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SUMMARY

Objective: Recent studies indicate the role of impair-
ment in immune regulation and inflammatory abnorma-
lity in Bipolar Disorder (BD). This study aims to compare
these inflammatory markers and lipid values in different
states of BD and healthy controls. Method: A retrospec-
tive observational study was carried out on a sample of
patient admissions to the Department of Psychiatry of
Usak University Hospital between November 1, 2017,
and November 1, 2019, with a diagnosis of bipolar di-
sorder in mania, depression, mixed episode, and remis-
sion. Results: We found that patients with BD in depres-
sive and mixed states had higher levels of CRP, and
patients with BD in manic states had higher levels of MLR
than other groups. There was no statistically significant
difference at PLR and MPV values between groups. In
terms of lipid levels, remitted bipolar patients had signif-
icantly higher Total Chol, TG, LDL, and VLDL levels than
other patient groups and controls.Discussion: The pre-
sent study suggests a close relationship between bipolar
disorder, lipid metabolism and inflammation process.
CRP may serve as a possible biomarker of mixed and
depressive episodes of BD, while MLR may serve as a
potential state biomarker of the manic episode. Our
findings also claim that patients with BD experience
impairment in lipid metabolism during remission and
mixed episode and that this should be taken into
account in the treatment management. Future prospec-
tive studies are needed to determine the exact role of
inflammation and lipid metabolism on the different
states of bipolar disorders.
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OZET

Amag: Gulncel calismalar bipolar bozuklukta immin
dizenlemede bozulma ve inflamatuvar anormalligin
rolline isaret ederler. Bu calismanin amaci bipolar
bozuklugun farkli evrelerinde ve saghkl bireylerde infla-
masyon ve lipid dederlerini karsilastirmaktir. Yontem:
Geriye doniuk gézlemsel bu calisma 1 Kasim 2017 ile 1
Kasim 2019 arasinda Usak Universite Hastanesi psikiyatri
bolimine basvuran mani, depresif, karma atakta veya
remisyondaki bipolar bozukluklu olgularla
gerceklestirildi.Bulgular: Depresif ve karma ataktaki
bipolar olgularin daha ylksek CRP dizeylerine ve manik
ddénemdeki olgularin daha yiksek MLR duzeylerine sahip
olduklarini bulduk. PLR ve MPV degerleri agisindan gru-
plar arasinda farkhlik yoktu. Lipid duzeylerinde ise
remisyondaki bipolar olgular tim gruplardan daha yuk-
sek total kolesterol, LDL, Trigliserid ve VLDL degerlerine
sahipti. Sonug¢: Calismamiz bipolar bozuklukla lipid
metabolizmasi ve inflamasyon arasinda bir iliskiye isaret
etmektedir. CRP bipolar depresif ve karma epizodlarin,
MLR ise manik epizodun potansiyel bir biyolojik belirteci
olabilir. Ayrica bulgularimiz remisyon ve karma dénem-
lerde lipid metabolizmasinin bozuldugunu ve bu duru-
mun tedavide g6zonlinde bulundurulmasi gerektigini de
one surmektedir. Bipolar bozuklugun farkl evrelerinde
inflamasyon ve lipid metabolizmasinin kesin roltint sap-
tamak icin ileriye doniik calismalara ihtiyag vardir.

Anahtar Sozclikler: Bipolar bozukluk, inflamasyon, lipit,
C reaktif protein, monosit lenfosit orani
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INTRODUCTION

Bipolar disorder (BD) is a chronic mental disorder
characterized by recurrent mood exacerbations
with a frequency of around 1%. To date, studies
have not been able to reveal the exact pathophysi-
ology of BD (1). However, current studies point to
the importance of the immune system and inflam-
matory processes in the etiology of BD.
Furthermore, it is suggested that it may be possible
to accept BD as a multisystemic inflammatory di-
sease (2, 3).

