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A negative linear dose-response correlation
between cystatin C and cognitive dysfunction in
stroke patients who have normal renal function.

Cystatin C might be a protective factor for
post-stroke cognitive dysfunction.

A

Abstract

Stroke is the leading cause of death and long-term disability worldwide, and cognitive impairment and dementia are major complications
of ischemic stroke. Cystatin C (CysC) has been found to be a neuroprotective factor in animal studies. However, the relationship between
CysC levels and cognitive dysfunction in previous studies has revealed different results. This prospective observational study investigated
the correlation between serum CysC levels and post-stroke cognitive dysfunction at 3 months. Data from 638 patients were obtained from
the China Antihypertensive Trial in Acute Ischemic Stroke (CATIS). Cognitive dysfunction was assessed using the Mini-Mental State Ex-
amination (MMSE) at 3 months after stroke. According to the MMSE score, 308 patients (52.9%) had post-stroke cognitive dysfunction.
After adjusting for potential confounding factors, the odds ratio (95% CI) of post-stroke cognitive dysfunction for the highest quartile of
serum CysC levels was 0.54 (0.30-0.98), compared with the lowest quartile. The correlation between serum CysC and cognitive dysfunction
was modified by renal function status. We observed a negative linear dose-response correlation between CysC and cognitive dysfunction
in patients with normal renal function (Pj;,e,, = 0.044), but not in those with abnormal renal function. Elevated serum CysC levels were
correlated with a low risk of 3-month cognitive dysfunction in patients with acute ischemic stroke, especially in those with normal renal
function. The current results suggest that CysC is a protective factor for post-stroke cognitive dysfunction, and could be used to treat
post-stroke cognitive dysfunction. The CATIS study was approved by the Institutional Review Boards at Soochow University from China
(approval No. 2012-02) on December 30, 2012, and was registered at ClinicalTrials.gov (identifier No. NCT01840072) on April 25, 2013.
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Introduction

Cognitive dysfunction is one of the most common compli-
cations of stroke (Tatemichi et al., 1994; Patel et al., 2002;
Zhang et al., 2018; He et al., 2019), and can lead to disabil-
ity, affect the ability to carry out activities of daily life, and
impair social functioning (Barker-Collo et al., 2010; Cum-
ming et al.,, 2013). The development of post-stroke cognitive
dysfunction may involve many factors (Guo et al., 2015).
Although some factors, including age, brain infarcts, stroke
severity, education levels, and medical history, are known
risk factors for post-stroke cognitive dysfunction (Desmond
et al., 2000; Henon et al., 2001; Vermeer et al., 2003), some
unknown potential factors still need to be studied to effec-
tively predict the risk of cognitive dysfunction after stroke.
Cystatin C (CysC) is an inhibitor of cysteine protease,
which is produced by almost all human cells and secreted
into the blood (Coll et al., 2000; Fliser and Ritz, 2001). Some
animal studies have demonstrated that CysC protects against
neuronal death (Olsson et al., 2004; Tizon et al., 2010), and
exogenous CysC has been found to play a protective role in
ischemic brain injury by reducing infarct volume in a mouse
focal ischemia/reperfusion injury model (Yang et al., 2015).
There have been inconsistent reports about the associations
between CysC levels and cognitive dysfunction in the gener-
al population (Wada et al., 2010; Slinin et al., 2015; Zhang et
al,, 2016). Furthermore, the association between serum CysC
levels and post-stroke cognitive dysfunction has not been
studied. We therefore investigated the association between
serum CysC levels and subsequent cognitive dysfunction
after stroke onset in a sample of patients from the China An-
tihypertensive Trial in Acute Ischemic Stroke (CATIS) study.

Subjects and Methods

Study design and patients with ischemic stroke

This prospective observational study was embedded within
the CATIS study, a multicenter, single-blind, randomized
clinical trial in China (He et al., 2014; Bu et al., 2016). In
this pre-planned ancillary study (Bu et al., 2016), 582 partic-
ipants were included in the current analysis (Figure 1 and
Table 1).

The Institutional Review Boards at Soochow University
from China (approval No. 2012-02) approved the present
study on December 30, 2012, as well as ethical committees of
the participating hospitals. Informed consent was obtained
from all patients’ legal guardians when the patients were
enrolled in the CATIS study. The CATIS trial was registered
at ClinicalTrials.gov (identifier No. NCT01840072) on April
25, 2013.

