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Abstract 

Objective  Clinically stable inpatients with schizophrenia have generalized impairment of cognitive function 
along with abnormalities in renal function, but the link between cognitive function and renal function has been 
underexplored.

Methods  This study enrolled 216 hospitalized patients with clinically stable schizophrenia. Demographic and renal 
function parameters were collected from electronic medical records. Cognitive function was assessed using 
the Chinese Brief Cognitive Test (C-BCT). To analyze the correlations between renal function and processing speed, 
attention, working memory, and executive function in patients hospitalized with clinically stable schizophrenia. 
Covariate-adjusted linear and multivariate logistic regression models were constructed to determine the relationship 
between renal function and cognitive function. ROC analysis was used to further investigate the prediction of renal 
function indices in assessing stable schizophrenia inpatients.

Results  Significant variations in serum Cystatin C (CysC), β2-microglobulin (β2-MG), and uric acid (UA) levels were 
observed among hospitalized patients with clinically stable schizophrenia across different cognitive impairment 
severities. Correlation analysis revealed a significant association between serum CysC levels and C-BCT scores 
in hospitalized patients with stable schizophrenia (β = 0.174, 95%CI:0.265 ~ 1.720, p = 0.008). Particularly strong cor-
relations were observed with processing speed T-scores (β = -0.200, 95%CI: -33.446 ~ -7.230, p = 0.03) and executive 
function T-scores (β = -0.171, 95%CI: -17.277 ~ -2.082, p = 0.013). Binary logistic regression analysis further confirmed 
that CysC may be a risk factor for exacerbation of cognitive impairment in stable schizophrenia (OR = 12.741, 95%CI: 
1.424 ~ 114.005, p = 0.023). The combined serum CysC, β2-MG, and UA test for cognitive function in stable schizophre-
nia inpatients had an AUC area of 0.71, with a sensitivity and specificity of 79.5% and 60.5%, respectively, and a predic-
tive value superior to that of an independent diagnosis.

Conclusion  In hospitalized patients with stable schizophrenia, serum CysC levels are positively correlated 
with the severity of cognitive impairment, particularly showing significant associations with information processing 
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speed and executive function. CysC may be a risk factor for exacerbating cognitive impairment in these patients. The 
combined diagnostic value of serum CysC, β2-MG, and UA demonstrated moderate accuracy in identifying stable 
schizophrenia cognitive impairment. These data support the potential of CysC as a biomarker of cognitive function 
in stable schizophrenia.

Keywords  Stable schizophrenia, Cognitive impairment, Cystatin Cβ2-microglobulin, Uric acid, C-BCT

Background
According to the Global Burden of Disease study, by 
2022, there will be more than 23 million people with 
schizophrenia worldwide and 6.88 million people with 
schizophrenia in China [1, 2]. Schizophrenia is a seri-
ous mental disorder marked by psychotic symptoms and 
cognitive impairment [3]. Cognitive impairment is one of 
the three core symptoms of schizophrenia and the most 
significant factor affecting the functioning outcome of 
patients [4, 5].

Studies have shown that cognitive impairment in 
schizophrenia is characterized by"early onset, persis-
tence, and severity"[6]. In the prodromal phase of schizo-
phrenia, cognitive dysfunction has already begun, with 
severe effects during the first episode of the disease. After 
reaching the stabilization phase, although the patient’s 
psychotic symptoms may be relieved, the impairment of 
cognitive functioning does not often recover completely, 
and the relative stability of cognitive functioning has lit-
tle to do with the improvement of clinical symptoms [7]. 
Different dimensions of cognitive functioning in stable 
schizophrenia patients interact with each other, showing 
extensive and persistent cognitive impairment in several 
cognitive domains, including attention, working memory, 
verbal learning, and executive functioning [8]. There is a 
clinical need for characteristic markers to identify, assess, 
and manage inpatients with stable schizophrenia as much 
as possible to improve disease outcomes. Neuroinflam-
matory markers and neurotrophic factors, particularly 
IL-1β, IL-6, TNF-α, and BDNF, have emerged as promis-
ing biomarkers and therapeutic targets, with meta-analy-
ses confirming their association with cognitive deficits in 
schizophrenia [9, 10]. Oxidative stress indicators, includ-
ing altered levels of GPX4, GSH, and SOD, demonstrate 
significant correlations with executive function and 
working memory [11, 12]. Advanced metabolomic stud-
ies have revealed distinct abnormalities in energy metab-
olism and neurotransmitter pathways associated with 
cognitive dysfunction [13, 14]. Epigenetic research has 
identified specific DNA methylation patterns linked to 
cognitive impairment, providing novel insights into dis-
ease mechanisms [15, 16]. Innovative approaches, such 
as exosome analysis and neuroimaging-based biomark-
ers, offer non-invasive assessment tools for cognitive 
impairment [17–19]. Notably, the clinical translation of 

biomarker research is hindered by expensive detection 
methods and limited applicability, while the develop-
ment of affordable, clinically feasible testing approaches 
remains insufficient to meet clinical demands.

