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Abstract

Background: Recently, a growing number of publications have suggested that the immune-inflammatory system may be involved in the etiology of bipolar
disorder (BD). Objective: The aim of this study was to investigate neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), and red cell distribution
width (RDW) in the three different phases of BD patients compared to each other and controls. Methods: One hundred eighty-seven bipolar patients (78
euthymic, 53 manic/hypomanic and 56 depressed), and 62 age and sex matched controls were enrolled. Sociodemographic variables and complete blood count
parameters of the patients and the control group were recorded. Results: The groups did not differ from each other on the hematological parameters, except
for NLR and RDW. Post-hoc analyses revealed that NLR values were significantly higher in the euthymic and manic/hypomanic bipolar groups compared
to control group. In addition, post-hoc analyses revealed that RDW values were significantly higher in the manic/hypomanic bipolar group relative to the
control group. Discussion: Longitudinal studies evaluating the levels of inflammatory markers in the early phases of the disorder, and their relationship with

the development of different episodes and medical comorbidities may be useful to understand the role of inflammation in BD.
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Introduction

Bipolar disorder (BD) is a chronic, relapsing illness characterized
by recurrent episodes of manic or depressive symptoms, with
intervening periods that are relatively symptom-free. The
symptoms of bipolar disorder firstly appear in adolescence or
early adulthood. Nevertheless onset in later life is also possible.
BD has two major types including BD type I and type II. The life-
time prevalence rates for BD are estimated at 1.0% for bipolar I
disorder (BD-I), 1.1% for BD-II and 2.4% for subthreshold BD
(4.4% total)2. Bipolar disorder has a lifelong impact on patients’
overall health status, quality of life, and functioning3. Although
the etiology of bipolar disorder is not yet fully understood, it is
thought that it is influenced by a combination of factors, including:
genetics, biochemical, environmental, infections, immune system
disturbances, and inflammatory processes+*.

Inflammatory factors, also known as cytokines interact with the
neurotransmitters and are associated with mood control, energy and
activity0. In the last years, a growing number of publications have
suggested that the immune-inflammatory system may be involved
in the etiology of BD».

Mania is characterized by the increased levels of the soluble
interleukin-6 receptor (sIL-6R); sIL-2R, TNF-a, CRP and
immunoglobulin levelsiti2, Conversely, some studies have found
elevations in anti-inflammatory markers such as IL-4 among
subjects with mania!314. Bipolar depression, shows a similar immune-
inflammatory profile as major depression and is characterized by
increased IL-6, sIL-6R and sIL-2R levels!s. While some studies
have found cytokine abnormalities in euthymic bipolar patientss17,
other studies found no differencets. Additionally, recent research

has demonstrated phasic differences in inflammatory markers such
as relative increase in IL-1p and IL-6 during depression versus
mania and increased sIL-2R, IL-4 and CRP during mania versus
depression. There are contradictory results in studies investigating
immune-inflammatory markers in BD21.

The neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte
ratio (PLR) and red cell distribution width (RDW) may be indicators
of systemic subclinical inflammation2223. Numerous studies have
examined the NLR in the context of inflammatory disease. NLR
reflects the intensity of stress and systemic inflammation in critically
ill patients. Increased NLR values have been reported to be a poor
prognostic indicator in patients with several malignancies and
coronary heart diseases?42s. Similarly PLR was demonstrated as a
prognostic factor in patients with systemic diseases and cancer2627.
The red cell distribution width (RDW) has also been shown to be
associated with systemic inflammatory conditions2s.

To date, few studies have examined the NLR and PLR in psychiatric
disorders. One study found increased NLR in schizophrenic subjects
compared to controls®. Another study investigated the NLR and PLR
ratios in manic and euthymic bipolar patients. Manic and euthymic
BD subjects demonstrated an increase in both parameters compared
to healthy controls®. Additionally, in another study, patients with BD
showed increased NLR relative to controls3!.

Our aim is to investigate the NLR, PLR and RDW in the three
different phases of bipolar affective patients; euthymic, depressive,
manic/hypomanic compared to each other and controls. We
hypothesized that: I) NLR, PLR and RDW values should be higher in
patients group as a whole relative to healthy controls. IT) NLR, PLR
and RDW levels of euthymic patients should be lower than active
phases of the illness, namely manic/hypomanic and depressive phases.
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Methods