Data acquisition

We acquired the baseline data on demographic character-
istics at the time of enrollment, as well as medication his-
tory and clinical features (Brott et al., 1989; Pickering et al.,
2005). Blood samples were collected, and serum CysC levels
were tested by laboratory technicians blinded to the clinical
data and outcomes of the study participants. The detection
method is listed in Table 2 (Grubb et al., 2010).

Outcome assessment
The primary outcome was cognitive dysfunction (Zhong et
al., 2018) at 3 months after stroke onset, which was assessed

4071 patients from CATIS trial

v

Pre-planned to receive 3-month cognitive
function test (n = 660)

|
v v

Lost to follow-up at 3 Died during 3 months
months (n = 15) (n=7)

I |
v

Completing cognitive function tests at 3
months (n = 638)

Refused to offer blood samples or samples
hemolyzed (n = 56)

Patients eligible for analysis (n = 582)

Figure 1 Study participant flow chart.
CATIS: China Antihypertensive Trial in Acute Ischemic Stroke.

using the 20-item Mini-Mental State Examination (MMSE)
(Folstein et al., 1975), score < 27 (Pendlebury et al., 2010;
Webb et al., 2014; Delavaran et al., 2017)) by trained neu-
rologists. The MMSE has been translated into Chinese, and
this evaluation tool has been validated as a screening tool for
cognitive function and dementia in China.

Statistical analysis
The statistical analysis is shown in Table 3.

Results

Baseline characteristics of patients with acute ischemic
stroke

We compared the characteristics between patients enrolled
and those excluded at baseline (Table 4). The patients in-
cluded in the present study did not have significantly differ-
ent characteristics from those excluded at baseline. Among
the patients in our study (n = 582, mean age 60.5 + 10.4
years), the median serum CysC concentration was 0.77 mg/L
(interquartile range, 0.65-0.91 mg/L). A total of 112 (19.2%)
patients had abnormal renal function. The characteristics
based on the serum CysC quartiles at baseline are presented
in Table 5.

The association between serum CysC and cognitive
dysfunction

The median (interquartile range) MMSE score was 26
(22-29) at the 3-month follow up. According to MMSE cat-
egories, 308 (52.9%) participants had cognitive dysfunction.
After adjustment for potential confounders in models one,
two, and three, the odds ratios of cognitive dysfunction as-
sociated with the highest quartile of serum CysC levels were
0.56 (95% confidence interval (CI), 0.32, 0.98; P,..q= 0.044),
0.52 (95% CI, 0.29, 0.93; P,., = 0.029), and 0.54 (95% CI,
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0.30, 0.98; P,,,q = 0.041), respectively.

The association between serum CysC levels and cognitive
dysfunction was modified by renal function status (Pyerection
= 0.040). Furthermore, serum CysC was only associated with
cognitive dysfunction in patients with normal renal func-
tion, and not in those with abnormal renal function (Table
6). In the normal renal function group, after adjustment
for potential confounders in models 1-3, the odds ratios of
cognitive dysfunction associated with the highest quartile
of serum CysC levels were 0.48 (95% CI, 0.25, 0.90; Py..q =
0.022), 0.42 (95% CI, 0.22, 0.81; P,..,, = 0.010), and 0.45 (95%
CIL, 0.23, 0.88; P,,.,a = 0.020), respectively.

The correlation between serum CysC levels and cognitive
dysfunction was tested by logistic regression model with re-
stricted cubic splines according to the renal function status.
As shown in Figure 2A, there was no significant association
between serum CysC and cognitive dysfunction in patients
with abnormal renal function (P,ominearity = 0-6225 Piipeariey =
0.364). In contrast, the risk of post-stroke cognitive dys-
function at 3 months in patients with normal renal function

decreased with an increase of serum CysC levels (P,ouineariey =
0.249; Pyjeiy = 0.044, Figure 2B). Moreover, different trends
were observed in these two subgroups stratified by renal
function status.

Discussion

In this pre-planned ancillary study of the CATIS study, high
CysC levels at baseline were independently correlated with a
decreased risk of cognitive dysfunction 3 months after acute
ischemic stroke. In the secondary analysis, we further found
that renal function status modified this association. In addi-
tion, there was a negative linear dose-response correlation
between CysC and cognitive dysfunction in patients with
normal renal function, but not in those with abnormal renal
function. These results suggest that serum CysC might be a
protective factor for cognitive dysfunction after stroke, and
that this protective effect is modified by renal function status.

