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Abstract: Objectives: This study aimed to assess serum Galectin-3 (Gal-3) and IL-6 levels,
along with other inflammatory markers, in type-1 bipolar disorder (BD) patients and ex-
plore their relationship with clinical features, metabolic parameters, and symptom severity.
Background: The study included 38 manic, 35 euthymic BD patients, and 40 healthy con-
trols. Sociodemographic data, such as age, gender, alcohol and smoking habits, and body
mass index (BMI), were recorded. Methods: The Young Mania Rating Scale (YMRS) and
Hamilton Depression Rating Scale (HAM-D) were administered to patients. Biochemical
measurements included Gal-3, IL-6, CRP, neutrophil, lymphocyte, platelet counts, and in-
flammatory indices like NLR, PLR, SII, and SIRI. Results: Gal-3 levels significantly differed
among the groups (F = 52.251, p < 0.001), with the highest levels in euthymic patients. IL-6
levels were elevated in both manic and euthymic patients compared to controls (F = 7.379,
p = 0.001). Manic patients had significantly higher levels of neutrophils, monocytes, CRP,
NLR, PLR, SII, and SIRI. A positive correlation was found between Gal-3 levels, the total
number of episodes, and YMRS scores in manic patients. In euthymic patients, Gal-3 levels
correlated positively with disease duration and episode count. Conclusions: Elevated
Gal-3 levels, particularly in the euthymic phase, may serve as a biomarker for BD and
indicate ongoing inflammation. These findings suggest Gal-3 could help identify BD and
differentiate the euthymic phase.

Keywords: bipolar disorder; Galectin-3; cytokines; inflammation

1. Introduction

Bipolar disorder (BD) is a chronic psychiatric disorder characterized by extreme
mood swings including manic and depressive episodes. Epidemiologic studies show that
bipolar disorder is one of the most important causes of social disability [1]. The emergence
and clinical effects of the disorder are shaped by genetic, biological, and environmental
conditions. Its complex structure characterized by adverse neuropsychological effects,
immunological and physiological changes, and functional disorders makes the diagnosis
and treatment processes quite complicated [2].

Research to understand the pathophysiology of bipolar disorder has increased the
importance of the relationship between this disorder and inflammation. Inflammation is
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the body’s immune response and can occur in acute or chronic forms. The acute form is
usually triggered by physical conditions such as infection or injury. There are increasing
claims that chronic inflammation is associated with many physiological and psychological
disorders. In addition to bipolar disorder, the relationship between inflammation and
some psychological disorders such as depression, anxiety disorders, and schizophrenia is
being investigated [3].

Various studies on systemic inflammation and immune system dysfunction are carried
out in the research stages of diseases and basically various blood cells and inflamma-
tory parameters are examined [4]. In addition to the numerical values of some blood
cells such as neutrophils, lymphocytes, and monocytes, some parameters such as NLR
(Neutrophil /Lymphocyte Ratio), PLR (Platelet/Lymphocyte Ratio), SII (Systemic Immune-
Inflammatory Index), and SIRI (Systemic Immune-Inflammatory Reaction Index) have
been investigated in patients with BD as in many diseases. Higher neutrophil, lympho-
cyte, and monocyte counts as well as higher NLR, PLR, SII, and SIRI index values in BD
compared to controls are accepted as indicators of systemic inflammation and immune
dysfunction [5]. C-reactive protein (CRP), an acute phase reactant produced by the liver,
plays a role in the inflammatory response and is a biomarker widely used in the diagnosis
and follow-up of systemic inflammation. CRP can be used as an important biomarker in the
diagnosis, follow-up, and treatment of bipolar disorder as in other inflammation-related dis-
eases [6]. Increased levels of some pro-inflammatory cytokines (interleukin-1 beta (IL-1p3),
interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-«)) have been observed in studies
conducted on patients with BD. It has been suggested that these cytokines have neuroin-
flammatory effects on the central nervous system [7]. Activation of microglial cells, which
are defined as immune cells in the brain, plays a critical role in inflammation processes and
can increase the release of neuroinflammatory cytokines [8]. Neuroinflammatory cytokines
can increase the permeability of the blood-brain barrier, facilitating the entry of peripheral
inflammatory cells into the brain, thereby exacerbating inflammatory responses in the brain.
The ability of some anti-inflammatory drugs to balance mood symptoms supports the role
of inflammation in the pathophysiology of the disease [9]. In bipolar disorder, neuroin-
flammation caused by increased pro-inflammatory cytokines can affect neurotransmitter
systems, leading to mood fluctuations [10]. Additionally, levels of neurotrophic factors such
as brain-derived neurotrophic factor (BDNF) may decrease, negatively impacting synaptic
functions, neuronal viability, and growth [11]. An increase in pro-inflammatory cytokines
can also lead to impairments in cognitive functions [12]. One of the key molecules involved
in the regulation of inflammatory responses is Galectin-3 (Gal-3).

The relationship of Gal-3, known to trigger pro-inflammatory molecules and increase
inflammation leading to neuroinflammation, with inflammation continues to be investi-
gated [13]. Gal-3 is a 3-galactoside-binding lectin belonging to the protein family called
galectins. This molecule, which plays an important role in various biological processes,
interacts with many cell types in the stages of activating or inhibiting inflammatory mech-
anisms. In addition to enhancing the activation and chemotaxis of macrophages, Gal-3
promotes the production of pro-inflammatory cytokines such as IL-13, IL-6, and TNF-«,
which play a critical role in initiating and maintaining the inflammatory response [14].

The effects of Gal-3 on chronic inflammation in various psychiatric disorders such
as depression [15], schizophrenia [16], anxiety disorders [17], and hyperactivity disorder
in children [18] are being investigated. Gal-3 is expressed in various glial cells of the
central nervous system tissues, including the brain, both in vivo and in vitro [19]. The
support of Gal-3 in the production of anti-inflammatory cytokines in certain situations can
be explained by the complex nature of the immune system. In a study conducted in the
presence of hypoxic brain injury, Gal-3 was associated with a reduction in the infarct area
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by increasing the release of anti-inflammatory cytokines [20]. Additionally, another study
found that it is synthesized in active microglia, which are effective in axon regeneration
and remyelination, and thus plays a role in the clearance of cellular debris and damaged
axons, showing effective neuroprotection [21]. It is also suggested that Gal-3 acts as an
activator in the early stages of inflammation but inhibits it in later stages [22]. These
complex and dynamic interactions indicate that Gal-3 can assume both pro-inflammatory
and anti-inflammatory roles. In this context, the role of Gal-3 in bipolar disorder and
other psychiatric diseases should be investigated more deeply in terms of modulating
inflammatory responses.