The increase of pro-inflammatory cytokines during
active episodes and remission and high comorbidity
with autoimmune and inflammatory diseases are
also signs that support the role of inflammation and
immune modulation in BD (4-5, 6). Nowadays,
there is increasing interest in other inflammation
parameters such as C reactive protein (CRP) due
to the short half-life, being an expensive and chal-
lenging evaluation of cytokines. C-reactive protein
(CRP) is an acute-phase protein produced in
response to an inflammatory stimulus and is mostly
induced by the pro-inflammatory cytokines. CRP
levels are unaffected by anemia, protein levels, red
blood cell shape, or patient age or sex (7). It is
known to be a reliable indicator of inflammation
and used to evaluate low-grade inflammation in
many somatic and mental disorders. It has been
reported that CRP levels are higher in patients with
BD than healthy individuals regardless of the
episode, but it increases, especially during mania
period (8).

In this area, the complete blood count parameters,
as well as CRP, are utilized. Especially,
neutrophil/lymphocyte ratio(NLR), platelet/lym-
phocyte ratio(PLR), mean platelet volume(MPV)
and monocyte/lymphocyte ratio (MLR) are
increasingly used to assess inflammatory status.
These parameters are reported to be cheap, repeat-
able, and highly reliable to determine inflammation
compared to cytokines and CRP. In particular,
NLR and PLR have been studied as both predictive
and prognostic factors in many systemic diseases (9,
10). Recently, there is growing evidence on the
relationship between these variables and psy-
chopathology in the field of psychiatry. Although
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the increase of inflammation in the manic period of
BD has been well examined, the inflammatory con-
dition in depressive and mixed episodes have rarely
been investigated. In a limited number of studies,
NLR, MLR, and PLR were evaluated for the pre-
dictive roles on the prognosis of the disease and
their relationships with different states of BD (11,
12). MPV is a less well-treated marker of inflam-
mation in BD, and the findings regarding its associ-
ation with the disease are contradictory in a limited
number of studies. In these studies, the fact that
inflammation has not been evaluated with a com-
monly used indicator such as CRP stands out as a
significant deficiency. Besides, neglecting the
patients with mixed state is another critical limita-
tion in these studies (11, 13-14).

The inflammatory state in metabolic syndrome is
often called low-grade chronic inflammation or
metaflammation, meaning metabolically triggered
inflammation (15). This chronic inflammation, due
to oxidative stress and endoplasmic reticulum
stress in adipocytes, leads to macrophage infiltra-
tion, abnormal cytokine production, and increased
acute-phase reactants (16). Besides, activation of
some receptors on adipose macrophages in
response to lipids may lead to chronic inflamma-
tion in obesity (17, 18) . On the other hand, lipid
values and metabolic status have also been shown
to have a close relationship with inflammation in
patients with BD. Moreover, the current research
has focused on these abnormalities in treatment
processes (19, 20). However, to our knowledge,
there has been only one study that simultaneously
evaluated patients and healthy controls in terms of
lipid and inflammation parameters (11). Therefore,
we aimed to compare patients with different mood
episodes and healthy controls in terms of inflam-
matory status and lipid values. We hypothesized
that the inflammatory and lipid parameters would
differ in various stages of BD and that there would
also be some differences between the remission
and the different mood states. We also hypothe-
sized that there would be some differences in the
inflammatory and lipid values between healthy
individuals and those with BD.
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METHOD