Previous studies have reported that age, brain infarcts,
stroke severity, education level, fasting plasma glucose levels
and medical history influence cognitive dysfunction (Des-

Table 1 Design, setting, and participants information in CATIS study and the present study

Variables Information

CATIS study

Participants and participating hospitals
4071)

Brief introduction

A multicenter, single-blind, blinded end-points randomized clinical trial in 26 hospitals across China (n =

In the CATIS study, 4071 patients with an adjudicated diagnosis of ischemic stroke by computed tomography

or magnetic resonance imaging of the brain within 48 hours after symptom onset were recruited from

August 2009 to May 2013.

Inclusion criteria 1. Age > 22 years

2. Having ischemic stroke confirmed by computed tomography or magnetic resonance imaging of the brain

within 48 h of symptom onset

3. Having an elevated systolic blood pressure between 140 and 220 mmHg

Exclusion criteria

1. Having a systolic blood pressure > 220 mmHg or diastolic blood pressure > 120 mmHg

2. Having severe heart failure, acute myocardial infarction, unstable angina, atrial fibrillation, aortic
dissection, cerebrovascular stenosis, resistant hypertension, and deep coma
3. Having been treated with intravenous thrombolytic therapy

Pre-planned ancillary study based on CATIS
Patients selection

CATIS trial participants were systemically selected prior to randomization from seven participating hospitals

for cognitive function assessment at their 3-month follow-up visit.

Eighty to 100 patients were recruited consecutively from each participating hospitals and the recruitment
was completed by November 2012.

A total of 660 patients were included in the pre-planned ancillary study.

Loss to follow-up

At the 3-month visit, 15 patients were lost to follow-up and 7 patients were deceased.

A total of 638 participants who completed the cognitive function tests at 3 months were included in the

present analysis.
Failed to test cystatin C

A total of 56 patients refused to offer blood samples and some collected samples were hemolyzed in storage

or transport, a total of 582 participants were finally included in the present analysis.

CATIS: China Antihypertensive Trial in Acute Ischemic Stroke (He et al., 2014; Bu et al., 2016).

Proniinearity = 0.622

linearity = 0 4

95% Cl

OR OR

Adjusted odds ratio
Adjusted odds ratio

Cystatin C (mg/L)
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Figure 2 Association of cystatin
C at baseline with odds ratios
(ORs) of cognitive impairment.
We use restricted cubic spline
regression to predict the odds
ratios and 95% confidence inter-
vals (CIs) with knots Elaced at the
5", 35", 65", and 95" percentiles
of baseline cystatin C levels ad-
justing for variables in model 3,
as shown in Table 3. (A) Patients
with estimated glomerular filtra-
tion rate < 90 mL/min per 1.73
m’; (B) patients with estimated
glomerular filtration rate > 90
mL/min per 1.73 m”.
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Table 2 Details of data collection and outcome assessment

Variables

Details of method

Baseline data
Stroke severity

Ischemic stroke
subtypes

Education
Blood pressure

Routine laboratory
determinations

Renal function

Cystatin C test

Blood sample
collection

Cystatin C assay kit
Quality control

Outcome assessment
Study outcome

Stroke severity was assessed using the National Institutes of Health Stroke Scale by trained neurologists at baseline

Trial of ORG 10172 in Acute Stroke Treatment (TOAST) classification criterion was used to classify the ischemic stroke subtypes
according to the symptoms and imaging data of the patients

1. Large-artery atherosclerosis (Thrombotic)

2. Cardiac embolism (Embolic)

3. Small-vessel occlusion (Lacunar)

Educational attainment was assessed as 0—17 magnitude from the uneducated to higher education.

Three blood pressure measurements were obtained at baseline while the patient was in the supine position using a standard mercury
sphygmomanometer according to European Society of Cardiology guidelines.

Routine laboratory determinations (fasting plasma glucose, blood lipids, etc.) were tested for all enrolled patients in each
participating hospital at admission

Assessment of renal function was based on estimated glomerular filtration rate calculated using the Chronic Kidney Disease
Epidemiology Collaboration creatinine equation with adjusted coefficient of 1.1 for the Chinese population.

