(2019)

Krogh et al.
(2014)

Kruse et al.
(2018)

MDD patients; measure of IL-6;
adulthood.

“In the current study, we
analyzed broad immune
profiles in blood from patients
with treatment-resistant
depression (TRD) at baseline
and following treatment with
the glutamate modulator
ketamine. Serum was analyzed
from 26 healthy control and 33
actively depressed TRD
patients free of antidepressant
medication, and matched for
age, sex and body mass index.
All subjects provided baseline
blood samples, and TRD
subjects had additional blood
draw at 4 and 24 h following
intravenous infusion of
ketamine (0.5 mg kg — 1).”
Combined treatment, measure
of IL-6; adulthood.

“We measured six different
markers (IL-6, neopterin,
sCD14, sCD163 MIF and
MCP1) of macrophage/
microglia activation in the
cerebrospinal fluid (CSF) and
blood of 12 patients with a
severe, treatment-resistant
depressive episode before and
after a course of ECT.”
Combined treatment, measure
of IL-6; adulthood.

“Following different
underlying hypotheses, we
analyzed baseline CSF levels of
markers of neurodegeneration
(tau proteins, f-amyloids and
neurogranin), elements of the
innate immune system (inter-
leukin [IL]-6, neopterin,
soluble CD14, soluble CD163,
migration inhibitory factor and
monocyte chemotactic protein
1), endocannabinoids,
sphingolipids and Klotho
before ECT in patients with
depression (n = 12) to identify
possible correlations with the
clinical antidepressant
response to ECT.”

MDD patients; measure of IL-6;
adulthood.

“We included 112 outpatients
with major depression from an
exercise trial and 57 healthy
controls. IL-6, high sensitive
CRP (hsCRP), and cognitive
function were assessed in all
subjects. After baseline
assessment, patients were
randomized to either a 3
months exercise intervention
or an exercise control group.
Post-intervention IL-6, hsCRP,
depressive symptoms, and
cognitive function were
reassessed in the patient
group.”

MDD patients; measure of IL-6;
adulthood.

“In patients (n = 29) with a
current major depressive

No combined treatment
“Prohibited medications
included antidepressants and
other psychotropic agents
and all medications that
could potentially affect the
immune system (for
example, nonsteroidal anti-
inflammatory drugs).”

Lehtimaki et al.
(2008)

Both MDD and Bipolar
Disorder patients.
“Inclusion criteria were a
present treatment resistant
depressive episode within
the context of a diagnosis of
either major depressive
disorder or bipolar disorder
according to DSM-IV.” Martinez et al.
(2012)

Both MDD and Bipolar
Disorder patients.
“Inclusion criteria were a
present treatment resistant
depressive episode within
the context of a diagnosis of
either major depressive
disorder or bipolar disorder
according to DSM-1V.”
Mindt et al.
(2020)

No combined treatment
“Exclusion criteria were
current drug abuse, any
antidepressant medication
within the last 2 months,
current psychotherapeutic
treatment, contraindications
to physical exercise, regular
recreational exercise over 1 h
per week, suicidal behaviour
according to the 17-item
Hamilton depression rating
scale, pregnancy, or current/
previous psychotic or manic
symptoms.”

Park et al.
(2017)

Pedrotti Moreira
et al. (2015)

No combined treatment
“Prior to receiving ECT,
patients were tapered off
psychotropic medications

episode diagnosed using DSM-
IV-TR criteria, undergoing ECT
at an academic referral center,
levels of CRP, IL-6, IL-8, tumor
necrosis factor (TNF)-a, and
severity of depressive
symptoms (Montgomery-
Asberg Depression Rating
Scale, MADRS) were
prospectively evaluated before
ECT treatment, after the
second ECT session, and again
at the completion of the index
treatment series.”

Combined treatment on MDD
patients; measure of IL-6;
adulthood.

“The plasma levels of cytokines
interleukin (IL) 1A, IL-1
receptor antagonist, and IL-6
were measured using enzyme-
linked immunosorbent assay at
several time points after ECT.
The study included 9 patients
who met the diagnostic criteria
of MDD (mean age, 55 years;
mean Montgomery-Asberg
Depression Rating Scale score,
30).”

MDD patients; measure of IL-6;
adulthood.

“Eighteen patients with major
depression and 25 healthy
controls underwent a lumbar
puncture; CSF samples were
withdrawn and assayed for IL-
1, IL-6, TNFa, BDNF, and NPY
levels. Patients with depression
were then entered into an 8-
week treatment protocol and
had repeated lumbar puncture
procedures post-treatment.”
Combined treatment; measure
of IL-6; adulthood.

