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Abstract. — OBJECTIVE: Bipolar disorder
(manic episode) is an essential psychiatric dis-
order with unknown etiology, in which inflam-
mation is considered to play a role. Klotho and
FGF-23 are known to be associated with inflam-
mation. Therefore, this study aimed to deter-
mine the link between Klotho and FGF-23 lev-
els and bipolar disorder.

PATIENTS AND METHODS: In this study,
42 men with BD and 41 healthy controls were
enrolled, followed up, and/or treated at the
High-Security Forensic Psychiatry Clinic. So-
ciodemographic data form, Young Mania Rating
Scale, and Hamilton Depression Rating Scale
were applied to all participants.

RESULTS: Klotho and FGF-23 levels were sig-
nificantly increased in patients with BD man-
ic episodes. There was no correlation between
Klotho and FGF-23 levels and clinical parame-
ters. For Klotho and FGF-23, cutoff values of 69
and 1,646 yielded 67.4% sensitivity and 72.1%
specificity and 81.4% sensitivity and 51.2%
specificity, respectively.

CONCLUSIONS: Klotho and FGF-23 may play
critical roles in the etiopathology of manic ep-
isodes and are potential candidate biomarkers
for bipolar disorder. This relationship might con-
tribute to the etiopathogenesis of the disease
and determine its treatment. Anti-Klotho and an-
ti-FGF-23 administration may be a future treat-
ment for controlling the course of the disease.
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Introduction

Bipolar disorder (BD) is a mood disorder cha-
racterized by recurrent periods of hypomania, mania,
and depression, with either complete well-being or
subthreshold symptoms between these periods. BD

often has a chronic course; its prevalence ranges
between 0.5% and 4.3% in the population' and is si-
milar in men and women?. The underlying mechani-
sms of this disease have not yet been fully elucidated,
but recently, some proteins have been associated in
literature with inflammatory processes in BD.

Klotho and fibroblast growth factor (FGF)-
23 are members of the same protein family and
are produced by ependymal cells of the choroid
plexus, Purkinje cells, and hippocampal neurons
in the brain’. Ahmadi et al* reported that the
Klotho protein exerts neuroprotective effects by
modulating oxidative stress. In addition, Klotho
is involved in oxidative stress, anti-aging, fibro-
sis, memory, learning, and inflammation’®”.

This protein family, especially Klotho, has re-
cently been linked to several psychiatric disor-
ders®!’. For example, Paroni et al® suggested that
it has a role in major depression in the elderly, and
another study reported that its levels are increased
in patients with schizophrenia, albeit not statisti-
cally significant’. Another group of researchers'
also recorded increased circulating Klotho levels
in BD. However, Klotho and FGF-23 are proteins
of the same cluster, and examining them together
will complete the etiology of associated diseases.

FGF-23, mainly expressed by osteoblasts, is in-
volved in the completion of neural development, and
its deficiency leads to impaired cognitive functions'’.
In a postpartum depression study'?, it was reported
that FGF-23 levels were significantly increased. A
study” observed that lithium supplementation in
depression controls the disease by increasing the
amount of FGF-23. In addition, Li et al'* reported a
relationship between impulsivity and FGF-23.

Our hypothesis is to elucidate the inflammation
process in the etiopathogenesis of bipolar disorder
manic episodes. Klotho and FGF-23 levels, which
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play a role in inflammation and are measurable para-
meters in blood, may vary. We hope that determining
this situation will facilitate the evaluation of manic
episodes with blood analyses. To the best of our
knowledge, there is only one study' in the literature
investigating Klotho in BD, but Klotho and FGF-23
should be examined together as they are proteins of
the same cluster. Despite our extensive literature se-
arch, we found no study investigating the relationship
between Klotho and FGF-23 in BD. Therefore, this
study aimed to determine the levels of circulating
Klotho and FGF-23 in patients with BD and healthy
controls using enzyme-linked immunosorbent assay
(ELISA) and ascertain whether these proteins play a
role in the etiopathology of the disease.

