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Cognitive impairments are a core feature of schizophrenia. Klotho is an anti-aging protein
with demonstrated cognitive-enhancing effects on the brain. The purpose of this study
was to investigate the differences in levels of plasma klotho between patients with
schizophrenia and healthy controls, as well as the relationship between klotho level and
cognitive function in patients. Forty patients with schizophrenia and 40 gender- and
age-matched healthy individuals were recruited. Positive and Negative Syndrome Scale
(PANSS) was used to assess the psychopathology of patients. A neuropsychological
battery was performed to evaluate the cognitive function of participants. Plasma klotho
was measured using enzyme-linked immunosorbent assay. We show that patients with
schizophrenia performed worse in the neurocognitive tests than the healthy controls.
The levels of plasma klotho were significantly higher in schizophrenia patients than in
healthy controls (p < 0.001). In patients, plasma klotho levels were positively correlated
with cognitive function with regard to attention (p = 0.010), working memory (p < 0.001),
verbal memory (p = 0.044), executive function (p < 0.001), and composite cognitive
score (p < 0.001). Stepwise linear regression analysis shows that executive function
had the highest correlation with plasma klotho levels (β = 0.896, t = 8.290, p < 0.001).
Collectively, these results indicate that anti-aging protein klotho may be implicated in the
pathogenesis of schizophrenia, and increased klotho may act as a compensatory factor
for the preservation of cognitive function in schizophrenia. Further studies are needed
to investigate the dynamic changes of klotho and the mechanisms by which klotho
modulates cognition in schizophrenia.

Keywords: schizophrenia, cognitive function, klotho, plasma, correlation

INTRODUCTION

Schizophrenia is a chronic severe mental disorder affecting approximately 1% of the world’s
population. Besides the positive and negative symptoms, cognitive impairments are also considered
as a core feature of schizophrenia and have a negative impact on occupational, social, and economic
functions of patients (Medalia and Saperstein, 2013; Owen et al., 2016; Lystad et al., 2017). Several
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domains of cognition have been shown to be impaired in
patients with schizophrenia, including the speed of information
processing, verbal learning, working memory, attention, and
executive function (Wu et al., 2016; Xiong et al., 2018; Zhang
et al., 2019). Although many studies have been conducted to try
to elucidate the underlying molecular mechanisms, the related
biological pathways that are disrupted to result in cognitive
impairments are still not clear.

Klotho is a transmembrane protein that was firstly linked
to longevity (Kurosu et al., 2005). Mice lacking the KLOTHO
gene begin to display numerous phenotypes that are similar
to normal aging of human being at the age of 3–4 weeks
(Kuro-O et al., 1997). Recent studies show that klotho plays
an important regulatory role in cognition (Abraham et al.,
2016). Genetic reduction of klotho during embryogenesis in mice
results in hypomyelination, synaptic alteration, and memory
retention deficits (Nagai et al., 2003; Shiozaki et al., 2008; Chen
et al., 2013). Overexpression of klotho promotes hippocampal
synaptic plasticity and enhances learning and memory ability
in normal mice (Dubal et al., 2014). Elevation of brain klotho
also could reverse synaptic and cognitive impairments in the
mouse model of Alzheimer’s disease (Dubal et al., 2015; Zeng
et al., 2019). The underlying mechanisms of elevated klotho
on cognition involve the optimization of synaptic N-methyl-
D-aspartate receptor (NMDAR) function in the hippocampus
and frontal cortex (Dubal et al., 2014, 2015), in which the
hypofunction of NMDARs was found in schizophrenia. Klotho
is widely expressed in a variety of human tissues, particularly
in the kidney, the parathyroid gland, and the choroid plexus
(Imura et al., 2004). In the brain, klotho is produced primarily
by the choroid plexus and then secreted into the cerebrospinal
fluid (CSF) (Imura et al., 2004; German et al., 2012). It circulates
throughout the brain and body following cleavage by ADAM
10 and 17 from its transmembrane form (Chen et al., 2007).
The pleiotropic effect of klotho in mice has led to several
studies on the relationship of klotho and cognitive function
in humans. Luo et al. (2015) reported that individuals with
mild cognitive impairment have much higher methylation levels
of klotho promoter. One study conducted in aging Caucasian
individuals without dementia or cognitive complaints revealed
that a haplotype and functional variant of the KLOTHO gene,
KL-VS, was common in these populations, and the KL-VS
allele was associated with increased serum klotho levels and
better cognitive performance (Dubal et al., 2014). Similarly,
Deary et al. (2005) showed that people with the KLOTHO
V/V genotype had lower cognitive ability than those with
the heterozygotes.