The pathophysiological foundations of BD are not fully understood. However, for
accurate diagnosis and treatment, it is necessary to thoroughly analyze and understand the
underlying mechanisms of the disease. Evaluating the relationship between the severity
of the disease and the levels of serum Gal-3, IL-6, and some inflammatory parameters
among manic, euthymic, and control groups can contribute to a more detailed analysis
of the known neuroinflammation mechanism. Our study aims to examine the differences
in clinical characteristics, serum Gal-3, IL-6, and some inflammatory parameters among
manic, euthymic, and control groups. Additionally, we evaluated the relationship between
Gal-3 and IL-6 levels and the clinical characteristics, duration of the disease, and the Young
Mania Rating Scale (YMRS). Specifically, monitoring the levels of new molecules with
neuroinflammatory effects and reassessing therapeutic targets through these molecules
may open new horizons in the treatment of bipolar disorder.

2. Materials and Methods
2.1. Participants

This study was designed as an observational case—control study. Patients diagnosed
with BD, consisting of a group of 73 adults, who visited the Psychiatry outpatient clinic at
Erzurum City Hospital and/or were treated as inpatients in our clinic between May 2024
and July 2024, were included. The control group consisted of individuals without psy-
chiatric disorders who visited our outpatient clinic for consultation or status evaluations
between May 2024 and July 2024. All participants and/or their guardians provided written
informed consent.

The research protocol was approved by the Scientific Research Ethics Committee
of Erzurum Medical Faculty, University of Health Sciences (Erzurum, Turkey) under
decision number BAEK 2024/04-85, and was conducted in compliance with the Declaration
of Helsinki.

Based on similar studies in the literature and using the G* power statistical program,
it was calculated that 102 participants, with 34 in each group, would be required to achieve
80% power and 95% confidence level (effect size = 0.70) [23].

2.2. Methods

Our study focused on the cross-sectional clinical characteristics, routine biochemical
parameters, and serum Gal-3 and IL-6 analyses of 113 participants. The study included
three groups: manic BD patients, euthymic BD patients, and healthy controls. All patients
were diagnosed with BD type 1 based on the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5) [24]. The manic BD group included patients who met the
DSM-5 criteria for a manic episode. The euthymic BD group included patients who had not
experienced a manic, depressive, or hypomanic episode in the last six months. The control
group consisted of individuals without psychiatric disorders who visited the psychiatry
outpatient clinic for consultation or status evaluations.
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The diagnosis of bipolar affective disorder and the exclusion of additional psy-
chopathologies were made using clinical interviews and the Diagnostic and Statistical
Manual of Mental Disorders-5 (DSM-5)-clinician version (SCID-5/CV) [25]. The validity
and reliability study of SCID-5/CV was conducted in Turkey [26]. Participants were eval-
uated twice by two different psychiatrists. Patients completed the YMRS and Hamilton
Depression Rating Scale (HAM-D). Clinical and sociodemographic data of the patients
were recorded. The control group was formed by individuals without psychopathology,
evaluated by psychiatric examination and SCID-5/CV by two different psychiatrists.

In this study, age (years), BMI (kg/m?), duration of illness (years), number of episodes
(count), and YMRS (score) were identified as independent variables, while Galectin-3
was determined as the dependent variable. These variables were included in the regres-
sion model to evaluate the relationships between clinical and demographic factors and
Galectin-3 levels.

Inclusion criteria for patients were defined as having no additional psychopathology
other than BD-I, being between 18 and 65 years of age, having no acute or chronic physical
illness, and not being pregnant or in the postpartum period. Additionally, not receiving
pharmacological treatment was required for the manic group, while not using antidepres-
sants or antipsychotics was required for the euthymic group. However, due to ethical
concerns and the potential risk of mood episodes if medication was discontinued, the use
of classic mood stabilizers such as lithium or valproic acid was not considered an exclusion
criterion for the euthymic group.

The inclusion criteria for the control group were being between 18 and 65 years old,
having no psychopathology, no acute or chronic medical illness, and not being pregnant or
in the postpartum period.

Age (years), gender, BMI, education level, smoking, and alcohol use, which were con-
sidered confounding factors, were recorded for all participants using the sociodemographic
data form. Body weight was measured using a digital scale, and height was measured
with a stadiometer. BMI was calculated by dividing weight in kilograms by the square of
height in meters (BMI = kg/ m?). Patients completed the YMRS and HAM-D. The YMRS
was developed by Young and colleagues [27]. It is used not for diagnosis but to determine
the severity of the manic state. It consists of 11 items including elevated mood (elevated, in-
appropriate joking), thought disorder (distractibility; mild distractibility; increased thought
production), and each question includes five severity levels. The scale’s validity and relia-
bility have been confirmed for our country, with a Cronbach’s alpha coefficient of 0.79 [28].
The HAM-D scale was completed to assess the severity of depression in patients. It is a
17-item clinician-rated scale developed by Hamilton in 1960 [29]. Items related to difficulty
falling asleep, waking during the night, early morning awakening, somatic symptomes,
genital symptoms, weight loss, and insight are scored on a scale of 0-2, while other items
are scored on a scale of 0—4. It is scored between 0 and 53. A score of 7 or below indicates no
depression [30]. The validity and reliability of the Turkish version have been established,
with a Cronbach’s alpha coefficient of 0.75 [31].

Participants were asked to rest in a seated position between 08:00 and 10:00. Venous
blood samples were taken from the antecubital area for the analysis of Gal-3, IL-6, CRP,
and hemogram parameters. Routine blood samples were collected for routine biochemistry
parameters, Gal-3, and IL-6 levels. After allowing the samples to clot at room temperature
for 30 min, they were centrifuged at 3000 rpm for 10 min to separate the serum. The serum
samples were then aliquoted and stored at —80 °C until analysis.

CRP and IL-6 levels were determined using the Siemens Atellica® (Siemens Healthi-
neers, Erlangen, Germany) clinical chemistry analyzer with a spectrophotometric method.
®

(

Hemogram parameters were measured using the Sysmex™ (XN-Series, Kobe, Japan) device



J. Clin. Med. 2025, 14, 803

50f 15

in whole blood samples collected in EDTA tubes. Gal-3 measurements in serum samples
were analyzed using ELISA kits (BT Lab, Human Galectin-3: Cat Log No: E-EL-H5490,
Jiaxing Korain Biotech, Jiaxing, China) according to the manufacturer’s standard protocol
on a Rel Assay brand automatic ELISA reader (Biobase Biodusty Co., Ltd., Jinan, China).
The measurement range of the kit was 5-2000 pg/mL. After confirming that the serum
samples were thawed under appropriate conditions, all analyses were conducted in a single
session at the Erzurum City Hospital Medical Biochemistry Laboratory.