The study was conducted at the Usak University
Faculty of Medicine Psychiatry Clinic. In total, 250
hospitalized patients, 142 outpatients, and 101
healthy controls from visitors to the hospital, with
no major psychopathology, matched for age, sex,
and education, were initially included in the study.
All patients diagnosed with BD according to the
Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition(DSM-1V), diagnostic
criteria were included in the study (21). The inclu-
sion criteria were as follows: (1) older than 18 years
of age and (2) diagnosed with BD according to
DSM-1V diagnostic criteria. The exclusion criteria
were as follows: (1) having an acute and chronic
medical disease; (2) receiving anti-inflammatory,
statin and immunosuppressive therapy; (3)obesity
(BMI>30); and (4) dementia or cognitive deterio-
ration according to DSM-IV criteria. All the
patients underwent complete blood and urine test-
ing, electrocardiography, and screening for acute
infection based on a comprehensive physical exa-
mination, complete blood count, hepatic enzymes,
and electrolytes. Only patients with normal ranges
of the parameters mentioned above were included
in the study. All CRP levels were below 11 mg/ dL,
which reduced the chance that an acute physical ill-
ness was the cause of the inflammatory state (22).
Besides, patients with a history of alcohol or drug
dependence or traumatic head injury, any past or
present major medical or neurological illness. The
exclusion criteria and the age range for the controls
were identical to those of the patient group. From
the initial sample of 250 inpatients, 53 patients
were excluded from the study because file data was
missing. Twenty-one patients were excluded from
the study due to substance and alcohol use or
addiction in the registration examinations. Three
patients were excluded due to mental retardation
comorbidity and five patients due to co-diagnosis of
cognitive impairment. 6 patients were excluded
from the study due to comorbid chronic disease,
CRP>11, and the ongoing NSAI drug use. Thus,
162 consecutive inpatients were included in the
final sample. From the initial sample of 142 outpa-
tients who regularly followed by two authors (O.E,
A.E); 8 were excluded from the study due to chron-
ic disease and NSAI use, 16 due to lack of records
and blood parameters, 20 were co-diagnosed with
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alcohol substance use disorder, five were excluded
from the study due to the presence of cognitive
impairment. Thus, 88 consecutive outpatients were
included in the final sample.

The study was reviewed and approved by the ethi-
cal committee of Usak University Medical Faculty
(Date: 15/01/2020; Decision number: 248-04). The
subjects with BD were recruited from among
patients hospitalized at the inpatient unit and out-
patients who regularly followed by the authors of
the study in Usak University Hospital.
Sociodemographic and clinical variables were col-
lected through a psychiatric interview and a
detailed review of the digital patient charts and
inpatient files. Data were retrieved from the elec-
tronic medical records of all patients between Nov
2017 and Nov 2019 at Usak University Hospital.
The study utilized a retrospective, cross-sectional
study of patients' records to obtain complete blood
count, lipid, and CRP levels. All parameters were
determined in the inpatient and outpatient psychi-
atry clinics as part of the routine laboratory tests
conducted upon admission. At our clinics, fasting
blood samples were collected between 7:00 and
8:00 AM. Weight and height were measured to cal-
culate the body mass index (BMI). The following
parameters were reviewed for all the subjects: high-
density lipoprotein cholesterol (HDL), low-density
lipoprotein cholesterol (LDL), total cholesterol
(TC), triglyceride (TG), C-reactive protein (CRP),
and complete blood count. The NLR was calcula-
ted by dividing the absolute neutrophil count by the
absolute lymphocyte count. The PLR was calcula-
ted by dividing the platelet count by the absolute
lymphocyte count. For the serum lipid concentra-
tion, enzymatic methods were used, and serum le-
vels of CRP were determined using sensitive regu-
lar immunoassays(ELISA) that allow the detection
of a minimal concentration of 0.1 mg/dL. All CRP
levels were below 11 mg/dL, which reduced the
chance that an acute physical illness was the cause
of the inflammatory state.

Statistics

We used SPSS for Windows 16.0 (Chicago, IL) for
all the statistical analyses in this study. The vari-
ables were tested for homogeneity of variance
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using the Levene test and for the normality of dis-
tribution using the Kolmogorov—Smirnov test.
Variables that did not follow normal distribution
were analyzed using the Kruskal-Wallis test or the
Mann-Whitney U test, otherwise Multivariate
analysis of variance was used. Categorical variables
(sex, marital status, place of residence, smoking
status, drug treatment) were compared with the
chi-square test. A multivariate analysis of covari-
ance (MANCOVA) was used, with BMI, smoking,
age, and sex as a covariate, to make the compar-
isons of complete blood count parameters, CRP
and lipid values as the between-subject variables.
MANCOVA analysis was performed with the
group as the primary factor because multiple
dependent variables were used. The significant
main effects for groups were examined using
Bonferroni corrections for each test to reduce type
I errors. Bonferroni correction P values were deter-
mined based on number of dependent variables.
According to this issue, P values less than 0.005
were considered statistically significant for the
NLR, PLR, MLR, CRP, MPYV, and lipid values.

