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ABSTRACT

Objectives: Inflammation has been hypothesized as one of the pathophysiological factor for mood disorders. The neutrophil-to-lymphocyte ratio (NLR)
has been proposed as a potential peripheral biomarker of mood episodes, as this is an economical and accessible marker of inflammation. This study aims to
determine the role of inflammation in the pathophysiology of bipolar disorder (BD) and the potential of NLR as a marker for differentiating mood disorders.

Materials and Methods: A cross-sectional study was conducted on 195 patients who met the inclusion criteria, of whom 80 were diagnosed with BD
(mania), 47 with BD (depression), and 68 with major depressive disorder (MDD). Sociodemographic details and a blood sample were taken for hemogram
measures. The NLR and MLR were calculated using the following formula: NLR = neutrophil count/lymphocyte count and MLR = monocyte count/
lymphocyte count, and statistical analysis was done.

Results: The mean age (+standard deviation) of patients with mania, bipolar depression, and MDD were 35.97 (+13.14), 39.27 (+14.28), and 33.41
(£13.21) years, respectively, with an almost equal representation of male and female gender. The NLR ratio of 2.41 + 0.84 was highest in BD (mania),
followed by 1.75 + 0.41 in bipolar depression and 1.67 + 0.45 in MDD, which was significant (P < 0.001), while MLR ratio in BD (mania) was highest,
followed by MDD and bipolar depression.

Conclusion: Our result indicates NLR as a marker of differentiation and, thus, strengthens the pathophysiological importance of inflammation in mood
disorders.
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INTRODUCTION
Bipolar disorder (BD) is a psychiatric illness characterized by

neurotransmitter imbalance, changes in monoamine and
glutaminergic transmission, inflammatory pathways, and

periods of mania, hypomania, or depression. It is acute in onset
and may be characterized by a single episode, but is usually
recurrent in frequency, leading to significant impairment
in social, personal, and occupational functions of daily life.
As per the National Mental Health Survey (2015-2016),
conducted across 12 states of our country and supported by the
Government of India, the lifetime prevalence of BD was 0.5%
in India™ and 2.4% worldwide.”) According to data from the
World Health Organization’s World Mental Health Surveys,
Major depressive disorder (MDD) and BD, have the greatest
effect on the duration of functional impairment in individuals.?’

There are numerous factors that have been implicated in the
pathophysiology of BD. These include but are not restricted
to  hypothalamic-pituitary-adrenal —axis  dysregulation,

immune system dysregulation.*”)

The immune hypothesis first proposed that the improvement
in BD is due to immunomodulatory effect of lithium.®
Since then, various studies have been done to find the role of
inflammation and immune imbalance in the development of
BD. 11

A study review has indicated an increased level of
proinflammatory cytokines and chemokines along with a
reduction in anti-inflammatory cytokines during manic
and depressive episodes, leading to the possible role of
inflammation in BD.['?

Further, diving into the inflammatory hypothesis, neutrophils,
lymphocytes, monocytes, and platelets play a key role in it.
Neutrophils are white blood cells (WBCs) involved in innate
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immunity, whereas lymphocytes in adaptive immunity
and monocytes exhibit proinflammatory effects against
inflammatory diseases.!'>'*! Platelets contain serotonin, which
gets activated by inflammation and stimulates the release
of neutrophils, lymphocytes, monocytes, and cytokines;
thus, it has been used as a peripheral model of receptor-
mediated signal transduction,!*!® which makes neutrophil-
to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio
(MLR), and platelet-to-lymphocyte ratio (PLR) of special
concern, as it represents a rapid and economical form of
investigation. Several studies have been done to evaluate
NLR, MLR, and PLR as potential biomarkers for BD, with
findings of increased NLR in BD when compared with
healthy controls.'”? Some studies have found increased PLR
in suicide attempts."¥! A meta-analysis has shown increased
NLR and PLR in BD compared to control. It was the first time
that Mazza et all" evaluated blood cell inflammatory
indicators in BD and reported increased levels of both NLR
and MLR in mania compared to depressive episodes. All
these findings indicate the certainty of the inflammatory
hypothesis.

Considering the above facts and findings, this study is
being done to evaluate the role of NLR across Bipolar
disorder -Mania (BD-Mania), Bipolar disorder -Depression
(BD-Depression), and Major Depressive Disorder (MDD).

