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Abstract—This study investigated the relationship between major depressive disorder (MDD) and neuroin-
flammation biomarkers. Included 28 patients that were diagnosed with MDD and 22 healthy individuals as
the control group. Antidepressant drug therapy was started for depression patients. Venous blood was drawn
from the control group and pre-treatment MDD patients for measuring levels of inflammatory markers.
Inflammatory marker levels were measured again after 8 weeks of antidepressant medication in MDD
patients. The severity of depression was determined by the Hamilton Depression Scale (HDS). Serum levels
of IL-1, IL-2, IL-6 and haptoglobin were significantly different between the pre-treatment patients and con-
trol groups (P < 0.05), but no significant difference in CRP and sedimentation levels (P > 0.05). Pre- and
post-treatment of patient group levels of IL-1, IL-2, IL-6 and haptoglobin significantly different (P < 0.05),
whereas CRP levels and sedimentation were not significantly different (P > 0.05). Mean HDS score of pre-
and posttreatment in patients group was significantly different (P < 0.05). All participants in the patient group
responded to the antidepressant treatment. We found that inflammatory mechanisms occur in MDD and
antidepressant therapy affects this process. Inflammatory cytokines IL-1, IL-2 and IL-6, as well as the APR’s
haptoglobin are elevated significantly in MDD.

Keywords: major depressive disorder, neuroinflammation, inflammatory markers, cytokines, acute-phase
reactants, antidepressant therapy
DOI: 10.1134/S1819712421040061

INTRODUCTION

Studies conducted in the field of psychoneuroim-
munology over the last few decades have shown that
there exists a two-way relation network between the
immune system and the brain [1]. The immune system
is composed of two subsystems, namely the innate
immune system (inherited) and the adaptive immune
system (acquired). Both subsystems involve cellular
and humoral components, and these components
secrete distinct cytokines. Interleukin (IL)-1, IL-6,
tumor necrosis factor (TNF)-α, interferon (IFN)-α
are examples of the cytokines produced by the innate
immune system; whereas IL-2, IFN- γ, IL-4 and IL-10
are among the cytokines produced by the adaptive
immune system. Cytokines can also be classified as
those that augment the inflammatory response
(proinflammatory cytokines) and those that alleviate
the inflammatory response or counterpoise an ele-
vated inflammatory response (anti-inflammatory
cytokines). IL-1, IL-2, IL-6, TNF-α and IFN-γ are
proinflammatory, while IL-4, IL-10 and IL-13 are

anti-inflammatory cytokines. Furthermore, proin-
flammatory cytokines mediate secretion of acute-
phase reactants (APRs), such as C-reactive protein
(CRP), haptoglobin, complement component 3,
fibrinogen and ceruloplasmin [2–5]. APRs are pro-
teins serum concentrations of which either increase by
at least 25% (positive APRs) or decrease (negative
APRs) in response to inflammation. The examples of
positive APRs are erythrocyte sedimentation rate
(ESR), CRP, procalcitonin (PCT), serum amyloid A
(SAA), ferritin, etc. Among these, CRP, PCT and
ESR are the most commonly used parameters for
assessing inflammation [6, 7].

Proinflammatory cytokines may be secreted in
response to pathogen contact, tissue damage or psy-
chosocial stressors, and mediate communication
between the immune system and the brain [8].
Increases in proinflammatory cytokines are usually
accommodational, temporary and regulated by anti-
inflammatory processes. On the other hand, if an
individual is receiving chronic cytokine treatment, or
chronically exposed to disease or stress (chronic or
unbalanced inflammatory response), inflammation
and cytokines may lead to psychiatric disorders, such
as behavioral symptoms, depression and anxiety.
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A broad range of studies have suggested that inflam-
mation and proinflammatory cytokines might have a
role in etiopathogenesis of major depressive disorder
(MDD) [1, 4, 8–11]. Cytokines induce depressive
symptoms through neuroendocrine processes, the
hypothalamic-pituitary-adrenal (HPA) axis, neu-
rotransmitter metabolism, synaptic plasticity, and
neural circuits that regulate hippocampal neurogene-
sis, mood, motor activity, motivation, anxiety and the
alarm system [1, 3, 12–14]. By causing desensitization
of glucocorticoid receptors, cytokines disable the neg-
ative feedback mechanism acting on the HPA axis,
which in turn leads to strong stimulation of HPA axis
activity. While the response to acute stress is activation
of the HPA axis, long-term complications arise when
stress becomes chronic [11, 13, 15]. Cytokines also
alter the metabolism of monoamines, most notably
serotonin [8, 16]. In summation, findings that suggest
levels of proinflammatory cytokines and APRs
increase in MDD have been accumulating in recent
years. Concurrent with ameliorating symptoms of
depression, antidepressants help restore proinflam-
matory cytokine levels back to normal. It has been
reported that selective serotonin reuptake inhibitors
(SSRIs) in particular have regulatory effects on cyto-
kine levels [17].