The kidney-brain axis is a bidirectional communication 
network connecting the kidneys and the brain. Because 
of the similarities in vascular structure and hemodynam-
ics between the kidney and the brain, it has been sug-
gested that indicators of kidney function may mirror 
what occurs in the brain [20, 21]. The results of neuro-
imaging-based Mendelian randomization studies suggest 
that abnormalities in renal function indicators in patients 
with chronic kidney disease affect the surface area and 
thickness of the cerebral cortex, leading to neuropsy-
chiatric disorders [22]. This highlights the presence of 
the kidney-brain axis. Within the normal range of renal 
function, a notable positive correlation exists between 
eGFR, hippocampal volume, and cognitive function. The 
indicators of renal function are highly relevant for pre-
dicting cognitive impairment [23]. Several epidemiologic 
studies have shown that patients with schizophrenia have 
a significantly higher risk of developing chronic kidney 
disease (CKD) than the general population, which may 
be related to a variety of factors such as medication side 
effects, lifestyle, metabolic syndrome, and inflammatory 
state [24, 25]. Patients with schizophrenia have abnor-
mal renal function indicators, and serum oxidative stress, 
immune system activation, and inflammatory factor 
imbalance may be involved in the development of schizo-
phrenia [26–28].

Cystatin C (CysC), β2-microglobulin (β2-MG), and 
uric acid (UA) serve as commonly utilized clinical indica-
tors of renal function, with their serum levels serving as 
reflections of glomerular filtration and tubular reabsorp-
tion [29, 30]. Recent studies have revealed the involve-
ment of CysC, β2-MG, and UA as signaling molecules in 
various pathophysiological processes associated with psy-
chiatric disorders or cognitive functions [31, 32]. CysC 
is a member of the type II superfamily of cysteine pro-
tease inhibitors. The CST3 gene encoding CysC is widely 
distributed in all mammalian tissues, with the highest 
expression in astrocytes of brain tissue and a concentra-
tion in cerebrospinal fluid that is five times higher than 
that in blood [33]. These observations strongly suggest 
that CysC has an important role in neural development. 
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CysC levels that deviate significantly from the norma-
tive range can adversely affect attention, recall, and lan-
guage function, and are used as blood biomarkers that 
predict and assist in diagnosing cognitive impairment 
in Parkinson’s patients [23, 34]. Furthermore, CysC has 
been shown to have a protective effect against cognitive 
impairment in Alzheimer’s disease, amyotrophic lateral 
sclerosis, and after stroke [35–37]. In addition, β2-MG, a 
component of MHC class I molecules, is an active factor 
of the adaptive immune system and is highly expressed 
in plasma and hippocampus [38]. It has been proved that 
β2-MG is significantly linked to cognitive impairment 
associated with Alzheimer’s disease, HIV, and chronic 
dialysis [39–41]. Furthermore, UA is a vital antioxidant 
within the human body. In typical circumstances, UA 
diminishes oxidative stress and safeguards the nervous 
system [42]. Prior research has demonstrated that ele-
vated serum UA levels are linked to enhanced cognitive 
function in individuals diagnosed with schizophrenia. 
Elevated UA concentrations have been identified as an 
independent protective factor against cognitive impair-
ment, including conditions such as Parkinson’s disease 
and stroke [31, 43, 44]. However, the correlation and 
diagnostic value of UA with various dimensions of cogni-
tive functioning in stable schizophrenic patients has not 
been clarified.

Although many studies have reported the relationship 
between cognitive impairment and renal function, there 
is a rare study on the relationship between these indica-
tors of renal function and cognitive function in hospital-
ized patients with stable schizophrenia. In this study, we 
explored the relationship of CysC, β2-MG, and UA with 
various dimensions of cognitive function in stable schizo-
phrenia inpatients, and explored the possibility of renal 
function indicators as biomarkers of cognitive impair-
ment in stable schizophrenia inpatients.

Materials and methods
Study population
Between June 2024 and September 2024, 216 stable 
schizophrenia inpatients were recruited and enrolled at 
the Fourth People’s Hospital of Yancheng City, the Fifth 
People’s Hospital of Taizhou City, and the Third People’s 
Hospital of Huai’an City, Jiangsu Province, China.