Two studies have been conducted to investigate the linkage
of klotho with schizophrenia. A genetic study reported an
adverse effect of KL-VS heterozygosity on immediate memory
in patients with schizophrenia, which is opposite to that seen in
healthy individuals (Morar et al., 2018). Another study showed
that patients with schizophrenia had higher levels of serum
klotho compared with controls, although no significant difference
was found between two groups (Yazici et al., 2019). However,
whether plasma klotho is associated with the neurocognitive
functions in schizophrenia patients is still unclear. To fill

this research gap, this article investigated the difference in
plasma klotho levels between patients with schizophrenia
and healthy controls. Additionally, the correlation between
plasma klotho levels and cognitive function in schizophrenia
patients was examined. In the view of the regulatory role of
klotho in cognition and NMDAR function, we hypothesized
that altered klotho was associated with the cognitive deficits
in schizophrenia.

MATERIALS AND METHODS

Subjects
A total of 40 schizophrenia inpatients were recruited from
Jiangxi Mental Hospital. These patients have stopped their
medicines at their own decision, had acute exacerbation for
their psychotic symptoms, and were admitted into acute ward
for assessment and treatment. Patients were selected for this
study if they (1) were between 18 and 60 years old; (2)
had at least 9 years of formal education; (3) were assessed
with the Structured Clinical Interview for DSM-IV Axis I
Disorders (SCID) by two psychiatrists and were diagnosed
with schizophrenia; (4) have a total Positive and Negative
Syndrome Scale (PANSS) score between 60 and 120 (inclusive);
and (5) were not diagnosed with any other DSM-IV axis I
or axis II disorders, current pregnancy, and other physical
diseases including cerebral infarction over the past 3 months.
Patients with neurological disorders, mental retardation, and
drug/alcohol abuse or addiction were excluded from this study.
Furthermore, to rule out the potential influence of antipsychotic
medications on plasma klotho and cognitive function as much
as possible, all these recruited subjects had not taken any
antipsychotic drug for more than 3 months at the time of
cognitive assessment and klotho measurement.

Forty healthy individuals, who were matched with the
patients by age, gender, education, and body mass index
(BMI), were recruited from the local community as controls.
Control individuals with a personal or family history of
drug abuse or psychiatric disorders were excluded from
the control group.

Given that some diseases including chronic inflammatory
disease (Martin-Nunez et al., 2020), cardiovascular diseases
(Keles et al., 2016; Ding et al., 2019), metabolic syndrome
(Kim et al., 2019), hyperlipidemia (Sastre et al., 2013), diabetes
(Flotynska et al., 2018),acute and chronic kidney injury (Doi
et al., 2011), neoplasms (Brominska et al., 2019), and liver
damage (Dongiovanni et al., 2020) may lead to changes
in plasma klotho, both patient and control groups were
assessed with a medical history, complete physical examination,
electrocardiogram, laboratory tests, and subjects with abnormal
parameters for the assessment of diseases described above were
excluded in this study.

