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Abstract: Accumulating evidence supports an association between depression and
inflammatory processes, a connection that seems to be bidirectional. Clinical trials have
indicated antidepressant treatment effects for anti-inflammatory agents, both as add-on
treatment and as monotherapy. In particular, nonsteroidal anti-inflammatory drugs
(NSAIDs) and cytokine-inhibitors have shown antidepressant treatment effects
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compared to placebo, but also statins, poly-unsaturated fatty acids, pioglitazone,
minocycline, modafinil, and corticosteroids may yield antidepressant treatment effects.
However, the complexity of the inflammatory cascade, limited clinical evidence, and
the risk for side effects stress cautiousness before clinical application. Thus, despite
DOI: proof-of-concept studies of anti-inflammatory treatment effects in depression, important
challenges remain to be investigated. Within this paper, we review the association
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between inflammation and depression together with the current evidence on use of anti-inflammatory
treatment in depression. Based on this, we address the questions and challenges that seem most important
and relevant to future studies, such as timing, most effective treatment lengths and identification of
subgroups of patients potentially responding better to different anti-inflammatory treatment regimens.
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1. INTRODUCTION

Within the recent decades, comprehensive evidence has
accumulated associating depression with increased activity
in the immune system [l, 2]. Based on these etiological
findings, it has been suggested that anti-inflammatory
treatment may yield antidepressant properties [3, 4]. Clinical
trials have found promising results of anti-inflammatory
treatment in depression [3-6], and recent meta-analyses have
supported positive effects of anti-inflammatory treatment on
depression, which may represent a proof-of concept [7, §].
These are intriguing findings in view of the frequently
emphasized need for new and improved treatment strategies
for individuals with depression. However, the inflammatory
cascade and the potential links to depression are highly
complex. Furthermore, the results on anti-inflammatory
treatment are still limited and controversial due to little
evidence and methodological heterogeneity [7, 9]. The
purpose of the present paper is to provide a review of the
association between inflammation and depression followed
by a review of the anti-inflammatory drugs that have been
investigated in randomized clinical trials. The latter will
address clinically important questions, such as timing and
duration of personalized treatment of subgroups of patients
with depression, possibly identified through biological
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immune markers predicting better treatment response. In this
review, we have included all trials studying depression
measured according to a diagnostic classification as well as
trials studying depressive symptoms.

2. INFLAMMATION AND THE BRAIN

The term inflammation is used broadly to describe
immune-related processes within the body. Inflammation is a
protective immunovascular response involving immune
cells, blood vessels and molecular mediators. This response
may be activated through external causes, e.g. a microbial
infection, or internal causes, e.g. artherosclerosis or
ischaemia. The primary purpose of an inflammatory
response is to maintain homeostasis, i.e. to eliminate the
initial cause of cell injury, clear out necrotic and damaged
cells and to initiate tissue repair. Under normal
circumstances, the immune system produces both pro- and
anti-inflammatory mediators. However, when the anti-
inflammatory mediators are not able to inhibit the pro-
inflammatory immune response, it may develop into a
chronic inflammatory reaction. Thus, inflammation is
divided into an acute inflammatory response, e.g. during a
bacterial infection, and chronic inflammation, which may be
present for several years, even as low-grade inflammation
without causing clear clinical symptoms [10, 11].

2.1. Peripheral and Central Inflammation

The inflammatory processes are further divided into
peripheral and central, the latter covering immune-related
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reactions within the central nervous system (CNS), i.e.
neuroinflammation. The following section will review the
most prominent processes during peripheral and central
inflammation, and outline how they may interact.

During a peripheral inflammatory response, cells of the
immune system produce a variety of prostaglandins and pro-
inflammatory cytokines [10]; Macrophages are white-blood
cells and represent one of the most important cell-types in
the stimulation and inhibition of the immune system [12].
Their effect on the immune system mainly occurs via secretion
of pro-inflammatory cytokines, such as tumor necrosis factor
alpha (TNF-a) or interleukin-6 (IL-6), and anti-inflammatory
cytokines, such as IL-10 [12]. IL-6 in turn stimulates the
liver to produce C-reactive protein (CRP). These molecular
mediators are responsible for communication with other
arms and cells of the immune system, such as the adaptive
immune system, consisting of B- and T-cells [10].

The CNS contains several immune cells, with microglia
and astrocytes as the main immunocompetent cells [13].
Microglia are considered the resting macrophages of the
CNS, whereas astrocytes perform many functions, such as
support of the blood-brain barrier and maintenance of the
extracellular ion balance. These cells regulate both the
induction and limitation of neuroinflammatory processes
[12, 13]. Neuroprotective actions of microglia include
secretion of neurotrophic factors important for cellular repair
and recruiting immune cells into the CNS [14].

Although the CNS is considered an immune privileged
organ, several studies have indicated various routes of
communication between the CNS and the periphery, which
seem to occur in a bidirectional way [11]. Very recent
evidence on this association was emphasized by
identification of lymphatic vessels within the CNS [15].
During inflammation, the blood-brain barrier may become
more permeable [16]. Furthermore, stimulation of peripheral
nerves, in particular the vagus nerve, may represent another
pathway between the CNS and the peripheral immune
system [17]. In addition, it has been suggested that the
endothelial cells of the blood-brain barrier may play a role in
transmitting the signals from peripheral cytokines into the
CNS, either directly by an active transport of cytokines [18],
or indirectly via second messengers [19]. Interestingly,
TNF-0, IL-6 and other pro-inflammatory cytokines have
been shown to cross the blood-brain barrier by a transport
system [18]. Fever represents a well-known example of the
direct effect of peripheral cytokines on an important
structure within the CNS, the hypothalamus. In addition, the
circumventricular organs, containing fenestrated capillaries,
may represent a possible site of direct contact between brain
cytokine receptors and peripheral cytokines [19]. Finally,
recent evidence has emphasized the impact of alterations
within the microbiome-gut-brain axis on the immune system
and CNS [20]. Thus, pathways between the peripheral
immune system and the CNS may be numerous, with the
communication possibly occurring in a bidirectional way.

2.2. The three Cornerstones Linking Inflammation and
Depression

This section will summarize the most persistent evidence
associating inflammatory processes with the development of
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depressive symptoms. The main findings can be described as
the three “cornerstones”: 1) inflammation and somatic
diseases comprising inflammatory processes increase the risk
of depression [21-24]; 2) Pro-inflammatory markers have
been found at increased levels among depressed individuals
[2, 25]; and 3) pro-inflammatory agents induce depressive
symptoms, which can be treated with antidepressants [26,
27]. These correlations will be described in more detail.

2.2.1. Inflammation Increases the Risk for Depression

Large population-based studies have consistently associated
somatic diseases involving inflammatory pathophysiological
mechanisms with an increased risk for mood disorders, in
particular depression. Several autoimmune diseases, such as
diabetes type 1 [21] or rheumatoid arthritis [22], and
infectious diseases, such as hepatitis and sepsis [23], have
been linked to an inflammatory response and found to
increase the risk of depression. The largest study based on
Danish registers found an increased risk for mood disorders
of 45% after hospitalization because of autoimmune
diseases, and an increased risk of 62% after hospitalization
with infections [23]. Individuals with hospitalizations due to
both autoimmune disorders and infections had a 2.35 times
increased risk for mood disorders.

2.2.2. Elevated Pro-inflammatory Markers in Depression

One of the most consistent findings on the association
between inflammation and depression are elevated levels of
peripheral pro-inflammatory markers among depressed
individuals, which is independent of comorbid somatic
diseases. Several meta-analyses have gathered the large
evidence, where particularly the following pro-inflammatory
markers have been found at increased levels among patients
with depression: CRP [2, 24, 28], IL-6 [2, 25, 28, 29], TNF-a
[25, 29] and interleukin-1 receptor antagonist (IL-1ra) [2, 28].
Interestingly, this association seems to be of bidirectional
nature, since increments of pro-inflammatory markers
has also been associated with subsequent development of
depression [30, 31]. Within different age-groups, higher levels
of CRP and IL-6 increased the risk for developing depressive
symptoms [30], and increased levels of IL-6 during childhood
have been associated with subsequent development of
depression in young adulthood [31]. However, all the above
mentioned trials have only investigated peripheral markers
of inflammation. Furthermore, studies that have adjusted for
waist circumference and blood pressure, did not find
associations between depression and inflammatory markers
[32]. Thus, it still remains unclear whether the association
between inflammation and depression is causal or if it is
confounded by factors such as waist circumference or body
mass index (BMI). Therefore, it is interesting that a recent
study found increased levels of neuroinflammation measured
by increased microglial activation among 20 individuals
suffering from an active depressive episode as compared to
20 healthy matched controls [33].