RESULTS

A total of 250 patients ( 162 inpatients and 88 out-
patients) and 101 healthy controls were included in

the study. Of these patients, 78 were in mania
(31%), 51 were in depression (20%), 33 were in
mixed episodes (13%), and 88 patients were in
remission (35%). 51% of the participants were
female, and 49% were male. The mean age of the
patient group was 41.27+11.29, and the control
group was 35.70+12.66. There were no significant
differences between the groups in terms of sex,
duration of education, marital status. There were
significant differences between the groups in terms
of smoking status, place of residence, age, and
BMI. In multiple comparisons, patients with manic
episode were older than patients with other groups
(f=6.62, p<0.001). Patients with mixed and manic
episode were found to have higher BMI than other
groups (f=7.14, p<0.001). Finally, the highest
smoking rate (72.7%) was found to be in patients
with mixed episode (X2=18.57, df=4, p=0.001)
(Table 1).

NLR values were lower in patients with depressive
state compared to patients with manic, mixed,
euthymic state, and healthy individuals (F=4.22,
p=0.002). No significant differences were found
between the groups in terms of PLR and MPV va-
lues (f=2.13; p=0.77; £=2.74, p=0.029). Patients
with mixed and depressive states had higher CRP
values than patients with manic state, while

Table 1. Socidemographic and clinical features of patients with bipolar disorder and healthy controls

Bipolar Disorder Healthy controls  Statistic p
Mania Depression Mixed Remitted N=101
N=78 N=51 N=33 N=88
Gender Female 45 27 15 40 46 F=3.75 0.44
57.7% 52.9% 45.5% 45.5% 45.5% Df=4
Male 33 24 18 48 55
42.3% 47.1% 54.5% 54.5% 54.5%
Place of residence Rural 60 27 16 70 39 X?=45.57 <0.001
76.9% 52.9% 48.5% 79.5% 38.6% Df=4
Urban 18 24 17 18 62
23.1% 47.1% 51.5% 20.5% 61.4%
Cigarette No 27 21 9 52 51 X’=18.57 0.001
smoking 34.6% 41.2% 27.3% 61.9% 50.5% Df=4
Yes 51 30 24 32 50
65.4% 58.8% 72.7% 38.1% 49.5%
Marital status Single 44 25 13 42 40 F=2.78 0.52
%56.4 50% 39% 48% 40% Df=4
Married 34 25 20 46 61
%43.6 50% 61% 52% 60%
Lithium (Li) alone 9 (11.5%) 8 (15.8%) 3(9.1%) 19 (21.6%) - X2=15.27 0,011
Sodium valproate(Valp) alone 11 (14.1% 4 (7.8%) 3(9.1%) 15 (17.0%) - Df=4
Li+Valp 20 (25.7%) 8 (15.8%) 4 (12.1%) 10 (11.4%) -
Medication profile  Li/Valp+ Antipsychotic(AP) 24 (30.8%) 17(33.3%) 14 (42.4%) 24 (27.3%) -
AP alone 10 (12.8%) 1 (1.8%) 5 (15.2%) 10 (11.4%) -
Antidepressants+Li/Val/AP 0 (0%) 11(21.7%) 0 (0%) 3(3.4%) -
Other 4 (5.1%) 2 (3.8%) 4 (12.1%) 7 (1.9%) -
Mean-SD Mean-SD Mean-SD Mean-SD Mean-SD
Age 44.0-11.45 38.7-12.02 39.8-9.54 42.59-12.16 35.70-12.66 F=6.62 <0.001
Education level (years) 8.91-2.24 9.37-2.89 9.39-2.98 9.00-2.37 9.22-2.84 F=0.41 0.801
The number of hospitalization 3.31-2.52 3.18-2.48 3.51-2.91 2.03-1.81 -—- F=5.14 0.021
Age at ilness onset 25.61-10.3 24.9-8.21 22.51-8.31 24.71-17.32 - F=1.04 0.564
Body Mass Index 28.26-4.64 26.11-3.31 29.39-5.88 24.72-3.72 24.39-3.69 F=7.14 <0.001
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Table 2. Comparison of patients and controls in terms of lipid and inflammation parameters