“We measured 25 different
cytokines (IL-1p, IL-1RA, 11-2,
IL-2R, IL-4, IL-5, IL-6, IL-7, IL-
8, IL-10, IL-12 (p40/p70), IL-
13, IL-15, IL-17, TNF-a, IFN-o,
IFN-y, GM-CSF, MIP-1q, MIP-
1p, IP-10, MIG, Eotaxin, Rantes
and MCP-1) in the
cerebrospinal fluid (CSF) and
blood of 12 patients with a
severe and treatment-resistant
depressive episode before and
after a course of ECT.”

MDD patients; measure of IL-6;
adulthood.

“Data from double-blind,
placebo-controlled studies of
patients with major depressive
disorder (MDD) or bipolar
disorder (BD) who received a
single infusion of sub-
anesthetic dose ketamine were
used (N 174 80). Plasma levels
of the eight cytokines were
measured at baseline and at
230 min, 1 day, and 3 days
post-ketamine.”

Combined treatment on MDD
patients; measure of IL-6;
adulthood.

“We investigated the changes

including antidepressants
and benzodiazepines (48-72
h).”

ND

No combined treatment
“All subjects were
maintained free of
psychotropic medication for
2 weeks (6 weeks for
fluoxetine) prior to study.”

No distinction between MDD
and BD patients.

“Inclusion criteria were a
present treatment-resistant
depressive episode within
the context of a diagnosis of
either major depressive
disorder or bipolar disorder
according to DSM-1V.”

No combined treatment.
“All participants were
required to be medication-
free for at least two weeks
before ketamine infusion”

ND

(continued on next page)
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Author(s) and
(year)

Inclusion Criteria

Exclusion Criteria Author(s) and Inclusion Criteria Exclusion Criteria

(year)

Ranjbar et al.
(2014)

in circulating levels of
proinflammatory cytokines
(specifically IL-6 and TNF-a)
measured by the ELISA kit in
two psychotherapeutic
interventions for MDD:
Narrative Cognitive Therapy
(NCT) and Cognitive
Behavioral Therapy (CBT).
This is a randomized clinical
trial including 97 individuals
(18-29 years-old) with MDD.”
Combined treatment on MDD
patients; measure of IL-6;
adulthood.

“A single-center, randomized,
double-blind, placebo-
controlled trial of zinc
supplementation was
conducted in patients with
DSM-IV major depression.
Forty-four patients of both
sexes aged 18-55 years were
recruited for this study from a
university hospital. The zinc-
supplemented group received
zinc sulfate orally in addition
to their selective serotonin
reuptake inhibitor
antidepressants for 12 weeks.”

alpha, interferon-gamma,
granulocyte and monocyte

colony stimulating factor were
measured in a total of 95

acutely depressed patients

before and after four weeks of

LA

Combined treatment on MDD ND
patients; measure of IL-6;
adulthood.

“Fifteen hospitalized subjects
with major depressive disorder
ND were recruited. Human
cytokine array IV was used to
determine the profile of
cytokines in the serum during
the course of ECT.”

MDD patients; measure of IL-6;
adulthood.

“To further examine the
relationship between immune
and endocrine responses in
MD, 0.4 ng/kg body weight
endotoxin or 100 1g hCRH were
sequentially applied to 12
patients with MD and to 12
age- and gender-matched
healthy controls after pre-
treatment with 1.5 mg
dexamethasone (DEX).”

Rotter et al.
(2013)

Vedder et al.
(2007)

No combined treatment.
“All patients were off
psychoactive drugs such as
antidepressants or
benzodiazepines for at least
one week before the LPS
challenge test was started.”

Rawdin et al.
(2013) adulthood.

“We examined the

relationships between IL-6, IL-

10, and the IL-6/IL-10
inflammatory ratio vs. F2-
isoprostanes (F2-IsoP), a
marker of oxidative stress, in

un-medicated MDD patients (n
= 20) before and after 8 weeks

of open-label sertraline

treatment (n = 17), compared

to healthy non-depressed
controls (n = 20).”
Reininghaus
et al. (2018) patients; measure of IL-6;
adulthood.

“Eightyseven individuals were
selected for an extreme group
comparison out of 598 patients

undergoing a 6-week

MDD patients; measure of IL-6;

Combined treatment on MDD

Zhan et al.
(2020)

No combined treatment.
“The aim of this study was to
examine the relationship
between peripheral
inflammatory and oxidative
stress markers in un-
medicated subjects with
MDD compared to non-
depressed healthy controls
and compared to subjects
with MDD after
antidepressant treatment.”

Zincir et al.
No difference between MDD (2016)
and BD patients.
“The first criteria for extreme
group selection were: history
of mood disorder (uni- or
bipolar depressive
disorder).”

Combined treatment on MDD
patients; measure of IL-6;
adulthood.

“A total of 60 patients with
depression received six
ketamine infusions during a
12-day period. The
Montgomery-Asberg Scale was
administered, and blood
samples were collected at
baseline and 24 h and 14 days
after the sixth infusion (days 0,
13, and 26).”