2.2.3. Pro-inflammatory Agents can Induce Depressive
Symptoms

Pro-inflammatory agents, such as interferon-alpha (IFN-
a), are used in the treatment of specific somatic diseases, e.g.
hepatitis C or malignant melanoma [27, 34]. Despite being
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effective against the somatic diseases, pro-inflammatory
treatment frequently results in psychiatric side effects. Up to
80% of IFN-a treated patients have been reported to suffer
from mild to moderate depressive symptoms [27, 34, 35].
Interestingly, a recent meta-analysis could associate
antidepressant treatment prior to IFN-a treatment with lower
mean depression scores and lower incidence of major
depression (odds ratio (OR)=0.42 (95%-CI=0.26; 0.68))
[36].

2.3. Anti-inflammatory Treatment in Depression?

Thus, inflammatory processes may represent an
etiological aspect in subgroups of depressed individuals.
Clinical trials have indicated better antidepressant treatment
effects for anti-inflammatory agents compared to placebo,
either as monotherapy [4, 37] or as add-on treatment
to antidepressants [3, 5, 6, 38]. However, findings are
controversial whether NSAIDs can be used safely in
combination with antidepressants [39, 40]. Furthermore,
individuals with depression frequently suffer from comorbid
somatic conditions, which have to be included in a
benefit/risk assessment. For example, NSAIDs increase the
risk of cardiovascular adverse events [41], and cytokine-
inhibitors increase the risk of infections [42]. Thus, it is
important to consider type of medication, treatment length
and dosage, and always balance potential treatment effects
against the risk for adverse events for the individual patient.
Nevertheless, evidence on antidepressant effects of anti-
inflammatory treatment supports possibilities for more
personalized treatment regimens for individuals suffering of
depression. Furthermore, NSAIDs have the advantage of
being easily available and inexpensive. The purpose of the
next section is to review all randomized clinical trials that
have investigated anti-inflammatory treatment among
patients with depression or depressive symptoms. These
findings are discussed in the light of frequent comorbid
somatic diseases among depressed individuals and potential
side effects associated with these agents.

3. REVIEW OF ANTI-INFLAMMATORY AGENTS
AND POTENTIAL ANTIDEPRESSANT EFFECTS

In this section, we will individually present all anti-
inflammatory agents that have been investigated in randomized
clinical trials regarding their potential antidepressant effects.
This will include a short description of the antidepressant
effects versus potential side effects associated with these
agents. All trials including their baseline characteristics are
summarized in Table 1. We included agents that have been
shown to yield anti-inflammatory properties. Some of the
agents, such as NSAIDs and cytokine-inhibitors, yield direct
anti-inflammatory effects. Other agents, such as statins and
pioglitazones, have different primary effects, but have been
shown to have anti-inflammatory properties.

3.1. Nonsteroidal Anti-inflammatory Drugs (NSAIDs)

NSAIDs represent the drug group that has been most
frequently investigated in clinical trials. In a recent meta-
analysis, NSAIDs in general could be associated with
improved antidepressant treatment effects compared to
placebo [7]. Since the selective cyclooxygenase-2 (COX-2)
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inhibitors have been suggested to have a more pronounced
anti-inflammatory effect and thus a better antidepressant
effect compared to the other NSAIDs, we will divide this
section into “selective COX-2 inhibitors” and “non-selective
COX-inhibitors”.

3.1.1. Selective COX-2 Inhibitors

Four trials (N=160) have investigated celecoxib add-on
therapy to antidepressants, three trials as 400 mg/day over a
period of 6 weeks [3, 5, 6], and one study as 200 mg/day
over a period of 8 weeks [38]. All studies supported
improved antidepressant treatment effects for celecoxib add-
on treatment compared to antidepressants+placebo, which in
recent meta-analyses was associated with a large improved
anti-depressant effect by a standard mean difference (SMD)
of 0.82 (95%-CI: 0.46 to 1.17) with an I’=0% [7, 8].
Furthermore, the 6-8 week add-on treatment improved
remission by an odds ratio of 7.89 (95%-CI: 2.94; 21.17) and
response by an OR of 6.59 (95%-CI: 2.24; 19.42). One study
found that higher levels of the pro-inflammatory marker IL-6
predicted better anti-depressant response to celecoxib add-on

[6].

Two trials (N=3,846) have studied the effect of celecoxib
monotherapy [37, 43]. In a study among patients with active
osteoarthritis (N=1,497) treatment with celecoxib 200
mg/day during 6 weeks significantly reduced the depressive
symptoms [37]. Interestingly, the antidepressant effects
among patients with osteoarthritis were independent of the
pain-relieving effects [37]. However, in another study
(N=2,528) among healthy individuals aged 70 years or older,
no effect was observed in 12 months treatment with
celecoxib 400mg/day [43].

The selective COX-2 inhibitors were marketed in 1999
and were considered to have a more targeted anti-
inflammatory effect and a decreased risk for gastrointestinal
adverse events compared to traditional NSAIDs. However,
an increased risk for severe cardiovascular events was soon
recognized [44, 45], which resulted in the withdrawal of
rofecoxib in 2004. Since then, clinical use of the selective
COX-2 inhibitors has been limited. However, some studies
have found that celecoxib did not increase the risk for
cardiovascular events, in contrast to rofecoxib [46].
Furthermore, the risk for cardiovascular events seems to
depend on dosage, treatment length and, in particular, on
baseline cardiovascular risk factors [47]. Finally, the risk for
cardiovascular diseases increases with age and comorbid
cardiovascular events are frequently occurring among
depressed individuals. Therefore, it is noteworthy that the
effects of celecoxib add-on treatment were present after few
weeks of treatment and among relatively young individuals
with few depressive episodes, possibly indicating a subgroup
with a low a priori risk for cardiovascular events that might
benefit from add-on treatment with celecoxib.

3.1.2. Non-selective COX-inhibitors

No randomized clinical trials have investigated the effect
of add-on treatment with other NSAIDs than celecoxib. One
open-label trial among 24 patients, who were non-responders
to their first SSRI treatment, could associate 4 week add-on
treatment with acetylsalicylic acid in doses of 160 mg/day
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Table 1. Baseline characteristics and treatment effects of identified clinical trials investigating anti-inflammatory treatment in

depression.
Study Patient Population Diagnosis Treatment (N) Treatment
(Placebo Group/ Intervention Group-1/ Intervention Group-2) Effect
N Mean Age, Mean Duration Comorbidity
(Female) Yrs (SD) Depressive Current

Episodes (SD) | Episode (SD)

NSAIDs
Add-on treatment

Miiller, 2006 | 20 (12)/20 | 44.3 (13.5)/ 24(1.2)/25 18.7 wks None HAMD,; | 6 weeks NARI + placebo Celecoxib
8) 44.5 (11.6) (2.3) (20.8)/17.0 15-38 (20) vs. NARI + superior
wks (21.7) celecoxib 400mg (20)
Akhondzadeh, |20 (12)/20 | 34.2 (4.96)/ 3.52(0.84)/ n.a. None HAMD,, 6 weeks SSRI + placebo Celecoxib
2009 (13) 34.65 (6.76) 3.40 (0.70) >18 (20) vs. SSRI + celecoxib superior
400mg (20)
Hashemian, 20 (20)/20 36.20 First-episode | Antidepressant None HAMD,, 8 weeks SSRI + placebo Celecoxib
2011 (20) (12.79)/ patients naive 18-36 (20) vs. SSRI + celecoxib superior
34.78 (7.39) 200mg (20)
Abbasi, 2012 20 (6)/ 34.2 (6.9)/ 3.6(0.9) 3.7 2.7 months None HAMD,, 6 weeks SSRI + placebo Celecoxib
20 (7) 35.1(8.0) (0.8) (1.0)/2.4 >18 (20) vs. SSRI + celecoxib superior.
months (0.9) 400mg (20) 1L-6
predicted
response
Monotherapy
Fields, 2012 1,083 74.4/74.5/ | Only depressive | Not relevant Family GDS 12 months placebo No
(488)/ 726 74.5 symptoms history of (1,038) vs. celecoxib 400 difference
(342)/ 719 dementia mg (726) vs. naproxen
(330) 440 mg (719) daily
Iyengar, 2013 | 297 (199)/ 61/61/61 Only depressive | Not relevant Active PHQ-9 6 weeks placebo (297) vs. | Celecoxib,
593 (409)/ symptoms osteoarthritis ibuprofen 2,400 mg or naproxen
607 (413) naproxen 1,000 mg (593) and
vs. celecoxib ibuprofen
200 mg (607) superior to
placebo