Inclusion criteria: (1) Meet the diagnostic criteria of 
schizophrenia in the Diagnostic and Statistical Manual of 
Mental Disorders fifth edition (DSM-V), and the positive 
and negative syndrome scale (PANSS) score > 59 [45, 46] 
at baseline, the enrollment of schizophrenia was assessed 
by two senior clinical doctor independently, and the clin-
ically stable schizophrenia patients was also assessed by 
two sensor clinical doctor; (2) Han ethnicity, age 18–65 
years old, elementary school education or above; (3) The 

hospital manages patients’medication, diet and lifestyle; 
(4) No abnormality in the brain CT examination; (5) Able 
to read and understand Chinese, understand the test pro-
gram, understand the voice introduction, and operate a 
simple iPad.

Exclusion criteria: (1) combined with neurodevelop-
mental disorders such as autism, Alzheimer’s disease, 
dementia, and so on; (2) combined with mental disorders 
such as depression, bipolar disorder, schizoaffective psy-
chosis, and so on; (3) combined with disorders of brain 
dysfunctions due to other brain organisms and physical 
disorders; (4) renal dysfunctions; (5) MECT treatments 
in the last six months.

The Ethics Committee of the Fourth People’s Hospital 
of Yancheng City agreed and approved the conduct of this 
study (Ethics Approval No. 2024027), and the patients 
themselves or their legal guardians were informed, aware, 
and voluntarily participated in the content of this study 
and signed an informed consent form.

Assessment of clinical information
The clinical data of the subjects was collected via a self-
administered general information form assessment, 
which included general demographic information (age, 
gender, education level, family history of mental illness, 
marital status, BMI, smoking history, age of onset, dura-
tion of illness, maintenance treatment time, amount of 
anti-psychotics and type of anti-psychotics) and indi-
cators of renal function (CysC, UA, BUN, CREA, and 
β2-MG).

Assessment of cognitive function
A psychiatrist with professional titles evaluated cogni-
tive performance in patients diagnosed with schizophre-
nia using the C-BCT. The Chinese Brief Neurocognitive 
Suite of Tests (C-BCT) is China’s first brief electronic 
neurocognitive test with independent intellectual prop-
erty rights and national norms. The instrument was 
developed and normalized for the Chinese population, 
addressing the linguistic and cultural biases inherent in 
Western-developed instruments. Its psychometric prop-
erties are highly reliable, with a Cronbach’s alpha of 0.75 
and a retest reliability (ICC) range of 0.62 to 0.76. The 
C-BCT is a tablet-operated assessment consisting of four 
tests: the connectivity Test, Symbol Encoding, Sustained 
Operations, and Digit Breadth. The assessment evalu-
ates neurocognitive levels of processing speed, attention, 
working memory, and executive function in 15 min. The 
Global Deficit Score (GDS) method was used to catego-
rize the overall deficit status of cognitive functioning, 
with T-scores in different intervals representing differ-
ent deficit scores, and the demographically corrected 
T-scores were converted to deficit scores according to the 
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following criteria: T > 39 = 0 (normal), 39 ≥ T ≥ 35 = 1 
(mildly impaired), 34 ≥ T ≥ 30 = 2 (mildly to moderately 
impaired), 29 ≥ T ≥ 25 = 3 (moderate impairment), 24 
≥ T ≥ 20 = 4 (moderate to severe impairment), and T < 20 
= 5 (severe impairment). T scores on the four tests were 
weighted and adjusted to determine the classification of 
mild, moderate, or severe cognitive impairment [47, 48].

Assessment of psychotic symptoms
The psychotic symptoms of the patients were evaluated 
by expert psychiatrists using the Positive and Negative 
Symptoms Scale (PANSS). The PANSS assessed the risk 
of attack by positive 7, negative 7, and general psychopa-
thology 16, 30 items, and 3 supplementary items. Each 
entry was graded from 1 to 7 and 7 points, and the level 
of symptom severity increased with the score. The total 
scores for the positive and negative scales ranged from 
7 to 49, and for the general psychopathology scale, they 
ranged from 16 to 112 [49, 50]. This scale evaluates the 
information within the first 1 week.

Biomarker measurements
Participants collected elbow venous blood in the morn-
ing between 06:00 and 08:00 in the fasting state. Antico-
agulated venous blood was collected in 10 ml of 10 ml 
purple-tipped polypropylene tubes (containing Ethylene 
Diamine Tetraacetic Acid (EDTA)), and then left to stand 
for 60 min at room temperature, after the serum was pre-
cipitated, centrifuged for 10 min at room temperature, 
5000 rpm, and the supernatant was carefully aspirated. 
CysC kit (Shanghai Huake Biotechnology), β2-MG kit 
(Shanghai Huake Biotechnology), creatinine assay kit 
(Shanghai Huake Biotechnology), urea nitrogen assay 
kit (Shenzhen Myriad) and uric acid assay kit (Shenzhen 
Myriad) were used to test the relevant indexes.