MATERIALS AND METHODS

This research was cross-sectional in design and was conducted
at the Institute of Mental Health and Neurosciences-
Kashmir (An Associated Hospital of Government Medical
College, Srinagar) among visiting outpatients and inpatients
diagnosed with BD (mania or depression) and Major
Depressive Disorder (MDD). This study was conducted from
November 2023 to March 2024. The convenience sampling
technique was used for recruiting the cases after fulfilling the
inclusion criteria. The study was performed after obtaining
written informed consent from all participants or their
attendants. The Institutional Review Board of Government
Medical College and Associated Hospitals, Srinagar, Jammu
and Kashmir, India, approved this research study. The
strengthening the reporting of observational studies in
epidemiology (STROBE) guidelines were followed in the
conduct of the study.

For this study, patients aged 18 years or older, diagnosed
with BD (current episode: Mania or depression), and MDD
diagnosed as per the Diagnostic and statistical manual of
mental disorders, fifth edition (DSM-5), and those who gave
written informed consent were taken. Patients who were
pregnant or had recent childbirth in the past three months,
had severe and uncontrolled medical comorbidities such
as type 2 diabetes mellitus, hypertension, and untreated
hypothyroidism were excluded from the study. The set

Journal of Neurosciences in Rural Practice « Article in Press | 2

criteria for uncontrolled type 2 diabetes mellitus were a
level of more than 126 mg/dL of fasting blood glucose,?”
while uncontrolled hypertension was defined as a blood
pressure of more than 140 mmHg systolic and more than
90 mmHg diastolic pressure despite taking antihypertensive
medications, in diagnosed patients of hypertension./?!
Patients who were on corticosteroids, antibiotics or clozapine
prescriptions in the past six months, had a current substance
use disorder excluding tobacco or refused to give informed
written consent were also excluded from this study.

Individual interview sessions were held to collect socio-
demographic details: age, gender, family type, current
episode, duration of illness, family history of mood disorders,
and current treatment status. For blood parameters, a sample
was taken from the median cubital vein from either arm and
collected in ethylenediaminetetraacetic acid vacutainers.
Samples were processed in our hospital laboratory under
the Sysmex Fully Automatic XN1000. The principle of
fluorescence flow cytometry is behind the estimation of
different types of WBC. Neutrophil, lymphocyte, monocyte,
and platelet counts were collected, and ratios were calculated
using the following formulas:

NLR = neutrophil count/lymphocyte count, and MLR =
monocyte count/lymphocyte count.

We summarized categorical variables using percentages and
continuous variables as mean and standard deviation (SD).
The duration of illness was summarized as the median and
interquartile range (IQR). A one-way analysis of variance
(ANOVA) was used to test the difference in NLR across the
three groups. A multivariate linear regression analysis model
was used to estimate the difference in NLR across the three
groups, adjusted for age, gender, psychotic features, and
treatment status. Analysis was done using Stata version 17.
Two-sided p-values are reported, and P < 0.05 were
considered statistically significant.

RESULTS

Two hundred and thirty patients with a diagnosis of BD
or MDD were approached to participate in this study, of
whom ten had uncontrolled medical comorbidities such
as diabetes mellitus and hypothyroidism; five patients were
on antibiotics; eight patients had comorbid substance use;
and 12 patients were not willing to participate in this study.
A total of 195 patients provided written informed consent
and were taken for the study. A total of 80 patients were
in Mania; 47 of them had bipolar depression, and 68 had
MDD. The mean age (+SD) of patients with mania, bipolar
depression, and MDD were 35.97 (+13.14), 39.27 (+£14.28),
and 33.41 (£13.21) years, respectively.

A total of 94 males and 101 females participated in the study,
out of which 23.5% (n = 46) had psychotic features. There
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was a positive family history of mood disorder in 35.8%
(n = 70) of the patients. More than half of the patients, 59.4%
(n 116), were already on pharmacological treatment.
Complete sociodemographic details of patients are mentioned
in Table 1. As the distribution of duration of illness in our study
population was skewed, we presented it as median (IQR).

Regarding laboratory parameters, WBC values were highest
in mania, followed by bipolar depression and MDD. A similar
trend was observed in neutrophil count. Further, the highest
NLR of 2.41 + 0.84 was observed in mania, followed by bipolar

depression, having 1.75 + 0.41, and values of 1.67 + 0.45 in
MDD. The MLR values were also highest in mania, followed
by MDD and BD-depression (0.33 + 0.14 > 0.27 + 0.10 > 0.26
+ 0.10, respectively). Both ratios were statistically significant,
that is, NLR (P < 0.001) and MLR (P = 0.006). A graphical
representation of the NLR mean across mood disorders is
displayed in Figure 1. Complete laboratory measurements
were analyzed using ANOVA, as shown in Table 2.

The difference in NLR across BD (Mania), BD (Depression),
and MDD using multivariate regression analysis model is

Table 1: Sociodemographic characteristics of patients.

