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ABSTRACT

Depression is one of the current dilemmas in both developed and developing societies. Studies
show that the severity of psychiatric symptoms is directly related to the degree of inflammation
caused by cytokines secreted by the immune system. Hence, evaluating serum cytokine levels in
patients with depression can help to understand the pathogenesis of the disease and make the best
therapeutic decisions. The present study investigated the levels of inflammatory cytokines, tumor
necrosis factor-o (TNF-u), interleukin-1 (IL-1), and intetleukin-6 (IL-6) in patients with major
depression or bipolar disorder during depressive episodes (BDDE) before and after a 6-month
pharmaceutical intervention.

Patients referring to 3 clinics were recruited for the study. The diagnosis of major depression
ot bipolar disorder in a depressive phase was made according to the Diagnostic and Statistical
Manual of Mental Disorders -5(DSM-5) criteria.

There was a significant difference in depression levels between the pre-intervention and 6-
month follow-up in both groups. After 6 months, IL-1 and IL-6 levels in the bipolar disorder group
had decreased while TNF-u levels had increased. There was also a significant difference between
pre-intervention and follow-up levels of IL-1. Serum levels of IL-1 and IL-6 decreased significantly
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in both groups after the 6-month follow-up, and symptom improvement was observed. TNF-a

levels, on the other hand, decreased in the major depression group but increased in the bipolar

disorder group.

Considering that inflammation is a major outcome of depression, treatment strategies to reduce

inflammation could be a practical approach to improving psychiatric symptoms.

Keywords: Bipolar disorder; Inflammatory cytokines; Interleukin-1; Interleukin-6; Major depressive

disorder; Tumor necrosis factor-o

INTRODUCTION

Depression is a prevalent psychiatric disorder
worldwide. According to the World Health Organization
report 2020, more than 300 million people of different
ages have depression worldwide; a recent study found
that 12.7% of the participants had major depression.* A
systematic review indicated a 4.1% prevalence of major
depression. Depression is more common in women and
the residents of countries with a moderate human
development index.>® A recent meta-analysis found that
the prevalence of depression increased up to 7 times
after the COVID-19 pandemic in 2020 due to the
resulting restrictions (i.e., home quarantine and social
distancing), stress caused by the death of loved ones, and
reduced recreational and outdoor activities.* This
motivates rehabilitation for depression as an effective
technique to promote mental health and a normal life.

In the last decade, the assessment of biomarkers has
helped significantly in diagnosing and evaluating
patients with depression.® like inflammatory cytokines,
some of these biomarkers, such as C-reactive protein and
cortisol, cause changes in the brain's noradrenergic and
serotonergic systems, leading to mood swings .6 Some
inflammatory cytokines secreted by immune cells
disrupt the activity of brain neurotransmitters
norepinephrine and serotonin, leading to mood
dysregulation.”®

Evidence shows that psychiatric medications control
and reduce symptoms in psychiatric disorders such as
schizophrenia by reducing inflammatory factors. °
Significant changes are also reported in the level of
immune biomarkers in major depression and bipolar
disorder .21t seems that the production of inflammatory
cytokines by immune cells is associated with the
severity of symptoms in psychiatric disorders, especially
depression caused by inflammation. These findings
suggest a diagnostic role for immune biomarkers in the
pathophysiology of depression and appropriate
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immunological interventions in its treatment.6 In this
regard, interleukin (IL)-1B, IL-6, and tumor necrosis
factor-a  (TNF)-a have been investigated more
thoroughly.'! In contrast, fewer studies have compared
the pattern of immune system changes in the 2 major
groups of depression disorders: bipolar disorder during
a depressive episodes (BDDE) and major depression.!?
Generally, evidence supports the relationship between
inflammatory changes and depression.

