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Abstract: Studies attempting to clarify the relationship between major depressive disorder
(MDD) and the immune system have been increasing in recent years. It was reported that
increased production of the main proinflammatory cytokines, such as interleukin-1, interleu-
kin-6, and tumor necrosis factor-alpha, and that of acute phase reactants may play a role in
the etiopathogenesis of depression. Stress and depression were reported to increase leukocyte
and neutrophil counts and to decrease lymphocyte count. Biological determinants affecting the
diagnosis, therapy, and prognosis of depression are quite limited. Therefore, new etiological
models are needed to explain the pathophysiology of depression. In recent years, neutrophil—
lymphocyte ratio (NLR) was determined to be a good indicator of inflammatory status. There
is no study in the literature investigating NLR in MDD. This study aims to examine the role of
inflammation in the etiology of depression based on the NLR in MDD patients who are undergo-
ing no pharmacological therapy. A total of 41 patients diagnosed with MDD, who received no
antidepressant therapy within the past 1 month, were included in the study, which took place
between January and March 2015. The control group consisted of 47 healthy subjects with no
psychiatric disorders. A sociodemographic information form and a Beck Depression Scale were
administered, and the blood was taken for biochemical analysis. Significant differences were
identified in the NLR, neutrophil count, lymphocyte percentage, and leukocyte values of the
patient group when compared with the control group (P<<0.05). Our study is the first in which
NLR was investigated in MDD. The findings of the study reveal that NLR tends to be higher
in patients with MDD, and a high NLR value supports the view that inflammation is a critical
factor in the etiology of MDD.
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Introduction

The prevalence of major depressive disorder (MDD), one of the most common of all
mental complaints, is ~5%,"? and many factors are responsible for the MDD etiolo-
gy.? Studies investigating the possible relationship between MDD and the immune
system have been increasing in recent years, and it has been shown that MDD, besides
suppressing the immune system, may cause alterations in the inflammatory process.*
Furthermore, it has been reported that increased production of the main proinflammatory
cytokines such as interleukin-1 (IL-1), interleukin-6 (IL-6), tumor necrosis factor-alpha
(TNF-alpha), and that of acute phase reactants may play a role in the etiopathogenesis
of depression.>” Antidepressants have also been shown to decrease and normalize
high pretherapeutic serum proinflammatory cytokine levels.%® In addition, stress and
depression may result in an increased number of leukocytes and neutrophils, as well as
decreased lymphocytes.* The biological determinants affecting the diagnosis, treatment,
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and prognosis of depression are quite limited, and so new
etiological models are needed to explain the pathophysiology
of depression.* Recently, the neutrophil-lymphocyte ratio
(NLR) has been found to be a good indicator of inflammatory
status,’ and this ratio has been investigated in a number of
diseases,!*? including schizophrenia, a psychiatric disorder,
and Alzheimer’s disease. These studies have shown that NLR
is likely to be higher in both schizophrenia and Alzheimer’s
patients when compared with healthy subjects.!*!* To the
best of our knowledge, we have been unable to find a study
investigating NLR in MDD patients in the literature.

In the present study, the intention is to examine the role
of inflammation in the etiology of depression using NLR
in MDD patients who are undergoing no pharmacological
therapy, and to define the role of inflammation in the etiol-
ogy of depression.

Materials and methods
Study population

The study population comprised patients diagnosed with
MDB who presented at the Dicle University Psychiatry
outpatient clinic between January and March 2015, while
the control group comprised healthy volunteers. Only
subjects between the ages of 18 and 65 were included in
the study.

The patient group involved 41 subjects diagnosed with
MDD according to the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition criteria who had undergone
no pharmacological therapy within the previous month,
while the control group included 47 healthy subjects with
no recorded psychiatric disease. The sociodemographic
characteristics of the patients and controls were similar,
and so factors such as age, sex, level of education, and body
mass index (BMI) were adjusted to prevent any effect on the
hemogram variables.

The exclusion criteria were as follows: comorbid psychi-
atric diseases according to Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition criteria, inflammatory or
autoimmune diseases, active infections, a leukocyte value
suggesting infection, severe systemic disease, epilepsy, dia-
betes mellitus, hypertension, cardiac disease, hepatic or renal
failure, alcohol or substance addiction, severe head trauma
or mental retardation, pregnancy, vitamin or fish oil intake,
smoking, obesity (BMI >30 kg/m?), and concomitant drug
use for any reason.