In this study, blood serum levels of the proinflam-
matory cytokines IL-1, IL-2 and IL-6, as well as the
APRs ESH, haptoglobin and CRP were measured in
healthy volunteers, patients diagnosed with MDD and
patients with MDD after eight weeks of antidepressant
(SSRI) treatment. The resulting data were analyzed in
order to investigate the relationship between depres-
sion and neuroinflammation.

MATERIALS AND METHODS
Included in our study were 28 patients that visited

the Psychiatry Clinic of Antalya Training and
Research Hospital in consecutive order, were diag-
nosed with MDD according to the DSM-5 diagnostic
criteria and completed the study (18 patients that did
not attend the second examination and 16 patients that
did not follow through the 8-week treatment plan were
excluded), and 22 healthy individuals that consented
to participate as the control group. The study protocol
was approved by the Ethical Committee of Antalya
Training and Research Hospital (approval number:
2019-153). A sociodemographic data form and the
Structured Clinical Interview for DSM-5 form were
filled out for each participant. The Hamilton Rating
Scale for Depression (HRSD) was applied to patients
diagnosed with depression once during their initial
examination and once more at the end of the 8-week
antidepressant treatment. Ten mL of venous blood was
drawn from each participant, which were sent to the
biochemistry laboratory for measuring levels of
inflammatory markers. Additionally, following the
8-week antidepressant treatment, 10 mL of venous
N

blood was drawn from each study patient in order to
measure levels of inflammatory markers.

The patient and control groups were compared
with regards to age and gender. SSRI class of antide-
pressants were used for treating MDD patients;
namely, sertraline (n = 10, 50–100 mg/day), escitalo-
pram (n = 10, 10–20 mg/day) and paroxetine (n = 8,
20–40 mg/day). The criterion for response to treat-
ment was determined as at least 50% decrease in
HRSD score compared to the initial assessment. Cri-
teria for exclusion from the study were as follows: illit-
eracy, mental retardation, internal diseases severe
enough to deteriorate general health, age below 18,
existing diagnosis of depression types other than
MDD (psychotic, catatonic, atypical, melancholic,
etc.), concurrent psychiatric disorders, pregnancy,
acute infections within the last month or chronic
infections, presence of autoimmune, allergic, neo-
plastic or endocrine disorders (thyroid or other endo-
crine dysfunctions), and intake of any psychoactive
medication in the six weeks prior to the study. Exclu-
sion criteria for healthy volunteers were as follows:
existing diagnosis of any psychiatric disorder, cogni-
tive issues that impede comprehension of the tests,
illiteracy and age below 18.

Biochemical analysis. Samples of 10 mL of venous
blood drawn from the participants were centrifuged at
3000 rpm for 10 min. The resulting serum samples
were used for measuring levels of IL-1, IL-2, IL-6,
haptoglobin and CRP. ELISA kits (YLbiont, Shang-
hai YL Biotech Co. Ltd., Shanghai, PRC) were used
for measurement of IL-1, IL-2, IL-6 and haptoglobin
levels. CRP levels were quantified with an automated
AU-5800 clinical chemistry analyzer (Beckman
Coulter Inc., Brea CA, USA). Sedimentation was
assessed using 5 mL of total blood.