2.3. Statistical Analysis

The study’s analyses were performed using IBM Statistical Package for the Social
Sciences (SPSS) version 22. The normal distribution of continuous variables was evaluated
using the Shapiro-Wilk test, Kolmogorov-Smirnov test, Q-Q plot, skewness, and kurtosis
data. Data were presented as mean, standard deviation, minimum, maximum, percentage,
and frequency. Comparisons between categorical variables were made using the Chi-square
test. For comparisons between two independent groups, the Independent Samples t-test
was utilized since the normality assumption was met. For comparisons of continuous
variables among more than two independent groups, the ANOVA test was applied as the
normality assumption was satisfied. Post hoc tests following the ANOVA were performed
using the Bonferroni test for homogeneous variances and the Tamhane’s T2 test for non-
homogeneous variances. Correlation analysis was performed to evaluate the relationship
between quantitative variables. The Pearson correlation test was used for comparing
two quantitative variables as the normal distribution condition was met. ANCOVA was
used for multiple comparisons to examine the effects of co-factors on the dependent
variable. Receiver operating characteristic (ROC) curve analysis was conducted to assess
the diagnostic potential of continuous variables and to establish cut-off values. A p-value
of less than 0.05 was considered statistically significant.

Regression analysis is a statistical method used to model and evaluate the relationship
between a dependent variable and one or more independent variables. It helps to under-
stand how the dependent variable is influenced by the independent variables, measure this
effect, and predict future values. In our study, linear regression analysis was used to assess
the impact of independent variables on the dependent variable (Galectin-3).

3. Results

The study included 73 patients with type 1 bipolar disorder of similar age and gender,
and 40 healthy controls. Of the 73 patients included in the study, 38 were in a manic episode
and 35 were in a remission period. The sociodemographic and clinical characteristics of the
patient and control groups are presented in Table 1.

In the comparison of the manic period, euthymic period, and control group, neutrophil,
monocyte, CRP, NLR, PLR, SII, and SIRI levels were found to be significantly higher in
manic period patients compared to the other groups. There was a significant difference
in Gal-3 levels among the three groups. The highest Gal-3 levels were in patients in the
euthymic period. IL-6 levels were higher in both manic and euthymic period patients
compared to the controls (Table 2).



J. Clin. Med. 2025, 14, 803

6 of 15

Table 1. Comparison of sociodemographic and clinical characteristics of the manic period, euthymic
period, and control groups.

Manic Group Euthymic Group Control Group

% n% n% Chi-Square/F P

Age (year) Mean + SD 37.55 + 13.12 40.31 +9.58 38.4 +11.53 0.543 0.583
Female 18 (47.4) 17 (48.6) 15 (37.5)

Gender Male 20 (52.6 18 (51.4) 25 (62.5) 1154 0-562
Single 17 (44.7) 14 (40) 13 (32.5)

Marital status %fdrgvev‘i 4 Divorced 18 (47.4) 15429) 26(65) 6.922 0.135
Living apart 3(7.9) 6 (17.1) 1(2.5)
Public employee 5(13.2) 7 (20) 37 (92.5)

Occupation Private sector employee 6 (15.8) 8(22.9) 2 (5) 63.111 <0.001
Unemployed 27 (71) 20 (57.2) 1(2.5)
Primary school 14 (36.) 17 (48.6) 2 (5)

Educational status High school 21(55.3) 13 (37.1) 8 (20) 51.535 <0.001
University 3(7.9) 5(14.3) 30 (75)

Smoki Yes 22 (57.9) 29 (82.9) 17 (42.5)

moxing No 16 (42.1) 6 (17.1) 23 (57.5) 12.811 0.002

Yes 2(5.3) 0(0) 5 (12.5)

Alcohol use No 36 (94.7) 35 (100) 35 (87.5) 4.710 0.081

Presence of mental Yes 2 (5.3) 5(14.3) 4 (10) 1.689 0.486

illness in the family No 36 (94.7) 30 (85.7) 36 (90) ’ ’
Lithium 11 (31.4)

Drug use Valproic Acid 14 (40)
Other Mood Stabilizers 10 (28.6)

p < 0.05 is statistically significant; F: one-way ANOVA test value; Mean £ SD: Mean =+ standard deviation; n:
number of participants.

Table 2. Comparison of clinical characteristics, Gal-3 and IL-6 levels, and hemogram and biochemical
parameters of the manic period, euthymic period, and control groups.

Manic Group Euthymic Group Control Group t/F Effect Size/Eta
n =38 n=35 n =40 Squared
Mean + SD Mean =+ SD Mean £ SD

Duration of illness (year) 14.55 £10.71 14.20 £ 6.48 —-0.172 0.039 0.864
Total number of episodes 5.87 +3.78 6.66 +3.13 0.966 0.227 0.337
Number of 282+225 331+ 156 1.089 0.253 0.280
depressive episodes

Number of manic episodes 3.05 £ 1.61 334+ 1.61 0.770 0.180 0.444
HAM-D 0.79 £+ 6.39 1.05 £ 0.87 1.284 0.057 0.203
YMRS 38.63 £ 6.39 1.29 £1.10 —35.461 8.144 <0.001
BMI (kg/m?) 27.83 £4.08° 30.83 +£3.97° 26.19 £ 3.90 a© 12.868 0.190 <0.001
Neutrophil (10° /L) 6.12+1.842 457 +1.65P 4.03 +1.44 "¢ 16.699 0.233 <0.001
Monocyte (10° /L) 0.724+0242 0.58 +0.19° 0.60 4 0.14 bc 5.718 0.094 0.004
Lymphocyte (10° /L) 1.95+0.69% 2.88+092° 2.35 + 0.63 2¢ 14.294 0.206 <0.001
CRP (mg/L) 6.16 +4.73% 3.50 +3.49 287 +£2.11b¢ 9.091 0.142 <0.001
IL-6 (pg/mL) 3.66 £2222 391 +251% 229 £1.03¢ 7.379 0.118 0.001
Gal-3 (pg/mL) 989.47 +418.022 1469.66 + 340.06 686.01 +213.17 € 52.251 0.487 <0.001
NLR 358+ 1.71% 1.82 +£1.06° 1.82 £ 0.81 b¢ 25.201 0.314 <0.001
PLR 148.70 4- 47.18 2 103.83 + 49.28 P 123.29 + 33.77 b¢ 9.736 0.150 <0.001
SII 942.53 +491.08 2 503.18 & 362.71 P 495.40 =+ 235.62 b* 17.537 0.242 <0.001
SIRI 2,69 £1.622 1.06 +0.69° 1.08 + 0.52 b¢ 29.132 0.346 <0.001

p < 0.05 is statistically significant in group comparison; effect size = Cohen’s d (0.2-small, 0.5-medium, and
0.8-large effect size); eta squared: 0.01-small, 0.06-medium, and 0.14-large effect size; F: one-way ANOVA value;
a7¢: significance among the three groups; HAM-D: Hamilton Depression Rating Scale; CRP: C-reactive protein;
IL-6: Interleukin-6; NLR: Neutrophil /Lymphocyte ratio; PLR: Platelet/ Lymphocyte ratio; SII: Systemic Immune
Inflammation Index; SIRI: systemic inflammatory response index; n: number of participants; BMI: Body Mass
Index; YMRS: Young Mania Rating Scale. Mean £ SD: mean + standard deviation.