Covariates
Covariate was collected through self-reports or elec-
tronic medical records. The selection of covariates was 
guided by the theoretical rationale, prior epidemiological 
evidence, and the characteristics of the data itself, with 
age, gender, BMI, amount of anti-psychotics and type of 
anti-psychotics included as covariates in the regression 
analysis [51–59].

Statistical methods
Data entered after double checking were analyzed using 
SPSS 23.0 (IBM Corp., Armonk, NY, USA). The statis-
tical description of the measurement information in 
the data was carried out using mean ± standard devia-
tion (± s), and the t-test was used to compare the differ-
ences between groups, the statistical description of the 
counting information was carried out using frequency 

(percentage), and the two groups were compared using 
the χ2 test, and the comparison of the differences 
between groups of the rank information was carried out 
using the rank-sum test, with a statistically significant 
difference of p < 0.05. ANOVA was used to analyze the 
changes in the levels of renal function indexes in differ-
ent stages of cognitive impairment, and normality test 
was performed on the relevant renal function indexes, in 
which variables that conformed to normal distribution 
were analyzed by Pearson correlation analysis, and those 
that did not conform to normal distribution were ana-
lyzed by Spearman correlation analysis, and multiple cor-
rection was performed by Bonferroin, and p < 0.01 had a 
significant Differences. Statistically different renal func-
tion indicators were analyzed by one-way linear regres-
sion with covariate adjustment. The associations between 
the results were further characterized by binary logistic 
regression analysis as odds ratios (OR) and 95% confi-
dence intervals (95%CI). The diagnostic efficacy of serum 
CysC, β2-MG, and UA alone and in combination for the 
prediction of cognitive impairment was analyzed using 
the subject’s work characteristic (ROC) curve.

Results
Characteristics of hospitalized patients with clinically 
stable schizophrenia
Comparing the general information and clinical char-
acteristics of the cognitively normal group and the cog-
nitively impaired group of hospitalized patients with 
clinically stable schizophrenia, the results showed that 
there were significant differences between the two groups 
in terms of age (t = −4.285, p < 0.01), duration of the dis-
ease (Z = −4.317, p < 0.01), education level (χ2 = 30.208, 
p < 0.01) and BMI (t = 3.795, p < 0.01). There were no 
significant differences in gender, smoking history, mari-
tal status, family history of mental disorder, age of onset, 
duration of maintenance therapy, and medication use 
(Table 1).

Significant differences in renal function indices 
in hospitalized patients with stable schizophrenia 
with varying degrees of cognitive impairment
The results of the C-BCT test showed that 26.39% of hos-
pitalized patients with clinically stable schizophrenia had 
normal cognitive functioning, 18.52% had mild cognitive 
impairment, 37.04% had moderate cognitive impairment, 
and 18.06% had severely impaired cognitive functioning 
(Fig. 1).

The renal function of the patients in each group 
were tested, and the results showed that the CysC level 
in the moderately and severely cognitively impaired 
group was significantly higher than that in the cog-
nitively normal group (Fig.  2A), the β2-MG level in 
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Table 1  Comparison of general information and clinical characteristics of the two groups of patients [n(%)]/(x• ± s)

**P < 0.01

Variable cognitively normal 
group (n = 57)

cognitively impaired 
group (n = 159)

χ2/t/Z P

Gender Male 40 (70.20) 91 (57.20) 2.945 0.086

Female 17 (29.80) 68 (42.80)

Age (years, mean ± s) 39.44 ± 9.55 46.35 ± 10.74 −4.285**  < 0.01

Duration of illness (years, mean ± s) 13.37 ± 7.72 19.46 ± 9.49 −4.317**  < 0.01

Education, n (%) 30.208**  < 0.01

Below junior high school 3 (5.30) 46 (28.90)

Junior high school 16 (28.10) 68 (42.08)

Senior high school 21 (36.80) 30 (18.90)

College and above 17 (29.80) 15 (9.40)

BMI (kg/m2) 27.45 ± 4.79 24.87 ± 4.27 3.795**  < 0.01

Smoking history 2.94 ± 6.41 1.89 ± 6.35 −1.638 0.101

Marital status Married 24 (42.10) 72 (45.30) 0.172 0.679

Unmarried/divorced/widowed 33 (57.90) 87 (54.70)

Family history of mental disorder Yes 11 (19.30) 28 (17.6) 0.081 0.776

No 46 (80.70) 131 (82.4)

Age of onset(years ± s) 26.18 ± 8.51 26.63 ± 8.73 −0.417 0.677

Maintenance treatment time 7.14 ± 6.55 8.95 ± 8.73 −0.680 0.497

Amount of anti-psychotics Typical 30 (52.60) 70 (44.00) 1.250 0.264

Combined 27 (47.40) 89 (56.00)

Type of anti-psychotics A generation of anti-psychotics 3 (5.30) 4 (2.50) 1.586 0.452

Second-generation anti-psychotics 47 (82.5) 128 (80.50)

