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ABSTRACT
OBJECTIVES: We aimed to compare altered infl ammatory status between patients with bipolar manic and mixed 
episodes through neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and monocyte-to-
lymphocyte ratio (MLR) levels. 
BACKGROUND: NLR, PLR, and MLR are systemic infl ammation biomarkers that have recently studied in bi-
polar disorder (BD) manic and depressive episodes. Immunological biomarker signature of mixed episodes and 
MLR levels in BD have less been studied. 
DESIGN AND SETTING: Our study included 48 bipolar patients in a mood episode (28 manic, 20 mixed) and 
32 controls. Study-specifi c form including sociodemographic and clinical variables with laboratory fi ndings were 
fi lled for all participants.
METHODS: Red cell distribution width (RDW), mean platelet volume (MPV) neutrophil, lymphocyte and platelet 
count, NLR, PLR, and MLR were recorded. 
RESULTS: PLR and MLR were found signifi cantly higher in bipolar patients compared to controls while NLR 
and MLR were signifi cantly higher in manic patients than in mixed patients. RDW was found higher in mixed 
episode compared to controls. 
CONCLUSIONS: One can interpret these fi ndings as MLR would be considered as a novel state biomarker for 
bipolar mood episodes and greater infl ammatory activation may be involved in mania rather than mixed episode 
(Tab. 2, Fig. 1, Ref. 35). Text in PDF www.elis.sk.
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Introduction
  
A particular attention has been increasingly devoted to un-

derstanding the role of immune and infl ammatory mechanisms 
in the pathophysiology of bipolar disorder (BD). Immune system 
disturbances are considered as a cardinal determinant of neuroin-
fl ammatory processes that feature in both the etiology and course 
of BD (1); therefore, either in-vitro and clinical studies have 
indicated elevated peripheral immune-infl ammatory signalling 
as a trait marker that represents neuroinfl ammation in the etio-
pathogenesis of BD (2, 3). In fact, many studies have attempted 
to determine immune and infl ammatory alterations in different 
mood episodes of BD, including elevated levels of tumor necro-
sis factor-α (TNF-α), soluble TNF receptor type 1 (sTNF-R1), the 
soluble interleukin-2 receptor (sIL-2R) and activated lymphocyte 
cell subsets (4–9). However, the immune activation and elevated 

infl ammatory response could be associated across the variety of 
affective phases and BD patients exhibit a wide array of the level of 
infl ammatory markers compared to healthy individuals (3, 10, 11). 
Although the majority of the studies on infl ammatory properties of 
BD have particularly focused on manic and depressive states, the 
immunological biomarker signature of mixed mood episodes has 
less been studied with revealing confl icting results (12). Neutro-
phil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio 
(PLR) are simple, reliable, and cost-effective markers of systemic 
infl ammatory response and easily measured by a complete blood 
count (CBC) (13, 14). NLR has been determined at high levels in 
patients with a poor prognosis of several malignancies, pancreati-
tis, and coronary heart disease (15, 16). NLR and PLR have been 
investigated in different psychiatric disorders such as manic and 
euthymic patients with BD and schizophrenia (17–19). Monocyte-
to-lymphocyte ratio (MLR) is another relatively new and simple 
marker that could be measured by CBC. MLR has been proposed 
as a surrogate marker for infl ammation in certain patient popula-
tions, and it also has prognostic and predictive value in various 
disorders include haematologic, coronary disease and malignancy 
(20–22). A high monocyte count or a low lymphocyte count has 
been shown as an adverse effect of prognosis in these disorders. 
However, no studies have been conducted to utilize the relation-
ship between MLR and neuropsychiatric disorders. 
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In this study, we aimed to evaluate differences in infl amma-
tion via NLR, PLR, and MLR between BD patients with manic 
and mixed episodes. We also aimed to examine the possible rela-
tionship between the infl ammation parameters and clinical mani-
festations of BD.