When the correlations between Galectin-3 and inflammatory markers (IL-6, neutrophil,
monocyte, lymphocyte, CRP, NLR, PLR, SII, and SIRI) were examined, generally weak and
statistically non-significant relationships were observed in both groups. In the manic group,
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a low-level positive significant correlation was found between Galectin-3 and monocyte
levels (r = 0.340, p = 0.037). Apart from this, no significant correlations were observed with
other inflammatory markers. In the euthymic group, no significant correlation was detected
between Galectin-3 and any inflammatory marker. The Gal-3 levels in patients during the
manic period showed a moderate significant positive correlation with the total number of
episodes (r = 0.393, p = 0.15) and the total YMRS score (r = 0.529, p = 0.01). The Gal-3 level
was significantly and positively correlated with both the number of manic and depressive
episodes. In patients during the euthymic period, the Gal-3 level showed a moderate
significant positive correlation with the duration of the disease (r = 0.552, p = 0.01) and the
total number of episodes (r = 0.607, p = 0.000) (Figure 1). This suggests that Galectin-3 may
be more strongly associated with clinical parameters such as the frequency of episodes and
the duration of the illness rather than with inflammatory markers.

Heatmap of Correlation Coefficients (r)

Age 0.241 0.201 10
BMI - 0.395 0.085
Duration of illness 0.159 0.552 08
Total number of episodes - 0.130 0.393 0.014 0.607
Number of depressive episodes - 0.088 0.370 0.027 0.623
Number of manic episodes - 0.182 - 0.6
HAM-D - =
Q
. YMRS %
% Neutrophil = 0.125 0.233 0.165 0.108 -0.4 S
}E Monocyte - 0.063 0.340 0.215 0.109 é
Lymphocyte - 0.164 g
CRP - 02 s

Figure 1. Relationship between clinical data of patients and hemogram and biochemical parameters.
r: correlation coefficient; BMI: Body Mass Index; CRP: C-Reactive Protein; Gal-3: Galectin-3; HAM-D:
Hamilton Depression Rating Scale; IL-6: Interleukin-6; NLR: Neutrophil /Lymphocyte Ratio; PLR:
Platelet/Lymphocyte Ratio; SII: Systemic Immune Inflammation Index; SIRI: Systemic Inflammatory
Response Index; YMRS: Young Mania Rating Scale.

A linear regression analysis was performed to examine the effects of common vari-
ables in a mixed model, including age, BMI, disease duration (years), and the number
of episodes in patients during the euthymic period. According to the analysis results, it
was found that disease duration (B = SE; 23.157 + 10.063, p = 0.029) and the number of
episodes (B & SE; 53.931 £ 18.965, p = 0.008) were effective in the model created for Gal-3.
A linear regression analysis was conducted to assess the effects of common variables in a
mixed model, including age, BMI, disease duration (years), number of episodes, and YMRS
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score in patients during the manic episode period. According to the analysis results, it was
found that the number of episodes (B & SE; 55.016 & 21.100, p = 0.014) and YMRS score
(B £ SE; 26.873 £ 8.121, p = 0.002) were effective in the model created for Gal-3 (Table 3,
Figures 2 and 3).

Table 3. Linear regression analysis for Gal-3 in patients with bipolar affective disorder in remission
and manic episodes.

Parameters Independent Variables B (95% CI) p Value R?/Adjusted R? p Value for F Change
Model 0.478/0.408 0.000
Age (years) ~10.933 (—23.302/1.437) 0.081
Galectin-3 BMI (kg/m2) —5.967 (—29.895/17.961) 0.614
(Euthymic Group) Duration of illness (years) 23.157 (2.606/43.709) 0.029
Number of
episodes (Count) 53.931 (15.200/92.662) 0.008
Model 0.534/0.461 0.000
Age (years) —12.845 (—30.184/4.494) 0.141
Galectin-3 BMI (kg/mz) —1.999 (—29.144/25.145) 0.882
. Duration of illness (years) —0.979 (—26.765/24.807) 0.939
(Manic Group) Number of
umber o 55.016 (12.036,/97.996) 0.014

episodes (Count)
YMRS (score) 26.873 (10.331/43.415) 0.002

p < 0.05 is statistically significant; B: regression coefficients; BMI: Body Mass Index; CI: Confidence Intervals;
YMRS: Young Mania Rating Scale.

Scatterplot for Euthymic Group (Galectin-3 vs Independent Variables)
40 %

35¢
30t
251

20}

Galectin-3

151

10t X

Independent Variable

Figure 2. Scatterplot illustrating the relationship between Galectin-3 and independent variables in
the Euthymic Group.
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Scatterplot for Manic Group (Galectin-3 vs Independent Variables)
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® N S S\
& N\
o QJQ
& S
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2 ¢
N 3
O
<
Independent Variable
Figure 3. Scatterplot illustrating the relationship between Galectin-3 and independent variables in
the Manic Group.
A ROC analysis was conducted to reveal the role of Gal-3 in distinguishing manic
and euthymic periods in both the control group and patients, and to determine the cut-
off values. The analysis results showed that Gal-3 (AUC =+ SE; 95% CI; 0.695 £ 0.054;
0.590-0.801) can be used to identify BD and that higher values increase the likelihood of
identifying the presence of BD (Table 4, Figure 4). Additionally, it was shown that Gal-3
(AUC = SE; 95% CI; 0.695 = 0.054; 0.590-0.801) can also be used as a period marker in
patients (Table 4, Figure 5).
Table 4. Area under the curve.
Asymptotic 95%
Test Result Variable(s) Area Std. Error?  Asymptotic Sig. ? Confidence Interval
Lower Bound Upper Bound
Patient group Galectin-3  0.851 0.036 0.000 0781 0.921
(total)-Control group
Manic group- Galectin-3 0.814 0.051 0.000 0.715 0.914