Patients and Methods

Participants

The study enrolled in a randomized manner 42
men diagnosed with BD manic episodes based on
the Diagnostic and Statistical Manual of Mental Di-
sorders (DSM-5) criteria. The patients who met the
study criteria were followed up and/or treated at the
High-Security Forensic Psychiatry Clinic of Fethi
Sekin High-Security Forensic Psychiatry Hospital.
All patients and controls comprised only men. The
control group included 41 volunteers who visited
our hospital for an annual routine check-up and
had no history of any psychopathology, psychopa-
thic, or systemic disorders according to the DSM-5
criteria and were enrolled in a randomized manner.

Inclusion criteria for the study: patients dia-
gnosed with BD according to DSM-5 who were
between the ages of 18 and 65 years, volunteered
to participate in the study, were able to understand
the scales used in the study, were literate, and did
not have any chronic somatic disorders, inflamma-
tory diseases, or immune disorders were eligible.

Exclusion criteria: mental retardation, alcohol
and/or substance abuse, chronic somatic disorder
and malignancy, presence of active infection,
use of corticosteroids or any drugs affecting the
immune system in the last six months, absence of
rheumatologic disease diagnosis, illiteracy, and
failure to fill out the written consent form.

Scales Used in the Study
Young Mania Rating Scale (YMRS)
It is a scale used to measure the severity and chan-

ge of the manic state and filled in by the interviewer'.
It is a Likert-type scale comprising a total of 11
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items. Turkish validity and reliability study of
YMRS was conducted by Karadag et al'¢.

Hamilton Depression Rating Scale (HAM-D)

The HAM-D developed by Hamilton is the most
widely used clinician-administered depression as-
sessment scale'’. Turkish validity and reliability of
the scale were performed by Akdemir et al'®.

Determination of Plasma Klotho and
FGF-23 Levels

Venous blood samples from the left forearm
vein were collected into heparinized tubes betwe-
en 08.00 and 09.00 hours after overnight fasting.
The blood samples were centrifuged at 3,000 rpm
at 4°C for 10 min to remove plasma. Until analy-
sis, the plasma specimens were stored at -80°C.
A commercial ELISA kit [Human KL (Klotho);
Catalog No: E-EL-H5451, Elabscience Biotechno-
logy Inc., Houston, Texas; Human FGF-23 (Fibro-
blast Growth Factor 23); Catalog No: E-EL-H1116;
Elabscience Biotechnology Inc., Houston, Texas]
was used to measure plasma levels of KL and FGF-
23 according to the manufacturer instructions.
Plasma Klotho levels were recorded in ng/mL, and
FGF-23 levels were recorded in pg/mL.

Ethical Considerations

After fully describing the study, all participan-
ts provided written informed consent according
to the Helsinki Declaration. The local ethics
committee approved the study (date: September
16, 2021; number: 2021/09-56).

Statistical Analysis

The data were analyzed in SPSS v. 24 (IBM
Corp., Armonk, NY, USA). Kolmogorov-Smirnov
test was used to determine whether the variables
were normally distributed. The data were presen-
ted as mean and standard deviation and evaluated
using descriptive statistics. Relationships between
categorical data were assessed using the Chi-square
test"”. The patient and control groups’ psychological
outcomes and biochemical parameters were com-
pared with the Student’s #-test or the Mann-Whit-
ney U test. The Spearman-Rank correlation coeffi-
cient was used to analyze the correlations between
clinical features and plasma Klotho and FGF-23
levels. Multivariable logistic regression analysis
was performed to predict manic episodes in bipolar
disorder. p-values <0.05 (two-tailed) were conside-
red significant. Receiver operating characteristic
(ROC) curves were drawn to measure the diagno-
stic value of Klotho and FGF-23 levels.
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Results

The study included 42 men with BD and 41
healthy controls with similar sociodemographic
characteristics. Descriptive statistics regarding
the sociodemographic data of the patients are gi-
ven in Table I. There was no difference between
the two groups in terms of age and body mass
index (BMI) (p > 0.05).