Cytokine-inhibitors - monotherapy

Tyring, 2006 307 (93)/ | 45.6(12.1)/ |Only depressive | Not relevant Stable HAMD,, 12 weeks placebo (309) Etanercept
311 (108) 45.8 (12.8) symptoms psoriasis BDI vs. etanercept 50 mg superior
(311) injections twice
weekly
Menter, 2010 | 52 (18)/44 | 43.3 (13.1)/ |Only depressive | Notrelevant Psoriasis ZDS 12 weeks placebo (52) vs. | Adalimumab
(13) 45.6 (11.7) symptoms adalimumab 40 mg (44) superior
injections

every other week

Langley, 2010 | 410 (127)/ | 47.0 (12.5)/ | Only depressive | Notrelevant Psoriasis HADS-D 24 weeks placebo (410) | Ustekinumab
820 (263) 46.0 (12.1) symptoms vs. ustekinumab 45 mg superior
(409) vs. ustekinumab
90 mg (411)
Raison, 2013 | 30 (20)/30 | 44.3 (9.4)/ 8.7(24.8)/7.8 None HAMD,, 12 weeks three infusions Infliximab
(20) 42.5(8.2) (24.8) placebo (30) vs. superior if

infliximab Smg/kg (30) | CRP>5 mg/L
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Table 1. contd....
Study Patient Population Diagnosis Treatment (N) Treatment
(Placebo Group/ Intervention Group-1/ Intervention Group-2) Effect
N Mean Age, Mean Duration | Comorbidity
(Female) Yrs (SD) Depressive Cur-rent
Episodes (SD) Episode
Statins — add-on treatment
Ghanizadeh 34 (21)/ 32.5(10.2)/ n.a n.a None HAMD,, 6 weeks SSRI + placebo Lovastatin
2013 34 (22) 31.7(9.3) >18 (34) vs. SSRI + lovastatin superior
30 mg (34)
Gougol, 2015 22 (16)/ 34.2 (10.8)/ n.a n.a None HAMD,, 6 weeks SSRI + placebo Simvastatin
22 (13) 36.4(8.1) >22 (22) vs. SSRI + superior
simvastatin 20 mg (22)
Minocycline — add-on treatment
Miyaoka, 25(12) 46.9 (10.2) na 58.6 wks None HAMD;, Open-label, not placebo- Minocycline
2012 (46.8) >25 controlled: showed safe
6 weeks SSRI + 150 mg antidepressant
minocycline effects
Pioglitazone
Add-on treatment
Sepanjnia, 20 (15)/ 32.7(5.4)/ 3.5(0.8)/3.6 n.a None HAMD,, 6 weeks SSRI + placebo Pioglitazone
2012 20 (14) 314 (54) (0.8) >22 (20) vs. SSRI + superior
pioglitazone 30 mg (20)
Monotherapy
Kashani, 2013 20 (20)/ 20.3 (4.6)/ Only Not PCOS, HAMD,; | 6 weeks metformin 1,500 Pioglitazone
20 (20) 21.2(3.3) depressive relevant obesity <19 mg (25) vs. pioglitazone superior to
symptoms (BMI>27) 30 mg (25) metformin
Poly-unsaturated fatty acids - Monotherapy
Mischoulon, 59 (35)/ 45.0 (12.1)/ n.a n.a None HAMD,, 8 weeks placebo (59) vs. No difference
2015 60 (38)/ 46.2 (11.8)/ >15 EPA-enriched omega-3
58 (32) 46.3 (13.7) 1000 mg/day (60) vs.
DHA-enriched omega-3
1000 mg/day (58)
Gharekhani, 20 (8)/ 57.2 Only Not Maintenance BDI 4 months placebo (20) vs. Omega-3
2014 25 (12) (15.19)/ depressive relevant dialysis omega-3 1,800 mg/day superior
56.8 (13.09) symptoms patients (25)
Bloch, 2012; Meta-analyses suggesting a small antidepressant effect of omega-3 poly-unsaturated fatty acids, which may depend on EPA levels.

Martins, 2012

Corticosteroids - monotherapy

fatigue, in both unipolar and bipolar disorders

Arana, 1995 18/19 Age range n.a n.a None HAMD,, 4 days placebo (18) vs. Dexamethasone
20 to 67 >21 dexamethasone 4 mg (19) superior at
years day 14
DeBattista, 10 (7)/ 6 39.8 (10.1)/ n.a n.a None HAMD,, | One infusion placebo (10) | Hydrocortisone
2000 (3)6(3) | 46.7(18.0)/ >21 vs. CRH 1 pg/kg (6) vs. superior
35.0 (10.5) hydrocortisone 15 mg (6)
Modafinil
Abolfazli, 23 (11)/ 33.27 3.91(0.92)/ n.a None HAMD,, 6 weeks SSRI + placebo Modafinil
2011 23 (12) (6.08)/ 3.85(0.83) >18 (23) vs. SSRI + modafinil superior
33.13 (7.53 40 mg (23)
Goss, 2013 Meta-analysis suggesting that modafinil is an effective augmentation strategy for acute depressive episodes, including for symptoms of

“n.a.=data not available; BDI=Beck Depression Inventory; CRH=Corticotropin releasing hormone; GDS=30-item Geriatric Depression Score; HADS-D=Hospital Anxiety and
Depression Scale for Depression; HAMD=Hamilton Depression Scale; NARI=Noradrenaline reuptake inhibitor; PHQ=Patient Health Questionnaire-9; SSRI=Selective serotonin
reuptake inhibitor; ZDS=Zung Self-rating Depression Scale;
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to SSRIs with high rates of response and remission [48].
Monotherapy with naproxen and ibuprofen showed
antidepressant effects after 6 weeks among 890 patients with
active osteoarthritis [37]. On the other hand; 12 month
treatment with naproxen among 1,757 healthy users had no
impact on depressive symptoms [43].

3.2. Cytokine-inhibitors

Cytokine-inhibitors are interesting due to their direct
anti-inflammatory effects. Four trials have investigated their
antidepressant effects and found borderline significance
towards a better antidepressant effect compared to placebo
[7]. Three trials (N=1,944) found that 12-24 weeks
monotherapy reduced depressive symptoms among patients
with psoriasis [4, 49, 50]. Two trials studied TNF-a
inhibitors [4, 49], and one trial ustekinumab, which inhibits
IL-12 and IL-23 [50]. Only one trial (N=60) investigated on
individuals suffering from treatment-resistant depression
[51], where 12 weeks monotherapy with infliximab (a TNF-
o inhibitor) showed no overall effect. However, among
patients with CRP levels >5 mg/L, infliximab showed
improved antidepressant properties [51], suggesting that
elevated CRP can be used as a biomarker for treatment
response.

The most important side effects of cytokine-inhibitor
treatment are infections [42]; however, a recent meta-
analysis could not identify an increased risk of adverse
events among the abovementioned studies [7].

3.3. Other Drugs with Anti-inflammatory Properties

NSAIDs and cytokine-inhibitors are the anti-
inflammatory agents that have been most frequently
investigated by clinical trials in relation to their possible
effect on depression. However, several other drugs with anti-
inflammatory properties may additional yield antidepressant
treatment effects. Statins [52], poly-unsatturated fatty acids
[53], pioglitazone [54], corticosteroids, minocycline [55],
and modafinil [56] have anti-inflammatory properties
and studies have associated these drugs with potential
antidepressant treatment effects.

3.3.1. Statins

One trial (N=68) investigated the effect of 30 mg/day
lovastatin add-on treatment to fluoxetine over a period of 6
weeks and found improved antidepressant effects compared
to placebo add-on to fluoxetine [57]. Another recent placebo-
controlled trial in patients with moderate to severe
depression concomitantly treated with fluoxetine and
simvastatin 20 mg/day over 6 weeks found a decrease in
depressive symptoms, while remission rates were not
different compared to the placebo group [58].

Statins have been associated with few side effects, with
the most dangerous being rhabdomyolysis, which is a very
rare event. Since statins primarily are used preventive against
cardiovascular events, use of statins may have a favorable
benefit/risk assessment compared to other drugs, such as
NSAIDs, in the light of the high cardiovascular comorbidity
among depressed individuals [41].
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3.3.2. Poly-unsaturated Fatty Acids (PUFAs)

Several trials have investigated on the potential
antidepressant properties of PUFAs. Recent meta-analyses
have suggested that PUFAs have a minor antidepressant
effect [53, 59], which may depend on the content of
eicosapentaenoic acid (EPA). An analysis of studies using
>60% EPA resulted in a highly significant pooled SMD
estimate, whereas studies using <60% EPA found no
significant antidepressant effects [59].

3.3.3. Pioglitazone

Pioglitazone is primarily used as a second-line antidiabetic
drug, but has been shown to yield anti-inflammatory effects.
Two trials have investigated if pioglitazone may have
antidepressant treatment effects [60, 61]. One trial (N=40)
investigated on individuals suffering of major depression and
found that 6 weeks of pioglitazone 30 mg/day add-on to SSRI
treatment improved the antidepressant effects compared to
placebo add-on to SSRI [60]. In order to test if pioglitazone
may be superior to other antidiabetic drugs, another trial
(N=40) over a period of 6 weeks found that monotherapy
with pioglitazone 30 mg/day showed better effects on
depressive symptoms compared to 1,500 mg/day metformin
among women with polycystic ovarian syndrome [61].

Pioglitazone has been associated with several side
effects, including an increased risk for fractures, weight
increase and cardiovascular events [54].