MDD patients; measure of IL-6;
adulthood.

“In our study, we aimed to
determine how levels of serum
immunomodulators were
affected by ECT in major
depression patients. This study
was conducted on 50 patients

ND

No combined treatment.
“To determine the effect of
ECT only, no antidepressant
or antipsychotic drugs were
used during treatment.”

Ricken et al.
(2018)

psychiatric rehabilitation
program in Austria. This
program included medical,
psychiatric, psychological and
psychotherapeutic treatments,
as well as occupational
therapy, physiotherapy and
diet counseling. Differences in
the levels of Trp, Kyn, and the
Kyn/Trp ratio as well as levels
of hsCRP and IL-6, were
compared between groups.
Differences were analyzed at
the time of admission as well as
at discharge.”

Combined treatment on MDD
patients; measure of IL-6;
adulthood.

“The aim of this study was to
investigate changes in cytokine
serum levels during LA. Serum
concentrations of the cytokines
interleukin (IL)-2, IL-4, IL-6, IL-
8, IL-10, tumor necrosis factor

with treatment-resistant major
depression.”

ND= NOT DEFINED.

3.2. Study characteristics

The considered articles were published in the systematic review
between 2008 and 2020 in English. Throughout all studies, the MDD
groups consist mainly of women. The age for both MDD subjects and the
control groups ranged from 18 to 73 years. The assessment of MDD was
primarily made using the DSM-IV criteria. Across the fourteen included
studies, nine are randomized, double-blind, placebo-controlled clinical

ND trials; three are non-randomized, case-only clinical trials; two are non-
randomized, case-control clinical trials. The pharmacotherapy plus
one of the previously illustrated adjunctions were investigated among
the included studies. For further details about the characteristics of the
14 studies included in this systematic review, see Table 2.
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3.3. Risk of bias within studies

The average NOS score of the included non-randomized clinical trials
was 3.2 (range from 6 to 9), indicating that most studies were considered
not high quality. Potential biases of the studies mostly came from the
absence of the control group.

The average JADAD score of the included randomized clinical trials
was 4.5 (range from 0 to 5), indicating that most studies were considered
high quality.

3.4. Results of individual studies

3.4.1. Combined treatment with ECT

Two studies investigated the adjunction of ECT to standard
pharmacotherapy.

Lehtimaki et al. (2008) found in MDD patients, after a variety of ECT
sessions, an increase in plasma levels of the cytokine IL-6 that was rapid,
and the effect lasted for a short period. The results showed that the levels
of IL-6 were increased at the 3-h time point and were still increased at
the 6-h time point; it dropped back to basal levels at the 24-h time point.

Rotter et al. (2013) investigated several cytokines in MDD patients
before and after 12 ECT sessions. Regarding IL-6, they did not find any
significant variation.

3.4.2. Combined treatment with ketamine

Two studies investigated the adjunction of Ketamine to standard
pharmacotherapy.

Chen Mu-Hong et al. (2018) divided MDD subjects into three groups:
one received 0.5 mg/kg ketamine, one 0.2 mg/kg ketamine, and one
standard saline infusion. They examined the levels of several cytokines,
including IL-6 pre-infusion, 40 min post-infusion, 240 min post-infusion,
and on day 3 and day 7. They used the MADRS scale to assess the pa-
tients at pre-infusion and 40, 80, 120, 240 min post-infusion and day 2 to
day 14. Their results showed that IL-6 levels differed significantly over
time; values of IL-6 were lower at 40 min compared with day 3 and day 7
post-infusion. Thus, they found that a higher IL-6 level at baseline was
significantly associated with treatment response in the 0.5 mg/kg infu-
sion group.