The research was conducted in accordance with the
Declaration of Helsinki, and all procedures for this study
were approved by the Institutional Review Board at Jiangxi
Mental Hospital. A written informed consent was obtained from
each subject or his or her legal guardians before start of this study.
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Measurements of Psychopathology and
Cognition
We adopted the Positive and Negative Syndrome Scale (PANSS)
to evaluate the severity of psychopathological symptoms of
patients. In order to insure the consistency and reliability of
rating across the evaluations, a training of how to use the PANSS
was carried out among the psychiatrists who participated in
this study. For PANSS total score, the inter-observer correlation
coefficient was higher than 0.80 after the training.

The cognitive functions of subjects were assessed with a
comprehensive battery of neurocognitive tests, which are widely
used in China, and their validity and clinical reliability have been
well proved in Chinese populations (Wu et al., 2016; Xiong et al.,
2018). The battery consists of the following seven tests:

The trail making test part A (TMT-A): In this test, the
participant is asked to draw a line to link consecutively the
numbered circles that are placed irregularly on a sheet of
paper. They need to draw as fast as possible and maintain
accuracy. The measured outcome is the time required to
accomplish this test.

Brief assessment of cognition in schizophrenia (BACS)
symbol coding: This test contains 133 digit-symbol pairs.
The subject needs to sign the corresponding symbol for a
given number as fast as possible. The measured outcome is
the number of correct symbols listed during 120 s.

The Wechsler Memory Scale-3rd edition spatial span
(WMS-III spatial span): We irregularly space 10 cubes on
a board. The subject is required to remember the order that
we point to a string of cubes in both the forward and reverse
direction. At each level, different combinations are given
for twice trials. The measured outcome is the number of
correctly recalled trials in each situation.

The brief visual-spatial memory test-revised (BVMT-R):
This task contains reproducing six geometric figures from
memory. The administrator displays these figures three
times with each time for 10 s. The subject needs to draw as
many figures as possible in the correct locations on a page
in the response booklet. The measured outcome is the total
number of correctly recalled figures.

The Hopkins verbal learning test-revised (HVLT-R): A list
of 12 words from three taxonomic categories is presented
in this test. The subject is asked to recall as many words
as possible. This task consists of three trials of learning
and a trial of delayed recall (25–30 min delay). The total
number of correctly recalled words is recorded as the
measured outcome.

The Stroop color-word test (SCWT): Three parts are
included in this task: word page (the colors’ names are
printed in black ink), color page (rows of Xs printed in
colored ink), and word-color page (the words from the first
page are printed in the colors from the second page, while
the meaning of word is not match with the ink color). There
are 100 items in each trial. The subject is required to read as

quickly as possible within 45 s. The measured outcome is
the number of correct names in each trial.

Continuous performance test-identical pairs (CPT-IP): In
this test, numbers with 2, 3, and 4 digits are flashed briefly
in a computer monitor, and the subject is required to click
the mouse when the same number shows consecutively. The
total hits number is <90, the total false alarms number is
also <90, and the total random responses number is <270.

Plasma Klotho Measurement
Whole blood was obtained from the forearm vein and collected
into a tube with EDTA between 7:00 and 9:00 a.m. following
an overnight fasting. The plasma was separated, aliquoted, and
stored at temperature of −80◦C before klotho measurement.
The levels of plasma klotho were determined using sandwich
enzyme-linked immunosorbent assay (ELISA) kits that are
available on market (Wuhan USCN Business, Wuhan, China).
The sensitivity for klotho was 6.2 pg/ml, and the inter-
and intra-assay variation coefficients were lower than 10
and 12%, respectively. The absorbencies were examined at
450 nm using a microtiter analyzer. We used the same assay
batches to assay the samples of the subjects. Each sample was
assayed in duplicate.