3.3.4. Corticosteroids

Corticosteroids have been studied by two trials regarding
their antidepressant treatment effects [62, 63]. One trial
on 37 outpatients with MDD administered 4 days of
dexamethasone 4 mg/day [62] and found that 37% of the
dexamethasone-patients responded (=50% HAM-D reduction)
after 14 days compared to 6% of the placebo patients
(p=0.03). The other trial on 22 patients with MDD could
associate one infusion of 15 mg hydrocortisone with a mean
reduction in HAM-D;, of 8.4 points compared to a 1.3 point
reduction in the placebo group [63].

Several side effects are associated with corticosteroid
treatment, with the risk and severity increasing with higher
dose and longer treatment duration. These include endocrine
disturbances, diabetes, osteoporosis, and increased blood
pressure.

3.3.5. Minocycline

The second generation tetracyclic antibiotic minocycline
has gained interest during the last decade because it is able to
cross the blood-brain barrier more easily than the other
tetracycline antibiotics [64] and may exert potential
antidepressant effects through its robust neuroprotective
activities. These include increased neurogenesis and
antioxidation, anti-glutamate excitotoxicity, and down-regulation
of pro-inflammatory agents [55]. A small non-randomized open-
label trial including 25 adult inpatients with major depression
with psychotic features taking minocyline 150 mg/day in
combination with antidepressants (fluvoxamine, paroxetine,
and sertraline) found significant improvement in depression
[55]. More clinical trials are currently under way [65, 66].
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3.3.6. Modafinil

Finally, another emerging drug is the anti-epileptic drug
modafinil, which has been associated with anti-inflammatory
properties [56] and furthermore shown effective antidepressant
effects in augmentation strategies for acute depressive
episodes, including symptoms of fatigue, in both unipolar
and bipolar disorders [67, 68]. However, due to several side
effects, cautious use of modafinil is recommended [69].

4. DISCUSSION

Accumulating evidence supports a role of inflammation
in the etiology of depression. These findings include
elevated levels of peripheral and central pro-inflammatory
markers and somatic comorbidity among individuals with
depression. In addition, somatic inflammatory diseases and
increased pro-inflammatory markers increase the risk for
subsequent development of depression. Furthermore, recent
studies have shown signs of neuroinflammation during
active depressive episodes.

Clinical trials have indicated antidepressant treatment
effects of both add-on treatment and monotherapy with anti-
inflammatory agents. These intriguing findings may provide
an important step in the development of more personalized
treatment regimens in depression. The current review
investigated NSAIDs, cytokine-inhibitors, statins, poly-
unsaturated fatty acids, pioglitazone, modafinil, minocycline,
and corticosteroids. Interestingly, the most recent meta-
analysis [7] supported a proof-of-concept regarding anti-
inflammatory treatment in depression. The challenges for
future studies include a balancing against potential side
effects and considering somatic comorbidity, particularly
cardiovascular diseases and risk, in the treatment.
Cautiousness has also been stressed by a recent review on
the potential of NSAID use in depression, highlighting that
the effects of NSAIDs are inconsistent due to
methodological heterogeneity and emphasized the necessity
of methodological improvements in future trials [70].
Furthermore, other pathways for personalized treatment
regimens are important to consider, such as nitrosative- and
oxidative stress pathways [71] and increasing glutathione
levels [72]. Clearly, widespread use of anti-inflammatory
agents against depression is not indicated. Rather, the
challenge lies in identifying those patients who might
actually respond to anti-inflammatory intervention.

4.1. Potential Subgroups for Anti-inflammatory Treatment

Immunological biomarkers, such as elevated CRP or IL-6,
together with specific depressive symptoms and somatic
disease risk profiles may be utilized for the choice of
antidepressive and anti-inflammatory add-on treatment. This
section will discuss potential subgroups that may benefit
from anti-inflammatory treatment including challenges for
future studies.

4.1.1. Somatic Comorbidity: Which Agents in Specific
Patients?

A high bidirectional comorbidity between depression and
cardiovascular diseases (CVD) is well known. This aspect
complicates, for example, use of NSAIDs, which have been
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associated with cardiovascular side effects [41]. Hence, in
depressed individuals with cardiovascular comorbidity or
risk factors, use of cardioprotective agents would be
preferable, such as statins [57, 73], low-dose ASA [48, 74],
or poly-unsaturated fatty acids [75].

On the other hand, specific somatic comorbidities,
possibly indicating an active inflammatory process, may
predict better treatment response of anti-inflammatory agents
in patients with depression (Table 1). Monotherapy with
celecoxib, naproxen and ibuprofen showed better
antidepressant effects compared to placebo among patients
with active osteoarthritis [37], but not among healthy
individuals aged 70 years or above [43]. Similarly,
monotherapy with the monoclonal antibodies etanercept [4],
ustekinumab [50] and adalimumab [49] showed better
antidepressant treatment effects on depressive symptoms
among psoriasis patients as compared to placebo. Also,
antidepressive effects have been found for pioglitazone
among obese women (BMI>27) with polycystic ovarian
syndrome [61] and for omega-3 fatty acids among patients
undergoing maintenance dialysis [75].

4.1.2. Elevated Pro-inflammatory Markers Might Predict
Better Treatment Response to Anti-inflammatory Agents

It has been suggested that biomarkers measured in
peripheral blood, indicating an inflammatory response, may
predict better response to anti-inflammatory treatment.
However, to date, only a few trials have investigated this
possible association. Increased IL-6 levels [6] have been
associated with higher remission rates and better response
among depressed individuals treated with celecoxib add-on.
Similarly, depressed patients with CRP>5 mg/L responded
better to infliximab treatment compared to patients with
CRP<5 mg/L [51]. However, these studies investigated on
peripheral markers, with analysis of markers in cerebrospinal
fluid or in brain scans not undertaken.

4.1.3. Anti-inflammatory Treatment Against Specific
Depressive Symptoms

Evidence whether anti-inflammatory agents may decrease
specific depressive symptoms is still missing. In schizophrenia
though, celecoxib has been found to have beneficial effects
on cognition — a core-feature of depression [76]. In a rat
model of depression, infliximab prevented cognitive decline,
i.e. spatial and emotional memory impairments, which was
accompanied by prevention of reduction of hippocampal
brain-derived neurotrophic factor (BDNF) [77]. Another
cardinal symptom in depression is fatigue. In multiple
sclerosis (MS) patients, NSAID treatment lowered fatigue
[78], potentially through their antipyretic effects as elevated
body temperature has been associated with worse fatigue
[79]. In summary, antidepressant effects of inflammatory
agents on specific symptoms, such as fatigue or cognition,
and body temperature as a potential marker, still need to be
explored in individuals with depression.

4.1.4. Inclusion of Inflammation
Treatment Algorithms?

in Antidepressant

Treatment algorithms could be improved by selecting
antidepressants with anti-inflammatory properties as well.
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The TCA nortriptyline had improved antidepressant effects
compared to the SSRI escitalopram among patients with a
CRP>3 mg/L [40]. Thus, future antidepressant treatment
algorithms may benefit from the inclusion of inflammatory
markers and/or treatments targeting the inflammatory
cascade. Besides antidepressants, the inclusion of specific
symptoms, inflammatory biomarkers such as CRP or IL-6,
and anti-inflammatory agents may help in the development
of more personalized antidepressant treatment algorithms.

4.2. Timing and Duration of Anti-inflammatory Treatment

Despite potential subgroups that may benefit from anti-
inflammatory intervention, the risk for side effects associated
with some of the anti-inflammatory agents emphasizes cautious
use. Therefore, identifying the right timing and duration of
anti-inflammatory treatment is of utmost importance.
Clinical trials have shown adjunctive antidepressant effects
of celecoxib [3, 5, 6, 38] and statin [57, 58] treatment among
acute depressed patients already after 4-6 weeks without
increased risk for cardiovascular or gastrointestinal adverse
events [7]. In particular, acutely developed depressive episodes
may be associated with a more pronounced inflammatory
response [2, 33]. Concerning side effects, studies have
indicated that treatment with rofecoxib, but not celecoxib,
increases the risk for acute cardiovascular outcomes
within the first 60 days [80]. In addition, NSAIDs in general
did not increase the risk of GI adverse events within
the above mentioned studies [7]. Also monotherapy with
cytokine-inhibitors has shown better antidepressant treatment
effects compared to placebo after 12 [4, 49, 51] and 24
weeks [50] without increased risks for infections [7]. This
may indicate that intervention only lasting few weeks may
be beneficial in the acute treatment of depressive episodes,
while also minimizing the risk for adverse events [9].