Zhan et al. (2020) administered to MDD subjects ketamine via
infusion for over 40 min, 6 times in 12 days (days 1, 3, 5, 8, 10, and 12).
They measured plasma levels of 19 cytokines, including IL-6. They found
that inflammatory cytokines were associated with the severity of
depression at baseline. Also, the authors analyzed the concentrations of
pro-and anti-inflammatory factors and found a downregulation after
several ketamine infusions. Furthermore, the authors found that the
alterations in IL-17A and IL-6 were correlated with symptom
improvement.
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Table 2
Data extraction.
Article Study populations Treatment Methodology Results Risk of bias
characteristics
Author(s) and Groups (N) Sex: M, Diagnostic criteria of ~ Type of treatment Study design Main findings Jadad
(year) F; MDD
Age:
years or
Mean
(sd)
Abbasi et al. MDD sertraline F=7; DSM-IV-TR The patients were Randomized, The celecoxib group showed 4
(2012) + celecoxib(m= M= randomly assigned to Double-Blind, significantly greater reduction in
20) 13; receive either celecoxib Placebo- serum IL-6 concentrations as well as
MDD sertraline 35.1 + twice daily or placebo Controlled Ham-D scores than the placebo
+ placebo (n = 8.0 twice daily for 6 weeks. Clinical trial group. The patients in the celecoxib
20) F=6; All participants received group experienced more response
M=14 sertraline. (95%) and remission (35%) than the
34.2 + placebo group (50% and 5%).
6.9 Baseline serum IL-6 levels were
significantly correlated with baseline
Ham-D scores. Significant correlation
was observed between reduction of
Ham-D scores and reduction of serum
IL-6 levels at week 6.
Abdallah et al. MDD metformin F=17; DSM-1V 40 patients in the Randomized, After 4, 8 and 12 weeks, patients in 5
(2020) + fluoxetine M=23 placebo group received Double-Blind, the MET group showed a statistically
group (n = 40) 34.05 fluoxetine once daily Placebo- significant decline in HAM-D score
MDD placebo + +84 plus one placebo tablet, Controlled relative to the placebo group.
fluoxetine group F=18; while the other 40 Clinical trial Response and remission rates were
(n = 40) M =22 patients in the MET significantly higher in the MET group
351+ group received (89% and 81%, respectively) than in
8.02 fluoxetine once daily the placebo group (59% and 46%,
plus MET tablet once respectively). Moreover, the MET
daily for 12 weeks. group was superior in conserving the
measured biological markers
compared with the placebo group.
Al-Hakeim MDD (n = 140) F=62; ICD-10 Patients were randomly Randomized, The serum IL-1f, IL-6, and IL-18 3
et al. (2018) Healthy controls = assigned to receive either ~ Double-Blind, levels in patients with MDD increased
(n = 40) 78; sertraline and ketoprofen ~ Placebo- and became significantly higher than
18-65 or sertraline and placebo  Controlled those of the controls. The follow-up
F=18; for 2 months. Clinical trial study indicated that the MDD group
= treated with the drug combination
22; exhibited lower cytokine levels and
19-65 Beck score compared the group that
was treated with sertraline alone.
Brunoni et al. MDD Sertraline F=11; Mini The trial was 6 weeks Randomized, The main finding was that the plasma 4
(2014) (n=18) M=7 International long; encompassing an Double-Blind, levels of several cytokines (IL-2, IL-4,
MDD tDCS (n = 41 Neuropsychiatric acute treatment period Placebo- IL-6, IL-10, IL-17a, IFN-y, although
15) F=10; Interview (MINI) when 10 consecutive Controlled not TNF-«) decreased over time in
MDD Combined M =5; daily tDCS sessions were Clinical trial depressed patients during an
treatment (n = 41 performed, followed by antidepressant trial, which is in line
21) F=18; two tDCS sessions with literature; although this effect
Placebo (n = 19) M=3; delivered every was not specific to the intervention,
41 fortnight. Sertraline (or as such decrease was also observed in
=12 placebo) was used in a the placebo group.
M=17; fixed dose and was
50 started and ended
simultaneously with
tDCS.
Chen Mu-Hong MDD ketamine F=21; DSM-IV-TR Before study entry, Randomized, Log-transformed IL-6 and TNF-a 5
et al. (2018) (0.5 mg/kg) + M= 3; patients were treated Double-Blind, levels differed significantly over time.
medication (n = 48.46 with the combination of Placebo- The decrease in TNF-a between
24) + at least one Controlled baseline and 40 min postinfusion was
MDD ketamine 11.01 antidepressant and a Clinical trial positively correlated with a decrease
(0.2 mg/kg) + F=17; second-generation in MADRS scores across time in the
medication (n = M = 6; antipsychotic (n = 36), a 0.5 mg/kg ketamine group.
23) 44.96 single antidepressant (n
MDD placebo + + = 20), or two or more
medication (n = 12.31 antidepressants (n = 15).
24) F =15; Patients then completed
M=09; a single dose of 40-min
48.63 intravenous ketamine or
+8.12 placebo.
El-Haggar MDD F=20; DSM-IV Patients were Randomized, After 8 and 12 weeks, the PTX group 5
et al. (2018) Escitalopram + = randomized to receive Double-Blind, showed a statistically significantly
pentoxifylline (n 20; PTX or placebo, in Placebo- greater improvement in HAM-D score
= 40) 32.73 compared to the control group.