Bipolar Disorder Healthy

Mania (M) Depression(D) Mixed(MX) Remitted (R) Controls (HC)  Statistic P Post-hoc

N=78 N=51 N=33 N=88 N=101 Mancova Comparisons
Inflammation  mean—SD mean—SD mean—SD mean—SD mean—SD
parameters
MPV 9.38-1.09 9.32-1.03 9.23-0.98 9.23-0.98 9.63-1.24 2.745 0.029 HC>D, M\MX,R
CRP 2.23-2.15 3.02-2.99 2.20-2.46 1.48-2.02 1.57-2.12 10.415 <0.001 D,MX>M>HC,R
PLR 114.34-34.39  107.02-51.37  101.89-21.82 127.41-48.07  121.15-80.80  2.130 0.077 N/A
MLR 0.24-0.13 0.19-0.06 0.21-0.09 0.22-0.05 0.19-0.05 9.268 <0.001 M>R>MX>D, HC
NLR 1.81-0.93 1.47-0.67 1.81-0.97 2.29-1.21 2.12-1.08 4.223 0.002 D<R,HC, MXM
Lipid
parameters
Trigliserid 144.50-78.47  121.53-72.55 164.64-114.40 166.27-86.58  125.43-46.26  7.573 <0.001 RMX>M,D>HC
Cholesterol 185.38-42.03  171.88-46.05  171.27-36.56 202.00-45.23  175.00-30.85 11.950 <0.001 R>M,D,MX>HC
HDL 49.65-12.35 48.51-9.03 42.19-13.82 47.74-12.13 45.45-9.93 2.957 0.020 M,D,R>MX,HC
LDL 107.63-31.67  99.07-36.80 96.15-28.89 121.01-41.28  104.46-24.38  12.192 <0.001 R>M,D.MX>HC
VLDL 28.87-15.70 24.30-14.51 32.92-22.88 33.25-17.32 25.08-9.25 7.578 <0.001 R, MX>M,D,C

patients with manic state had higher CRP values
than euthymic patients and healthy controls
(f=10,42, p<0.001). On the other hand, MLR va-
lues were significantly higher in patients with manic
state than those with mixed, depressive and
euthymic state, and controls, but there was no dif-
ference between patients with depression and
healthy controls (f=9,27, p<0.001) (Table 2).

Regarding lipid values, patients with mixed
episodes and remitted patients had significantly
higher triglycerides compared to all other groups
(f=7.57, p<0.001). Patients in remission had signi-
ficantly higher LDL and total cholesterol values
than those with manic, depressive, and mixed state.
It was found that healthy controls had lower LDL
and total cholesterol values than all patient groups.
(f=12,19, p<0.001 and f = 11, 95, p<0.001, respec-
tively) (Table 2).