Informed consent was obtained from each participant, and
a sociodemographic data form and Beck Depression Scale
(BDS) were administered. Blood was taken for biochemical

analyses. The study protocol was approved by the institu-
tional local ethics committee.

Data form descriptions

Sociodemographic information form

A form developed by the researchers reporting the age, level
of education, BMI, smoking habit, and duration of the disease
(duration of the last depressive episode).

Beck Depression Scale

A self-evaluation scale was applied to healthy and psychiatric
subjects. The BDS measures signs observed in depression
and includes 21 categories of signs, measured with a four-
point Likert-type scale. Each item is scored between 0 and 3,
which are added together to provide a total score, with the
maximum being 63. A high total score is an indicator of
depression severity, and a cutoff value of 17 was identified.
The BDS was developed by Beck, and validity and reliability
studies were performed in our country by Hisli.!>!¢

Blood sampling and hemogram

measurements

After 12 hours of fasting, blood samples were taken from the
subjects from the antecubital vein and stored in hemogram
tubes (9 am), after which, complete blood parameters were
evaluated in the Dicle University Medical Faculty Central
Laboratory using an Abbott CELL-DYN Rubby device.

Statistical analysis

A statistical analysis was carried out using SPSS v15.0 (SPSS
Inc., Chicago, IL, USA), and a »? test was used to compare
categorical variables, frequencies, and ratios. Continuous
variables were expressed in mean * standard deviation.
Normally and abnormally distributed variables were ana-
lyzed. A t-test was used to compare normally distributed
variables between the two groups, while a Mann—Whitney
U-test was carried out to analyze any abnormally distributed
variables. A Pearson correlation analysis was carried out to
analyze correlations. A P-value of <0.05 was considered
statistically significant.

Results
The age, sex, BMI, and level of education were compared for
the patient and control groups, and no significant differences
were identified in any category. The age, sex, BMI, and level
of education data are shown in Table 1.

The complete blood parameters of the patient and control
groups were compared statistically, according to which, it was
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Table | Age, sex, BMI, and level of education in the patient and
control groups

Patient (n=41) Control (n=47) F P-value
Age 28.419.2 30.049.2 0.3 0.401
BMI (kg/m?)  23.2+4.| 24.1£1 .4 279 0.166
X2 P-value
Sex
Male 11 (26.8%) 12 (25.5%) 0.019 0.890
Female 30 (73.2%) 35 (75.5%)
Education
0 year 4 (9.8%) 0 (0.0%) 655  0.162
5 years 9 (22.0%) 17 (36.2%)
8 years 9 (22.0%) 12 (25.5%)
Ilyears 13 (31.7%) 12 (25.5%)
> years 6 (14.6%) 6 (12.8%)

Note: Data presented as mean * standard deviation.
Abbreviation: BMI, body mass index.

found that the NLR, neutrophil counts, lymphocyte percentages,
and leukocyte values in the patient group differed significantly
from those of the control group. The complete blood parameters
of the patient and control groups are shown in Table 2.

In the patient group, the age, BMI, and complete blood
parameters were compared statistically between the two sexes.
The red blood cell (RBC), hematocrit (Htc), and hemoglobin
values were determined to be significantly higher in the male
patients when compared with the female patients, while the
other parameters did not differ significantly between the sexes.
The age, BMI, and complete blood parameters of the male and
female subjects in the patient group are provided in Table 3.

Correlations among BDS, disease duration, and NLR
were identified in the patient group. The BDS did not cor-
relate significantly with either disease duration or NLR
(r=-0.225, P=0.158; 1 =0.138, P=0.391, respectively).

Discussion
The major finding of the present study is that increased NLR
values are recorded in depressive patients when compared

with healthy subjects. Furthermore, WBC and neutrophil
counts are also increased, while lymphocyte percentages
are decreased in the patient group when compared with the
healthy subjects.

Immune response plays an important role in the etiology
of MDD, "” and inflammation has been shown to increase in
depression.'®!* However, there are also some contradictory
results. It has been reported that inflammatory change in
MDD may be related with the comorbidity of depression
and psychiatric disorders, and with such secondary condi-
tions as alcohol use, while it has also been reported that
antidepressants and use of other drugs may affect lympho-
cyte response.”’ Other factors that may affect inflammatory
processes such as comorbid psychiatric disorders, infectious
diseases, chronic diseases, alcohol and substance abuse, and
the use of antidepressants and other drugs were considered
in the exclusion criteria in our study, allowing a more reli-
able analysis.