In the patient group, 26 (61%) were married and
16 (38%) were single or widowed, whereas in the
control group, 10 (24.4 %) participants were mar-
ried and 31 (75.6 %) were single or widowed (
= 12.870, p = 0.002). Twenty-five (59.5%) patients
diagnosed with BD and 18 (44%) of the healthy
controls were smokers (y* =2.028, p = 0.154). The
mean duration of diagnosis was 12.8 + 8.3 years in
the patient group. The mean YMRS score was 16.11
+9.27, and the mean HAM-D score was 7.88 + 4.86.

The mean plasma Klotho level was 1.05 £ 0.75
ng/mL in the BD patient group and 0.51 = 0.29
ng/mL in the control group. The plasma Klotho

levels were significantly higher in patients with
BD compared with healthy controls (z = —3.767,
p < 0.001) (Table II, Figure 1).

The mean plasma FGF-23 level was found to be
45.86 £ 37.48 pg/mL in the patient group and 27.45
+25.26 pg/mL in the control group. We found a si-
gnificant difference in FGF-23 levels between the
patient and control groups (z = —2.414, p = 0.016)
(Table II, Figure 1). There was no correlation
between Klotho and FGF-23 levels and clinical
parameters (p > 0.05). However, a positive cor-
relation was found between Klotho and FGF-23
levels in the patient group (r = 0.892, p < 0.001).

The ability of various parameters to predict
bipolarity was investigated using ROC analysis,
and cutoff values were determined. For Klotho, a
cutoff value of 69 yielded a sensitivity of 67.4%
and a specificity of 72.1%, indicating Klotho was
a good predictor. For FGF-23, a cutoff value of
1,646 yielded a sensitivity of 81.4% and a speci-
ficity of 51.2%, meaning that FGF-23 was also a
good predictor (Table 111, Figure 2).

Table I. Demographic and clinical characteristics of patients with manic episode bipolar disorder and healthy controls.

Bipolar disorder (manic episode) Control t? P

(n =42) (n=41)
Age (years) 38.47+10.71 40.31+14.87 -0.648° 0.519
Marital status
Single/Married/Divorced 26/12/4 10/27/4 12.870° 0.002*
Education
Primary/High school/University 30/9/3 29/9/3 0.005° 0.998
Employment
Employed/Unemployed 14/28 24/17 5.309° 0.021*
Smoking
Smoker/Nonsmoker 25/17 18/23 2.028° 0.154
BMI 25.72+4.98 27.65+4.07 -1.930¢ 0.057
History of suicide attempt
Yes/No 9/33
Duration of illness (year) 12.8+8.3
YMRS 16.11£9.27
HAM-D 7.88+4.86
CGI 8.30+£2.0

*p < 0.05, **p < 0.001; BMI: Body Mass Index; YMRS: Young Mania Rating Scale: HAM-D: Hamilton Depression Rating
Scale; CGI: Clinical Global Impression. *Student’s z-test; "Chi-square test.

Table Il. Plasma Klotho and FGF-23 levels of patients with bipolar disorder manic episode and healthy controls.

Bipolar disorder (manic episode) Control V4 P
(n=42) (n=41)
Klotho (ng/mL) 1.05+0.75 0.51£0.29 -3.767 <0.001**
FGF-23 (pg/mL) 45.86+37.48 27.45+25.26 -2.414 0.016*

“Mann-Whitney U test used; FGF-23: Fibroblast Growth Factor-23. *p < 0.05, **p < 0.001.
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Figure 1. Klotho and FGF-23 levels in bipolar disorder.

In the logistic regression analysis, Klotho va-
lue [OR = 1.056 (95% C.I.: 1.27-1.087)] and FGF-
23 value [OR = 0.998 (95% C.I.: 0.997-0.999)]
predicted manic episode in bipolar disorder.

Discussion

The results obtained in this study showed that
in the patient group with manic episodes, there
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were more single people than married people.
Previous studies® have also reported that patients
with BD are frequently single. In this respect, our
sample is consistent with literature. Furthermore,
28 of the 42 patients with BD manic episodes
were unemployed. Cloutier et al?® reported a link
between unemployment and BD, and this finding
agrees with the data obtained in the present study.