One factor demonstrating the role of inflammatory
changes in depression is increased serum levels of
inflammatory cytokines, such as IL-1p3, TNF-a, and IL-
6, in patients with depression. According to the findings
of a meta-analysis, TNF-a and IL-6 levels increase in
patients with major depression compared to healthy
individuals.*®** Studies reported higher serum levels of
IL-1, IL-6, and TNF-a in patients with major depression
and bipolar disorder, compared to healthy individuals. *>
19 Elevated TNF-a levels are reported in both the manic
and depressive phases of bipolar disorder.?® According
to studies by Leonard et al. and Gupta et al., serum levels
of IL-1 and TNF-a were significantly higher in patients
with depression compared with healthy individuals.?*?2

Another indicator of the relationship between
inflammatory changes and depression is the comorbidity
of depression with inflammatory diseases, such as
coronary artery disease and rheumatoid arthritis.?>?* The
relationship  between the level of peripheral
inflammatory markers and the severity of depression ,
inhibition  of  inflammatory = markers  during
antidepressant therapy, and the antidepressant effects of
some anti-inflammatory agents, such as nonsteroidal
anti-inflammatory drugs , also support this hypothesis.
Additionally, treatment with inflammatory cytokines
such as IFN-y can cause depression. 14252627

The identification of immune biomarkers can help in
screening methods, predicting the susceptibility to major
depression and bipolar disorder, understanding the
pathogenesis of the disease, and finding a therapeutic
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solution. However, there is much controversy regarding
this issue, with no data on inflammatory markers of
major depression and bipolar disorder in the Iranian
population. This study aimed to investigate the serum
levels of inflammatory cytokines (TNF-a, IL-1, and IL-
6) in patients with BDDE or major depression before and
6 months after the intervention.!

MATERIALS AND METHODS

The present quasi-experimental study with a before-
and-after intervention design was conducted in patients
with major depression or BDDE. Patients were referred
to the psychiatric clinic of Imam Khomeini Teaching
Hospital and 2 private centers from December 2018 to
December 2020.

The inclusion criteria were as follows: 1) Age 20 to
55 years; 2) having received a diagnosis of BDDE or
major depression in a clinical interview with a
psychiatrist based on DSM-V diagnostic criteria; 3) no
use of psychiatric drugs in the last two months; 4) ability
to understand and respond to given questions; 5) and
literacy.

Patients with acute and chronic inflammatory
disorders, allergies, coagulation disorders, congenital
and acquired immunodeficiency disorders, psychotic
disorders, end-stage diseases, smokers, substance and
alcohol addicts, those abusing drugs affecting the
nervous system, those taking immunosuppressive drugs
such as corticosteroids or gold salts, and those unwilling
to cooperate were excluded from the study.

Depression or BDDE were diagnosed by a
psychiatrist through the clinical interview, based on
DSM-5diagnostic criteria. Out of 50 eligible patients
enrolled in the study, 24 patients (8 with BDDE and 16
with major depression) completed the study course.
Participants with major depressive disorder were on
fluoxetine with different dosages according to their
symptoms, and patients during the BDDE were
receiving lithium with the appropriate therapeutic dose.
The treatments were continued throughout the course of
the study.

The study process, its duration, and the measures
were explained to the subjects, and written consent was
obtained. Demographic information about the subjects,
including age, gender, and disease severity, was
recorded in a form. The Hamilton Depression Rating
Scale (HDRS) was completed for all the participants
before the intervention and after 2 and 6 months of
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follow-up to assess the disease severity. Shabani et al.
have estimated the validity of the HDRS at 81%.2% The
patients were visited monthly and HDRS was completed
before intervention, as well as at the 2- and 6-month
follow-ups and recorded together with the patient’s
blood sample analysis laboratory results.

Blood samples (2 mL) were taken at the onset of the
study (before intervention) and at the 6-month follow-up
visit to evaluate cytokine serum levels. Blood samples
were transferred to the Serology Unit at Molecular
Immunology Research Center, Tehran University of
Medical Sciences, for serum separation. The samples
were centrifuged and the separated sera were then
transferred to smaller tubes and recentrifuged for 5-10
minutes at 1800 rpm to obtain clear serum samples,
which were subsequently stored at —70°C. The samples
were analyzed using enzyme-linked immunosorbent
assay (ELISA) with human TNF-a, IL-6, and IL-1 B
ELISA kits, according to the manufacturer’s
instructions. Serial dilutions were prepared for standard
specimens. A standard curve was plotted, and the serum
level of the samples was estimated.