Combination of first- and second-
generation an-tipsychotics

7 (12.20) 27 (17.00)

PANSS (mean ± s) NEG score 16.12 ± 3.09 16.63 ± 2.42 0.208

POS score 14.07 ± 2.53 14.68 ± 1.73 0.098

GPS score 33.26 ± 3.28 32.92 ± 5.08 0.639

Total score 63.46 ± 5.73 64.23 ± 5.96 0.394

Fig. 1  C-BCT test results in schizophrenia patients(n = 216). Abbreviations: Normal group, normal cognitive function; Mild group, mild cognitive 
impairment; Mederate group, moderate cognitive impairment; Serious group, severe cognitive impairment
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the moderately and severely cognitively impaired 
group was significantly higher than that in the cog-
nitively normal group (Fig.  2B), and the UA level in 
the severely cognitively impaired group was signifi-
cantly higher than that in the cognitively normal group 
(Fig. 2C).

Correlation between renal function and cognitive function 
in hospitalized patients with stable schizophrenia
Renal function in hospitalized patients with stable 
schizophrenia was correlated with C-BCT results. 
Upon testing, CysC and UA were normally distributed 
using Pearson analysis with Bonferroni correction. 
The remaining indicators were non-normally distrib-
uted, analyzed by Spearman analysis with Bonferroni 
correction. The results in Table  2 show that there was 

Fig. 2  Renal function in stable schizophrenic inpatients with varying degrees of cognitive impairment. Notes: *P < 0.05; **P < 0.01. Abbreviations: 
Normal group, normal cognitive function; Mild group, mild cognitive impairment; Mederate group, moderate cognitive impairment; Serious group, 
severe cognitive impairment; CysC, Cystatin C; β2-MG, β2-microglobulin; UA, uric acid; BUN, Blood urea nitrogen; CREA, Blood creatinine

Table 2  Correlation of renal function indicators with c-bct findings in hospitalized patients with stable schizophrenia

* P < 0.01

Abbreviations: CysC Cystatin C, β2-MG β2-microglobulin, UA uric acid, BUN Blood urea nitrogen, CREA Blood creatinine

Cognitive function 
impairment

Processing speed Attention Working memory Executive function

r p r p r p r p r p

CysC 0.260* 0.000110 −0.290* 0.000015 −0.177* 0.009 −0.184* 0.007 −0.239* 0.000401

β2-MG 0.264* 0.000088 −0.268* 0.000068 −0.180* 0.008 −0.247* 0.00024 −0.224* 0.000926

UA −0.181* 0.008 0.135 0.048 0.154 0.024 0.074 0.278 0.136 0.046

BUN 0.033 0.623 −0.004 0.954 −0.054 0.426 0.020 0.774 −0.017 0.809

CREA −0.056 0.409 0.008 0.902 0.079 0.250 0.032 0.637 0.019 0.786



Page 7 of 13Cao et al. BMC Psychiatry          (2025) 25:494 	

Ta
bl

e 
3 

U
ni

va
ria

te
 L

in
ea

r r
eg

re
ss

io
n 

an
al

ys
is

 o
f C

ys
C

 a
nd

 C
-B

C
T 

re
su

lts

Ad
ju

st
ed

 fo
r a

ge
, g

en
de

r, 
BM

I, 
am

ou
nt

 o
f a

nt
i-p

sy
ch

ot
ic

s 
an

d 
ty

pe
 o

f a
nt

i-p
sy

ch
ot

ic
s

Co
gn

iti
ve

 fu
nc

tio
n 

im
pa

ir
m

en
t

Pr
oc

es
si

ng
 s

pe
ed

A
tt

en
tio

n
W

or
ki

ng
 m

em
or

y
Ex

ec
ut

iv
e 

fu
nc

tio
n

β(
95

%
C

I)
p

β(
95

%
C

I)
p

β(
95

%
C

I)
p

β(
95

%
C

I)
p

β(
95

%
C

I)
p

Cy
sC

0.
17

4(
0.

26
5 

~
 1

.7
20

)
0.

00
8

−
0.

20
0(

−
33

.4
46

 ~
 –

7.
23

0)
0.

03
−

0.
12

9(
−

12
.2

46
 ~

 0
.3

95
)

0.
06

6
−

0.
14

4(
−

18
.6

84
 ~

 1
.7

90
)

0.
10

5
−

0.
17

1(
−

17
.2

77
 ~

 −
2.

08
2)

0.
01

3

β2
-M

G
0.

09
6(

−
0.

08
5 

~
 0

.5
91

)
0.

14
1

−
0.

09
5(

−
10

.5
98

 ~
 1

.6
44

)
0.

15
1

−
0.

08
2(

−
4.

65
0 

~
 1

.1
82

)
0.

24
2

−
0.

09
9(

−
8.