When the Klotho levels of patients with
BD manic episodes and healthy controls were
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compared, the stories were significantly higher
in the patient group. A previous study by Barbo-
sa et al'” measured Klotho levels in 40 patients
diagnosed with BD type 1 and 30 healthy con-
trols. It was shown that the stories were increa-
sed in patients with manic episodes during both
remission and attack periods compared with the
control group. In patients with schizophrenia,
another psychiatric disease, Klotho levels of
the patient group were significantly higher than
those of the healthy control group. It was sug-
gested that Klotho may play a role in the patho-
genesis of schizophrenia and that high Klotho
levels may positively affect cognitive functions
in schizophrenia?’. Another study®* evaluated
several inflammatory biomarkers in 245 patients
with unipolar depression and 59 patients with
BD depressive episodes. The Klotho protein
level was found to be higher in BD depressive
episodes compared with the control group. The-
refore, the results obtained in the present study
and previous findings imply a direct relationship
between Klotho and psychiatric disorders?>?. In
contrast to these findings, Sartorius et al** com-
pared the Klotho levels of 53 patients with major
depressive disorder and 39 healthy controls and
found no significant difference between the two
groups. The authors reasoned that the peripheral
sample may not reliably reflect the Klotho level
in the central nervous system.

In this study, FGF-23, a member of the same
cluster and coexpressed with Klotho, was also
evaluated and elevated in the patient group. Tur-
ner et al® examined the relationship between
FGF-23 levels and depression and found that
FGF-23 levels increased in depression. In many
psychiatric diseases, overexpression of FGF-23
has been shown?® to cause hypophosphatemia,
leading to decreased memory and impairment
in learning. Dysregulation of several fibroblast
growth factor systems, including FGF-23, has be-
en reported?’ in the frontal cortical regions of the
brains of patients with major depressive disorder.
In a study'? involving 169 women with postpar-
tum depression, FGF-23 levels were found to be
elevated, and it was reported that inflammation
played a role in postpartum mental health. It
was suggested'® that high levels of circulating
FGF-23 in the depressive episode of BD may
be associated with poor cognitive performance.
In addition, the FGF-23 level in the cerebrospi-
nal fluid was found?® to be related to impulsive
behaviors. The observation that Klotho deficient
mice also lacked FGF-23 and exhibited a similar

Table Ill. ROC analysis of Klotho and FGF-23 levels in
bipolar disorder

Klotho FGF-23
Cutoff value > 69 > 1646
Sensitivity 67.4% 81.4%
Specificity 72.1% 51.2%
Positive predictive value 70.7% 62.5%
Negative predictive value 68.9% 73.3%
AUC (area under the curve) 0.721 0.625
AUC 95% confidence interval ~ 0.613-0.812  0.514-0.727
AUC p-value <0.001 0.043
100 |-
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Figure 2. ROC curves of Klotho and FGF-23 in bipolar
disorder.

phenotype, including increased plasma phosphate
levels and a short life span, growth retardation,
infertility, muscle atrophy, hypoglycemia, and re-
nal vascular calcification®-*, alludes that Klotho
and FGF-23 may function via a common signa-
ling pathway’. The present study also found a
positive correlation between Klotho and FGF-23
levels in patients with BD manic episodes (r =
0.892, p < 0.001).

Kazgan Kiligaslan et al* reported that Klotho
and FGF-23 levels were higher in patients with
schizophrenia compared with the control group,
but there was no correlation between these two
parameters.

In contrast, a negative correlation between
Klotho and FGF-23 was reported®™ in patients
with chronic kidney disease. Our findings differ,
suggesting that these molecules may exhibit dif-
ferent disease correlations. The elevation in the
present study’s FGF-23 and Klotho levels also
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reflects the relationship between the two mole-
cules. Available data in literature suggest that
these two molecules are probably synthesized and
released stoichiometrically. Therefore, measuring
a single molecule in manic episodes may provide
clinicians with sufficient information about the
course of the disease. Klotho and FGF-23 are
members of the same family, and they do not
need to be studied together. However, studying
these parameters together as an internal control
may be helpful.