BD (Mania) BD (Depression) MDD
Age, Mean (+SD) 35.97 (+13.14) 39.27 (£14.28) 33.41 (£13.21)
Duration of illness (years), Median (IQR) 6 (2-10) 5.2 (2.6-10) 2.9 (0.95-5)
n (%) n (%) n (%) Chi-square P-value

Age group

<30 years 35 (43.75) 18 (38.29) 37 (54.41) 3.40 0.49

31-50 years 33 (41.25) 20 (42.55) 22 (32.35)

>50 years 12 (15) 9 (19.14) 9(13.23)
Gender

Male 49 (61.25) 16 (34.04) 29 (42.64) 10.06 0.007

Female 31 (38.75) 31 (65.95) 39 (57.35)
Family type

Nuclear 39 (48.75) 21 (44.68) 38 (55.88) 3.95 0.41

Extended nuclear 3(3.75) 5(10.63) 5(7.35)

Joint family 38 (47.50) 21 (44.68) 25 (36.76)
Family history of mood disorder, present 32 (40) 13 (27.65) 25 (36.76) 1.99 0.36
Psychotic features 26 (32.50) 9 (19.14) 11 (16.17) 6.11 0.04
Was on treatment 43 (53.75) 39 (82.97) 34 (50) 14.39 0.001
SD: Standard deviation, IQR: Interquartile range, BD: Bipolar disorder, MDD: Major depressive disorder
Table 2: Difference in laboratory measures using ANOVA across three groups.
Parameter Total sample BD (Mania) BD (Depression) MDD Chi-square F-value P-value
WBC (10° cells/mm?) 5.82 (1.59) 6.20 (1.76) 5.63 (1.55) 5.52 (1.30) 6.46 3.90 0.039
Neutrophil, (10° cells/mm?) 354 (1.33)  3.96(1.52) 3.29 (1.16) 3.21 (1.04) 11.11 739 0.004
Lymphocyte (10° cells/mm?) 1.85 (0.59) 1.70 (0.53) 1.92 (0.63) 1.97 (0.60) 1.66 448 0435
Monocyte (10° cells/mm?) 0.51(0.19)  0.53(0.20) 0.49 (0.19) 0.51 (0.17) 225 083 0324
Platelet (10° cells/mm?) 173.2 (70.58) 174.68 (66.39) 162.74 (64.46) 178.67 (79.14) 3.15 0.74 0.206
Neutrophil-to-Lymphocyte Ratio 1.99 (0.72) 2.41 (0.84) 1.75 (0.41) 1.67 (0.45) 40.05 29.15 <0.001
Monocyte-to-lymphocyte ratio 0.29 (0.12) 0.33(0.14) 0.26 (0.10) 0.27 (0.10) 10.12 5.07 0.006

WBC: White blood cell, ANOVA: Analysis of variance, BD: Bipolar disorder, MDD: Major depressive disorder

Table 3: Relationship of NLR with diagnosis after adjusted for age, gender, psychotic features, and treatment status — multivariable linear

regression analysis.

Diagnosis Margin Standard error t 95% confidence interval P-value
BD (Mania) 2.39 0.07 33.00 2.24 2.53 Reference group
BD (Depression) 1.75 0.09 18.27 1.56 1.94 <0.001
MDD 1.69 0.07 21.67 1.54 1.85 <0.001

NLR: Neutrophil-to-lymphocyte ratio, BD: Bipolar disorder, MDD: Major depressive disorder, t: Test statistics
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Figure 1: Bar graph depicting the mean of neutrophil-to-lymphocyte ratio
(NLR) across mood disorders. The error bars indicate a 95% confidence
interval. BD: Bipolar disorder, MDD: Major depressive disorder.

estimated in Table 3, and it depicts NLR in BD (Mania) was
significantly greater than the other two groups after adjusting
for age, gender, psychotic features, and treatment status
(P <0.001).

DISCUSSION

The results of our study showed that there is increased
inflammatory activity, as evidenced by increased NLR and
MLR in Mania, compared to bipolar depression and MDD.
Apart from this, patients with BD had higher NLR than
MDD, thus indicating NLR as an independent biomarker for
bipolar depression and MDD. The previous studies done in
Italy and Romania have come up with similar findings.">?!
To the best of our knowledge, this study was the first attempt
from India to replicate such findings.