DISCUSSION

Our study showed that CRP values were higher in
patients with depressive and mixed episode than
patients with mania and euthymic and healthy
controls, while MLR values were significantly high-
er in patients with manic episode compared to
patients with other groups and healthy controls. On
the other hand, PLR and MPYV values do not differ
between patients and controls. Our findings sup-
port the association of low-grade inflammation
with BD and suggest that CRP value may be a
potential biomarker for mixed and depressive
states, while MLR value may be a potential
biomarker for manic state.
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In our study, we found no difference in NLR values
between patients with manic, mixed and euthymic
state, and healthy individuals. Aykut et al. (2018)
found no statistically significant difference in NLR
between euthymic BD and control group, while
Ivkovic et al. (2016) observed increased NLR in
BD euthymic compared to healthy controls (23,
24). Also, it has been reported that patients with
BD had higher NLR values than healthy controls,
but there was no difference at these values between
patients with different states (mania, depression,
and euthymia) (25, 26). As previous studies did not
evaluate patients for mixed episodes, it is difficult
to compare their findings with our research.
Another notable point is that factors such as BMI,
smoking, and age, which are expected to affect the
level of inflammation, were not controlled when
comparing groups in the studies reported signifi-
cantly higher NLR in patients with BD. Besides,
when comparing closely related inflammation
parameters in a multivariate model, a failure to
perform statistical correction of significance values
can also be considered as a methodological defi-
ciency (11, 25, 27). In conclusion, our study sug-
gests that NLR values may not be a good indicator
of inflammation in different states of BD, contrary
to previous findings.

We also found no significant differences between
patient and control groups in terms of MPV and
PLR values. Both these parameters reflect platelet
number and volume, which are considered to be
one of the determinants of inflammation in the li-
terature. Studies reported that PLR values were
higher in patients with manic and euthymic states
than healthy controls (14, 26). Recently, Binici et
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al. (2018) reported no significant difference at PLR
values between patients with BD and healthy cont-
rols. This study shows the methodological similarity
with our study. For example, the age and BMI as
covariate variables were included in the multivari-
ate model, and the level of significance was re-
determined with Bonferroni correction in this
study (28).

On the other hand, the findings regarding MPV is
contradictory in the literature. MPV values were
reported to bee higher in patients with BD than
healthy controls (14), while some studies were
found to be lower than healthy controls (13). It is
important to note that the type of patients' episodes
was ignored; the comparisons were not controlled
for confounding variables such as smoking, age,
and BMI in both studies. Therefore, well-designed
prospective studies on a larger sample are needed
to determine whether MPV and PLR are simple
markers of inflammation in BD.

In our study, CRP values were found to be higher
in patients with mania, depressive, and mixed states
than those with the euthymic phase. While there
were no differences between patients with depres-
sive and mixed state, it was remarkable that the
patients with these episodes had higher levels of
CRP than those with the manic state. Although
most studies found an increase in CRP concentra-
tion during manic state, the data regarding depres-
sive, mixed, and euthymic states is less clear (29,
30). In a recent meta-analysis study, CRP levels
were reported to be higher in patients with manic
periods than healthy controls and patients with
depressive and euthymic states (8). Furthermore, it
has been suggested that increasing CRP levels du-
ring the depressive period can predict future manic
episodes (31). In our study, higher CRP levels in
manic and depressive states support previous fin-
dings in the literature. However, the result of high-
er CRP levels in patients with mixed state is a new
addition to the research. Almost 40% of patients
with BD experience mixed episodes, and this rate is
likely to rise further, along with the DSM-5 criteria
(32). Although patients experiencing mixed symp-
toms were reported to be different not only clini-
cally but also etiologically from the other bipolar
patients, the pathogenesis of mixed episodes could
not be fully clarified (33). The role of inflammation
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in the pathogenesis of mixed symptoms or mood
swings has not yet been investigated, and this area
seems to be worth investigating, given the higher
level of CRP in mixed states in our study.

Another important finding of the study is that
MLR values were significantly higher in patients
with manic state compared to patients with depres-
sive and mixed state and healthy controls. This
finding has been previously reported in a small
number of studies (11, 34). MLR is a low-cost and
relatively new predictor of white blood cell count.
One study reported that increased expression of
immune genes and overproduction of cytokines-
associated macrophages increased monocyte count
in psychiatric patients (35). Pro-inflammatory
cytokines released from activated monocytes can
be an explanation of the relationship between
mood and MLR (36). It is also reported that a large
proportion of patients with BD have an inflamma-
tion gene expression related to mood swings. (37).
This finding, supported by a limited number of pre-
vious studies, also coincides with the hypothesis of
increased inflammation as a result of increased
monocyte-related gene expression during the mood
states. There is a need for prospective studies on
patients with BD, including genes, gene expres-
sions, monocytes, and MLR values to clarify this
subject.