According to the Kidney Disease: Improving Global Outcomes, we defined normal renal function as estimated glomerular filtration
rate > 90 mL/min per 1.73 m® and abnormal renal function as estimated glomerular filtration rate < 90 mL/min per 1.73 m”.

Blood samples were collected after at last 8 h of fasting within 24 h of hospital admission. All serum samples were separated and
frozen at —80°C in the Central Laboratory of School of Public Health in Soochow University, China until laboratory testing.

Serum Cystatin C levels were determined with a Cystatin C assay kit by latex enhanced immunoturbidimetric method (Sichuan
Maker Biotechnology Co., Ltd., China), and the Cystatin C calibrator was the primary reference material ERM-DA471/IFCC for
cystatin C assays

The range of Cystatin C measurement was from 0.13 to 7.80 mg/L. Intra- and inter-assay coeflicients of variation were less than 3.9%
and 4.8%, respectively.

The study outcome was cognitive impairment at 3 months after stroke onset assessed by trained neurologists using the Mini-Mental
State Examination.

The MMSE contains 20 items that test cognitive performance in domains including orientation, registration, attention and
calculation, recall, language, and visual construction.

MMSE has been translated into Chinese and validated as a screening tool for cognitive impairment and dementia in the Chinese
population. In this analysis, a score of < 27 on the Mini-Mental State Examination indicated cognitive impairment

Table 3 Statistical analysis

Variables

Details of statistical analysis

Baseline characteristics

Logistic regression analysis

Effect modification by renal

function

Statistical software

Baseline characteristics were compared between the four groups using the chi-square test, variance or Kruskal-Wallis tests
when appropriate.

Multiple-adjusted logistic regression analysis was used to estimate the risk of cognitive impairment by calculating odds ratio
(OR) and 95% confidence interval (CI).

Model 1 adjusted for age, sex, baseline National Institutes of Health Stroke Scale scores, education, current smoking, alcohol
drinking, systolic blood pressure, estimated glomerular filtration rate, body mass index, time from onset to randomization,
ischemic stroke subtype, and family history of stroke.

Model 2 included the factors in model 1 as well as the use of antihypertensive treatment and hypoglycemic treatment.
Model 3 included the factors in model 2 as well as medical history of hypertension, medical history of diabetes mellitus,
medical history of hyperlipidemia, and medical history of coronary heart disease.

Potential covariates for cognitive impairment were selected based on prior knowledge.

We tested the statistical significance of cystatin C quartiles x renal function status on the cognitive impairment in
multivariable logistic model by the likelihood ratio test.

We further evaluated the pattern and magnitude of associations between serum cystatin C and cognitive impairment using
a logistic regression model with restricted cubic splines among the patients without or with normal renal function, with four
knots (at the 5, 35", 65", and 95" percentiles).

Statistical analysis was conducted using SAS statistical software (version 9.4, Cary, NC, USA).

All P values were two-tailed, and a significance level of 0.05 was used.

mond et al., 2000; Henon et al., 2001; Vermeer et al., 2003).
Few studies have reported there to be a correlation between
serum CysC levels and cognitive dysfunction (Wada et al.,
2010; Slinin et al., 2015; Zhang et al., 2016). A cross-sec-
tional study showed that an increased level of serum CysC
was independently correlated with elevated risk of cognitive
dysfunction in 375 patients with type 2 diabetes (Zhang
et al., 2016). In another cross-sectional study, Wada et al.
(2010) found a correlation between CysC and cognitive

dysfunction, as well as cerebral small vessel disease, in 604
community-based elderly people in Japan. In Wada et al’s
study, participants with higher CysC levels seemed to have
lower MMSE scores, but this finding was not statistically
significant. Slinin et al. (2015) reported that CysC levels and
cognitive dysfunction presented a U-shaped association in
older women after ten years, but this finding was not statis-
tically significant after adjusting for potential confounding
factors. However, there have been no reports on the correla-
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Table 4 Baseline characteristics of acute ischemic stroke patients