Euthymic group

p < 0.05 is statistically significant; 2, Under the nonparametric assumption; b Null hypothesis; true area = 0.5.
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Figure 4. ROC curve analysis for Galectin-3 (Patient group—Control group). Galectin-3 cut off value
(Patient group—Control group): 829.58, sensitivity 78.1%, specificity 80%.
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Figure 5. ROC curve analysis for Galectin-3 (Manic group—Euthymic group). Galectin-3 cut off value
(Manic group-Euthymic group): 1189.64, sensitivity 71.1%, specificity 77.1%.
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4. Discussions

The presence of increased pro-inflammatory cytokines and neuroinflammation in
patients with BD has been acknowledged [7,10]. We hypothesized that there would be
disruptions in the regulation of Gal-3, a molecule closely related to inflammation, and IL-6,
a pro-inflammatory cytokine, in BD patients both compared to controls and between manic
and euthymic periods. In this study, we assessed the differences in serum Gal-3 and IL-6
levels among manic BD patients, euthymic BD patients, and healthy controls, as well as
their relationship with clinical characteristics, various hematological parameters, symptom
severity, and psychopathology. Our results indicated that Gal-3 and IL-6 levels were
elevated in both manic and euthymic BD patient groups compared to healthy controls. We
observed significant differences in serum Gal-3 levels among BD patients, with the highest
levels found in the euthymic patient group. We revealed that the number of episodes and
the severity of the episode were effective on Gal-3 in patients during the manic period.
Additionally, we found that the number of episodes and the duration of the disease were
effective on Gal-3 in patients during the euthymic period. Our results indicated that Gal-3
is a marker for both the disease and the period.

In our study, the use of antipsychotics was an exclusion criterion during the manic
phase. Patients in the manic phase and controls were not using medication. However,
the use of mood stabilizers by patients in the euthymic phase can be considered a con-
founding factor. The effect of lithium, one of the most commonly used mood stabilizers, on
inflammation is controversial [32].

In our study, Gal-3 levels showed significant differences among the three groups. We
found the highest Gal-3 levels in patients in the euthymic phase and the lowest levels
in healthy controls. It is known that Gal-3 can contribute to neuroinflammation through
pro-inflammatory cytokines [13], affect mood fluctuations by influencing neurotransmitter
systems [10], and cause negative effects on synaptic plasticity and neuronal survival by re-
ducing levels of neurotrophic factors such as brain-derived neurotrophic factor (BDNF) [11].
The presence of neuroinflammation has also been associated with impairments in cognitive
functions [12]. The ability of Gal-3 to support the production of anti-inflammatory cytokines
in some cases reflects the complex nature of the immune system [20]. Some studies suggest
that Gal-3 exhibits a pro-inflammatory effect during the early stages of inflammation and
shifts to an anti-inflammatory role during the recovery phase [22]. In our study, we observed
that Gal-3 levels increased in the manic attack patient group due to its pro-inflammatory
effect and continued to rise, peaking during the euthymic phase, even though the patients
were in remission. This situation was thought to be due to the anti-inflammatory effect of
Gal-3 in the later stages of the disease and consequently inflammation.

It is widely accepted that many psychiatric disorders are chronic and associated with
neuroinflammation [15-18]. Existing literature data reveal that Gal-3 levels are elevated in
various neuropsychiatric disorders and function as a modulator of inflammatory responses.
For instance, a study on children with autism spectrum disorders found that Gal-3 levels
were significantly higher compared to healthy controls. They suggested that Gal-3 plays a
central role in inflammation and neuroinflammation processes [33]. A study investigating
the predictive power of Gal-3 for post-stroke cognitive impairment found that serum
Gal-3 levels were significantly higher in the patient group and that higher levels were
proportional to the likelihood of developing post-stroke cognitive impairment [34].

Similarly, there are studies showing that Gal-3 levels are elevated in neurodegenerative
diseases. A study emphasized the significance of elevated Gal-3 levels in diseases like
Alzheimer’s, Parkinson’s, and amyotrophic lateral sclerosis, which are known to be associ-
ated with neuroinflammation [35]. Additionally, in an animal experiment, the suppression
of Gal-3 in Alzheimer’s disease resulted in improved cognitive performance, reduced



J. Clin. Med. 2025, 14, 803

12 of 15

expression of inflammatory genes in microglia, and regression of amyloid plaques [36].
A study conducted on patients with frontotemporal dementia found that increased Gal-3
levels were associated with cognitive decline in the disease. This finding suggests that
Gal-3 may play a role in neuroinflammatory processes in patients with frontotemporal
dementia and could be considered a biomarker and therapeutic target for this disease [37].
Another animal study investigated the role of Gal-3 in modulating anxiety levels. In mice
with the Gal-3 gene removed, IL-6 increase was prevented, and hippocampal GABA levels
decreased. These findings suggest that Gal-3 may modulate anxiety levels by enhancing
inflammatory responses [17].

According to the results of our study, one of the most interesting findings was that Gal-
3 levels were higher in patients during the euthymic phase compared to those in the manic
phase. The elevated Gal-3 levels observed in patients during the euthymic phase, as noted
in the literature, may be attributed to the anti-inflammatory effect of Gal-3 in the later stages
of inflammation [22]. This situation can be suggested to be for the purpose of repairing
tissues, nerve cells, and synaptic connections affected by inflammation, reorganizing the
immune system, and maintaining homeostasis. Additionally, the fact that Gal-3 levels are
significantly higher not only between the euthymic and manic phases but also compared to
the control group supports the idea that it could be a biomarker specific to both the disease
and the phase. Another study conducted with BD patients found that Gal-3 levels were
statistically significantly higher at the end of the third week of treatment compared to the
first day of hospitalization, supporting our findings that Gal-3 is related to the disease and
its inflammatory processes. Furthermore, the higher Gal-3 levels obtained in the third week
of treatment suggest that the anti-inflammatory mechanisms of this molecule play a role in
the post-attack processes, as in our study [23].

In our study, it was notable that IL-6 levels were significantly higher in bipolar disorder
patients compared to healthy controls, even though there was no significant difference
between the manic and euthymic phases. Studies conducted on BD patients have observed
increases in the levels of certain pro-inflammatory cytokines, along with neuroinflammatory
effects. The finding that IL-6 levels are significantly elevated in both the manic and euthymic
phases of bipolar disorder compared to healthy controls suggests that the disease has an
inflammatory component, with inflammation playing a role across all phases of the disorder.
While increased stress and biological activity during manic phases suggest the presence of
acute inflammatory responses, it can be accepted that inflammatory responses continue
in the euthymic phase due to the chronicity of inflammation. These findings suggest that
IL-6 could be used as a biomarker in the treatment and monitoring of bipolar disorder. IL-6
levels can be monitored to evaluate treatment response and the risk of disease exacerbation.
Anti-inflammatory treatment strategies may be helpful in the management of bipolar
disorder, and reducing IL-6 levels could be targeted.