Concerning lipid values, we found that all lipid
parameters were higher in remitted patients than
healthy controls. It has been reported that lipid
metabolism has a role in the course of BD through
increased inflammation or other pathways (19, 20).
However, the current study suggests that the
increase in lipid levels, especially during remission,
may be a result of regular drug use and weight gain
rather than an etiological cause. It is predictable
that patients with euthymic state take their medica-
tion more regularly and become more sedentary,
and this makes them more prone to obesity and
hyperlipidemia. Previous studies have also report-
ed increases in lipid levels and weight gain associat-
ed with certain psychotropic drugs (38, 39). The
other striking finding is that patients with mixed
state had concurrently higher TG and LDL and
lower HDL levels, which are evaluated as coronary
risk factors. This may be a result of increased
inflammation manifested by an increase in CRP
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levels in mixed episode above mentioned, as well as
directly reflecting a metabolic disorder in these
patients. Therefore, psychiatrists and other physi-
cians should consider other coronary risk factors
when evaluating patients with mixed episode and
should keep in mind this aspect in the treatment
selection and management.

The use of psychotropic drugs may affect inflam-
mation and blood lipid values in patients with BD.
There is evidence that the relative impact of mood
stabilizers on the immune system (40). The effect
of lithium on the immune system is contradictory
because lithium has been shown to have both anti-
inflammatory and pro-inflammatory effects (41,
42). Compared to lithium, there is much less infor-
mation about the impact of valproic acid on the
immune system. Previous studies have claimed pos-
sible anti-inflammatory effects of valproic acid.
However, some studies have failed to show a signi-
ficant anti-inflammatory effect (43, 44). The impact
of carbamazepine, lamotrigine, and antipsychotics
on the immune system also remains unclear due to
a lack of clinical studies (45). Studies on the effect
of antipsychotic treatment on inflammation indi-
cated mixed findings, showing an increase, a
decrease, or unchanged levels of inflammation
markers after antipsychotic treatment. This dis-
crepancy may be related to the different effects of
antipsychotic agents on the immune system, having
both a direct anti-inflammatory activity and an
indirect pro-inflammatory activity related to their
effect on weight-gain and increased adipose tissue
(46).

It cannot be ruled out that our study has some li-
mitations. As this was a cross-sectional study of
baseline parameters, the longer-term associations
between BD, inflammation, and lipid parameters
were not addressed. The retrospective design
makes it difficult to establish a cause-and-effect
relationship between inflammation parameters and
disease. The severity of the illness during episodes
and the total number of mood states could not be
evaluated, and this may also affect the parameters
of inflammation and lipid levels. PLR, NLR, MLR,
and MPV have recently been investigated as inex-
pensive and reproducible markers of systemic
inflammation in many diseases. These markers are
also suggested as prognostic and reliable determi-
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nants related to inflammation for many types of
systemic disease. Nonetheless, there are mixed and
limited data about the sensitivity and specificity of
these variables as inflammatory biomarkers in
mental and physical disorders. Other limitations
include the evaluation of the measurements in dif-
ferent phases of BD, which do not belong to the
same patients, using an old diagnostic tool (DSM-
IV) to diagnose the patients and the small sample
size.

CONCLUSION

In conclusion, our study indicates that there may be
an increase in inflammation in all mood episodes,
including mixed, depressive, and mania in patients
with BD. It suggests that MLR value may be a
determinant of increased inflammation in the
manic state while CRP values, especially in mixed
and depressive episodes. Our findings also claim
that patients with BD experience metabolic deteri-
oration, especially during remission and mixed
episodes, which may be associated with increased
inflammation, and that this should be taken into
account in treatment management. However, a
larger sample and longitudinal studies are needed
to establish a cause-and-effect relationship
between inflammation, metabolic parameters, and
different episodes of BD.
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