11
1 

~
 1

.3
03

)
0.

15
5

−
0.

08
4(

−
5.

72
3 

~
 1

.3
32

)
0.

22
1

U
A

−
0.

00
02

(−
0.

00
2 

~
 0

.0
01

5)
0.

99
8

−
0.

01
3(

−
0.

03
0 

~
 0

.0
25

)
0.

85
0

0.
02

0(
−

0.
01

1 
~

 0
.0

15
)

0.
78

7
−

0.
06

9(
−

0.
03

1 
~

 0
.0

11
)

0.
35

0
−

0.
00

4(
−

0.
01

6 
~

 0
.0

15
)

0.
96

1



Page 8 of 13Cao et al. BMC Psychiatry          (2025) 25:494 

a significant positive correlation between the degree 
of patients’neurocognitive impairment and CysC (r = 
0.260, p < 0.01), a significant positive correlation with 
β2-MG (r = 0.264, p < 0.01, Bonferroni), and a signifi-
cant negative correlation with UA (r = −0.181, p < 0.01, 
Bonferroni). There was a significant negative corre-
lation between processing speed T-score and CysC 
(r = −0.290, p < 0.01, Bonferroni) and a significant 
negative correlation with β2-MG (r = −0.268, p < 0.01, 
Bonferroni). There was a significant negative correla-
tion between attention T-score and CysC (r = −0.177, 
p < 0.01, Bonferroni) and a significant negative corre-
lation with β2-MG (r = −0.180, p < 0.01, Bonferroni). 
There was a significant negative correlation between 
working memory T-score and CysC (r = −0.180, p < 
0.01, Bonferroni) and a significant negative correlation 
with β2-MG (r = −0.247, p < 0.01, Bonferroni). There 
was a significant negative correlation between execu-
tive function T-score and CysC (r = −0.239, p < 0.01, 
Bonferroni) and a significant negative correlation with 
β2-MG (r = −0.224, p < 0.01, Bonferroni). The scatter-
plot of the relationship between renal function indica-
tors and each T-score of C-BCT confirms the linear 
correlation of Table  2  (supplemental Figs.  1–5). Sup-
plementary Table  1 and 2 show the results of correla-
tions and between-group differences of renal function 
indices with general information and clinical character-
istics in hospitalized patients with stable schizophrenia. 
CysC was strongly correlated with age, duration of ill-
ness, and duration of maintenance treatment, β2-MG 
with age, duration of illness, and time of onset of ill-
ness, UA with sex, age, and BMI, and CREA with sex 
and duration of maintenance treatment. Results were 
corrected for Bonferroni.

After adjusting for potential confounders of the covari-
ates age, gender, BMI, amount of anti-psychotics and 
type of anti-psychotics, Table  3 shows that there was a 
significant correlation between serum CysC levels and 
the C-BCT results of cognitive function in hospitalized 
patients with clinically stable schizophrenia (β = 0.174, 
95% CI: 0.265 ~ 1.720, p = 0.008) and a significant corre-
lation with the T-score of processing speed (β = −0.200, 
95%CI: −33.446 ~ −7.230, p = 0.03), and a significant 
correlation with executive function T-score (β = −0.171, 
95%CI: −17.277 ~ −2.082, p = 0.013).

Further binary logistic regression analysis was used to 
examine the association between serum CysC levels and 
C-BCT results of cognitive functioning in hospitalized 
patients with clinically stable schizophrenia. The results 
in Table 4 showed that elevated serum CysC levels were 
identified as an independent risk factor for the exacer-
bation of cognitive impairment in patients with stable 
schizophrenia (OR = 12.741, 95%CI: 1.424 ~ 114.005, p = 

0.023). For every 1  mg/L increase in CysC, there was a 
more than 12.7-fold increase in the risk of deterioration 
in cognitive functioning.

Efficacy of renal function indices in assessing cognitive 
function in hospitalized patients with clinically stable 
schizophrenia
Furthermore, ROC curve analysis was used to compare 
the predictive performance of renal function indices on 
cognitive function in hospitalized patients with clinically 
stable schizophrenia. The results in Fig.  3 and Table  5 
showed that the AUC area of serum CysC was 0.630, 
with a sensitivity of 56.4% and a specificity of 68.9% using 
1.045 mg/L as the diagnostic criterion. The AUC area of 
serum β2-MG was 0.662, and the sensitivity and specific-
ity were 84.6% and 47.5%, respectively, using 1.745 mg/L 
as the diagnostic criterion. The AUC area of serum UA 
was 0.664, and the sensitivity and specificity were 56.4% 
and 74% using 263.5 μmol/L as the diagnostic criterion. 
The combined diagnostic AUC area of serum CysC, 
β2-MG, and UA was 0.71, with a sensitivity of 79.5% and 
a specificity of 60.5%. The triple diagnosis of serum CysC, 
β2-MG, and UA was better than the independent diagno-
sis in assessing the cognitive function grades of stabilized 
schizophrenia inpatients.