5. CONCLUSIONS AND PERSPECTIVES

Inflammation plays a potential role in the etiology of
depression, and anti-inflammatory intervention may
represent a possibility for more personalized treatment
regimens among some patients with depression. In particular,
studies have indicated that add-on celecoxib for 6-8 weeks
and cytokine-inhibitors for 12-24 weeks may represent safe
treatments among subgroups of depressed patients, e.g.
patients with elevated pro-inflammatory markers such as
CRP or IL-6. Nonetheless, more research is needed on
identification of markers predicting response, dosages,
specific symptoms and timing of intervention. Furthermore,
the risk for side effects stresses cautiousness for widespread
use of anti-inflammatory agents for longer periods. However,
lessons might be learned from treatment of autoimmune
NMDA receptor encephalitis where 70% have psychiatric
symptoms [81]. Here, current treatment flowcharts include
short-term use of immunosuppressants, such as steroids,
IVIG and cytokine-inhibitors, and plasmapheresis, which
also improves the psychiatric symptoms.

Nevertheless, anti-inflammatory intervention only
represents one approach for personalized treatment regimens.
Other promising findings include targeting nitrosative- and
oxidative stress pathways [71] and increasing glutathione
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levels [72]. Thus, in light of the low remission and response
rates among patients with depression, a better understanding
of personalized antidepressant treatment regimens is needed.
Anti-inflammatory intervention may represent one new
line of treatment options that can be used in personalized
treatment of individuals with depression and an
inflammatory component. Furthermore, more research into
the specific underlying mechanisms between inflammation
and depression may lead to the development of more
targeted antidepressive medicine with an anti-inflammatory
component with a greater effect on the possible subgroup
of patients with immune-related depression. This may
furthermore include a more detailed assessment of the nature
of the inflammatory response observed in some patients with
depression.

CONFLICT OF INTEREST

The authors confirm that this article content has no
conflict of interest.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

[1] Smith, R.S. The macrophage theory of depression. Med.
Hypotheses, 1991, 35(4), 298-306. [http://dx.doi.org/10.1016/0306-
9877(91)90272-Z] [PMID: 1943879]

[2] Howren, M.B.; Lamkin, D.M.; Suls, J. Associations of depression
with C-reactive protein, IL-1, and IL-6: a meta-analysis.
Psychosom. Med., 2009, 71(2), 171-186. [http://dx.doi.org/10.1097/
PSY.0b013e3181907c1b] [PMID: 19188531]

[3] Miiller, N.; Schwarz, M.J.; Dehning, S.; Douhe, A.; Cerovecki, A.;
Goldstein-Miiller, B.; Spellmann, I.; Hetzel, G.; Maino, K
Kleindienst, N.; Moller, H.J.; Arolt, V.; Riedel, M. The
cyclooxygenase-2 inhibitor celecoxib has therapeutic effects in
major depression: results of a double-blind, randomized, placebo
controlled, add-on pilot study to reboxetine. Mol. Psychiatry, 2006,
11(7), 680-684. [http://dx.doi.org/10.1038/sj.mp.4001805] [PMID:
16491133]

[4] Tyring, S.; Gottlieb, A.; Papp, K.; Gordon, K.; Leonardi, C.; Wang,
A.; Lalla, D.; Woolley, M.; Jahreis, A.; Zitnik, R.; Cella, D.;
Krishnan, R. Etanercept and clinical outcomes, fatigue, and
depression in  psoriasis:  double-blind  placebo-controlled
randomised phase III trial. Lancet, 2006, 367(9504), 29-35.
[http://dx.doi.org/10.1016/S0140-6736(05)67763-X] [PMID:
16399150]

[5] Akhondzadeh, S.; Jafari, S.; Raisi, F.; Nasehi, A.A.; Ghoreishi, A.;
Salehi, B.; Mohebbi-Rasa, S.; Raznahan, M.; Kamalipour, A.
Clinical trial of adjunctive celecoxib treatment in patients with
major depression: a double blind and placebo controlled trial.
Depress. Anxiety, 2009, 26(7), 607-611. [http://dx.doi.org/10.1002/
da.20589] [PMID: 19496103]

[6] Abbasi, S.H.; Hosseini, F.; Modabbernia, A.; Ashrafi, M.;
Akhondzadeh, S. Effect of celecoxib add-on treatment on
symptoms and serum IL-6 concentrations in patients with major
depressive disorder: randomized double-blind placebo-controlled
study. J. Affect. Disord., 2012, 141(2-3), 308-314. [http://dx.
doi.org/10.1016/j.jad.2012.03.033] [PMID: 22516310]

[7] Kohler, O.; Benros, M.E.; Nordentoft, M.; Farkouh, M.E.; Iyengar,
R.L.; Mors, O.; Krogh, J. Effect of anti-inflammatory treatment on
depression, depressive symptoms, and adverse effects: a systematic
review and meta-analysis of randomized clinical trials. JAMA
Psychiatry, 2014, 71(12), 1381-1391. [http://dx.doi.org/10.1001/
jamapsychiatry.2014.1611] [PMID: 25322082]

[8] Na, K.S.; Lee, K.J.; Lee, J.S.; Cho, Y.S.; Jung, H.Y. Efficacy of
adjunctive celecoxib treatment for patients with major depressive
disorder: a meta-analysis. Prog. Neuropsychopharmacol. Biol.



740

[12]

[13]

[14]

[15]

[16]

[17]

[19]

[20]

[25]

Current Neuropharmacology, 2016, Vol. 14, No. 7

Psychiatry, 2014, 48, 79-85. [http://dx.doi.org/10.1016/j.pnpbp.
2013.09.006] [PMID: 24056287]

Eyre, H.A.; Stuart, M.J.; Baune, B.T. A phase-specific
neuroimmune model of clinical depression. Prog. Neuro-
psychopharmacol. Biol. Psychiatry, 2014, 54, 265-274. [http://dx.
doi.org/10.1016/j.pnpbp.2014.06.011] [PMID: 24999185]

Sokol, C.L.; Luster, A.D. The chemokine system in innate
immunity. Cold Spring Harb. Perspect. Biol., 2015, 7(5), a016303.
[http://dx.doi.org/10.1101/cshperspect.a016303] [PMID: 25635046]
Anthony, D.C.; Couch, Y.; Losey, P.; Evans, M.C. The systemic
response to brain injury and disease. Brain Behav. Immun., 2012,
26(4), 534-540. [http://dx.doi.org/10.1016/1.bbi.2011.10.011] [PMID:
22085588]

Jiang, Z.; Jiang, J.X.; Zhang, G.X. Macrophages: a double-edged
sword in experimental autoimmune encephalomyelitis. Immunol.
Lett., 2014, 160(1), 17-22. [http://dx.doi.org/10.1016/j.imlet.2014.
03.006] [PMID: 24698730]

Bentivoglio, M.; Mariotti, R.; Bertini, G. Neuroinflammation and
brain infections: historical context and current perspectives. Brain
Res. Brain Res. Rev., 2011, 66(1-2), 152-173. [http://dx.doi.org/10.
1016/j.brainresrev.2010.09.008] [PMID: 20883721]

Block, M.L.; Zecca, L.; Hong, J.S. Microglia-mediated
neurotoxicity: uncovering the molecular mechanisms. Nat. Rev.
Neurosci., 2007, 8(1), 57-69. [http://dx.doi.org/10.1038/nrn2038]
[PMID: 17180163]

Louveau, A.; Smirnov, I.; Keyes, T.J.; Eccles, J.D.; Rouhani, S.J.;
Peske, J.D.; Derecki, N.C.; Castle, D.; Mandell, J.W.; Lee, K.S.;
Harris, T.H.; Kipnis, J. Structural and functional features of central
nervous system lymphatic vessels. Nature, 2015, 523(7560), 337-
341. [http://dx.doi.org/10.1038/nature14432] [PMID: 26030524]
Engelhardt, B.; Sorokin, L. The blood-brain and the blood-
cerebrospinal fluid barriers: function and dysfunction. Semin.
Immunopathol., 2009, 31(4), 497-511. [http://dx.doi.org/10.1007/
s00281-009-0177-0] [PMID: 19779720]

Dantzer, R.; O’Connor, J.C.; Freund, G.G.; Johnson, R.W.; Kelley,
K.W. From inflammation to sickness and depression: when the
immune system subjugates the brain. Nat. Rev. Neurosci., 2008, 9(1),
46-56. [http://dx.doi.org/10.1038/nrn2297] [PMID: 18073775]
Banks, W.A.; Kastin, A.J.; Broadwell, R.D. Passage of cytokines
across the blood-brain barrier. Neuroimmunomodulation, 1995,
2(4), 241-248. [http://dx.doi.org/10.1159/000097202] [PMID:
8963753]

Quan, N.; Whiteside, M.; Herkenham, M. Time course and
localization patterns of interleukin-l1beta messenger RNA
expression in brain and pituitary after peripheral administration of
lipopolysaccharide. Neuroscience, 1998, 83(1), 281-293. [http:/
dx.doi.org/10.1016/S0306-4522(97)00350-3] [PMID: 9466417]
Petra, A.L; Panagiotidou, S.; Hatziagelaki, E.; Stewart, J.M.; Conti,
P.; Theoharides, T.C. Gut-microbiota-brain axis and its effect on
neuropsychiatric disorders with suspected immune dysregulation.
Clin. Ther., 2015, 37(5), 984-995. [http://dx.doi.org/10.1016/
j-clinthera.2015.04.002] [PMID: 26046241]