Statistical Analysis
Data were analyzed with the Statistical Product and Service
Solutions (SPSS) 18.0 software. Variables are presented as
mean ± standard deviation (SD). We used the chi-squared
test to compare categorical variables between patients with
schizophrenia and healthy controls. The Student’s t-test was
performed to compare the continuous variables that were
distributed normally, and the Kolmogorov–Smirnov and
Mann-Whitney U tests were conducted to compare the
independent variables that did not fit the normal distribution.
Linear regression analysis was used to assess the potential
relationships between the plasma klotho levels and the
psychopathological symptoms or cognitive function in patients.
Multivariate stepwise linear regression analysis was performed
to determine the most parsimonious model for correlations
with klotho, controlling for age, sex, education, and BMI.
Standardized coefficients (B values) with 95% confidence
intervals (95% CI) were calculated. All statistical tests were
two-tailed, and the level of significance was established
as p < 0.05.

RESULTS

A total of 40 patients with schizophrenia (22 males and 18
females; age: 30.36 ± 7.97 years) and 40 healthy controls
(19 males and 21 females; age: 33.23 ± 8.57 years) were
recruited in this study (Table 1). The mean education
years of controls and patients were 12.13 ± 4.83 and
11.95 ± 3.27 years, respectively, (p > 0.05). From the
schizophrenia patients, the age of onset was 26.98 ± 6.73 years;
the illness duration was 6.52 ± 5.17 years, and the times
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TABLE 1 | Comparisons of demographic data, psychopathology and cognition between healthy controls and patients with schizophrenia.

Healthy controls (n = 40) Patients (n = 40) Statistic value p-value

Demographic data

Age (years) 33.23 ± 8.57 30.36 ± 7.97 −1.449 0.147

Gender (M/F) 19/21 22/18 0.450 0.502

Education (years) 12.13 ± 4.83 11.95 ± 3.27 −0.015 0.988

BMI (kg/m2) 20.94 ± 1.82 21.82 ± 2.05 −2.044 0.044*

Age of onset (years) N/A 26.98 ± 6.73 N/A N/A

Duration of illness N/A 6.52 ± 5.17 N/A N/A

Psychopathology

Positive symptoms score N/A 21.75 ± 4.15 N/A N/A

Negative symptom score N/A 14.15 ± 4.28 N/A N/A

General symptoms score N/A 44.35 ± 5.49 N/A N/A

Total score of PANSS N/A 81.03 ± 10.33 N/A N/A

Cognitive function

TMT-A 35.58 ± 8.25 75.42 ± 26.30 −6.961 <0.001***

BACS-SC 65.38 ± 6.00 34.16 ± 13.56 −7.293 <0.001***

CPT-IP 3.39 ± 0.93 1.48 ± 0.77 −6.678 <0.001***

WMS-III-SS 16.93 ± 2.67 14.68 ± 3.25 −2.295 0.022*

HVLT-R 26.65 ± 4.38 19.33 ± 5.78 6.384 <0.001***

BVMT-R 27.10 ± 9.98 24.00 ± 7.73 −1.926 0.063

Stroop word score 85.90 ± 8.52 55.15 ± 14.09 11.810 <0.001***

Stroop color score 51.28 ± 8.89 35.29 ± 14.25 6.020 <0.001***

Stroop color-word score 36.42 ± 7.89 21.22 ± 11.48 −5.701 <0.001***

Data are presented as mean ± SD; BMI, body mass index; PANSS, Positive and Negative Syndrome Scale; TMT-A, trail making task part A; BACS-SC, brief assessment
of cognition in schizophrenia-symbol coding; CPT-IP, continuous performance test-identical pairs; WMS-III-SS, the Wechsler Memory Scale-3rd edition-spatial span;
HVLT-R, the Hopkins verbal learning test-revised; BVMT-R, brief visual-spatial memory test-revised. *p < 0.05; ***p < 0.001.

of psychiatric admission was 2.63 ± 1.44. The body mass
index (BMI) in patient group was higher than that in healthy
controls (p = 0.044). In addition, patients with schizophrenia
performed worse in nearly all of the neurocognitive tests than
the healthy controls (all p < 0.05) except for the BVMT-R
(p = 0.063).