Excluded Enrolled
Characteristics (n =3489) (n=1582) P-value
Demographic
Age (yr) 62.8£11.0 60.5+10.4 <0.001
Male sex 2199 (63.0) 405 (69.6) 0.002
Education (yr) 6.8+4.2 7.7+4.1 <0.001
Current cigarette smoking 1265 (36.3) 220 (37.8) 0.474
Current alcohol drinking 1057 (30.3) 196 (33.7) 0.102
Clinical features
Time from onset to 10.0 (4.5-24.0) 10.0 (5.0-24.0) 0.992
randomization (h)
Baseline systolic blood 165.9£16.9 167.3+16.6 0.083
pressure (mmHg)
Baseline diastolic blood 96.4+11.2 98.3£10.0 <0.001
pressure (mmHg)
Body mass index (kg/m®)  25.0£3.1 24.9+3.1 0.553
Baseline National Institute 4.0 (2.0-8.0) 4.0 (3.0-7.0) 0.427
of Health Stroke Scale score
Medical history
History of hypertension 2761 (79.1) 448 (77.0) 0.238
History of hyperlipidemia 235 (6.7) 42(7.2) 0.67
History of diabetes mellitus 622 (17.8) 97 (16.7) 0.497
History of coronary heart 383 (11.0) 61 (10.5) 0.722
disease
Family history of stroke 657 (18.8) 96 (16.5) 0.179
Receiving immediate blood 1756 (50.3) 282 (48.5) 0.402

pressure reduction

Continuous variables are expressed as the mean + standard deviation,
or as the median (interquartile range). Categorical variables are
expressed as the frequency (percent). Baseline characteristics were
compared between the four groups using the chi-square test, variance
or Kruskal-Wallis tests, where appropriate.

tion between serum CysC levels at baseline and subsequent
cognitive dysfunction after stroke onset. Based on a subset
in the CATIS trial, we investigated the correlation between
serum CysC levels at baseline and subsequent cognitive dys-
function after stroke onset. As age, stroke severity, education
level, and medical history are established influencing factors
for cognitive dysfunction (Desmond et al., 2000; Henon et
al., 2001), we adjusted for these confounding factors. We also
adjusted for glomerular filtration rate because renal function
status has also been associated with structural changes of the
brain and cognitive dysfunction in the elderly (Sink et al.,
2015). We found a significant correlation in all three models,
whereby an increased serum CysC was associated with a
decreased risk of cognitive dysfunction. Furthermore, serum
CysC in the highest quartile was associated with a decreased
risk of over 50% of subsequent cognitive dysfunction, as
measured by the MMSE score.

Renal dysfunction normally gives rise to higher CysC se-
rum levels. However, CysC is an indicator rather than an in-
dependent risk factor for renal dysfunction because it can be
completely reabsorbed and broken down in the renal tubules
due to the characteristics of freely filtering by the glomerulus
(Coll et al., 2000). Hence, we hypothesized that CysC can
have a range of normal values in clinical practice after isch-
emic stroke, and a lower level is not necessarily better. Name-
ly, higher CysC levels reflect renal dysfunction, which may
lead to subsequent post-stroke cognitive dysfunction, but
lower CysC levels can also induce post-stroke cognitive dys-
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function due to the neuroprotective feature of CysC. Indeed,
we found that renal function status modified the correlation
between serum CysC and cognitive dysfunction. Moreover,
serum CysC was negatively associated with cognitive dys-
function in patients with normal renal function. However,
the correlation between CysC levels and cognitive dysfunc-
tion was not statistically significant in patients with abnormal
renal function. Our findings do not contradict the detrimen-
tal effects of renal dysfunction on cognitive function (Ben
Assayag et al,, 2017) and may have two important clinical
implications. First, CysC level should be measured at hospital
admission to predict for post-stroke cognitive dysfunction
and adopt corresponding treatments. Second, CysC could be
considered as a target drug therapy for post-stroke cognitive
dysfunction, especially for those with normal renal function.
However, further large-scale prospective cohort studies are
warranted to replicate our observations, and intervention tri-
als are needed to validate our hypothesis. Our study also sug-
gests that the range of normal CysC values should be studied
in both healthy people and patients with ischemic stroke.

Several potential pathophysiological pathways could ex-
plain the mechanisms by which the increased CysC levels
were associated with a decreased risk of post-stroke cognitive
dysfunction. CysC may be an endogenous neuroprotectant. It
may exert its neuroprotective effect by preserving lysosomal
integrity, which could induce ischemic tolerance and might be
of great value for stroke treatment (Fang et al., 2017). In ad-
dition, the intracellular transport of CysC, as well as CysC se-
cretion, can be modulated by neuroglobin to prevent neurons
from dying due to oxidative stress (Wakasugi et al., 2004).
Several animal studies have reported that CysC itself is a neu-
roprotective factor. For example, in CysC gene knockout mice,
larger brain infarcts were found following focal ischemia,
which suggests that endogenous CysC is protective in focal
ischemia, probably through its inhibitory effect on the cathep-
sins during ischemia (Olsson et al., 2004). Furthermore, exog-
enous CysC can also play a protective role in reducing infarct
volume after ischemic brain injury (Yang et al., 2015).