(continued on next page)
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Article Study populations Treatment Methodology Results Risk of bias
characteristics
Author(s) and Groups (N) Sex: M, Diagnostic criteria of ~ Type of treatment Study design Main findings NOS  Jadad
(year) E MDD
Age:
years or
Mean
(sd)
MDD + 8.38 addition to escitalopram Controlled Moreover, the PTX group showed a
Escitalopram + F =21; for 12 weeks. Clinical trial statistically significantly greater
placebo (n = 4) M= reduction in the serum levels of TNF-
19; a, IL-6, IL-10, and 8-OHAG along with
33.09 a statistically significant increase in
+7.59 the levels of BDNF and serotonin in
comparison with the control group
after the treatment.
Enatescu et al. MDD F=24; DSM-IV All patients were treated Non Add-on celecoxib treatment 5
(2020) Inflammation M=17; with escitalopram once Randomized, determined a significantly lowered
markers absent 49.84 per day. case-control, mean HAM-D score at the endpoint in
(CRP and/or F =15; Depending on associated  Clinical Trial MDD patients with elevated
1L6). (n = 31) M =4 symptoms, alprazolam inflammatory markers (p < 0.01).
MDD 48.47 and zolpidem were Linear regression analysis revealed
Inflammation allowed. Depending on the presence of inflammation (IL-6
markers present the presence or absence and/or CRP) and add-on celecoxib
(CRP and/or of significant levels of treatment as significantly influencing
1L6). (n = 19) peripheral inflammatory endpoint HAM-D scores (p < 0.01).
markers (CRP and/or IL-
6) celecoxib was add-on
treatment for 8 weeks.
Jazayeri et al. MDD fluoxetine F=10; DSM-IV Patients were randomly Randomized, EPA alone or in combination with 5
(2010) + placebo (n = M=4 allocated into 3 groups to Double-Blind, fluoxetine, as well as fluoxetine alone
14) 37.00 receive either two ethyl- Placebo- decreased serum cortisol after 8
MDD EPAa + +8.49 EPA plus fluoxetine Controlled weeks of treatment in patients with
placebo (n = 14) =10; placebo, or one Clinical trial major depression disorder (MDD)
MDD fluoxetine M =4 fluoxetine capsule plus without any significant effect of
+EPA(n=14) 34.00 ethyl-EPA placebo or two response to treatment. Serum IL-1f
+ 8.46 ethyl-EPA plus one and IL-6 did not change significantly
F=38; fluoxetine capsule every after intervention.
M = 6; day for 8 weeks.
33.86
+
10.85
Lehtimaki MDD (n = 9) F=6; NA Patients received a Non- Results from this study show that 4
et al. (2008) Healthy Controls M=3; different number of ECT Randomized, cytokines IL-1A and IL-6 are
(n=28) 33-73 sessions, as an adjunct to case-control, increased at 3- and 6-h time points
NA psychotropic medication.  clinical trial after ECT. IL-6 release also correlated
to the stimulus dose used.
Pedrotti MDD NCT + F=3; DSM-1V Patients received Randomized In the CBT group there was a 5
Moreira medication (n = M=7 psychological treatment Double-Blind significant difference in serum levels
et al. (2015) 38) 23.89 (both interventions were Clinical trial of IL-6 and TNF-a.
MDD CBT + +3.18 performed for 7 weekly
medication (n = F=21; sessions, one session a
30) M=7; week, with 1 h of
24.46 duration) and
+ 3.61 medication.
(type of medication NA)
Ranjbar et al. MDD zinc (n = F=19; DSM-1V Patients were randomly Randomized, At baseline, there were no significant 5
(2014) 20) M=1; assigned in 2 groups to Double-Blind, differences in any variable between
MDD 37.0 receive either one oral Placebo- the patients allocated to receive
Placebo(n =17) 9 capsule per day of zincor ~ Controlled placebo and those taking zinc
F=3; placebo as an adjunct to Clinical trial supplement. Zinc supplementation
M= maintenance significantly reduced HDRS
14; antidepressant compared to placebo. No significant
375+ medications (SSRI; differences were observed in plasma
8 citalopram or fluoxetine) levels of IL-6, TNF-a, and BDNF-a
for 12 weeks. between zinc-supplemented and
placebo-supplemented groups.
Ricken et al. MDD (n = 95) F=57, Mini All patients received Non- This study did not find a significant 3
(2018) M =38 International individual doses of randomized, change in serum concentrations of
49.32 Neuropsychiatric lithium carbonate case-only, the cytokines interleukin (IL)-2, IL-4,
+ Interview (MINI) adapted to their clinical trial 1L-6, IL-8, IL-10, tumor necrosis factor
15.11 individual lithium serum alpha, interferon-gamma,

levels, as an adjunct to
antidepressant
medications, for 4 weeks.

10

granulocyte and monocyte colony
stimulating factor after 4 weeks of
lithium augmentation.