At present, there is growing interest regarding the
inflammatory hypothesis in mood disorder onset and
progression. Studies have shown that increased cytokine
levels, such as tumor necrosis factor alpha (TNF-o),
interleukin (IL)-2, IL-6, and interferon gamma (IFN-y),
increase the catabolism of tryptophan.® Tt activates
the guanosine-triphosphate-cyclohydrolase 1 enzyme,
leading to the formation of neopterin,?2? instead of
tetrahydrobiopterin, which is required as a co-factor by
phenylamine hydroxylase, tyrosine hydroxylase, and
tryptophan hydroxylase for the formation of various
neurotransmitters such as dopamine, norepinephrine,
and serotonin.”*! Thus, inflammatory cytokines lead to
decreased synthesis of these monoamines. Cytokines also
lead to microglial activation, leading to the formation of
pro-oxidant and reactive oxygen species (i.e., 8-hydroxy-2-
deoxyguanosine, F2-isoprostanes, and malondialdehyde)
and reduced anti-oxidants (such as glutathione, superoxide
dismutase, and glutathione peroxidase),” further disrupting
the neurocircuitry connecting the pre-frontal cortex,
amygdala, hippocampus, insula, and anterior cingulate
cortex, which actually regulates mood and cognitive
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functions.’*¥! These inflammatory cytokines can also
cause impairment in the hypothalamic-pituitary axis due
to decreased glucocorticoid receptor synthesis and reduced
sensitivity in the pituitary and hypothalamus.® Cytokines
cause an increase in glutamate levels, leading to calcium
influx through N-methyl-D-aspartate receptors, causing
neurotoxicity and decreased neuroplasticity.”® Recent
interest has been growing in the gut-brain axis, which
involves the parasympathetic nervous system, gut endocrine
system, circulatory system, and cytokines.”® It has been
hypothesized by Hamdani et al.®” that the production of
proinflammatory cytokines from the gastrointestinal system
can lead to manic episodes. Furthermore, disorders such as
inflammatory bowel disease, systemic lupus erythematosus,
autoimmune thyroiditis, Myocardial infarction, stroke,
atherosclerosis, hypertension, diabetes mellitus, dyslipidemia,
gout, Gullain-Barre syndrome, autoimmune hepatitis,
rheumatoid arthritis, multiple sclerosis, psoriasis, chronic
infections like toxoplasmosis, and other viral infections are
associated with BD.”!

Various studies have been done based on this concept to
understand the role of different anti-inflammatory drugs
in managing mania and depression, namely, celecoxib
(NSAIDs), omega-3 fatty acids, statin, and N-acetyl cysteine,
with the latter having the strongest evidence due to its use
in the treatment of bipolar depression.**!! It has also been
seen that IFN-based therapy can induce neuroinflammation,
resulting in manic and depressive symptoms, whereas in
a randomized control trial, infliximab, a TNF-o inhibitor,
has been used with response in treatment-resistant
depression.*>#1 Conventional mood stabilizers have shown
a mixed anti-inflammatory and proinflammatory effect;
thus, their effects remain unclear,***! whereas commonly
used atypical antipsychotics in BD have been shown to alter
the NLR ratio, specifically reducing it," thus making a
significant impact on the improvement of symptoms.

In line with the previous study by Mazza et al.,l' our study
found the highest NLR in BD-Mania, followed by BD-
depression, and then MDD, which is statistically significant
(P < 0.001). Regarding another significant finding of MLR
(P = 0.006) in our study, which is highest in BD (Mania),
between BD (Depression) and MDD, it is somewhat on
the upper side in MDD (0.27) compared to BD-depression
(0.26), which was contrary to the previous study reported
by Koureta et al."”! with the finding of increased MLR in
BD (Depression) than unipolar depression. This difference
can be explained by a different sub-group of the population
which is distinct from the one used by Koureta et al.,*" as
MLR has been found to vary with age and gender.**°)

Our study has several limitations. First, we did not assess other
important biological markers related to the immune system,
such as IL-1f3, TNF-q,, IL-2, IL-6, IL-10, IL-12, stnfr, KLOTHO,
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and C-reactive protein values, as these markers are affected
by different mood states such as mania or depression.**!
Second, we did not evaluate the severity of manic or depressive
symptoms in comparison to the NLR ratio; the previous
studies have shown an association between the NLR ratio and
severity.">*! Third, we did not include a healthy euthymic
control sample in this study; therefore, no causal modeling is
possible. Fourth, more than half of the patients were already on
pharmacological treatment, including lithium, which can alter
inflammatory biomarkers and bias results. Fifth, physiological
markers such as body mass index, eating habits, and lifestyle
routines, were not taken into consideration. A longitudinal
follow-up study in the future could be done to further
strengthen this analysis, keeping in mind these limitations.

CONCLUSION

This study highlights the role of inflammation in the
pathophysiology of mood disorders and demonstrates its
significance on a practical basis, as routine complete blood
counts are an economical, rapid, and convenient means to
serve as a potential biomarker for mood episodes and their
various subtypes. Future research is needed to identify cheap
and economical biomarkers, which are valid and specific.
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