Figure 1 shows the levels of plasma klotho in control
and patient groups. The Kolmogorov–Smirnov test showed
that plasma klotho levels were distributed normally in both
the patient (p = 0.200) and the control group (p = 0.200),
and thus, Student’s t-test was used to compare klotho
levels between two groups. We found that patients with
schizophrenia had significantly higher levels of plasma
klotho than did healthy controls (controls: 844.49 ± 302.94
pg/mL; patients: 1233.25 ± 382.25 pg/mL; t = −5.041,
p < 0.001).

Table 2 shows the correlations between plasma klotho levels
and demographic data, psychopathology and cognitive function
in patients with schizophrenia. We grouped the seven cognitive
tests into six domains: processing speed (TMT-A, BACS-symbol
coding), attention (CPT-IP), working memory (WMS-III spatial
span), verbal learning (HVLT-R), visual memory (BVMT-R),
and executive function (Stroop color-word test). To calculate
the cognitive score of each domain, the primary measure
of each test was first converted to standardized z-score by
setting the mean of each measure to zero and the standard
deviation to one. For domain with more than one test, cognitive
domain score was determined by calculating the mean of the

FIGURE 1 | Plasma levels of klotho in healthy controls (n = 40) and patients
with schizophrenia (n = 40). The sample means are indicated by the
black bars.

z-scores for the measures that comprised the domain, then
converting the mean to a z-score. Finally, a composite score
was calculated by averaging all of the six domain z-scores from
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TABLE 2 | Correlations between plasma klotho levels, demographic variables, psychopathology and cognitive function in patients with schizophrenia (n = 40).

Variables Klotho

B (95% CI) t p-value

Demographic data

Age (years) 0.023 ( − 0.332, 0.377) 0.132 0.896

Gender (M/F) 0.165 ( − 0.129, 0.458) 1.165 0.257

Education (years) −0.060 ( − 0.315, 0.195) −0.488 0.631

BMI (kg/m2) −0.116 ( − 0.354, 0.122) −1.008 0.324

Age of onset (years) 0.251 (0.062, 0.440) 2.692 0.011*

Duration of illness (years) 0.078 ( − 0.324, 0.480) 0.403 0.691

Psychopathology

Positive symptoms score −0.124 ( − 0.509, 0.261) −0.670 0.510

Negative symptoms score −0.136 ( − 0.655, 0.384) −0.541 0.594

General symptoms score −0.427 ( − 0.992, 0.145) −1.548 0.136

Total score of PANSS 0.666 (0.272, 1.604) 1.472 0.155

Cognitive function

Processing speed (TMT-A, BACS) −0.243 ( − 0.676, 0.189) −1.166 0.256

Attention (CPT-IP) 0.303 (0.078, 0.528) 2.733 0.010*

Working memory (WMS-III-SS) 0.414 (0.207, 0.621) 4.052 <0.001***

Verbal learning (HVLT-R) 0.324 (0.009, 0.639) 2.127 0.044*

Visual memory (BVMT-R) −0.147 ( − 0.672, 0.377) −0.583 0.566

Executive function (SCWT) 0.896 (0.677, 1.116) 8.290 <0.001***

Composite cognitive score 0.422 (0.217, 0.627) 4.171 <0.001***

*p < 0.05; ***p < 0.001.

the neurocognitive tests and then calculating a z-score of the
composite (Keefe et al., 2004). The z-scores for each domain were
then used for analysis.

For patients, linear regression analysis showed that plasma
levels of klotho were positively correlated with age of onset
(p = 0.011) and cognitive function with regard to attention
(p = 0.010), working memory (p < 0.001), verbal memory
(p = 0.044), executive function (p < 0.001), and composite
cognitive score (p < 0.001). The levels of klotho had no
significant correlation with psychopathological symptoms (all
p > 0.05). In this model of regression analysis, the following
variables were included: age of onset (years), attention (CPT-
IP), working memory (WMS-III-SS), verbal learning (HVLT-R),
executive function (SCWT) and composite cognitive score, and
the adjusted R2 was 0.690. Finally, we conducted the analysis with
multivariate stepwise linear regression by controlling for age, sex,
education, and BMI to determine the most parsimonious model
for correlations with klotho (adjust R2 = 0.970) and found that
executive function had the highest correlation with plasma klotho
levels (β = 0.896, t = 8.290, p < 0.001).