Patients

The data was derived from the clinical files of inpatients and
outpatients with ‘Bipolar Affective Disorder, who had been
diagnosed with BD type 1 according to the criteria of the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition,
Text Revision (DSM-IV, TR)3. The diagnoses were confirmed
by two psychiatrists from the files of the patients. The eligible
participants were physically healthy, and between the ages of
18-65 years. Patients were excluded from the study if they met
one or more of the following criteria: comorbid hypertension,
diabetes mellitus, hepatic or renal failure, obesity (BMI
> 30 kg/m?2), heavy smoking, alcohol or substance abuse, manifest
systemic disease, clinical evidence of an active infection, acute or
chronic endocrinological, inflammatory or autoimmune diseases,
malignant diseases, and treatment with anti-inflammatory or
immunosuppressive medication. Between the period of April 2014
and July 2015, 519 files were screened. Three hundred and thirty
two cases were excluded from the study due to the above criteria.
As a consequence, 187 files of bipolar patients (78 euthymic, 53
manic/hypomanic and 56 depressed) were eligible for the study.
Sixty-two age and sex matched controls were enrolled to the study.
The same exclusion criteria were applied to the control group.
Additionally, it was required not to have any psychiatric diagnoses
according to their files. Sociodemographic variables and complete
blood count (CBC) parameters of the patients and the control
group were recorded. The NLR and PLR were obtained from the
laboratory records by the absolute neutrophil count divided by
the absolute lymphocyte count, and by the platelet count divided
by the absolute lymphocyte count, respectively. RDW values
were obtained from the CBC results. The study was approved by
Gaziosmanpaga University Clinical Trials Ethics Committee, and
complied with the Declaration of Helsinki.

Statistical analysis

The statistical analyses were performed using IBM SPSS for
Windows, Version 22.0 (IBM Corp, 2013) Shapiro-Wilk test
was used to determine whether the parameters were normally
distributed, and Chi-squared test, one-way analysis of variance
(ANOVA), followed by Scheffe post-hoc analysis, and Kruskal-
Wallis test, followed by Dunn - Bonferonni post-hoc analysis
(Dunn, 1964) were used for group comparisons. The bipolar
patient group as a whole was also compared with the healthy
controls by Mann-Whitney U test. Statistical significance was set
at a p value < 0.05.

Table 1. Comparison of groups on hematological parameters

Results

Descriptive statistics

A total of 78 euthymic (50% female; mean age = 42.29 years, SD
= 11.85), 56 depressed (42.9% female; mean age = 42.70 years,
SD = 11.71), and 53 hypomanic/manic (50.9% female; mean age
=39.94 years, SD = 12.21) bipolar patients aged 18 and older, and
62 controls (51.6% female; mean age = 41.63 years, SD = 10.49)
were recruited for the study. The bipolar groups and the healthy
controls did not statistically differ from each other on neither
(x2=1.126,p =0.771 for sex, and F (3,245) = 0.615, p = 0.606 for age).

Group comparisons

The bipolar patient group as a whole statistically significantly
differed from the healthy control only on three CBC parameters,
i.e. neutrophil counts, red blood cell (RBC) counts, and NLR.
Neutrophil counts in bipolar patients (Median (Mdn) = 4.58) was
significantly higher in the patient group compared to the controls
(Mdn = 3.97), U = 474, z = -2.147, p = 0.032. NLR ratio was also
significantly higher in the patients compared to the controls (Mdn
= 1.95, and 1.66, respectively), U = 4794, z = -2.041, p = 0.041.
However, RBC counts were significantly lower in the patient group
compared to the controls (Mdn = 4.81, and 5.02, respectively),
U=6879.5,z=2.203, p = 0.028.

The Shapiro-Wilk test revealed that except for the hemoglobin
values, the variables were not normally distributed. Therefore,
Kruskal-Wallis test was performed to compare the groups, except
for the hemoglobin values. The bipolar groups separately and the
control group did not differ from each other on the hematological
parameters, except for the NLR and RDW. The results are
summarized in Table 1.

Post-hoc analyses for the NLR revealed that the control group
statistically significantly differed from the euthymic and manic/
hypomanic bipolar groups (p = 0.025 and p = 0.027, respectively).
NLR values were higher in euthymic and manic/hypomanic bipolar
patients compared to controls. In addition, post-hoc analyses for
RDW revealed that the control group statistically significantly
differed from the manic/hypomanic bipolar group (p = 0.003).
RDW values were higher in the manic/hypomanic group relative
to controls.

Discussion

There has been growing interest in immune-inflammatory activity
in bipolar affective disorder. In the present study, we aimed to
investigate NLR, PLR and RDW values in different phases of