According to the ROC curve, Klotho had a
specificity of 72.1% and a sensitivity of 67.4%
with a cutoff value of 0.72, whereas FGF-23 had
a specificity of 51.2% and a sensitivity of 81.4%
with a cutoff value of 0.63. According to these
data, it is believed that Klotho and FGF-23 may
be additional parameters to psychiatric scales in
diagnosing manic episodes.

Limitations

The limitations of this study include its
cross-sectional design and the lack of eviden-
ce that the levels of the measured parameters
reflect their levels in the brain. In addition,
78.6% of our patients were using psychiatric
medications at the time of the study. Moreover,
the study included people who had committed
crimes in the forensic psychiatry service, and
the results may vary in the patient group wi-
thout impulsive behaviors. Longitudinal studies
in patients not using psychiatric medications or
in more homogeneous antipsychotic treatment
groups are needed.

Conclusions

The results obtained in this study showed that
Klotho and FGF-23 levels were higher in patien-
ts with BD manic episodes compared with the
healthy control group. These parameters may
play a role in the etiopathogenesis of BD, and
comprehensive studies are required to elucidate
this finding.

Funding

This research received no external funding.

Ethics Approval

The study was approved by the Firat University Non-Inter-
ventional Clinical Research Ethics Committee (Approval
No: 2021/09-56).

106

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

Availability of Data and Materials
The article’s data will be shared upon reasonable request to
the corresponding author.

Conflict of Interest
The authors declare no conflict of interest.

Acknowledgments
The authors would like to acknowledge the participants.

ORCID ID

Burcu Sirlier Emir: 0000-0002-3389-5790
Sevler Yildiz: 0000-0002-9951-9093

Aslt Kazgan Kiligaslan: 0000-0002-0312-0476
Faruk Kilig: 0000-0002-2259-4028

Kerim Ugur: 0000-0002-3131-6564

Siileyman Aydin: 0000-0001-6162-3250
Murad Atmaca: 0000-0003-2772-4124

References

1) Merikangas KR, Jin R, He JP, Kessler RC, Lee
S, Sampson NA, Viana MC, Andrade LH, Hu
C, Karam EG, Ladea M, Medina-Mora ME, Ono
Y, Posada-Villa J, Sagar R, Wells JE, Zarkov Z.
Prevalence and correlates of bipolar spectrum
disorder in the world mental health survey initia-
tive. Arch Gen Psychiatry 2011; 68: 241-251.

2) Angst J. The bipolar spectrum. Br J Psychiatry
2007; 190: 189-191.

3) Duce JA, Podvin S, Hollander W, Kipling D,
Rosene DL, Abraham CR. Gene profile analy-
sis implicates Klotho as an essential contributor
to aging changes in the brain white matter of the
rhesus monkey. Glia 2008; 56: 106-117.

4) Ahmadi M, Emami Aleagha MS, Harirchian MH,
Yarani R, Tavakoli F, Siroos B. Multiple sclerosis
influences on the augmentation of serum klotho
concentration. J Neurol Sci 2016; 362: 69-72.

5) Hensel N, Schén A, Konen T, Libben V, Férth-
mann B, Baron O, Grothe C, Leifheit-Nestler M,
Claus P, Haffner D. Fibroblast growth factor 23
signaling in hippocampal cells: impact on neuro-



The roles of Klotho and FGF-23 in bipolar manic episode

10)

11)

12)

13)

14)

15)

16)

17)

18)

nal morphology and synaptic density. J Neuro-
chem 2016; 137: 756-769.

Takenaka T, Kobori H, Inoue T, Miyazaki T, Su-
ziki H, Nishiyama A, Ishii N, Hayashi M. Klotho
supplementation attenuates blood pressure and
oxidative stress in diabetes. J Hypertens 2017;
35: e38.