DISCUSSION

This study demonstrates that patients with schizophrenia had
higher plasma levels of klotho in relation to healthy controls, and
plasma klotho was positively correlated with cognitive function
in patients with schizophrenia. To our knowledge, this is the
first study to report the correlation between plasma klotho and
cognitive function in schizophrenia.

Klotho is a lifespan-associated protein that displays cognitive-
enhancing effect (Abraham et al., 2016). KL-VS is a single
allele of the KLOTHO gene. Normally, the heterozygote KL-
VS gene could result in an increase in circulating klotho levels
(Di Bona et al., 2014). Higher klotho levels are associated
with longer lifespans and better cognitive functions, while
lower klotho levels are shown to be correlated with shorter
lifespans and deteriorating cognition (Arking et al., 2002; Deary
et al., 2005; Di Bona et al., 2014; Dubal et al., 2014). Morar
et al. (2018) have performed a genetic study in patients with
schizophrenia who had been classified into cognitively spared
(CS) and cognitively deficient (CD) clusters and showed that
heterozygous KL-VS carriers in the two subgroups displayed
worse performances than non-carriers. Yazici et al. (2019)
have measured the levels of serum Klotho in schizophrenia
patients and found that serum klotho concentrations were
increased in patients. Although the difference in serum levels
of klotho between the patient and control group in their
study did not show a statistical significance, they observed
the highest values in the patients with acute exacerbation for
psychotic symptoms and the lowest values in the healthy controls
(Yazici et al., 2019). In this study, we found that patients
with schizophrenia had significantly higher levels of plasma
klotho than did healthy controls. Given that the recruited
patients in this study had not received any antipsychotic drug
for more than 3 months before taking part in this research,
we presume that increased plasma klotho in schizophrenia
patients is attributed to the schizophrenia per se, rather
than a phenomenon secondary to antipsychotic medication.
However, this presumption still needs to be confirmed by
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detecting klotho levels in first-episode and drug-naive patients
with schizophrenia.

Cognitive deficits are considered as a core feature of
schizophrenia (Owen et al., 2016). Consistent with previous
reports (McCleery et al., 2014; Wu et al., 2016; Xiong et al.,
2018), this study showed that schizophrenia patients had worse
performances in the tests of information processing speed,
attention, working memory, verbal learning, and executive
function relative to the healthy individuals. Several studies have
demonstrated that klotho exerts a cognitive-enhancing effect
by regulating the antioxidative defense and NMDAR function
in the brain (Dubal et al., 2014, 2015; Zhou et al., 2018).
Mice with KLOTHO mutation displayed impaired cognitive
function and increased lipid and DNA peroxide levels in
the hippocampus (Yamamoto et al., 2005; Shin et al., 2014).
Treating these mice with a potent antioxidant, alpha-tocopherol,
improved cognitive function and reduced the accumulation
of lipid peroxide and the number of apoptotic cells (Nagai
et al., 2003). Klotho elevation could promote synaptic plasticity
and cognition by enriching GluN2B subunit of NMDARs at
synapses in the hippocampus and frontal cortex in both normal
and Alzheimer disease (AD) model mice (Dubal et al., 2014,
2015). Zhou et al. (2018) reported that klotho upregulation
in the brain reversed aging-associated memory deficits and
oxidative stress damage. Here, we found that plasma klotho
levels were increased in patients with schizophrenia, and klotho
levels were positively correlated with attention, working memory,
verbal memory, and executive capacity in patients, indicating
that klotho dysregulation might contribute to the cognitive
impairments in schizophrenia.