Korczak, D.J.; Pereira, S.; Koulajian, K.; Matejcek, A.; Giacca, A.
Type 1 diabetes mellitus and major depressive disorder: evidence
for a biological link. Diabetologia, 2011, 54(10), 2483-2493.
[http://dx.doi.org/10.1007/s00125-011-2240-3] [PMID: 21789690]
Dickens, C.; McGowan, L.; Clark-Carter, D.; Creed, F. Depression
in rheumatoid arthritis: a systematic review of the literature with
meta-analysis. Psychosom. Med., 2002, 64(1), 52-60. [http:/dx.
doi.org/10.1097/00006842-200201000-00008] [PMID: 11818586]
Benros, M.E.; Waltoft, B.L.; Nordentoft, M.; Ostergaard, S.D.;
Eaton, W.W.; Krogh, J.; Mortensen, P.B. Autoimmune diseases
and severe infections as risk factors for mood disorders: a
nationwide study. JAMA Psychiatry, 2013, 70(8), 812-820.
[http://dx.doi.org/10.1001/jamapsychiatry.2013.1111] [PMID:
23760347]

Wium-Andersen, M.K.; @rsted, D.D.; Nielsen, S.F.; Nordestgaard,
B.G. Elevated C-reactive protein levels, psychological distress, and
depression in 73, 131 individuals. JAMA Psychiatry, 2013, 70(2),
176-184. [http://dx.doi.org/10.1001/2013 jamapsychiatry.102] [PMID:
23266538]

Dowlati, Y.; Herrmann, N.; Swardfager, W.; Liu, H.; Sham, L.;
Reim, E.K.; Lanctot, K.L. A meta-analysis of cytokines in major
depression. Biol. Psychiatry, 2010, 67(5), 446-457. [http://dx.doi.
org/10.1016/j.biopsych.2009.09.033] [PMID: 20015486]

[26]

[27]

[29]

[30]

[31]

[32]

[36]

[37]

[39]

Kohler et al.

Nery, F.G.; Monkul, E.S.; Hatch, J.P.; Fonseca, M.; Zunta-Soares,
G.B.; Frey, B.N.; Bowden, C.L.; Soares, J.C. Celecoxib as an
adjunct in the treatment of depressive or mixed episodes of bipolar
disorder: a double-blind, randomized, placebo-controlled study.
Hum. Psychopharmacol., 2008, 23(2), 87-94. [http://dx.doi.org/
10.1002/hup.912] [PMID: 18172906]

Friebe, A.; Horn, M.; Schmidt, F.; Janssen, G.; Schmid-Wendtner,
M.H.; Volkenandt, M.; Hauschild, A.; Goldsmith, C.H.; Schaefer,
M. Dose-dependent development of depressive symptoms during
adjuvant interferon-alpha treatment of patients with malignant
melanoma. Psychosomatics, 2010, 51(6), 466-473. [PMID:
21051677]

Dahl, J.; Ormstad, H.; Aass, H.C.; Malt, U.F.; Bendz, L.T.;
Sandvik, L.; Brundin, L.; Andreassen, O.A. The plasma levels of
various cytokines are increased during ongoing depression and are
reduced to normal levels after recovery. Psychoneuroendocrinology,
2014, 45, 77-86. [http://dx.doi.org/10.1016/j.psyneuen.2014.03.
019] [PMID: 24845179]

Liu, Y.; Ho, R.C.; Mak, A. Interleukin (IL)-6, tumour necrosis
factor alpha (TNF-a) and soluble interleukin-2 receptors (sIL-2R)
are elevated in patients with major depressive disorder: a meta-
analysis and meta-regression. J. Affect. Disord., 2012, 139(3), 230-
239. [http://dx.doi.org/10.1016/j.jad.2011.08.003] [PMID: 21872339]
Valkanova, V.; Ebmeier, K.P.; Allan, C.L. CRP, IL-6 and
depression: a systematic review and meta-analysis of longitudinal
studies. J. Affect. Disord., 2013, 150(3), 736-744. [http://dx.doi.
org/10.1016/j.jad.2013.06.004] [PMID: 23870425]

Khandaker, G.M.; Pearson, R.M.; Zammit, S.; Lewis, G.; Jones,
P.B. Association of serum interleukin 6 and C-reactive protein in
childhood with depression and psychosis in young adult life: a
population-based longitudinal study. JAMA Psychiatry, 2014,
71(10), 1121-1128.  [http://dx.doi.org/10.1001/jamapsychiatry.
2014.1332] [PMID: 25133871]

Krogh, J.; Benros, M.E.; Jergensen, M.B.; Vesterager, L.; Elfving,
B.; Nordentoft, M. The association between depressive symptoms,
cognitive function, and inflammation in major depression. Brain
Behav. Immun., 2014, 35, 70-76. [http://dx.doi.org/10.1016/
j-bbi2013.08.014] [PMID: 24016864]

Setiawan, E.; Wilson, A.A.; Mizrahi, R.; Rusjan, P.M.; Miler, L.;
Rajkowska, G.; Suridjan, I1.; Kennedy, J.L.; Rekkas, P.V.; Houle,
S.; Meyer, J.H. Role of translocator protein density, a marker of
neuroinflammation, in the brain during major depressive episodes.
JAMA Psychiatry, 2015, 72(3), 268-275. [http://dx.doi.org/10.1001/
jamapsychiatry.2014.2427] [PMID: 25629589]

Eggermont, A.M.; Suciu, S.; Santinami, M.; Testori, A.; Kruit,
W.H.; Marsden, J.; Punt, C.J.; Salés, F.; Gore, M.; Mackie, R.;
Kusic, Z.; Dummer, R.; Hauschild, A.; Musat, E.; Spatz, A
Keilholz, U. Adjuvant therapy with pegylated interferon alfa-2b
versus observation alone in resected stage III melanoma: final
results of EORTC 18991, a randomised phase III trial. Lancet,
2008, 372(9633), 117-126. [http://dx.doi.org/10.1016/S0140-
6736(08)61033-8] [PMID: 18620949]

Reichenberg, A.; Gorman, J.M.; Dieterich, D.T. Interferon-induced
depression and cognitive impairment in hepatitis C virus patients: a
72 week prospective study. AIDS, 2005, /9(Suppl. 3), S174-S178.
[http://dx.doi.org/10.1097/01.aids.0000192087.64432.ae] [PMID:
16251815]

Sarkar, S.; Schaefer, M. Antidepressant pretreatment for the
prevention of interferon alfa-associated depression: a systematic
review and meta-analysis. Psychosomatics, 2014, 55(3), 221-234.
[http://dx.doi.org/10.1016/j.psym.2013.06.015] [PMID: 24012293]

Iyengar, R.L.; Gandhi, S.; Aneja, A.; Thorpe, K.; Razzouk, L.;
Greenberg, J.; Mosovich, S.; Farkouh, M.E. NSAIDs are associated
with lower depression scores in patients with osteoarthritis. 4m. J.
Med., 2013, 126(11), 1017.e11-1017.e18. [http://dx.doi.org/10.
1016/j.amjmed.2013.02.037] [PMID: 23993259]

Hashemian, F.; Majd, M.; Hosseini, S.M.; Sharifi, A.; Panahi,
M.V.; Bigdeli, O. A randomized, double-blind, placebo-controlled
trial of celecoxib augmentation of sertraline in the treatment of a
drug-naive women with major depression. Klin Psikofarmakol Bul,
2011, 21, S183-S184.

Warner-Schmidt, J.L.; Vanover, K.E.; Chen, E.Y.; Marshall, J.J.;
Greengard, P. Antidepressant effects of selective serotonin
reuptake inhibitors (SSRIs) are attenuated by antiinflammatory
drugs in mice and humans. Proc. Natl. Acad. Sci. USA, 2011,



Inflammation in Depression and the Potential for Anti-Inflammatory Treatment

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

108(22), 9262-9267. [http://dx.doi.org/10.1073/pnas.1104836108]
[PMID: 21518864]

Uher, R.; Tansey, K.E.; Dew, T.; Maier, W.; Mors, O.; Hauser, J.;
Dernovsek, M.Z.; Henigsberg, N.; Souery, D.; Farmer, A.;
McGuffin, P. An inflammatory biomarker as a differential predictor
of outcome of depression treatment with escitalopram and
nortriptyline. Am. J. Psychiatry, 2014, 171(12), 1278-1286. [http://
dx.doi.org/10.1176/appi.ajp.2014.14010094] [PMID: 25017001]
Schjerning Olsen, A.M.; Fosbel, E.L.; Lindhardsen, J.; Folke, F.;
Charlot, M.; Selmer, C.; Lamberts, M.; Bjerring Olesen, J.; Kaber,
L.; Hansen, P.R.; Torp-Pedersen, C.; Gislason, G.H. Duration of
treatment with nonsteroidal anti-inflammatory drugs and impact
on risk of death and recurrent myocardial infarction in patients
with prior myocardial infarction: a nationwide cohort study.
Circulation, 2011, 123(20), 2226-2235. [http://dx.doi.org/10.1161/
CIRCULATIONAHA.110.004671] [PMID: 21555710]