Statistical analysis. Descriptive statistics were given
as mean ± standard deviation. Differences between
means were deemed statistically significant if the P
value was smaller than 0.05. Homogeneity of gender
between the patient and control groups was assessed
using the chi-squared test, while the independent
samples t-test was utilized for comparing means of age
and inflammatory marker levels between the groups.
Differences between inflammatory marker levels in
the patient group before and after treatment were ana-
lyzed using the paired samples t-test and the Wilcoxon
signed-rank test. The paired samples t-test was used
for the IL-6, haptoglobin, CRP and ESR parameters,
while the Wilcoxon signed-rank test was used for the
IL-1 and IL-2 parameters (depending on whether the
parametric test assumptions were met or not). Varia-
tion in HRSD scores before and after treatment was
assessed with the Wilcoxon signed-rank test.

Statistical analyses were performed using the soft-
ware package SPSS Statistics for Windows, version
21.0. (IBM Corp., New York, USA).
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Table 1. Sociodemographic data of the patient and control groups

SD: standard deviation.

Parameter Patient group (n = 28)
(Mean ± SD)

Control group (n = 22)
(Mean ± SD) P value

Age 42.64 ± 2.10 43.22 ± 2.44 >0.05
Gender (Male/Female) 9/19 8/14 >0.05

Table 2. Serum levels of acute-phase reactants in the patient (pre-treatment) and control groups

IL: interleukin, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, SD: standard deviation.

Acute-phase reactant Patient group (Pre-treatment) 
(Mean ± SD) Control group (Mean ± SD) P value

IL-1, pg/mL 14.92 ± 1.02 12.32 ± 0.74 <0.05
IL-2, pg/mL 21.54 ± 1.72 11.79 ± 0.74 <0.05
IL-6, pg/mL 16.68 ± 1.28 10.05 ± 0.59 <0.05
Haptoglobin, mg/dL 121.96 ± 8.1 105.10 ± 7.74 <0.05
CRP, mg/dL 4.17 ± 0.42 3.70 ± 0.46 >0.05
ESR, mm/hour 12.89 ± 0.95 11.29 ± 0.95 >0.05

Table 3. Serum levels of acute-phase reactants in depression patients pre- and post-treatment

IL: interleukin, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, SD: standard deviation.

Acute-phase reactant Patient group
(Pre-treatment) (Mean ± SD)

Patient group
(Post-treatment) (Mean ± SD) P value

IL-1, pg/mL 14.92 ± 1.02 13.37 ± 0.94 <0.05
IL-2, pg/mL 21.54 ± 1.72 18.07 ± 1.29 <0.05
IL-6, pg/mL 16.68 ± 1.28 12.78 ± 0.83 <0.05
Haptoglobin, mg/dL 121.96 ± 8.1 105.10 ± 7.74 <0.05
CRP, mg/dL 4.17 ± 0.42 3.73 ± 0.45 >0.05
ESR, mm/hour 12.89 ± 0.95 11.53 ± 1.01 >0.05
RESULTS

A total of 28 MDD patients (68% female) were
included in our study and their mean age was 42.64 ±
2.10 years. The control group consisted of 22 healthy
individuals (64% female) with a mean age of 43.22 ±
2.44 years. There was no statistically significant differ-
ence between the patient and control groups in terms
of age and gender (P > 0.05). Sociodemographic data
of both groups are given in Table 1.

Serum cytokine and APR levels in the patient and
control groups are shown in Table 2. Levels of IL-1,
IL-2, IL-6 and haptoglobin were significantly differ-
ent between the groups. No statistically significant dif-
ference was observed in levels of CRP or ESR.

Pre- and post-treatment serum cytokine and APR
levels in the patient group are given in Table 3. Statis-
tically significant differences were present between
levels of IL-1, IL-2, IL-6 and haptoglobin, whereas
CRP levels and ASR were not significantly different.
NEUROCHEMICAL JOURNAL  Vol. 15  No. 4  2021
Mean HRSD score of the patients before antide-
pressant treatment was 22.92 ± 0.95, while that after
the treatment was 9.67 ± 0.54. The reduction in post-
treatment HRSD scores compared to pre-treatment
scores, which was 58%, was statistically significant
(P < 0.05). All participants in the patient group
responded to the antidepressant treatment.