(continued on next page)
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Article Study populations Treatment Methodology Results Risk of bias
characteristics
Author(s) and Groups (N) Sex: M, Diagnostic criteria of ~ Type of treatment Study design Main findings NOS  Jadad
(year) E MDD
Age:
years or
Mean
(sd)
Rotter et al. MDD (n = 15) F=8; DSM-1V; ICD-10 Every patient received 12  Non- The signal intensity of eotaxin-3 and 2
(2013) M=7; ECTs, as an adjunct to randomized, interleukin (IL)-5 changed
42-71 psychotropic medication.  case-only, statistically significantly between the
clinical trial first ECT and 24 h after the last ECT.
Furthermore, there were significant
correlations between the signal
intensities of eotaxin-3, bone
morphogenetic protein 6, IL-5, and
transforming growth factor-A and the
severity of depression. Only the
relative signal intensity of IL-16
correlated significantly with the
clinically as well as
electroencephalographically
measurable seizure duration.
Zhan et al. MDD (n = 60) F=238;, DSM-V Participants received 6 Non- The concentrations of pro- and anti- 3
(2020) = intravenous infusions of randomized, inflammatory factors, including GM-
22; ketamine over 2 weeks. case-only, CSF, fractalkine, IFN-y, IL-10, IL-
34.45 Ketamine was clinical trial 12p70, IL-17A, IL-1p, IL-2, IL-4, IL-

+ administered via infusion
over 40 min 6 times in a
12-day period (days 1, 3,
5, 8, 10, and 12). During
the infusion period,

patients continued taking

11.92

23, IL-5, IL-6, IL-7 and TNF-a, were
downregulated after repeated
ketamine administration. In addition,
alterations in the levels of IL-17A and
IL-6 were correlated with symptom
improvement.

the same stable dosages
of therapeutic
medications they had
received before the

study.

3.4.3. Combined treatment with CBT or NCT

One study investigated the adjunction of CBT or NCT to standard
pharmacotherapy.

Pedrotti Moreira et al. (2015) randomly divided the enrolled MDD
patients into two groups: one received Cognitive Behavioral Therapy
and the other Narrative Cognitive Therapy. Both interventions were
performed for a 1-h session a week for 7 weeks.

Regarding the NCT group, they found changes in the severity of
depressive symptoms from baseline to post-intervention, although they
found no significant difference in the serum levels of IL-6. Concerning
the CBT group, the authors found a substantial difference in the serum
levels of IL-6. Finally, no significant correlation between the remission
of depressive symptoms and the changes in the serum levels of IL-6 was
found in both interventions.

3.4.4. Combined treatment with ketoprofen

One study investigated the adjunction of CBT or NCT to standard
pharmacotherapy.

Al-Hakeim et al. (2018) administered ketoprofen or a placebo in
addition to sertraline to MDD patients, and two blood samples were
obtained at the beginning and two months after treatment. They found
that the serum IL-1p, IL-6, and IL-18 concentrations in the MDD group
were significantly higher than those in the control group. At the
follow-up, serum IL-6 level was decreased after treatment in all groups
but was not affected by ketoprofen treatment. Hence, the authors found
no significant difference in the ketoprofen group.

3.4.5. Combined treatment with lithium

One study investigated the adjunction of Lithium to standard
pharmacotherapy.

Ricken et al. (2018) measured serum concentrations of several

11

cytokines, including IL-6, BMI, and severity of depression in medicated
MDD patients before and after four weeks of Lithium Augmentation. The
authors did not find any significant effect of Lithium Augmentation on
either of the serum levels of the considered cytokines.

3.4.6. Combined treatment with celecoxib

Two studies investigated the adjunction of celecoxib to standard
pharmacotherapy.

Abbasi et al. (2012) administered celecoxib or placebo with sertra-
line to MDD patients for six weeks. The results showed that the celecoxib
group had significantly reduced serum IL-6 concentrations and Ham-D
scores than the placebo group. Baseline serum IL-6 levels and baseline
Ham-D scores were significantly correlated. They also observed a sig-
nificant correlation between the reduction of Ham-D scores and serum
IL-6 levels at week 6.

Enatescu et al. (2020) administered to MDD patients’ standard
pharmacotherapy (escitalopram and/or alprazolam and zolpidem). In
addition, depending on significant levels of peripheral inflammatory
markers (CRP and/or IL-6), they added celecoxib as an add-on treatment
for eight weeks. Their results showed that the group with the add-on
celecoxib at the endpoint had significantly lowered mean HAM-D
scores that were significantly correlated to inflammation (elevated
CRP and/or IL-6 levels).

3.4.7. Combined treatment with metformin

One study investigated the adjunction of Metformin to standard
pharmacotherapy.

Abdallah et al. (2020) administered to MDD patients Metformin or
placebo with fluoxetine once a day for 12 weeks. After 4, 8, and 12
weeks, the authors observed that the MET group patients showed a
significantly lower HAM-D score than the placebo group. They also
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found that response and remission rates in the MET group were
considerably higher than in the placebo group.