In our study, it was important to note that neutrophil and monocyte counts, inflamma-
tion indices such as NLR, PLR, SII, and SIRI, and CRP values were significantly higher in
the manic phase compared to euthymic and control patients. Studies have also interpreted
the relationship between these parameters and BD disease based on the presence of sys-
temic and neuroinflammation. Our study shows that the pro-inflammatory effects of Gal-3
in the manic phase become prominent in a manner consistent with the other inflammatory
parameters we investigated. This consistency also proves how effective inflammation is in
the manic phase of BD disease.

Our results show that Gal-3 levels in bipolar disorder may be associated with inflam-
mation and neuroinflammation. High Gal-3 levels in both manic and euthymic phases
compared to controls indicate that the disease has an inflammatory component, and that
this protein plays a role in both phases of the disease. However, the higher Gal-3 levels
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we detected in the euthymic phase bring a unique dimension to this study. Elevated Gal-3
levels, particularly in euthymic patients, may be useful in assessing the disease course and
treatment response, given their close association with the number of episodes and disease
duration. The significant increase in levels, closely related to the duration of the disease
in the euthymic period, indicates that the expected anti-inflammatory effect of Gal-3 will
come to the forefront in the later stages. These findings not only support the potential use
of Gal-3 as a biomarker for BD disease but also strongly suggest its potential as a phase
marker for the euthymic period, which is the most difficult and complex period to diagnose,
especially at the initial presentation. We can propose that our study is one of the important
steps in developing new targets for accurate treatment, including Gal-3. All findings also
emphasize the importance of further research in this area.

This study has both strengths and limitations. Due to its cross-sectional design, it is
difficult to determine the direction of causality between variables. Another limitation is the
lack of simultaneous radiological evaluations and the inability to examine all inflammation-
related molecules. Additionally, the absence of further analysis on the type and dosage of
mood stabilizers used by the euthymic group and their relationship with inflammatory
markers is considered a limiting factor. Studies with blood samples collected from the
same patients during both attack and remission periods and with larger sample sizes could
provide more insights into the role of Gal-3 in bipolar disorder.

On the other hand, our study presented valuable results showing the difference in
increased serum Gal-3 levels between phases in patients with BD. Additionally, the use of
diagnostic evaluations based on structured clinical interviews, the Turkish validity and
reliability of the scales employed, the assessment of participants by two independent
psychiatrists, the evaluation of multiple molecules alongside Gal-3 and IL-6, and the
selection of a well-matched control group are other strengths of this research.

5. Conclusions

In this study, we evaluated the possible role of Gal-3 in the pathophysiology of the
disease by examining Gal-3 levels in manic and euthymic phases in bipolar disorder. Our
findings indicate that Gal-3 levels are significantly elevated in both the manic and euthymic
phases compared to healthy controls, with levels being notably higher in the euthymic
phase than in the manic phase. The elevated Gal-3 levels in the euthymic phase were found
to be associated with the duration of the disease and the number of episodes. With these
results, we believe that high Gal-3 levels will shed light on the complex inflammation
process in BD, especially in the euthymic phase, from a different perspective. It can be
suggested that Gal-3 could be an indicator and/or structural cause of the disease and a
state marker for the euthymic phases.

We believe that investigating Gal-3 and IL-6 levels in BD will be promising for future
studies to better understand neuroinflammation.

Author Contributions: All the authors contributed to the study conception and design. Material
preparation, data collection and laboratory analyses were performed by N.G., E.O.T., S.A. and A.L.O.
Statistical analysis was performed by N.G. and EM. The first draft of the manuscript was written
by N.G., E.O.T,, A.L.O,, S.A. and FEM. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki Declaration and its later amendments or comparable



J. Clin. Med. 2025, 14, 803 14 of 15

ethical standards. The study was approved by the Bioethics Committee of the Erzurum Medical
Faculty University of Health Sciences (No: BAEK 2024 /04-85).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data generated or analyzed during this study are included in this arti-
cle. The data will be available upon reasonable request (contact persons: filiz.mercantepe@saglik.gov.tr).

Conflicts of Interest: The authors declare that they have no known competing financial interests or
personal relationships that could have appeared to influence the work reported in this paper.

References

1.  Krahn, G.L. WHO World Report on Disability: A review. Disabil. Health ]. 2011, 4, 141-142. [CrossRef] [PubMed]

2. Esch, T, Stefano, G.B.; Fricchione, G.L.; Benson, H. The role of stress in neurodegenerative diseases and mental disorders.
Neuro Endocrinol. Lett. 2002, 23, 199-208. [PubMed]

3. Bauer, MLE.; Teixeira, A.L. Inflammation in psychiatric disorders: What comes first. Ann. N. Y. Acad. Sci. 2019, 1437, 57-67.
[CrossRef] [PubMed]

4. Yang, R,; Chang, Q.; Meng, X.; Gao, N.; Wang, W. Prognostic value of Systemic immune-inflammation index in cancer: A
meta-analysis. J. Cancer 2018, 9, 3295-3302. [CrossRef] [PubMed]

5. Sayana, P; Colpo, G.D.; Simées, L.R.; Giridharan, V.V,; Teixeira, A.L.; Quevedo, J.; Barichello, T. A systematic review of evidence
for the role of inflammatory biomarkers in bipolar patients. J. Psychiatr. Res. 2017, 92, 160-182. [CrossRef] [PubMed]

6. Fernandes, B.S,; Steiner, J.; Molendijk, M.L.; Dodd, S.; Nardin, P.; Gongalves, C.-A.; Jacka, E; Kohler, C.A.; Karmakar, C.; Carvalho,
AF; etal. C-reactive protein concentrations across the mood spectrum in bipolar disorder: A systematic review and meta-analysis.
Lancet Psychiatry 2016, 3, 1147-1156. [CrossRef] [PubMed]

7. Rosenblat, ].D.; McIntyre, R.S. Bipolar Disorder and Immune Dysfunction: Epidemiological Findings, Proposed Pathophysiology
and Clinical Implications. Brain Sci. 2017, 7, 144. [CrossRef] [PubMed]

8.  Réus, G,; Fries, G,; Stertz, L.; Badawy, M.; Passos, I.; Barichello, T.; Kapczinski, F.; Quevedo, J. The role of inflammation and
microglial activation in the pathophysiology of psychiatric disorders. Neuroscience 2015, 300, 141-154. [CrossRef] [PubMed]

9.  Husain, M,; Strawbridge, R.; Stokes, PR.; Young, A.H. Anti-inflammatory treatments for mood disorders: Systematic review and
meta-analysis. |. Psychopharmacol. 2017, 31, 1137-1148. [CrossRef] [PubMed]