Doi S, Zou Y, Togao O, Pastor JV, John GB,
Wang L, Shiizaki K, Gotschall R, Schiavi S, Yo-
rioka N, Takahashi M, Boothman DA, Kuro-O M.
Klotho inhibits transforming growth factor-betal
(TGF-betal) signaling and suppresses renal fi-
brosis and cancer metastasis in mice. J Biol
Chem 2011; 286: 8655-8665.

Paroni G, Panza F, De Cosmo S, Greco A, Seri-
pa D, Mazzoccoli G. Klotho at the edge of Alzhei-
mer’s disease and senile depression. Mol Neuro-
biol 2019; 56: 1908-1920.

Yazici E, Mutu Pek T, Guzel D, Yazici AB, Akcay
Ciner O, Erol A. Klotho, vitamin D and homocys-
teine levels during acute episode and remission
periods in schizophrenia patients. Nord J Psychi-
atry 2019; 73: 178-184.

Barbosa IG, Rocha NP, Alpak G, Vieira ELM, Hu-
guet RB, Rocha FL, de Oliveira Diniz BS, Teixeira
AL. Klotho dysfunction: A pathway linking the ag-
ing process to bipolar disorder? J Psychiatr Res
2017; 95: 80-83.

Batra J, Buttar RS, Kaur P, Kreimerman J,
Melamed ML. FGF-23 and cardiovascular dis-
ease: review of literature. Curr Opin Endocrinol
Diabetes Obes 2016; 23: 423-429.

Brann E, Fransson E, White RA, Papadopoulos
FC, Edvinsson A, Kamali-Moghaddam M, Cun-
ningham JL, Sundstrém-Poromaa |, Skalkidou
A. Inflammatory markers in women with post-
partum depressive symptoms. J Neurosci Res
2020; 98: 1309-1321.

Fakhri H, Ricken R, Adli M, Fajol A, Walter M,
Foéller M, Berlin Research Network of Depres-
sion, Lang, F, Lang UE, Lange C. Impact of lith-
ium treatment on FGF-23 serum concentrations
in depressive patients. J Clin Psychopharmacol
2014; 34: 745-747.

Li H, Cao Z, Xu J, Wang F, Xiong R, Xu Z, Luo X,
Li G, Tan X, Liu Z, Gao Z, Kang Y, Xiao J, Liu Y,
Li X. Cerebrospinal fluid FGF23 levels correlate
with a measure of impulsivity. Psychiatry Res
2018; 264: 394-397.

Young RC, Biggs JT, Ziegler VE, Meyer DA. A rat-
ing scale for mania: reliability, validity and sensi-
tivity. Br J Psychiatry 1978; 133: 429-435.

Karadag F, Oral ET, Aran Yalgin F, Erten E.
Validity and reliability of Young Mania Rating
Scale in Turkey. Turk Psikiyatri Derg 2001; 13:
07-114-117.

Williams JB. A structured interview guide for the
Hamilton depression rating scale. Arch Gen Psy-
chiatry 1988; 45: 742-747.

Akdemir A, Turkcapar MH, Orsel SD, Demirergi
N, Dag I, Ozbay MH. Reliability and validity of

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

the Turkish version of the Hamilton Depression
Rating Scale. Compr Psychiatry 2001; 42: 161-
165.

Lee SW. Methods for testing statistical differenc-
es between groups in medical research: statisti-
cal standard and guideline of Life Cycle Commit-
tee. Life Cycle 2022; 2: 1-8.

Cloutier M, Greene M, Guerin A, Touya M, Wu
E. The economic burden of bipolar | disorder
in the United States in 2015. J Affect Disord
2018; 226: 45-51.

Xiong JW, Zhan JQ, Luo T, Chen HB, Wan QG,
Wang Y, Wei B, Yang YJ. Increased plasma lev-
el of longevity protein klotho as a potential in-
dicator of cognitive function preservation in pa-
tients with schizophrenia. Front Neurosci 2020;
14: 610-616.

Vo HT, Laszczyk AM, King GD. Klotho, the key to
healthy brain aging? Brain Plast 2018; 3: 183-194.