3.4.8. Combined treatment with tDCS

One study investigated the adjunction of tDCS to standard
pharmacotherapy.

Brunoni et al. (2014) divided the MDD patients into four groups: for
six weeks, one received only sertraline, one received only a placebo, one
received only tDCS, and the last received the combined treatment. The
authors found no significant correlations between cytokine levels and
MADRS scores at baseline. Also, in this study, baseline plasma levels of
the analyzed cytokines, including IL-6, did not predict response after six
weeks of treatment. Even though they found that all cytokines, except
TNF-a, decreased over time in all three treatment groups, they
encountered the same effect in the placebo. These results cannot be
associated with the effectiveness of this combined treatment on MDD
patients.

3.4.9. Combined treatment with pentoxifylline

One study investigated the adjunction of Pentoxifylline to standard
pharmacotherapy.

El-Haggar et al. (2018) administered to MDD patients Pentoxifylline
or placebo with escitalopram for 12 weeks. After 8 and 12 weeks, the
authors found that the PTX group showed a significant improvement in
HAM-D score compared to the control group. Furthermore, the results
showed that, after 12 weeks, the PTX group had significantly lower
serum levels of TNF-o, IL-6, IL-10 and increased levels of BDNF and
serotonin compared to the control group.

3.4.10. Combined treatment with ethyl-EPA

One study investigated the adjunction of ethyl-EPA to standard
pharmacotherapy.

Jazayeri et al. (2010) divided MDD patients into three groups: for
eight weeks, one received ethyl-EPA and fluoxetine, one received
ethyl-EPA and placebo, and the last received fluoxetine and placebo.
Their results showed that serum concentrations of IL-1p and IL-6 did not
change significantly after eight weeks of treatment.

3.4.11. Combined treatment with zinc

One study investigated the adjunction of zinc to standard
pharmacotherapy.

Ranjbar et al. (2014) randomized MDD patients into two groups: for
12 weeks, one received one zinc capsule per day, and the other received
a placebo.

This study did not find any significant difference between the two
groups in reducing the analyzed cytokines, including IL-6.

4. Discussion
4.1. Summary of evidence

In this systematic review, which investigated the changes in IL-6 in
MDD patients after combined treatment, we found that nine out of
fourteen included studies that showed significant results.

Regarding the combined treatment with ECT, Lehtimaki et al. (2008)
found both a difference in the basal levels of IL-6 between MDD patients
and controls and an increase in plasma levels of IL-6 after ECT treatment
in MDD patients. They also observed that the stimulus dose used in
seizure induction was correlated to the IL-6 response. The authors sug-
gested that IL-6 release could be associated with the volume of the
seizure focus, which would be in line with a study conducted in 2006.
This study stated that the stimulus dose in ECT could be correlated to the
number of depolarized neurons, representing the volume of seizure
focus (Swartz, 2006). We should interpret the results of Lehtimaki et al.
(2008) with caution. The sample size they used was modest, and every
patient was in a different stage of the ECT treatment. Indeed, it is
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impossible to determine if the cytokine release is associated with
treatment response when the sample is restrained, and every patient is in
a different phase of the treatment.

Concerning the combined treatment with ketamine, two studies
found significant results. Chen Mu-Hong et al. (2018) found that,
regarding IL-6, a higher baseline IL-6 level was associated with treat-
ment response in the 0.5 mg/kg ketamine group. This result is in line
with current literature (Raison et al., 2013; Walker et al., 2015), which
hypothesizes that treatment-resistant MDD subjects with a higher in-
flammatory state are more likely to respond to ketamine and other
anti-inflammatory agents compared to those with a lower inflammatory
condition. Chen Mu-Hong et al. (2018) enlightened several limitations
in their study. The most relevant one is that they found significant
cytokine changes only in the 0.5 mg/kg ketamine group. Therefore,
further studies are necessary to determine if a lower dose (0.2 mg/kg) of
ketamine also has anti-inflammatory effects.

Zhan et al. (2020), in line with the results found by Chen Mu-Hong
et al. (2018), found that the pro-inflammatory cytokines, including
IL-6, were decreased after several ketamine infusions. In addition, they
found a significant negative association between changes in the levels of
IL-6 and IL-17A and the antidepressant response. This result is consistent
with previous studies, which observed a link between IL-6 and depres-
sive symptoms (Haapakoski et al., 2015; Roohi et al., 2021). This study
conducted by Zhan et al. (2020) has the significant limitation of not
using a control group, so they could not analyze and control for the
normal variation in cytokine levels over time.

Pedrotti Moreira et al. (2015) compared the combined treatment
with CBT or NCT combined these two interventions and found signifi-
cant results only in the CBT group. After the intervention, they found
decreased IL-6 levels and depressive symptoms in the CBT group.
Observing these results, they hypothesized that Cognitive Behavioral
Therapy combined with medications might be more effective in
reducing the levels of IL-6 and in the improvement of depressive
symptoms in mood disorders, especially MDD. According to the authors,
further longitudinal research is needed with larger sample size.