Discussion
The aim of this study was to analyse the renal function 
characteristics of stable schizophrenia inpatients and to 
investigate their correlation with the degree of cogni-
tive impairment. The results showed that serum CysC 
and β2-MG levels were significantly higher and UA lev-
els were significantly lower in hospitalized patients with 
clinically stable schizophrenia. Numerous studies have 
shown that oxidative stress is one of the pathophysiologi-
cal mechanisms of schizophrenia, and changes in oxida-
tive stress markers can respond to cognitive functioning 
[11, 60]. Serum UA tends to reflect the total antioxidant 
capacity of serum and is neuroprotective [61, 62]. Low 
serum levels of UA are a risk factor for age-dependent 
cognitive impairment and cognitive impairment in neu-
rologic diseases [63, 64]. There are fewer studies on the 
relationship between CysC, β2-MG, and schizophrenia, 
but studies on CysC, β2-MG, and cognitive function have 
been reported. β2-MG was elevated in the blood of both 
elderly humans with age-induced cognitive impairment, 
as well as in mice, and it decreased with the improvement 
of cognitive function in cognitively impaired patients 
after stroke, which was in agreement with our results 
[32, 65]. In addition, it has been reported that cognitive 
function scores in older adults decreased with increasing 
levels of CysC, and CysC may be an early and effective 
marker of cognitive decline, and our results certainly add 
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new evidence for this [66]. CysC exerts a protective effect 
by inhibiting cysteine protease-dependent or inducing 
autophagy, inhibiting amyloid-β aggregation, and slowing 
down the cognitive disease process in cognitive dysfunc-
tion [66, 67]. We hypothesize that the biological mecha-
nism of CysC in cognitive deficits in hospitalized patients 

with stable schizophrenia may be related to compensa-
tory neuroprotective effects.

This study revealed specific associations between 
renal function indicators and cognitive function in sta-
ble schizophrenia inpatients. Serum CysC, β2-MG, and 
UA levels are associated with cognitive functioning in 
stabilized schizophrenia inpatients. After adjusting for 
covariates such as age, gender, body mass index, antip-
sychotic dosage, and antipsychotic type, serum CysC 
levels in stable schizophrenic patients remained corre-
lated with cognitive functioning, and were significantly 
correlated mainly with speed of information processing 
and executive functioning. In a study investigating the 
correlation between cognitive function and antioxidants 

Table 4  Binary logistic regression of CysC and C-BCT results

Adjusted for age, gender, BMI, amount of anti-psychotics and type of anti-
psychotics

Variable Wald Chi-Square P OR 95% CI

CysC 5.180 0.023 12.741 1.424 ~ 114.005

Fig. 3  Serum CysC, β2-MG, and UA levels alone and the combination of all three predicted ROC curves

Table 5  ROC analysis of serum CysC, β2-MG, UA levels alone and the combination of all three

The area under 
the curve

Standard error P 95% CI Optimal 
cutoff value

Sensitivity Idiosyncrasy

CysC (mg/L) 0.630 0.047  < 0.05 0.537 ~ 0.722 1.045 56.4% 68.9%

β2-MG (mg/L) 0.662 0.046  < 0.01 0.572 ~ 0.751 1.745 84.6% 47.5%

UA differential (μmol/L) 0.664 0.047  < 0.01 0.572 ~ 0.757 263.5 56.4% 74%

tripartite 0.710 0.044  < 0.01 0.624 ~ 0.797 _ 79.5% 60.5%
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in Chinese patients with schizophrenia, serum UA levels 
were significantly higher in schizophrenic patients than 
in the normal population, but no significant correlation 
was found between UA levels and cognitive function in 
schizophrenic patients. This is consistent with our find-
ings [68]. Yuan Z [44]found that high serum uric acid lev-
els were associated with good cognitive status in patients 
with schizophrenia in the maintenance phase. Although 
all of our subjects were stable schizophrenic patients, 
our study population was younger and major metabolic 
disorders such as diabetes mellitus, hypertension, hyper-
lipidemia, etc. were excluded at enrollment. This may 
be the reason why UA was not found to be significantly 
associated with cognitive function in this study. Antip-
sychotic drugs may indirectly alter UA levels by affecting 
hepatic and renal function, and the potential interfer-
ence of drugs with UA levels also contributed to the fail-
ure to obtain positive results [44, 69–72]. Higher levels 
of β2-MG have previously been reported to be associ-
ated with poorer cognitive performance in neurological 
disorders such as Alzheimer’s disease [73]. However, we 
have not obtained such findings inhospitalized patients 
with clinically stable schizophrenia. It is well known that 
cognitive impairment in patients with schizophrenia is 
associated with oxidative stress and that an increase in 
oxidatively active substances or a decrease in the effi-
cacy of antioxidant defense systems can lead to oxidative 
stress [74, 75]. A recent study reported that CysC may be 
involved in the reactive oxygen species (ROS)mediated 
mitochondrial oxidative stress signaling pathway caus-
ing apoptosis in cardiomyocytes [76]. ROS-mediated 
oxidative stress-induced neuronal cell damage may be 
associated with cognitive impairment in patients with 
schizophrenia, and the pathomechanisms involved may 
support our conclusion.