DISCUSSION AND CONCLUSIONS
In this study, we investigated whether serum levels

of inflammatory mediators such as IL-1, IL-2, IL-6,
haptoglobin, ESR and CRP significantly differ
between MDD patients and healthy individuals; and
whether said serum levels were altered by antidepres-
sant treatment compared to pre-treatment levels. Our
results showed that serum levels of proinflammatory
cytokines (IL-1, IL-2 and IL-6) and haptoglobin were
significantly higher in MDD patients than those in
healthy individuals, while ESR and CRP levels were
not significantly different between the two groups.
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When we compared inflammatory marker levels of
MDD patients measured during the initial examina-
tion with those after the 8-week antidepressant treat-
ment, levels of IL-1, IL-2, IL-6 and haptoglobin were
significantly lower following treatment, whereas vari-
ation in ESR and CRP levels were not statistically sig-
nificant.

In order to assess cytokine levels in MDD, Howren
et al. carried out a meta-analysis of studies conducted
between January 1967 and January 2008 [18]. Their
analysis involved clinical sample and population-
based studies that examined levels of CRP, IL-1 and
IL-6. The results of this study indicate a positive cor-
relation between major depression and levels of CRP,
IL-1 and IL-6. Another meta-analysis performed by
Dowlati et al. inspected studies carried out between
June 1960 and August 2009, in which the study groups
comprised of patients diagnosed with depression
according to DSM-III-R or DSM-IV, but not treated
with antidepressants [19]. A total of 136 studies were
found between said dates, 24 of which were included
in the meta-analysis. According to this meta-analysis,
levels of TNF-α (13 studies, 438 patients, 350 healthy
controls) and IL-6 (16 studies, 492 patients,
400 healthy controls) were higher in depression
patients compared to healthy individuals. On the other
hand, there was no statistically significant difference
between patients and healthy individuals in levels of
IL-1β (9 studies, 267 patients, 246 healthy controls),
IL-2 (5 studies, 154 patients, 132 healthy controls),
IL-4 (5 studies, 153 patients, 139 healthy controls), IL-8
(4 studies, 205 patients, 177 healthy controls), IL-10
(6 studies, 171 patients, 200 healthy controls) or INF-γ
(4 studies, 131 patients, 107 healthy controls). Conse-
quently, these results showed that levels of TNF-α and
IL-6 were increased in MDD, which was interpreted
as proof that the immune system is activated in cases
of depression. While there are several published papers
involving IL-1, IL-2, IL-6 and CRP, research on hap-
toglobin and ESR is limited. The few existing studies
conducted by Maes et al., Chavda et al. and Vargas et
al. indicated that depression significantly correlated
with ESR and CRP levels [20–22].

Moreover, some clinical studies suggest that anti-
depressants contribute to normalization of the patient
by lowering levels of serum proinflammatory cyto-
kines, which are elevated pre-treatment. It has been
alleged that especially SSRIs have regulatory effects
on cytokines [17, 23]. In agreement, our study showed
that following eight weeks of treatment with SSRI
class of antidepressants, there was statistically signifi-
cant reduction in inflammatory mediator levels.

In contrast, there are studies that have reported no
relation between depression and cytokines [19, 24,
25]. In a study by Hocaoglu et al. that compared
30 depression patients and 30 healthy volunteers, no
significant difference was observed in levels of IL-1β,
IL-6, IL-8, IL-10, TNF-α or INF-γ between the two
N

groups [25]. Similarly, there are numerous studies that
suggest no significant relation exists between depres-
sion and inflammatory mediators. The results of our
study indicate that an inflammatory response is active
in the course of MDD and that levels of the inflamma-
tory cytokines IL-1, IL-2 and IL-6, as well as the APR
haptoglobin are elevated significantly. The other
APRs investigated in our study, ESR and CPR, were
not significantly different in depression patients com-
pared to healthy individuals.

The notable feature of our study was that the proin-
flammatory cytokines IL-1, IL-2 and IL-6 were
examined together with the APRs haptoglobin, ESR
and CRP in MDD patients. Furthermore, compari-
son of these parameters pre- and post-treatment pro-
vides an important layer to the study.

The limitation of our study was that the number of
participating patients and healthy individuals was low.
We expect that future studies involving more partici-
pants will contribute significantly to the understand-
ing of depression and the field of psychoimmunology.
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