The study protocol was approved by the Ethics
Committee of Tehran University of Medical Sciences,
Tehran, Iran. The study process was explained to
participants before enrollment, and the subjects signed a
consent form. They were also assured of the
confidentiality of their information and their right to
withdraw from the study at any time.

Data were analyzed by SPSS version 25 using the
Kolmogorov-Smirnov test for normalization and the t
test and Mann-Whitney U Test for numerical data. A p
value of <0.05 was considered statistically significant.

RESULTS

In the present study, 24 subjects completed the 6-
month intervention, of whom 8 (33.33%) had BDDE and
16 (66.67%) had major depression. The mean age was
38.5 and 27 years in the major depression and bipolar
disorder groups, respectively. The majority of the study
participants were female (79.2%). The gender frequency
distribution in the study groups is shown in Table 1.

Depression Rate

The mean score of depression, according to HDRS,
in the major depression group before the intervention
was 18.56, which dropped to 14.56 and 12.62 two and
six months after the completion of the treatment course,
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respectively. It was also reported at 23, 17.25, and 15 in
the BDDE group before the intervention and at 2- and 6-
month follow-ups, respectively. Table 2 shows the
depression scores before and after the intervention in the
two groups.

The results of the present study did not show
significant differences in the mean score of depression
before and 2 months after completion of the intervention

in the major depression group using the t test (p=0.356);
however, it was significantly different from that of the
6-month follow-up (p=0.04). The assessment of
depression severity in the bipolar disorder group did not
show no significant differences in mean depression
scores before and 2 months after completion of the
intervention (p=0.335); however, it was significantly
different from that of the 6-month follow-up (p=0.01).

Table 1. Gender distribution of patients in the study groups

Group Male Female
Bipolar disorder during a depressive episode 32.5% 67.5%
(BDDE)

Major depression 12.5% 87.5%
Total 20.80% 79.20%

Table 2. Mean depression score in the study groups

Group Mean Score of Depression p
Major depression Before intervention 18.56+7.00 0.04*
2-month follow-up 14.56+8.74
6-month follow-up 12.62+7.87
Bipolar disorder Before intervention 23.00+3.50 0.01*
during a depressive episode
(BDDE) 2-month follow-up 17.25+5.36
6-month follow-up 15.00+6.23

*Statistically significant (p value<0.05)

Pro-inflammatory Cytokines

Although not statistically significant, the serum level
of IL-1, IL-6, and TNF-a reduced in the major
depression group after the completion of the
intervention. The serum levels of IL-6 and IL-1 also
decreased in patients with BDDE, but were significant
only for IL-1 (p=0.04). TNF-a serum levels, on the other
hand, increased after intervention in the bipolar disorder
group, albeit not statistically significant (Figures 1 and
2).
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Figure 1. Mean distribution of pro-inflammatory cytokines, tumor necrosis factor-a (TNF-a), interleukin-1 (IL-1), and
interleukin-6 (IL-6, in patients with major depression before and after the intervention. The difference in the serum levels of
these cytokines before and after the intervention was not statistically significant.

BIPOLAR MOOD DISORDER
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Figure 2. The mean distribution of pro-inflammatory cytokines, tumor necrosis factor-« (TINF-«), intetleukin-1 (IL-1),
and interleukin-6 (IL-6), in patients with bipolar disorder in the depression episode (BDDE) before and after the

intervention. The IL-1 serum level decreased significantly after the intervention. However, other changes (a decrease in IL-6

and an increase in TNF-a) were not statistically significant.

DISCUSSION

In the present study, the mean scores of depresion
significantly decreased at the 6-month follow-up
compared to before intervention in both groups;
however, no significant changes were observed at the 2-
month follow-up. In addition, among the measured
inflammatory cytokines, IL-1 and IL-6 serum levels
decreased in the major depression and BDDE group at
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the 6-month follow-up. Similarly, TNF-a serum levels
in the major depression group decreased 6 months after
the intervention. TNF-a serum levels, on the other hand,
increased in the bipolar disorder group, though the
changes were significant only for IL-1 in this group.