Materials and methods

Study participants
The present study included 80 participants, enrolled in-pa-

tients and healthy controls from January 2017 to January 2018. 
Forty-eight bipolar patients were recruited; 28 were in manic 
state, 20 were in mixed state, respectively. The patients’ diagno-
ses confi rmed by at least two senior psychiatrists based on Diag-
nostic and Statistical Manual of Mental Disorders, Fifth Edition 
(DSM-5) criteria within the fi rst week of admission. All groups 
consisted of female individuals to obtain homogeneity of the data. 
Inclusion criteria for patients were; i) 18–65 years of age; ii) be-
ing hospitalized with the primary diagnosis of BD manic episode 
or BD manic or depressive episode with mixed features; iii) be-
ing drug-free at least one month before admission. Exclusion 
criteria were co-morbid psychiatric disorder, signifi cant medi-
cal disorder (acute or chronic immuno-infl ammatory disease) or 
pregnancy. A comparison group consisted of 32 healthy controls 
who were at the age between 18–65, and blood donations are not 
accepted from patients with chronic disease or long-term drug 
use. None of the healthy control subjects were taking any form of 
prescribed or other medication and had no history of psychiatric 
disorders, dementia, or mental retardation in themselves or their 
fi rst-degree relatives.

Study procedure
Data collection was provided from patients’ fi les with a study-

specifi c form included socio-demographic and clinical characteris-
tics. Following CBC components were also recorded; red cell dis-
tribution width (RDW), mean platelet volume (MPV) neutrophil, 
lymphocyte and platelet count, NLR, PLR, and MLR. Manic and 
depressive symptoms were assessed for the patient group using 
the Young Mania Rating Scale (YMRS) and the Hamilton Depres-
sion Rating Scale (HDRS) (23, 24). The validity and reliability of 
the Turkish versions of these scales were studied by Karadağ et al 
and Akdemir et al respectively (23, 25). This study was approved 
by the local ethical committee.

Laboratory sampling
Whole blood samples were obtained in the fasting from each 

subject between 8–10 a.m. using a standard venipuncture tech-
nique from antecubital veins. CBC samples were performed us-
ing a Sysmex XT1800i. 

Statistical analyses
Data analyses were conducted using the statistical package for 

social sciences version 23.0 (SPSS). Kolmogorov–Smirnov test 
was used to examine whether the parameters are normally distrib-
uted. Kruskal–Wallis and Bonferroni corrected Mann–Whitney-U 
tests were used to analyze non-parametric data. ANOVA Bonfer-
roni post-hoc statistical test was used for pairwise comparisons 
of account of MPV in multiple groups. Chi-square test was used 
to examine differences in categorical demographic and clinical 
variables. The relationship between the RDW, MPV, NLR, PLR 
and MLR levels and characteristic data of patients were analyzed 

Bipolar participants (n=48)
Healthy controls 

(n=32) pManic episode 
(n=28)

Patients with mixed features 
(n=20)

Age1 (years±SD) 37.57±10.99 36.55±8.33 38.84±6.69 0.784a

Duration of illness2 (years±SD) 11.32±8.94 12.15±8.95 0.849b

Age at onset1 (years±SD) 26.17±7.59 24.3±5.92 0.637b

First treatment age1 26.71±7.69 24.65±6.54 0.615b

Number of hospitalizations2 5.32±6.8 3.9±3.43 0.348b

YMRS1 32.53±9.34 19.75±8.80 0.000b,*

HDRS1 36±8.37 0.187b

a Comparison amongst all four groups. bComparison amongst bipolar patients in different mood states, 1 One way-ANOVA test was used. 2 Kruskal – Wallis test was used, 
HDRS: Hamilton Depression Rating Scale. YMRS: Young Mania Rating Scale, * p < 0.05 statistically signifi cant, SD = standart deviation.

Tab. 1. Clinical and demographic characteristics of bipolar patients and healthy controls.