Two articles found significant results concerning the adjunction of
celecoxib to the standard pharmacotherapy. The study conducted by
Abbasi et al. (2012) supported the hypothesis that celecoxib can have
anti-inflammatory and antidepressant properties. Their results showed a
reduction in IL-6 concentration in the celecoxib group, closely associ-
ated with decreased depressive symptoms. The authors suggested, in
line with the research on murine models (El-Ghazaly et al., 2010; Hinson
etal., 1996), that the effect of celecoxib on IL-6 could be explained by its
role in the activation of the PGE2 gene, which is involved in various
inflammation and immunity pathways. Authors concluded that cele-
coxib could prevent HPA axis dysregulation in MDD (Hu et al., 2005;
Humphreys et al., 2006), by acting on PGE2 and IL-6. The significant
limitations of this study are the small sample size and the short-lasting
administration of the treatment; hence further research is needed.

Enatescu et al. (2020) found that inflammation (elevated CRP and/or
IL-6 levels) was significantly positively correlated with HAM-D mean
scores, predicting a higher severity of depression in MDD patients.
Moreover, their results showed that, at the endpoint of the study, add-on
treatment with celecoxib predicted lower severity of depression. These
results are in line with the one found by Abbasi and his team (Abbasi
et al., 2012) that sustains the antidepressant effectiveness of celecoxib
for MDD patients. The authors emphasized that further extensive studies
should be conducted to understand these mechanisms better.

One article found significant results concerning the adjunction of
Metformin to the standard pharmacotherapy. Abdallah et al. (2020)
found that the Metformin group, at the endpoint of the study, had
response and remission rates significantly higher than the placebo group
and a lower score on the HAM-D scale. The authors suggested that this
improvement in the MET group could be ascribed to its neuroprotective,
anti-inflammatory, and antioxidant properties, which reduced several
cytokine levels, including IL-6. These findings are in line with the
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literature. It is stated that MET can reduce the expression of IL-6 (Mar-
kowicz-Piasecka et al., 2017), and it can result in increased availability
of serotonin (Felger and Lotrich, 2013; Baumeister et al., 2014).
Abdallah et al. (2020) emphasized the need for longer follow-up
research and further studies evaluating the efficacy of MET alone.

One study investigated the adjunction of Pentoxifylline (PTX) to
standard pharmacotherapy. El-Haggar et al. (2018) found that adjunc-
tion of PTX could enhance the effect of antidepressant medication in
MDD subjects. The authors highlighted that the control group (escita-
lopram plus placebo) also decreased serum levels of pro-inflammatory
cytokines, including IL-6. They attributed this result to the action of
escitalopram, which is an SSRI. However, they found that in the PTX
group, patients also showed a significantly lower score on the HAM-D
scale than in the placebo group. This result can be attributed to the
anti-inflammatory effect of PTX, which inhibits the production of
pro-inflammatory cytokines (Neves et al., 2015). As stated before,
reducing pro-inflammatory cytokines can lead to increased availability
of serotonin by modulating several metabolic pathways (Baumeister
et al., 2014). In conclusion, PTX used as an adjunctive treatment with
escitalopram for MDD can strengthen outcomes, reduce depression
symptoms, predict a better response, and have a higher remission rate.
Furthermore, the authors suggested there is still a need for research with
larger sample size and a more extended follow-up period.

4.2. Limitations

We must interpret the results of this systematic review with caution
for the following reasons.

1. The number of studies investigating the changes in IL-6 after com-
bined treatment in MDD patients is limited, and in most cases, the
sample size used was small, and the control group was absent.

2. We could not pool data collected for a meta-analysis due to the
heterogeneity of the types of combined treatment observed.

3. We were unable to distinguish between studies looking at acute ef-
fects and studies investigating the course of the treatment due to the
small number of included studies and the heterogeneity of the types
of combined treatment.

4. In some of the included studies, there was no distinction between
patients with MDD and patients with Treatment-Resistant MDD.

4.3. Conclusions

To the best of our knowledge, this systematic review is the first to
explore and synthesize the changes in IL-6 after combined treatment in
MDD patients.

This systematic review identifies several potentially beneficial
combined treatments for MDD patients. However, the small number of
effects observed for many adjunctive operating via diverse pathways
makes it difficult to determine when differences are due to study design,
study population, measurement, or intervention type. Therefore, further
evidence is needed to confirm the efficacy of reducing IL-6 levels in
patients with treatment-resistant MDD.

Evidence is needed to confirm the efficacy of reducing IL-6 levels in
patients with treatment-resistant MDD.
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