A meta-analysis found that antidepressant therapies
significantly reduce serum IL-1 levels in patients with
major depression; however, similar results were not
obtained for TNF-a and are inconclusive for IL-6. In
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their study, the treatment of depression with SSRIs
significantly reduced the serum levels of 3 cytokines.?®
Other meta-analyses, however, found a significant
inverse relationship between antidepressant treatment
and IL-6 and TNF-a.3%3! It was also shown that
antidepressants could reduce inflammatory factors,
which are innate immune function indices; however, the
effect of these agents on the acquired immune system
was not entirely clear.®?Another systematic review
published in 2016 on the effects of antidepressants on
the innate and acquired immune systems found that the
use of these agents could lower serum level of TNF-a,
IL-1, and IL-6.3 These controversies among these
particular studies could be due to different analysis
methods and differences in inclusion and exclusion
criteria for the meta-analysis. Nonetheless, this indicates
the importance of original studies to be carried out to
address this issue properly.

The current study results also revealed that in
addition to significantly reducing the severity of
depression, antidepressants could lower serum levels of
IL-1, IL-6, and TNF-a. However, the decrease in these
biomarkers was not significant in the study and needs
further research on a larger sample size over a longer
period of time.

A systematic review by van den Ameele analyzed
studies examining the effect of mood-stabilizing
medications on the serum level of inflammatory
cytokines in patients with bipolar disorder.®*They
published 2 studies on untreated depression: one with a
small sample size showed elevated TNF-a and IL-6
levels but normal IL-1B. 3% In another study on the serum
levels of IL-1B and IL-6 after treatment with lithium
drugs for 6 months, no significant difference was
observed from those of normal controls . % In a study on
patients with similar conditions, the drug was
administered for an extended period of time (>5 years),
and no significant difference was observed in TNF-a
serum levels of healthy controls, and lithium drugs could
reduce the serum level of tested cytokines to the
reference range.®” Likewise, Valvassori showed that
treatment with lithium drugs decreased the serum levels
of TNF-a and IL-6.%8 A study by Uyanik in patients with
type 1 bipolar disorder showed that serum levels of IL-6
and TNF-a significantly reduced after treatment, and
another study reported a decrease in TNF-a levels in
patients receiving lithium drugs.343°

Some studies on increased serum levels of IL-1, IL-
6, and TNF-a—whose baselines were already higher in
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patients with major depression or bipolar disorder
compared to controls—reported a significant decrease in
IL-6 serum levels after treatment in patients with major
depression and a significant decrease in IL-1 serum
levels in those with bipolar disorder during the manic
phase.*

The present study findings could not confirm the
decreasing effect of lithium drugs on TNF-a serum
levels in patients with BDDE and the treatment could
only significantly reduce serum IL-1 levels but not IL-6
levels. The difference between these findings could be
attributed to the different sample sizes imposed in the
present study by COVID-19 pandemic restrictions.

Studies show that antidepressants have a reducing
effect on the serum level of inflammatory cytokines.
Regarding patients with bipolar disorder, the results vary
depending on the disease phase. In some studies that
examined changes in inflammatory cytokines during a
depressive phase of bipolar disorder before and after
treatment, IL-6 and IL-1 decreased after treatment;
however, TNF-o levels were either increasing or
decreasing.

To the best of the authors' knowledge, the present
study is the first to compare the serum level of
inflammatory cytokines before and after intervention in
patients with major depression or BDDE in the Iranian
population. The present study seems to provide reliable
information on the serum level of inflammatory
cytokines in patients with major depression or BDDE
after antidepressants treatment.

According to the present study, the serum levels of
IL-1 and IL-6 decreased significantly in major
depression and BDDE group at 6-month follow-up,
along with improvement in symptoms. As changes in
serum level of inflammatory cytokines are directly
related to depression, the administration of cytokine-
reducing drugs in combination with antidepressants has
a synergistic effect and is helpful in the treatment of
depression; however, further multicenter studies with
different treatment periods and drug combinations seem
essential. Finally, it should be noted that inflammation
is one of the most important conditions occurring in
depression, leading to the exacerbation of symptoms, so
in designing treatment strategies, the reduction of
inflammation has to be considered.

The main limitation of the study was the small
sample size imposed by the COVID-19 pandemic
restrictions and the loss of patients to follow-up.
Therefore, the results should be interpreted with more
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caution due to the small sample size, and the study
should be repeated on a larger sample size, for which
multicenter studies can be performed.
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