10. Benedetti, F; Aggio, V.; Pratesi, M.L.; Greco, G.; Furlan, R. Neuroinflammation in Bipolar Depression. Front. Psychiatry. 2020,
11, 71. [CrossRef] [PubMed]

11.  Giacobbo, B.L.; Doorduin, J.; Klein, H.C.; Dierckx, R.A.J.O.; Bromberg, E.; de Vries, E.E]. Brain-Derived Neurotrophic Factor in
Brain Disorders: Focus on Neuroinflammation. Mol. Neurobiol. 2019, 56, 3295-3312. [CrossRef] [PubMed]

12. McAfoose, J.; Baune, B. Evidence for a cytokine model of cognitive function. Neurosci. Biobehav. Rev. 2009, 33, 355-366. [CrossRef]
[PubMed]

13.  Shin, T. The pleiotropic effects of galectin-3 in neuroinflammation: A review. Acta Histochem. 2013, 115, 407-411. [CrossRef]
[PubMed]

14. Pang, J.; Rhodes, D.H.; Pini, M.; Akasheh, R.T.; Castellanos, K.J.; Cabay, R.J.; Cooper, D.; Perretti, M.; Fantuzzi, G. Increased
adiposity, dysregulated glucose metabolism and systemic inflammation in Galectin-3 KO mice. PLoS ONE 2013, 8, e57915.
[CrossRef] [PubMed]

15.  Melin, E.O,; Dereke, J.; Thunander, M.; Hillman, M. Depression in type 1 diabetes was associated with high levels of circulating
galectin-3. Endocr Connect. 2018, 7, 819-828. [CrossRef] [PubMed]

16. Kajitani, K.; Yanagimoto, K.; Nakabeppu, Y. Serum galectin-3, but not galectin-1, levels are elevated in schizophrenia: Implications
for the role of inflammation. Psychopharmacology 2017, 234, 2919-2927. [CrossRef] [PubMed]

17.  Stajic, D.; Selakovic, D.; Jovicic, N.; Joksimovic, J.; Arsenijevic, N.; Lukic, M.L.; Rosic, G. The role of galectin-3 in modulation of
anxiety state level in mice. Brain Behav. Immun. 2019, 78, 177-187. [CrossRef] [PubMed]

18. Isik, U.; Kilic, F; Demirdas, A,; Aktepe, E.; Aydogan Avsar, P. Serum Galectin-3 Levels in Children with Attention-
Deficit/Hyperactivity Disorder. Psychiatry Investig. 2020, 17, 256-261. [CrossRef] [PubMed]

19. Pasquini, L.A.; Millet, V.; Hoyos, H.C.; Giannoni, ].P,; Croci, D.O.; Marder, M.; Liu, ET.; Rabinovich, G.A.; Pasquini, ]. M. Galectin-3
drives oligodendrocyte differentiation to control myelin integrity and function. Cell Death Differ. 2011, 18, 1746-1756. [CrossRef]
[PubMed]

20. Lalancette-Hébert, M.; Swarup, V.; Beaulieu, ].M.; Bohacek, I.; Abdelhamid, E.; Weng, Y.C.; Sato, S.; Kriz, J. Galectin-3 is required

for resident microglia activation and proliferation in response to ischemic injury. J. Neurosci. 2012, 32, 10383-10395. [CrossRef]
[PubMed]


https://doi.org/10.1016/j.dhjo.2011.05.001
https://www.ncbi.nlm.nih.gov/pubmed/21723520
https://www.ncbi.nlm.nih.gov/pubmed/12080279
https://doi.org/10.1111/nyas.13712
https://www.ncbi.nlm.nih.gov/pubmed/29752710
https://doi.org/10.7150/jca.25691
https://www.ncbi.nlm.nih.gov/pubmed/30271489
https://doi.org/10.1016/j.jpsychires.2017.03.018
https://www.ncbi.nlm.nih.gov/pubmed/28458141
https://doi.org/10.1016/S2215-0366(16)30370-4
https://www.ncbi.nlm.nih.gov/pubmed/27838212
https://doi.org/10.3390/brainsci7110144
https://www.ncbi.nlm.nih.gov/pubmed/29084144
https://doi.org/10.1016/j.neuroscience.2015.05.018
https://www.ncbi.nlm.nih.gov/pubmed/25981208
https://doi.org/10.1177/0269881117725711
https://www.ncbi.nlm.nih.gov/pubmed/28858537
https://doi.org/10.3389/fpsyt.2020.00071
https://www.ncbi.nlm.nih.gov/pubmed/32174850
https://doi.org/10.1007/s12035-018-1283-6
https://www.ncbi.nlm.nih.gov/pubmed/30117106
https://doi.org/10.1016/j.neubiorev.2008.10.005
https://www.ncbi.nlm.nih.gov/pubmed/18996146
https://doi.org/10.1016/j.acthis.2012.11.010
https://www.ncbi.nlm.nih.gov/pubmed/23305876
https://doi.org/10.1371/journal.pone.0057915
https://www.ncbi.nlm.nih.gov/pubmed/23451284
https://doi.org/10.1530/EC-18-0108
https://www.ncbi.nlm.nih.gov/pubmed/29760188
https://doi.org/10.1007/s00213-017-4683-9
https://www.ncbi.nlm.nih.gov/pubmed/28698921
https://doi.org/10.1016/j.bbi.2019.01.019
https://www.ncbi.nlm.nih.gov/pubmed/30682502
https://doi.org/10.30773/pi.2019.0247
https://www.ncbi.nlm.nih.gov/pubmed/32151128
https://doi.org/10.1038/cdd.2011.40
https://www.ncbi.nlm.nih.gov/pubmed/21566659
https://doi.org/10.1523/JNEUROSCI.1498-12.2012
https://www.ncbi.nlm.nih.gov/pubmed/22836271

J. Clin. Med. 2025, 14, 803 15 of 15

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.
33.

34.

35.

36.

37.