Proinflammatory cytokines causing irregularity in the
immune system are related with the pathophysiology of
depression and tend to be increased in depressive patients.?!
Cytokines such as IL-1, IL-6, and TNF-alpha are known as
proinflammatory cytokines and play a major role in inflam-
matory alterations. In addition, IL-1 is released from such
immune system cells as monocytes, lymphocytes, endothelial
cells, and microglia. Increased acute phase reactants and
neutrophilia may be counted among the functions of TNF-
alpha.* Also, IL-6 is known to cause a differentiation of
B-cells, stimulation of growth in various B-cells, and activa-
tion and differentiation in T-cells.?* Proinflammatory cytok-
ines have a role in depression pathophysiology, affecting
the neurotransmitter metabolism, neuroendocrine functions,
and synaptic plasticity.>*?* Proinflammatory cytokines
cause changes in monoamine metabolism. IL-1, IL-6, TNF-o
cytokines cause upregulation on serotonin transporter

Table 2 Complete blood parameters in the patient and control groups

Patient (n=41) Control (n=47) F P-value
N/L ratio 2.3+0.9 2.010.6 7.0 0.044*
Neutrophil (%) 60.418.8 58.51+6.5 33 0.243
Neutrophil count (x10%) 4.8+1.4 4.1£1.0 7.6 0.008*
Lymphocyte (%) 28.7+7.6 31.8+6.2 2.5 0.039*
Lymphocyte count (x10%) 2.240.6 2.240.5 0.5 0.644
Leukocyte count (x103) 7.8%1.7 6.9£1.3 43 0.008*
RBC count (10%mL) 4.9+0.5 5.0+0.4 1.3 0.317
Htc (%) 41.714.1 42.613.9 0.3 0.253
Hemoglobin (g/dL) 14.0£1.6 14.41 4 13 0.119
Plt count (10%/L) 238.5t57.6 255.6+46.6 0.1 0.128
Notes: Data presented as mean + standard deviation. *P<<0.05 (statistically significant).
Abbreviations: N/L, neutrophil/lymphocyte; Plt, platelet; RBC, red blood cell; Htc, hematocrit.
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Table 3 Age, BMI, and complete blood parameters of the male and female subjects in the patient group

Male (n=11) Female (n=30) z P-value
Age 29.417.7 28.0+9.7 -0.827 0.408
BMI 24.242.6 24.814.5 —1.854 0.064
N/L ratio 2.1%1.1 2.410.9 —-0.795 0.427
Neutrophil (%) 56.3%11.1 62.0+7.5 —-1.225 0.221
Neutrophil count (x10%) 4.4+1.5 5.0t1.4 —-1.295 0.195
Lymphocyte (%) 30.6210.0 28.146.5 ~0.560 0.576
Lymphocyte count (x10%) 2.3+0.9 2.240.5 —0.412 0.680
Leukocyte count (x10%) 7.6£1.9 7.9+1.6 -0.588 0.556
RBC count (10%mL) 5.5+0.3 4.7+0.4 —4.260 <0.001*
Hec (%) 46.0+2.2 401435 ~4357 <0.001*
Hemoglobin (g/dL) 15.810.9 13.311.3 —4.608 <0.001*
Plt count (10°/L) 223.6£29.0 244.0£64.6 -1.340 0.180

Notes: Data presented as mean * standard deviation. *P<<0.05 (statistically significant).

Abbreviations: BMI, body mass index; N/L, neutrophil/lymphocyte; Plt, platelet; RBC, red blood cell; Htc, hematocrit.