Manic episode (n=28) 
Mean±SD

Patients with mixed features (n=20) 
Mean±SD

Healthy controls (n=32) 
Mean±SD p1 p2 p3 p4 p5

NLRa 2.26±0.88 1.93±1.18 2.03±0.57 0.077 0.040* 0.300 0.094 0.852
PLRa 103.9±20.7 102.47±53.79 116.35±35.15 0.044* 0.099 0.192 0.023* 0.04*

MLRa 0.31±0.1 0.26±0.12 0.22±0.06 0.001* 0.038* 0.00* 0.463 0.004*

RDWa 13.38±2.05 13.70±1.02 12.95±1.3 0.042* 0.124 0.343 0.011* 0.051
MPVb 9.40±1.67 8.86±2.35 8.96±2.02 0.584 0.382 0.367 0.865 0.642
P1: comparison amongst manic, patients with mixed features and control, p2:manic vs patients with mixed features, p3: manic vs control, p4: patients with mixed features vs 
control, p5 : patients vs controls, aKruskal – Wallis test and Bonferoni corrected Mann–Whitney U test was used, b One way-ANOVA test and independent-samples t test was 
used, * p < 0.05 statistically signifi cant, SD = standart deviation, NLR: Neutrophil lymphocyte ratio, PLR: Platelet lymphocyte ratio, LMR: Lymphocyte monocyte ratio, 
RDW: Red cell distribution width, MPV: Mean platelet volume

Tab. 2. Laboratory fi ndings of groups.
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through Spearman or Pearson Rank correlations tests. Results were 
assessed at signifi cance p < 0.05 level.

Results

There was no signifi cant difference between patients with 
manic episode, mixed state, and controls in terms of age (37.57 
± 10.99 years, 36.55 ± 8.33 years and 38.84 ± 6.69 respectively, 
p > 0.05). Duration of illness, onset age of BD, age at fi rst treat-
ment, and the number of hospitalizations were not statistically 
signifi cant between the groups. The demographic and clinical 
characteristics of BD patients and healthy subjects were summa-
rized in Table 1.

NLR value of manic patients was 2.26 ± 0.88, patients with 
mixed features was 1.93 ± 1.18, and the control group was 2.03 ± 
0.57. NLR value of manic patients was signifi cantly higher than 
BD patients with mixed episode (p<0.05). PLR value of mixed 
episode patients was signifi cantly lower than in healthy controls (p 
< 0.05), but there was no signifi cant difference for PLR between 
manic and patients with mixed features. MLR value of the control 
group was signifi cantly lower than in patients. In addition, MLR 
level of mixed episode patients was detected lower than manic 
patients. Kruskal-Wallis test results of NLR, PLR, and MLR val-
ues for three groups were demonstrated in Figure 1. BD patients 
with mixed features presented signifi cantly higher RDW levels 
than controls, but the difference was not statistically signifi cant 
between manic episode and mixed patients (Tab. 2). Correlation 
analysis did not reveal any signifi cant fi nding between clinical 
variables and infl ammatory variables. 

Discussion

Our study is the fi rst that reveal altered immune markers in 
mixed episode according to DSM-5 when compared with manic 
episode and healthy controls, despite relatively small sample size. 
Our main fi ndings are that elevated levels of NLR and MLR in 
manic patients compared with mixed states. A recent study com-
pared state specifi c, intraindividual alterations in levels of brain-
derived neurotrophic factor (BDNF), high-sensitivity C-reactive 
protein (hsCRP) and, cytokines in patients with BD during manic, 
depressive episodes, mixed states and compared with measure-
ments in healthy control subjects and found that there were no 
differences between mixed states and manic states (26). However, 
in this study, it could be a potential confounder that all manic pa-
tients were medicated with high doses of antipsychotics and, as 
a consequence, it may reveal to decrease levels of infl ammatory 
markers (27, 28). Although, we included patients were drug-free 
at least one month before admission to prevent possible effects of 
antipsychotic drugs to the immune-infl ammatory system. 