Benakis, C.; Garcia-Bonilla, L.; Iadecola, C.; Anrather, J. The role of microglia and myeloid immune cells in acute cerebral ischemia.
Front. Cell Neurosci. 2015, 8, 461. [CrossRef] [PubMed]

Soares, L.C.; Al-Dalahmah, O.; Hillis, J.; Young, C.C.; Asbed, L; Sakaguchi, M.; O'neill, E.; Szele, EG. Novel Galectin-3 Roles in
Neurogenesis, Inflammation and Neurological Diseases. Cells 2021, 10, 3047. [CrossRef] [PubMed]

Aytekin, M.Y.; Kahve, A.C.; Ekinci, RN.; Nural, A.S.; Cakmak, I.B.; Nayc1, N.A.; Goka, E. Evaluation of Galectin-1 and Galectin-3
levels in patients with bipolar disorder: Is Galectin-3 associated with treatment response. Braz. |. Psychiatry 2024, 46, €20243535.
[CrossRef] [PubMed]

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric Association:
Arlington, VA, USA, 2013. Available online: https://www.psychiatry.org/psychiatrists/practice/dsm (accessed on 1 June 2024).
Osorio, FL.; Loureiro, S.R.; Hallak, ].E.C.; Machado-de-Sousa, ].P.; Ushirohira, ].M.; Baes, C.V.W.; Apolinario, T.D.; Donadon, M.E;
Bolsoni, L.M.; Guimaraes, T.; et al. Clinical validity and intrarater and test-retest reliability of the Structured Clinical Interview
for DSM-5—Clinician Version (SCID-5-CV). Psychiatry Clin. Neurosci. 2019, 73, 754-760. [CrossRef] [PubMed]

Elbir, M.; Alp Topbas, 0. Bayad, S.; Kocabas, T.; Topak, O.Z.; Cetin, $.; Ozdel, O.1; Atesci, F; Aydemir, 0. Adaptation and
Reliability of the Structured Clinical Interview for DSM-5-Disorders—Clinician Version (SCID-5/CV) to the Turkish Language.
Turk Psikiyatri Derg. 2019, 30, 51-56. [CrossRef] [PubMed]

Young, R.C.; Biggs, ].T.; Ziegler, V.E.; Meyer, D.A. A rating scale for mania: Reliability, validity and sensitivity. Br. J. Psychiatry
1978, 133, 429-435. [CrossRef] [PubMed]

Karadag, F; Oral, T.; Yalcin, FA.; Erten, E. Reliability and validity of Turkish translation of Young Mania Rating Scale.
Turk Psikiyatri Derg. 2002, 13, 107-114. [PubMed]

Hamuilton, M. A rating scale for depression. J. Neurol. Neurosurg. Psychiatry 1960, 23, 56—62. [CrossRef] [PubMed]

Williams, J.B. A structured interview guide for the Hamilton Depression Rating Scale. Arch. Gen. Psychiatry 1988, 45, 742-747.
[CrossRef] [PubMed]

Akdemir, A.; Orsel, D.S.; Dag, i; Ttirkgapar, M.H.; 1§can, N.; OZbay, H. Hamilton depresyon derecelendirme 6lgegi (HDDO)’ nin
gecerliligi-gtivenirliligi ve klinikte kullanimu. Psikiyatr. Psikol. Psikofarmakol. Derg. 1996, 4, 251-259.

Nassar, A.; Azab, A.N. Effects of lithium on inflammation. ACS Chem. Neurosci. 2014, 5, 451-458. [CrossRef] [PubMed]

Artik, A.; Kocaman, O.; Kara, H.; Tuncer, S. Galectin-3 levels in school aged children with autism spectrum disorder. Int. J. Dev.
Disabil. 2023, 69, 757-761. [CrossRef] [PubMed]

Wang, Q.; Wang, K.; Ma, Y.; Li, S.; Xu, Y. Serum Galectin-3 as a Potential Predictive Biomarker Is Associated with Poststroke
Cognitive Impairment. Oxid. Med. Cell. Longev. 2021, 2021, 5827812. [CrossRef] [PubMed]

Ramos-Martinez, E.; Ramos-Martinez, I.; Sdnchez-Betancourt, I.; Ramos-Martinez, ].C.; Pefia-Corona, S.I.; Valencia, J.; Saucedo, R.;
Almeida-Aguirre, E.K.P,; Cerbén, M. Association between Galectin Levels and Neurodegenerative Diseases: Systematic Review
and Meta-Analysis. Biomolecules 2022, 12, 1062. [CrossRef] [PubMed]

Boza-Serrano, A.; Ruiz, R.; Sanchez-Varo, R.; Garcia-Revilla, J.; Yang, Y.; Jimenez-Ferrer, I.; Paulus, A.; Wennstrom, M.; Vilalta, A.;
Allendorf, D.; et al. Galectin-3, a novel endogenous TREM2 ligand, detrimentally regulates inflammatory response in Alzheimer’s
disease. Acta Neuropathol. 2019, 138, 251-273. [CrossRef] [PubMed]

Borrego—Ecija, S.; Pérez-Millan, A.; Antonell, A.; Fort-Aznar, L.; Kaya-Tilki, E.; Leén-Halcén, A.; Llad6, A.; Molina-Porcel,
L.; Balasa, M.; Junca-Parella, J.; et al. Galectin-3 is upregulated in frontotemporal dementia patients with subtype specificity.
Alzheimers Dement. 2024, 20, 1515-1526. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3389/fncel.2014.00461
https://www.ncbi.nlm.nih.gov/pubmed/25642168
https://doi.org/10.3390/cells10113047
https://www.ncbi.nlm.nih.gov/pubmed/34831271
https://doi.org/10.47626/1516-4446-2024-3535
https://www.ncbi.nlm.nih.gov/pubmed/38767861
https://www.psychiatry.org/psychiatrists/practice/dsm
https://doi.org/10.1111/pcn.12931
https://www.ncbi.nlm.nih.gov/pubmed/31490607
https://doi.org/10.5080/u23431
https://www.ncbi.nlm.nih.gov/pubmed/31170307
https://doi.org/10.1192/bjp.133.5.429
https://www.ncbi.nlm.nih.gov/pubmed/728692
https://www.ncbi.nlm.nih.gov/pubmed/12794663
https://doi.org/10.1136/jnnp.23.1.56
https://www.ncbi.nlm.nih.gov/pubmed/14399272
https://doi.org/10.1001/archpsyc.1988.01800320058007
https://www.ncbi.nlm.nih.gov/pubmed/3395203
https://doi.org/10.1021/cn500038f
https://www.ncbi.nlm.nih.gov/pubmed/24803181
https://doi.org/10.1080/20473869.2022.2150035
https://www.ncbi.nlm.nih.gov/pubmed/37547549
https://doi.org/10.1155/2021/5827812
https://www.ncbi.nlm.nih.gov/pubmed/34900086
https://doi.org/10.3390/biom12081062
https://www.ncbi.nlm.nih.gov/pubmed/36008956
https://doi.org/10.1007/s00401-019-02013-z
https://www.ncbi.nlm.nih.gov/pubmed/31006066
https://doi.org/10.1002/alz.13536
https://www.ncbi.nlm.nih.gov/pubmed/38018380

	Introduction 
	Materials and Methods 
	Participants 
	Methods 
	Statistical Analysis 

	Results 
	Discussions 
	Conclusions 
	References