It should be noted that we had hypothesized that the level
of plasma klotho was decreased in patients with schizophrenia
because klotho plays a beneficial role in cognition, and cognitions
are impaired in schizophrenia. However, contrary to our
expectation, the plasma levels of klotho were found to be
increased in schizophrenia patients. Intriguingly, elevated plasma
klotho was positively correlated with the domains of cognitive
tests including attention, working memory, verbal memory,
and executive capacity in patients with schizophrenia, which
is similar to the relationship observed in healthy individuals
(Dubal et al., 2014; Morar et al., 2018). These findings suggest
an assumption that elevated klotho may serve as a compensatory
factor for cognitive function preservation in schizophrenia. It
is possible that the pathogenic cell environment in patients
positively affects klotho activity, counteracting the cognitive
impairments of patients with schizophrenia. Oxidative damage
to the brain caused by excessive reactive oxygen species has
been implicated in the psychopathology of cognitive impairments
in schizophrenia (Wang et al., 2018; Xie et al., 2019). Klotho
protein has an ability to protect organ against oxidative stress
damage (Nagai et al., 2003; Ji et al., 2018; Zhou et al., 2018).
Perhaps, accumulated reactive oxygen species might stimulate the
body to produce more klotho protein to alleviate the oxidative
damage. Furthermore, hypofunction of NMDARs in the brain
of schizophrenia patients might also trigger a compensatory
increase of klotho protein. However, these explanations are quite
speculative. More studies are required to perform to elucidate

the molecular mechanisms underlying plasma klotho elevation
in schizophrenia.

There are some limitations in this study. First, we measured
klotho levels in plasma, but not in the brain tissue or cerebral
spinal fluid (CSF). Whether plasma klotho levels could reflect
the concentrations of klotho protein in the central nervous
system is unclear. Second, this was a cross-sectional study.
Although increased klotho was correlated with cognitive deficits
in schizophrenia patients, the causal relationship between klotho
levels and cognitive impairments is still undetermined. Third, the
sample size was relatively small. Replication in larger samples is
needed to validate this conclusion. Fourth, although an elevated
klotho level was found in patients with schizophrenia, the
mechanisms underlying klotho elevation and the mechanisms by
which klotho modulates cognition in schizophrenia are needed
to be addressed. Finally, medication-free schizophrenia patients
with acute exacerbation were enrolled in this study. These
patients were clinically unstable (PANSS score between 60 and
120). Although previous studies have also demonstrated that
schizophrenia patients who were clinically unstable could be
successfully assessed for the cognitive function (Yu et al., 2018;
Zhang et al., 2018), the unstable status of patients would weaken
the reliability of cognitive assessment. Furthermore, the patient
who participated in research should be clinically stable for ethical
reason. Thus, the findings of this study are still needed to be
replicated in clinically stable patients.

CONCLUSION

This study reveals that plasma klotho levels were significantly
increased in patients with schizophrenia when compared to
gender- and age-matched healthy controls. The levels of plasma
klotho were positively associated with cognitive performance
in schizophrenia patients. These results indicate that anti-
aging protein klotho may be implicated in the pathogenesis of
schizophrenia, and increased klotho may act as a compensatory
factor for the preservation of cognitive function in schizophrenia.
The finding of this study helps to deepen our understanding of
the molecular mechanisms underlying schizophrenia-associated
cognitive impairments. Furthermore, given that cognitive deficits
are a core feature of schizophrenia and the best predictor of long-
term functional outcome for schizophrenia patients, the finding
that compensatory increase of plasma klotho was correlated with
cognitive preservation in patients indicates that plasma klotho
could be used as a predictor of functional outcomes in patients
with schizophrenia. However, this is a preliminary study, and
further research using prospective study and animal experiments
is needed to investigate the dynamic changes of klotho and the
causal relationship between klotho and cognitive impairments
in schizophrenia.
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