mRNA and proteins. The amount of serotonin decreases
because serotonin neurotransmission increases. Serotonin/
serotonin transporter and inflammation interaction can
be a significant point in depression occurrence.”® While
proinflammatory cytokines changes triptophan metabolism,
it decreases serotonin generation from tryptophan, and it
causes ciniireic acid and cinolinic acid, which are potential
neurotoxic metabolites of triptophan.?® These metabolites
causing neurotoxicity increase depend on glutamate. On
the other hand, neurotropic factors, such as brain-derived
neurotrophic factors generation and sinaptic plasticity,
decrease.?” Proinflammatory cytokines cause desensitiza-
tion on glucocorticoid receptors, thereby prevent negative
feedback mechanism in hypothalamic—pituitary—adrenal axis.
This situation leads to the conclusion that hypothalamic—
pituitary—adrenal axis activities are strongly excited.?”’
Leukocytes, neutrophils, complement, and C-reactive
protein are thought to play a role in inflammation, arising
in response to depression caused by cytokines.?® A study
involving mice indicated that circulatory IL-6 and neutro-
phil values increased as a result of endotoxin exposure.?!
The activation of T-cells and monocytes by increased
IL-1 causes IFN-gamma production, and this is positively
related to increases in s and the total leukocyte count. In
addition, increased IL-6 releases from activated mono-
cytes in depressive patients seem to be largely in parallel
with increased leukocyte—neutrophil ratio and acute phase
proteins.* A decreased lymphocyte response to mitogen
stimulation and disorders in neutrophil activity has been
observed in depression.?3! In mice having undergone an
olfactory bulbectomy and in various models of learned
helplessness, neutrophil phagocytosis was indicated to be a
sensory determinant of stress response.*? The number, serum

concentration and proliferation of lymphocytes, B-cells and
T-cells decrease in MDD. Cellular immunity is suppressed,
whereas total leukocyte and neutrophil count increase.*3*3
In other studies supporting these findings, lymphocyte
proliferation was suppressed, and leukocyte and neutrophil
counts were found to be increased in space travelers, while
cellular immune functions decreased in subjects undergo-
ing severe stress and those exposed to trauma.* The total
T-lymphocyte count has been shown to decrease in depres-
sive patients; however, some T-cell subtypes and activities
increased, although the capacity for lymphocyte production
did not change significantly when compared with the control
group. Neutrophil phagocytes have been shown to decrease in
patients diagnosed with endogenous depression when receiv-
ing no drugs.* In general, the findings of the present study
are consistent with previous studies, indicating increased
neutrophil and leukocyte counts and decreased lymphocyte
counts. However, our findings showed increased neutrophil
counts, with constant percentages and a lower percentage of
lymphocytes, and no difference in the lymphocyte count in
the patient group when compared with the healthy subjects.
These results suggest that evaluating inflammation in relation
to neutrophil or lymphocyte separately can be challenging,
supporting the need to evaluate NLR in inflammation.

In our study, no significant correlation was determined
between BDS and NLR in the patient group, and there are
some studies that support our results, indicating no relation-
ship between the immunological response and the severity
of the depressive signs in outpatient subjects.’’** However,
other authors have reported a relationship between severe
depression and immunosuppression.*® Among these, Miller
et al reported that an increased severity of depression was
associated with immunological alterations, while lymphocyte
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response decreased as the severity of depression increased,’!
although in the present study we were unable to identify a
relationship between the severity of depression and NLR.
This may be attributed to our study sample comprising only
outpatient subjects, although this finding may also indicate
that depression, independent of its severity, affects the
immune system.

In the patient group, the RBC, Htc, and hemoglobin
values were higher in males than in females, although these
levels may be expected to be higher in men than in women.
The erythrocyte number is normally 5.24+3 10¢/mL in men and
4.743 10%/mL in women, while the mean hemoglobin value
is 16 g/dL in men and 14 g/dL in women. Hematocrit values
may vary between 40% and 45%.*! In our study, the RBC,
Htc, and hemoglobin values in the male and female patients
were within normal ranges, and they were in accordance with
the usual differences observed between the two sexes.

This study has some limitations. First, the number of
subjects in the groups was low, and depression subgroups,
such as atypical or those with melancholic properties, were
not evaluated. Other limitations can be listed as follows:
the cross-sectional study design, the lack of an analysis of
lymphocyte subtypes, and the lack of an analysis of cytokines
in combination with NLR.

Conclusion

This is the first study in which NLR is investigated in
MDD and reveals that NLR tends to be higher in patients
with MDD. The high value of NLR supports the view that
inflammation is a critical factor in the etiology of MDD.
Many factors in MDD etiology are the reason, or the result
of depression is not certain, and also it is not possible to say
NLR level is the reason or result of depression. Neverthe-
less, according to our obtained data, it is possible to say that
inflammation play a role in MDD etiology. On the other
hand, more research should be done to determine whether the
NLR level is the reason or result of depression. It is apparent
that further studies are required to elucidate the exact role
of inflammation in the etiology of depression, using NLR
alterations following antidepressant therapy.
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