There is a suggestion in a previous research demonstrating in-
creased levels of pro-infl ammatory cytokines IL-6 and TNF-α dur-
ing an acute manic episode of bipolar disorder determined that the 
increased activity of pro-infl ammatory cytokines and an imbalance 
between pro-infl ammatory and anti-infl ammatory cytokines may 
play a role in the pathophysiology of episodic process in bipolar 

disorder (1). Rajkowska et al hypothesized that activated microglia 
in the brain activated the release of pro-infl ammatory cytokines 
which mediates negative effects on the neuroprotective system, 
thereby exacerbating pathophysiological disturbances in BD (29). 
Another theory suggests that infl ammatory substances reveal to 
destabilization of the brain function, effected with environmental 
factors and, accordingly contribute to the episodic presentation 

Fig. 1. Independent-samples Kruskal-Wallis test for NLR, MLR, and 
PLR in mania, mixed, and control groups.
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of mood symptoms in BD (30, 31). Both lithium and valproate 
(VPA) in BD may be partly attributable via their anti-infl ammatory 
properties. Lithium and VPA reveal microglial inactivation and 
reduces overexpression of proinfl ammatory cytokines, including 
nitric oxide synthase, and COX-2 (32). Consequently, the mood-
stabilizing effect of these drugs requires a regulation in infl amma-
tory intracellular cascades involves proinfl ammatory eicosanoids, 
cytokines, and acute-phase proteins, which are elevated during 
acute mood episodes (33). 

In this present study, we have determined that potential pe-
ripheral infl ammation markers elevated levels of NLR and MLR 
during manic episode in bipolar patients when compared with 
mixed states. In a recent study, Bai et al reported that the patients 
in a depressive state had signifi cantly lower levels of sTNF-R1 
than the patients in manic/hypomanic and euthymic states (34). 
Similarly, another study comparing the difference in hsCRP levels 
among bipolar patients with different mood states demonstrated 
that serum levels of hsCRP were increased in bipolar patients dur-
ing manic episode, as compared to euthymic, depressed patients 
and healthy controls (35). We considered that depressive compo-
nents of mixed states may reveal a low-grade infl ammation by 
comparison with manic episode in the light of above-mentioned 
studies and our fi ndings.

Although NLR and PLR have been studied in bipolar disorder 
before, to the best of our knowledge, this is the fi rst study regarding 
the levels of MLR in patients with bipolar disorder, particularly 
comparison between manic and mixed states (17, 18). We have 
demonstrated signifi cantly higher MLR values in the manic epi-
sode compared to mixed states, while increased MLR levels were 
determined in the bipolar disorder patients compared to the control 
subjects. Increments of MLR values is a novel fi nding. Thus, there 
may be higher infl ammatory response during the manic episode 
than mixed and depressive states in bipolar disorder.

Limitations of the current study were its cross-sectional nature 
and relatively small sample size. Although including only female 
gender may not be representative of bipolar population, we elimi-
nated the gender differences on CBC which may be both advantage 
and limitation of our study. Another methodological diffi culty for 
patients was that; even though the patients were medication free 
for at least one month, we couldn’t rule out the individuals who 
received PRN (pro re nata) medication at admission.

Conclusion

In conclusion, we found that increased levels of NLR and MLR 
in BD patients during manic episodes, as compared with mixed 
states. According to this fi ndings, differences in these potential pe-
ripheral infl ammation markers between manic and mixed featured 
episodes may result from the depressive components of mixed 
states. In addition, the present study is the fi rst to investigate MLR 
in patients with BD and this marker supports the higher levels of 
infl ammatory activation in manic episodes. Longitudinal studies 
including depressive states are necessary to better determine the 
clinical consequences of activation of infl ammatory systems dur-
ing episodes in BD.

Highlights

• NLR and PLR have been previously found in relation with bi-
polar manic episode while MLR have not been studied in mood 
episodes yet.

• The immunological biomarker signature of mixed mood epi-
sodes has less been studied with revealing confl icting results.

• PLR and MLR were found signifi cantly higher in bipolar patients 
compared to controls; MLR would be considered as a novel in-
fl ammatory biomarker for bipolar mood episodes.

• NLR and MLR were signifi cantly higher in manic patients than 
in mixed patients; greater infl ammatory activation may be in-
volved in mania rather than mixed episode.
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