Toussi, S.S.; Pan, N.; Walters, HM.; Walsh, T.J. Infections in
children and adolescents with juvenile idiopathic arthritis and
inflammatory bowel disease treated with tumor necrosis factor-a
inhibitors: systematic review of the literature. Clin. Infect. Dis.,
2013, 57(9), 1318-1330. [http://dx.doi.org/10.1093/cid/cit489] [PMID:
23899685]

Fields, C.; Drye, L.; Vaidya, V.; Lyketsos, C. Celecoxib or
naproxen treatment does not benefit depressive symptoms in
persons age 70 and older: findings from a randomized controlled
trial. Am. J. Geriatr. Psychiatry, 2012, 20(6), 505-513. [http://dx.
doi.org/10.1097/JGP.0b013e318227f4da] [PMID: 21775876]
Bresalier, R.S.; Sandler, R.S.; Quan, H.; Bolognese, J.A.; Oxenius,
B.; Horgan, K.; Lines, C.; Riddell, R.; Morton, D.; Lanas, A.;
Konstam, M.A.; Baron, J.A. Cardiovascular events associated with
rofecoxib in a colorectal adenoma chemoprevention trial. N. Engl.
J. Med., 2005, 352(11), 1092-1102. [http://dx.doi.org/10.1056/
NEJMo0a050493] [PMID: 15713943]

Solomon, S.D.; McMurray, J.J.; Pfeffer, M.A.; Wittes, J.; Fowler,
R.; Finn, P.; Anderson, W.F.; Zauber, A.; Hawk, E.; Bertagnolli,
M. Cardiovascular risk associated with celecoxib in a clinical trial
for colorectal adenoma prevention. N. Engl J. Med., 2005,
352(11), 1071-1080. [http://dx.doi.org/10.1056/NEJMo0a050405]
[PMID: 15713944]

Solomon, D.H.; Avorn, J.; Stiirmer, T.; Glynn, R.J.; Mogun, H.;
Schneeweiss, S. Cardiovascular outcomes in new users of coxibs
and nonsteroidal antiinflammatory drugs: high-risk subgroups and
time course of risk. Arthritis Rheum., 2006, 54(5), 1378-1389.
[http://dx.doi.org/10.1002/art.21887] [PMID: 16645966]

Solomon, S.D.; Wittes, J.; Finn, P.V.; Fowler, R.; Viner, J.;
Bertagnolli, M.M.; Arber, N.; Levin, B.; Meinert, C.L.; Martin, B.;
Pater, J.L.; Goss, P.E.; Lance, P.; Obara, S.; Chew, E.Y.; Kim, J.;
Arndt, G.; Hawk, E. Cardiovascular risk of celecoxib in 6
randomized placebo-controlled trials: the cross trial safety analysis.
Circulation, 2008, 117(16), 2104-2113. [http://dx.doi.org/10.1161/
CIRCULATIONAHA.108.764530] [PMID: 18378608]
Mendlewicz, J.; Kriwin, P.; Oswald, P.; Souery, D.; Alboni, S.;
Brunello, N. Shortened onset of action of antidepressants in major
depression using acetylsalicylic acid augmentation: a pilot open-
label study. Int. Clin. Psychopharmacol., 2006, 21(4), 227-231.
[http://dx.doi.org/10.1097/00004850-200607000-00005]  [PMID:
16687994]

Menter, A.; Augustin, M.; Signorovitch, J.; Yu, A.P.; Wu, E.Q.;
Gupta, S.R.; Bao, Y.; Mulani, P. The effect of adalimumab on
reducing depression symptoms in patients with moderate to severe
psoriasis: a randomized clinical trial. J. Am. Acad. Dermatol., 2010,
62(5), 812-818. [http://dx.doi.org/10.1016/j.jaad.2009.07.022] [PMID:
20219265]

Langley, R.G.; Feldman, S.R.; Han, C.; Schenkel, B.; Szapary, P.;
Hsu, M.C.; Ortonne, J.P.; Gordon, K.B.; Kimball, A.B.
Ustekinumab  significantly improves symptoms of anxiety,
depression, and skin-related quality of life in patients with
moderate-to-severe psoriasis: Results from a randomized, double-
blind, placebo-controlled phase III trial. J. Am. Acad. Dermatol.,
2010, 63(3), 457-465. [http://dx.doi.org/10.1016/j.jaad.2009.09.
014] [PMID: 20462664]

Raison, C.L.; Rutherford, R.E.; Woolwine, B.J.; Shuo, C.;
Schettler, P.; Drake, D.F.; Haroon, E.; Miller, A.-H. A randomized
controlled trial of the tumor necrosis factor antagonist infliximab
for treatment-resistant depression: the role of baseline inflammatory

[53]

[54]

[55]

[56]

[57]

[61]

[62]

[63]

Current Neuropharmacology, 2016, Vol. 14, No. 7 741

biomarkers. JAMA Psychiatry, 2013, 70(1), 31-41. [http://dx.doi.
org/10.1001/2013.jamapsychiatry.4] [PMID: 22945416]
Weitz-Schmidt, G.; Welzenbach, K.; Brinkmann, V.; Kamata, T.;
Kallen, J.; Bruns, C.; Cottens, S.; Takada, Y.; Hommel, U. Statins
selectively inhibit leukocyte function antigen-1 by binding to a
novel regulatory integrin site. Nat. Med., 2001, 7(6), 687-692.
[http://dx.doi.org/10.1038/89058] [PMID: 11385505]

Bloch, M.H.; Hannestad, J. Omega-3 fatty acids for the treatment of
depression: systematic review and meta-analysis. Mol. Psychiatry,
2012, 17(12), 1272-1282. [http://dx.doi.org/10.1038/mp.2011.100]
[PMID: 21931319]

Della-Morte, D.; Palmirotta, R.; Rehni, A.K.; Pastore, D.; Capuani,
B.; Pacifici, F.; De Marchis, M.L.; Dave, K.R.; Bellia, A.;
Fogliame, G.; Ferroni, P.; Donadel, G.; Cacciatore, F.; Abete, P.;
Dong, C.; Pileggi, A.; Roselli, M.; Ricordi, C.; Sbraccia, P.;
Guadagni, F.; Rundek, T.; Lauro, D. Pharmacogenomics and
pharmacogenetics of thiazolidinediones: role in diabetes and
cardiovascular risk factors. Pharmacogenomics, 2014, 15(16),
2063-2082. [http://dx.doi.org/10.2217/pgs.14.162] [PMID: 25521362]
Miyaoka, T.; Wake, R.; Furuya, M.; Liaury, K.; Ieda, M.;
Kawakami, K.; Tsuchie, K.; Taki, M.; Ishihara, K.; Araki, T.;
Horiguchi, J. Minocycline as adjunctive therapy for patients with
unipolar psychotic depression: an open-label study. Prog. Neuro-
psychopharmacol. Biol. Psychiatry, 2012, 37(2), 222-226. [http:/
dx.doi.org/10.1016/j.pnpbp.2012.02.002] [PMID: 22349578]

Jung, J.C.; Lee, Y.; Son, J.Y.; Lim, E.; Jung, M.; Oh, S. Simple
synthesis of modafinil derivatives and their anti-inflammatory
activity. Molecules, 2012, 17(9), 10446-10458. [http://dx.doi.org/
10.3390/molecules170910446] [PMID: 22945025]

Ghanizadeh, A.; Hedayati, A. Augmentation of fluoxetine with
lovastatin for treating major depressive disorder, a randomized
double-blind placebo controlled-clinical trial. Depress. Anxiety, 2013,
30(11), 1084-1088. [http://dx.doi.org/10.1002/da.22195] [PMID:
24115188]

Gougol, A.; Zareh-Mohammadi, N.; Raheb, S.; Farokhnia, M.;
Salimi, S.; Iranpour, N.; Yekehtaz, H.; Akhondzadeh, S.
Simvastatin as an adjuvant therapy to fluoxetine in patients with
moderate to severe major depression: A double-blind placebo-
controlled trial. J. Psychopharmacol. (Oxford), 2015, 29(5), 575-581.
[http://dx.doi.org/10.1177/0269881115578160] [PMID: 25827645]
Martins, J.G.; Bentsen, H.; Puri, B.K. Eicosapentaenoic acid
appears to be the key omega-3 fatty acid component associated
with efficacy in major depressive disorder: a critique of Bloch and
Hannestad and updated meta-analysis. Mol. Psychiatry, 2012,
17(12), 1144-1149. [http://dx.doi.org/10.1038/mp.2012.25] [PMID:
22488258