Brunoni AR, Supasitthumrong T, Teixeira AL,
Vieira EL, Gattaz WF, Bensefior IM, Lotufo PA,
Lafer B, Berk M, Carvalho AF, Maes M. Differ-
ences in the immune-inflammatory profiles of
unipolar and bipolar depression. J Affect Dis-
ord 2020; 262: 8-15.

Sartorius A, Gilles M, Pfeifer AM, Deuschle M,
Hoyer C, Haffner D, Leifheit-Nestler M, Kran-
aster L. Peripheral levels of the anti-aging hor-
mone klotho in patients with depression. J Neural
Transm 2019; 126: 771-776.

Turner CA, Eren Kogak E, Inui EG, Watson SJ,
Akil H. Dysregulated fibroblast growth factor
(FGF) signaling in neurological and psychiatric
disorders. Semin Cell Dev Biol 2016; 53: 136-143.
Liu P, Chen L, Bai X, Karaplis A, Miao D, Gu N.
Impairment of spatial learning and memory in
transgenic mice overexpressing human fibroblast
growth factor-23. Brain Res 2011; 1412: 9-17.

Evans SJ, Choudary PV, Neal CR, Li JZ, Vawter
MP, Tomita H, Lopez JF, Thompson RC, Meng
F, Stead JD, Walsh DM, Myers RM, Bunney WE,
Watson SJ, Jones EG, Akil H. Dysregulation of
the fibroblast growth factor system in major de-
pression. Proc Natl Acad Sci USA 2004; 101:
15506-15511.

Poletti S, Mazza MG, Calesella F, Vai B, Loren-
zi C, Manfredi E, Colombo C, Zanardi R, Bene-
detti F. Circulating inflammatory markers impact
cognitive functions in bipolar depression. J Psy-
chiatr Res 2021; 140: 110-116.

Shimada T, Kakitani M, Yamazaki Y, Hasega-
wa H, Takeuchi Y, Fujita T, Fukumoto S, Tomizu-
ka K, Yamashita T. Targeted ablation of FGF23
demonstrates an essential physiological role of
FGF23 in phosphate and vitamin D metabolism.
J Clin Invest 2004; 113: 561-568.

Yamashita T, Konishi M, Miyake A, Inui Kl, Itoh
N. Fibroblast growth factor (FGF)-23 inhibits re-
nal phosphate reabsorption by activation of the
mitogen-activated protein kinase pathway. J Biol
Chem 2002; 277: 28265-28270.

107



B. Sirlier Emir, S. Yildiz, A. Kazgan Kilicaslan, F. Kilic, et al

31)

32)

Kurosu H, Ogawa Y, Miyoshi M, Yamamoto M,
Nandi A, Rosenblatt KP, Baum MG, Schiavi S,
Hu MC, Moe OW, Kuroo M. Regulation of fibro-
blast growth factor-23 signaling by Klotho. J Biol
Chem 2006; 281: 6120-6123.

Kazgan Kiligcaslan A, Yildiz S, Sirlier Emir B, Kilic
F, Atmaca M. Serum klotho and FGF23 levels in
patients with schizophrenia. Psych Clin Psycho-
pharmacol 2022; 32: 229- 236.

33) Wang Q, Su W, Shen Z, Wang R. Correlation

between soluble a-klotho and renal function
in patients with chronic kidney disease: a re-

108

34)

35)

view and meta-analysis. Biomed Res Int 2018:
9481475.

Janiri L, D’Ambrosio F, Di Lorenzo C. Com-
bined treatment of myo-inositol and d-chiro-ino-
sitol (80:1) as a therapeutic approach to restore
inositol metabolism in patients with bipolar disor-
der taking lithium and valproic acid. Eur Rev Med
Pharmacol Sci 2021; 25: 5483-5489.

Kalcev G, Preti A, Scano A, Orru G, Carta MG.
Insight into susceptibility genes associated with
bipolar disorder: a systematic review. Eur Rev
Med Pharmacol Sci 2021; 25: 5701-5724.