Our study has several strengths. First, this observational
study recruited data from individuals who participated in
the CATIS study, which had precise quality controls in data
acquisition and outcome appraisal. Second, the relevant
covariates were controlled in the present study, which pro-
vides a more valid, appropriate, and rigorous evaluation of
the correlation between serum CysC levels and cognitive
dysfunction after ischemic stroke. Several limitations of our
study need to be considered. First, a selection bias might
exist, as the participants were from a random sample of the
CATIS trial. However, we found that the patients in our
study had similar baseline characteristics to patients of the
China National Stroke Registry (Luo et al., 2014). Thus, the
selection bias was likely to be minimal. Second, there might
be some residual confounding factors that we could not fully
eliminate, although several known confounding factors were
controlled in the multi-variable correction models. Third, it
was difficult to carry out complicated tests of cognitive status
in the acute phase of ischemic stroke. Therefore, we could
not test cognitive function at baseline using the MMSE and
control it as a potential confounding factor. However, the
National Institutes of Health Stroke Scale has a subset cogni-
tive dysfunction evaluation, which has almost the same diag-
nostic value as the MMSE (area under the ROC curve (AUC)
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Table 5 Characteristics of participants according to serum Cystatin C

Cystatin C (mg/L)

Total (1 = 582) <0.65(n=136)  0.65-0.77 (n =143) 0.77-0.91 (n = 152) >0.91 (n = 151)

Demographic
Age (yr) 60.5+10.4 57.4+10.2 59.1£9.7 60.4+10.1 64.9+£10.0
Sex (male) 405 (69.6) 87 (64.0) 105 (73.4) 102 (67.1) 111 (73.5)
Education 7.7+4.1 8.5+4.1 8.1+3.8 7.0+4.0 7.244.2
Current cigarette smoking 220 (37.8) 55 (40.4) 47 (32.9) 59 (38.8) 59 (39.1)
Current alcohol drinking 196 (33.7) 54 (39.7) 55 (38.5) 50 (32.9) 37 (24.5)
Clinical features
Time from onset to randomization 10.0 (5.0, 24.0) 9.0 (4.5, 24.0) 10.0 (5.0, 22.5) 12.0 (4.0, 24.0) 10.5 (5.8, 24.0)
Baseline systolic blood pressure (mmHg) 167.3+16.6 165.6+18.4 167.4+16.3 167.1£15.2 168.7£16.5
Baseline diastolic blood pressure (mmHg) 98.3£10.0 98.6+10.5 99.4+8.8 97.9£10.5 97.3£10.3
Body-mass index (kg/m®) 24.9+3.1 24.6%2.5 25.1+3.2 25.3+3.4 24.4%+3.0
Baseline National Institute of Health Stroke Scale 4.0 (2.0, 7.0) 4.0 (2.0,7.0) 4.0 (3.0,7.0) 4.0 (2.0,7.0) 4.0 (3.0,7.0)

score

Estimated glomerular filtration rate 105.5 (94.9, 113.6) 112.2 (105.3,119.9) 108.8 (99.7,115.7) 103.8 (95.8, 110.5) 94.2 (74.7, 104.8)

(mL/min per 1.73 m®)

Medical history
History of hypertension 448 (77.0) 97 (71.3) 111 (77.6) 116 (76.3) 124 (82.1)
History of hyperlipidemia 42 (7.2) 11 (8.1) 12 (8.4) 9 (5.9) 10 (6.6)
History of diabetes mellitus 97 (16.7) 29 (21.3) 22 (15.4) 20(13.2) 26 (17.2)
History of coronary heart disease 61 (10.5) 17 (12.5) 11 (7.7) 14 (9.2) 19 (12.6)
Family history of stroke 96 (16.5) 30 (22.1) 24 (16.8) 24 (15.8) 18 (11.9)
Ischemic stroke subtype
Thrombotic 371 (63.8) 91 (66.9) 88 (61.5) 103 (67.8) 89 (58.9)
Embolic 23 (4.0) 2 (1.5) 4(2.8) 6 (4.0) 11(7.3)
Lacunar 197 (33.9) 45 (33.1) 53 (37.1) 46 (30.3) 53 (35.1)
Abnormal renal function’ 112 (19.2) 6 (4.4) 17 (11.9) 25 (16.5) 64 (42.4)
Treatment
Receiving immediate blood pressure reduction 282 (48.5) 68 (50.0) 75 (52.5) 67 (44.1) 72 (47.7)
Use of hypoglycemic treatment 97 (18.0) 22 (16.7) 25 (18.5) 18 (13.5) 32 (22.9)