Sepanjnia, K.; Modabbernia, A.; Ashrafi, M.; Modabbernia, M.J.;
Akhondzadeh, S. Pioglitazone adjunctive therapy for moderate-to-
severe major depressive disorder: randomized double-blind placebo-
controlled trial. Neuropsychopharmacology, 2012, 37(9), 2093-
2100. [http://dx.doi.org/10.1038/npp.2012.58] [PMID: 22549115]
Kashani, L.; Omidvar, T.; Farazmand, B.; Modabbernia, A.;
Ramzanzadeh, F.; Tehraninejad, E.S.; Ashrafi, M.; Tabrizi, M.;
Akhondzadeh, S. Does pioglitazone improve depression through
insulin-sensitization? Results of a randomized double-blind
metformin-controlled trial in patients with polycystic ovarian
syndrome and comorbid depression. Psychoneuroendocrinology,
2013, 38(6), 767-776. [http://dx.doi.org/10.1016/j.psyneuen.2012.
08.010] [PMID: 22999261]

Arana, G.W.; Santos, A.B.; Laraia, M.T.; McLeod-Bryant, S.;
Beale, M.D.; Rames, L.J.; Roberts, J.M.; Dias, J.K.; Molloy, M.
Dexamethasone for the treatment of depression: a randomized,
placebo-controlled, double-blind trial. Am. J. Psychiatry, 1995,
152(2), 265-267. [http://dx.doi.org/10.1176/ajp.152.2.265] [PMID:
7840362]

DeBattista, C.; Posener, J.A.; Kalehzan, B.M.; Schatzberg, A.F.
Acute antidepressant effects of intravenous hydrocortisone and
CRH in depressed patients: a double-blind, placebo-controlled
study. Am. J. Psychiatry, 2000, 157(8), 1334-1337. [http://dx.doi.
org/10.1176/appi.ajp.157.8.1334] [PMID: 10910802]
Tomas-Camardiel, M.; Rite, 1.; Herrera, A.J.; de Pablos, R.M.;
Cano, J.; Machado, A.; Venero, J.L. Minocycline reduces the
lipopolysaccharide-induced inflammatory reaction, peroxynitrite-
mediated nitration of proteins, disruption of the blood-brain barrier,
and damage in the nigral dopaminergic system. Neurobiol. Dis.,



742

[67]

[69]

[70]

[71]

[72]

Current Neuropharmacology, 2016, Vol. 14, No. 7

2004, 76(1), 190-201. [http://dx.doi.org/10.1016/j.0bd.2004.01.
010] [PMID: 15207276]

Soczynska, J.K.; Mansur, R.B.; Brietzke, E.; Swardfager, W.;
Kennedy, S.H.; Woldeyohannes, H.O.; Powell, A.M.; Manierka,
M.S.; Mclntyre, R.S. Novel therapeutic targets in depression:
minocycline as a candidate treatment. Behav. Brain Res., 2012,
235(2), 302-317. [http://dx.doi.org/10.1016/j.bbr.2012.07.026] [PMID:
22963995]

Dean, O.M.; Maes, M.; Ashton, M.; Berk, L.; Kanchanatawan, B.;
Sughondhabirom, A.; Tangwongchai, S.; Ng, C.; Dowling, N.;
Malhi, G.S.; Berk, M. Protocol and rationale-the efficacy of
minocycline as an adjunctive treatment for major depressive
disorder: a double blind, randomised, placebo controlled trial. Clin.
Psychopharmacol. Neurosci., 2014, 12(3), 180-188.
[http://dx.doi.org/10.9758/cpn.2014.12.3.180] [PMID: 25598820]
Abolfazli, R.; Hosseini, M.; Ghanizadeh, A.; Ghaleiha, A.; Tabrizi,
M.; Raznahan, M.; Golalizadeh, M.; Akhondzadeh, S. Double-
blind randomized parallel-group clinical trial of efficacy of the
combination fluoxetine plus modafinil versus fluoxetine plus
placebo in the treatment of major depression. Depress. Anxiety,
2011, 28(4), 297-302. [http://dx.doi.org/10.1002/da.20801] [PMID:
21456039]

Goss, A.J.; Kaser, M.; Costafreda, S.G.; Sahakian, B.J.; Fu, C.H.
Modafinil augmentation therapy in unipolar and bipolar depression:
a systematic review and meta-analysis of randomized controlled
trials. J. Clin. Psychiatry, 2013, 74(11), 1101-1107. [http://dx.doi.
org/10.4088/JCP.13r08560] [PMID: 24330897]

Kumar, R. Approved and investigational uses of modafinil : an
evidence-based review. Drugs, 2008, 68(13), 1803-1839. [http:/
dx.doi.org/10.2165/00003495-200868130-00003] [PMID: 18729534]
Eyre, H.A.; Air, T.; Proctor, S.; Rositano, S.; Baune, B.T. A critical
review of the efficacy of non-steroidal anti-inflammatory drugs in
depression. Prog. Neuropsychopharmacol. Biol. Psychiatry, 2015,
57, 11-16. [http://dx.doi.org/10.1016/j.pnpbp.2014.10.003] [PMID:
25455584

Anderson, G.; Berk, M.; Dean, O.; Moylan, S.; Maes, M. Role of
immune-inflammatory and oxidative and nitrosative stress
pathways in the etiology of depression: Therapeutic implications.
CNS Drugs, 2013. [PMID: 24150993]

Morris, G.; Anderson, G.; Dean, O.; Berk, M.; Galecki, P.; Martin-
Subero, M.; Maes, M. The glutathione system: a new drug target in
neuroimmune disorders. Mol. Neurobiol., 2014, 50(3), 1059-1084.
[http://dx.doi.org/10.1007/s12035-014-8705-x] [PMID: 24752591]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

(81]

Kohler et al.

Kohler, O; Gasse, C; Petersen, L; Nierenberg, A; Mors, O;
Ostergaard, S The effect of concomitant treatment with selective
serotonin reuptake inhibitors and statins: A population-based study.
2015.

Kohler, O; Petersen, L; Mors, O; Gasse, C Inflammation and
depression: Combined use of selective serotonin-reuptake
inihibitors and NSAIDs or paracetamol and psychiatric outcomes.
2015 May 29;

Gharekhani, A.; Khatami, M.R.; Dashti-Khavidaki, S.; Razeghi, E.;
Noorbala, A.A.; Hashemi-Nazari, S.S.; Mansournia, M.A. The
effect of omega-3 fatty acids on depressive symptoms and
inflammatory markers in maintenance hemodialysis patients: a
randomized, placebo-controlled clinical trial. Eur. J. Clin.
Pharmacol., 2014, 70(6), 655-665. [http://dx.doi.org/10.1007/
$00228-014-1666-1] [PMID: 24643636]

Miiller, N.; Riedel, M.; Schwarz, M.J.; Engel, R.R. Clinical effects
of COX-2 inhibitors on cognition in schizophrenia. Eur. Arch.
Psychiatry Clin. Neurosci., 2005, 255(2), 149-151. [http://dx.doi.
org/10.1007/s00406-004-0548-4] [PMID: 15549344]

Sahin, T.D.; Karson, A.; Balci, F.; Yazir, Y.; Bayramgiirler, D.;
Utkan, T. TNF-alpha inhibition prevents cognitive decline and
maintains hippocampal BDNF levels in the unpredictable chronic
mild stress rat model of depression. Behav. Brain Res., 2015, 292,
233-240. [http://dx.doi.org/10.1016/j.bbr.2015.05.062] [PMID:
26112756]

Wingerchuk, D.M.; Benarroch, E.E.; O’Brien, P.C.; Keegan, B.M.;
Lucchinetti, C.F.; Noseworthy, JH.; Weinshenker, B.G;
Rodriguez, M. A randomized controlled crossover trial of aspirin
for fatigue in multiple sclerosis. Neurology, 2005, 64(7), 1267-
1269. [http://dx.doi.org/10.1212/01.WNL.0000156803.23698.9A]
[PMID: 15824361]

Sumowski, J.F.; Leavitt, V.M. Body temperature is elevated and
linked to fatigue in relapsing-remitting multiple sclerosis, even
without heat exposure. Arch. Phys. Med. Rehabil., 2014, 95(7),
1298-1302. [http://dx.doi.org/10.1016/j.apmr.2014.02.004] [PMID:
24561056]

Solomon, D.H.; Avorn, J.; Stiirmer, T.; Glynn, R.J.; Mogun, H.;
Schneeweiss, S. Cardiovascular outcomes in new users of coxibs
and nonsteroidal antiinflammatory drugs: high-risk subgroups and
time course of risk. Arthritis Rheum., 2006, 54(5), 1378-1389.
[http://dx.doi.org/10.1002/art.21887] [PMID: 16645966]

Kayser, M.S.; Dalmau, J. Anti-NMDA receptor encephalitis in
psychiatry. Curr. Psychiatry Rev., 2011, 7(3), 189-193. [http://dx.
doi.org/10.2174/157340011797183184] [PMID: 24729779]