Control Group Median Euthymic Bipolar Group | Depressed Bipolar Group | Manic/Hypomanic Bipolar H
(25-75%) Median Median Group Median
(25-75%) (25-75%) (25-75%)
WBC (x103/pL) 6.9 6.03-8] 7.19[6.01-9.07] 8.27[6.27-10.08] 7,54[6.24-9.74] 6.940
NEU (x10/pL) 3.97[3.4-4.69] 4.29[3.33-5.76] 4.79[3.32-6] 4.65[3.47-5.87] 5.133
LYM (x103/pL) 2.31[1.96-2.75] 2.16[1.64-2.68] 2.46[1.77-3.41] 2.26[1.94-2.78] 5.580
RBC (x108/uL) 5.02 [4.66-5.3] 4.9[452-5.21] 4.74[4.53-5.1] 4.82[4.47-5.37] 5.862
HGB* (g/dL) 13.99[13.54-14.45] 13.53[13.15-13.91] 14.16[13.77-14.54] 13.93(13.38-14.49] 1.625
RDW % 14.3[11.78-15.8] 15.05[12.65-16.2] 14.05(11.85-15.7] 13.09(11.47-15.2] 9.508™*
PLT (x10%/uL) 248.45[212.5-284.5] 232.8[189-290] 251.75[195-308.9] 227.1[184-275.7] 2.442
MPV (fL) 8.2[7.22-9.33] 7.68[6.93-8.71] 8.22[7.02-9.1] 7.99(7.01-8.64] 2.976
PDW % 19.05[17.7-20.66) 18.3[17.4-19.86] 18.7[17.3-20.21] 19.1[18.3-19.8] 4.091
NLR 1.66 [1.4-2.09] 1.99[1.42-3.24] 1.7[1.24-2.52] 2.28[1.44-3.03] 8.163**
PLR 105.12 [86.5-128.85] 113.52[81.67-152.35] 91.11 [71.57-134.14] 101.57 [75.39-140.58] 4527

* ANOVA [Mean (95% Confidence interval)l; ** p< 0.05.
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bipolar affective disorder retrospectively. It was demonstrated that
NLR was higher in both euthymic and manic/hypomanic bipolar
patients compared to controls. Additionally, RDW was found to be
higher in hypomanic/manic group relative to controls. However,
there was not a significant difference in PLR values between patient
groups and controls.

Result of the studies investigating immune-inflammatory
markers in bipolar disorder are controversial2!. Additionally, results
may vary according to different stages of bipolar disorder4.

In the present study, NLR and RDW but not PLR was found to
be increased in manic/hypomanic patients compared to controls.
Mania has been reported to be associated with increased levels of
soluble interleukin-6 receptor (sIL-6R), SIL-2R, positive acute-phase
proteins, immunoglobulins, and complement factors (C3 and C6)2.
Our finding is in line with Kalelioglu et al. study in terms of NLR3.
Nevertheless, we did not find a difference with regard to PLR in
manic/hypomanic patients relative to controls. Some researchers
found NLR as a more reliable marker for subclinical inflammation
when compared to PLR*. The difference in results between our study
and Kalelioglu’s study might be associated with this.

In a similar way, NLR was elevated in euthymic patients relative
to control subjects. This result is consistent with Kalelioglu et al’s
study. Although cytokine abnormalities has been shown in euthymic
patients in a number of studies!617, some studies found no difference
between euthymic and control subjectsts1.

An interesting finding of the present study is that, unlike
euthymic and manic/hypomanic patients there was no difference
between depressed patients and controls in terms of NLR. This result
can be associated with the sample size of our study. Additionally, it
was suggested that lower levels of inflammatory markers among
bipolar depressed subjects relative to manic subjects may be a
result of detection limit. In other words; bipolar depressed patients
may be different from controls with regard to NLR, but we can not
measure it due to detection limits in current laboratory techniques.
It is also possible that the vast majority of the inflammation
observed in bipolar disorder occurs in manic phase and the degree
of inflammation may be lower in the depressed state. Last, as
catecholamine neurotransmission is found to be high in mania and
low in depression; low levels of inflammatory markers seen in bipolar
depressed patients may be associated with this.

This is the first study examining NLR, PLR and RDW as
inflammatory markers in different phases of bipolar affective
disorder. Limitations of the present study are as follows: First, while
investigating the different phases of BD, we had different patient
populations. Measuring the inflammatory markers in the different
phases of the disorder in the same patient, i.e. an intra-individual
study design, may show more reliable results. Second, we could not
include possible confounding clinical variables such as duration
of the disorder and number of episodes due to the missing data in
some patients. It is well-known that proinflammatory state may
differ according to the onset age of illness and number of episodes
the patient experienced!!. Third, although we excluded patients
with systemic inflammatory conditions rigorously according to
their files, it must be kept in mind that undiagnosed comorbidities
or confounding factors might have as well influenced our results.
Last, we did not control for the medications the patients used.
Medications used in the treatment of BD have been reported to exert
anti-inflammatory effects.

As a result, it may be suggested that inflammatory markers as
measured by NLR and RDW present phasic differences in bipolar
disorder. Longitudinal studies evaluating the levels of inflammatory
markers in the early onset of illness and their relationship with the
development of different episodes and medical comorbidities may
be useful to understand the role of inflammation in BD.
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