Continuous variables are expressed as mean * standard deviation, or as median (interquartile range). Categorical variables are expressed as
frequency (percent).  Abnormal renal function: estimated glomerular filtration rate < 90 mL/min per 1.73 m’ (Levey et al., 2011).

Table 6 Odds ratios (ORs) and 95% confidence interval (CIs) for the risk of cognitive impairment according to cystatin C quartiles

Cystatin C (mg/L)

Subjects” Variable <0.65 0.65-0.77 0.77-0.91 >0.91 Piond
Totle population MMSE score < 27 [n (%)]" 72 (52.9) 75 (52.5) 81 (53.3) 80 (53.0)
Model 1 1 0.80 (0.48-1.34) 0.83 (0.49-1.38) 0.56 (0.32-0.98) 0.044
Model 2 1 0.73 (0.43-1.23) 0.78 (0.46-1.33) 0.52 (0.29-0.93) 0.029
Model 3 1 0.73 (0.43-1.25) 0.79 (0.46-1.35) 0.54 (0.30-0.98) 0.041
eGFR < 90 mL/min per 1.73 m’ MMSE score < 27 [n (%)] 3 (50) 8 (47.1) 15 (60) 39 (60.9)
Model 1 1 0.13(0.01-2.31)  0.28 (0.02-4.1) 0.43 (0.04-4.89)  0.498
Model 2 1 0.13 (0.01-2.33)  0.25(0.02-3.95)  0.42 (0.03-5.37)  0.507
Model 3 1 0.15(0.01-2.8) 0.3 (0.02-4.82) 0.51 (0.04-6.51) 0.602
eGFR = 90 mL/min per 1.73 m’ MMSE score < 27 [n (%)] 69 (53.1) 67 (53.2) 66 (52) 41 (47.1)
Model 1 1 0.90 (0.53-1.53) 0.88 (0.51-1.51) 0.48 (0.25-0.90) 0.022
Model 2 1 0.82(0.48-1.43) 0.85 (0.48-1.49) 0.42 (0.22-0.81) 0.01
Model 3 1 0.84 (0.48-1.47)  0.86 (0.48-1.53)  0.45(0.23-0.88)  0.02

*The total population and subgroup analysis. fMMSE score < 27 indicates cognitive impairment. Model 1: Adjusted for age, sex, baseline National
Institute of Health Stroke Scale scores, education, current smoking, alcohol drinking, systolic blood pressure, eGFR, body mass index, time from
onset to randomization, ischemic stroke subtype, and family history of stroke; Model 2: adjusted for Model 1 and further adjusted for use of
antihypertensive treatment and hypoglycemic treatment; Model 3: adjusted for Model 2 and further adjusted for medical history (hypertension,
diabetes mellitus, hyperlipidemia, and coronary heart disease). eGFR: Estimated glomerular filtration rate; MMSE: Mini-Mental State Examination.

values of 0.78 and 0.84, respectively) (Cumming et al., 2010).
Moreover, cognitive function at baseline was also largely
correlated with the National Institutes of Health Stroke Scale
score and other characteristics at admission that were adjust-

ed for, which suggests that this potential confounding influ-
ence was likely to be minimal. Fourth, post-stroke cognitive
function was only assessed using the MMSE. Therefore, fur-
ther studies using other cognitive tests are needed to validate
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our findings in patients with ischemic stroke.

Elevated serum CysC levels in the acute stage of ischemic
stroke were correlated with a decreased risk of 3-month
cognitive dysfunction, especially in those with normal renal
function. CysC may therefore be a protective factor for cog-
nitive dysfunction after ischemic stroke. In addition, CysC
levels may have a range of normal values in clinical practice.
Further prospective studies are needed in other samples to
replicate our findings.
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