The remarkable correlation between CysC and cogni-
tive decline (OR = 12.7) lends substantial support to the 
hypothesis that the kidney-brain axis may play a pivotal 
role in cognitive decline in schizophrenia. It also pro-
vides a theoretical basis and evidence support for further 
exploration of the pathomechanisms of the renal-brain 
axis in cognitive dysfunction in schizophrenia. This find-
ing underscores the need to incorporate renal biomarkers 
into schizophrenia management protocols. Serum CysC, 
as a key mediator of the kidney-brain axis, exhibits sig-
nificant value in risk grading of cognitive impairment in 
schizophrenia. In the era of precision medicine, the clini-
cal medication of schizophrenia patients with cognitive 
impairment needs to be considered to follow the princi-
ple of dual optimization. On the one hand, antipsychot-
ics with lower nephrotoxicity are preferred. Lurasidone 
slows down the decline in glomerular filtration rate com-
pared to Olanzapine [59]. Aripiprazole and Blonanserin, 

which are primarily metabolized by the liver rather than 
excreted by the kidneys, show a lower risk of nephrotox-
icity [77]. On the other hand, the combined application 
of antioxidants, such as N—Acetylcysteine (NAC), may 
be an effective strategy. Through its antioxidant proper-
ties, NAC can significantly improve the oxidative stress 
state, which in turn positively affects renal and cognitive 
functions, providing a potential adjunct to clinical treat-
ment [78, 79].

In this study, we found that the combined detection of 
serum CysC, β2-MG and UA demonstrated moderate 
diagnostic efficacy (AUC = 0.71) for cognitive impair-
ment in patients with stable schizophrenia, with a sen-
sitivity of 79.5% and a specificity of 60.5%. The high 
sensitivity of this joint model suggests that it is effec-
tive in reducing the risk of underdiagnosis of cognitive 
impairment, helping healthcare professionals with rapid 
screening and initial assessment, and assisting commu-
nity hospitals and primary care providers with stratified 
diagnosis and treatment. However, the relatively low 
specificity indicates the necessity for secondary valida-
tion in combination with other multidimensional cogni-
tive function assessment scales to avoid the problem of 
false positives.

The limitations of this study include the following 
aspects: (1) As a cross-sectional study, we were unable 
to elucidate the causal relationship between CysC and 
cognitive impairment in patients with schizophrenia. 
Future studies should include longitudinal cohort studies 
to further elucidate the complex relationship. (2) Despite 
covariate adjustment, unmeasured factors may also have 
influenced the results. The wide confidence intervals 
indicate the need for larger sample sizes, and future stud-
ies will continue to be conducted in larger sample sizes of 
stable schizophrenia inpatients and minimize the effects 
of confounding factors. (3) This study presents the net 
effect of drug exposure, preserving the diversity of clini-
cal decision making and reflecting real-world clinical 
medication patterns. Although amount of anti-psychot-
ics and type of anti-psychoticstype were considered as 
confounders, unmeasured pharmacodynamic factors 
may partially confound the association of biomarkers 
with cognition. The study of drug-specific effects was 
also deficient in that different antipsychotics may have 
different effects on serum CysC levels and cognitive func-
tion, and more in-depth drug subgroup analyses will be 
conducted in the future to validate the robustness of the 
results. (4) Serum CysC levels measured only once may 
not adequately reflect the representative concentration 
levels of the participants over time or capture the bio-
logical variability and circadian effects of CysC. Mecha-
nistic studies based on dynamic monitoring are the focus 
of future research. (5) The C-BCT was used in this study 
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to assess cognitive abilities. Additional neuropsychologi-
cal testing would be required to provide a more compre-
hensive assessment of other cognitive functions, such as 
visual learning and social cognition. In the future, joint 
assessments using multiple cognitive instruments will be 
conducted to improve the reliability of the study results. 
(6) Our study was also limited by ethical and technical 
barriers to cerebrospinal fluid (CSF) sample collection, 
which prevented simultaneous detection of CysC lev-
els from central nervous system sources, and therefore 
did not allow us to quantify the effect of altered blood–
brain barrier (BBB) permeability on serum CysC. Further 
exploration in animal models could be considered in the 
future.
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