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Objective: Cognitive impairment after stroke/transient ischemic attack (TIA) has a high prevalence. Cystatin C (CysC) has been
found as a novel biomarker of neurodegenerative diseases, such as dementia and Alzheimer’s disease. We aimed to explore the
possible correlations of serum CysC level with cognitive impairment in patients who had mild ischemic stroke and TIA after 1 year.
Methods: We measured serum CysC level in 1025 participants with a minor ischemic stroke/TIA from enrolled from the Impairment
of Cognition and Sleep (ICONS) study of the China National Stroke Registry-3 (CNSR-3). They were divided into four groups
according to quartiles of baseline CysC levels. Patients’ cognitive functions were assessed by Montreal Cognitive Assessment
(MoCA)-Beijing at day 14 and at 1 year. Multiple logistic regression models were performed to evaluate the relationship between
CysC and post-stroke cognitive impairment (PSCI) at 1-year follow-up.

Results: Cognitive impairment was defined as MoCA-Beijing <22. Most patients were in 60s (61.52+10.97 years old) with a median
(interquartile range) National Institute of Health Stroke Scale(NIHSS) score of 3.00 (4.00) and greater than primary school level of
education, and 743 participants (72.49%) were male. Among the 1025 participants, 331 participants (32.29%) patients suffered PSCI at
1-year follow-up. A U-shaped association was observed between CysC and 1-year PSCI [quartile (Q)1 vs Q3: adjusted odds ratio
(aOR) 2.69, 95% CI 1.67-4.34, p < 0.0001; Q2 vs Q3: aOR 1.63, 95% CI 1.03-2.57, p = 0.0354; Q4 vs Q3: aOR 1.83,95% CI 1.16—
2.87, p = 0.009]. Moreover, the U-shaped trends were also found between CysC level and the subscores of attention, recall, abstraction
and language in MoCA.

Conclusion: CysC showed a U-shaped correlation with 1-year overall cognitive function. It is probable that measurement of the
serum CysC level would aid in the early diagnosis of PSCI.

Keywords: mild stroke, post stroke cognitive impairment, cystatin C

Introduction
Long-term cognitive impairment is a common complication of acute ischemic stroke (AIS)/transient ischemic attack
(TIA). Although neurological deficits may return to a certain extent (transient cognitive impairment [TCI]), cognitive
recovery does not necessarily consistent with physical recovery. About 40% of patients had a TCI within 7 days after TIA
compared to only 19% of those seen after 7 days.' There are both transient and long-term cognitive impairment after
TIA.? This TCI (rather than the absolute cognitive level) predicted subsequent cognitive decline. Approximately 58.82%
of patients experienced cognitive impairment after stroke in acute phase.’ It may affect the quality of life, and predict
dependency” and death.’

Cystatin C (CysC) is an endogenous protein inhibitor of cysteine protease. It plays a wide range of biological roles, ranging
from regulating normal tissue processes such as cell proliferation and growth to modulating potentially pathogenic events,
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including infection,’ and neurodegenerative diseases such as dementia, Alzheimer’s disease (AD).” CysC was reported as
a predictive marker of cardiovascular diseases® and AIS.’ CysC has been thought to be related to the clinical manifestations of
cognitive impairment.'®'* There have been several studies demonstrating that CysC inhibited the aggregation of cerebral
amyloid protein (AB) and potentially prevented cognitive impairment in AD."? It indicated that low level of CysC combined with
increased cysteines protease and amyloid protein aggregation,'* which has direct cytotoxic effects on brain tissue and leads to
cognitive impairment.'> On the other hand, cohort studies evaluated the association between CysC and cognitive functions in
older adults, indicating that higher CysC level was associated with worse cognitive function.'® One meta analysis showed that
CysC level was associated with the risk of mild cognitive impairment (MCI) in the Asian population but not in the Caucasian
population, and it could be considered as a predictor for the risk of cognitive impairment.'” Moreover, the increased CysC level
predicted the high risk of PSCI at 3-month of follow-up.'®'” However, those studies only focused on short-term cognitive
function and did not analyze the long-term cognition.

In this analysis of the Impairment of Cognition and Sleep quality (ICONS), we aimed to assess the association
between CysC level and cognitive outcomes at 1 year among patients with AIS/TIA.

Methods

Participants

Patients in this study are from the ICONS subgroup of CNSR-III database. CNSR-III is a multicenter (201 hospitals)
prospective registry. It consecutively recruited AIS or TIA in-hospital patients within 7 days after onset between
August 15, 2015, and January 2018, with 1-year follow-up finished in March 2019.'® There are 2625 patients enrolled
in ICONS, and finally, 1025 patients perform the MoCA-Beijing and CysC test at baseline (within two weeks of index
cerebrovascular event) and at 1 year after AIS/TIA by trained research psychologists.

The inclusion criteria for patients in this study were: (i) aged over 18 years older; (ii) diagnosed with AIS or TIA in
hospital within 7 days; Patients’ ischemic stroke/TIA are diagnosed according to World Health Organization criteria
(acute onset of neurological deficit, persisting for >24 hours in case of stroke, or for <24 hours in case of TIA), and
confirmed with brain CT or MRI; (iii) no history of severe cognitive impairment, schizophrenia or mental disease; (VI)
the absence of any factors affecting cognitive tests, for instance, visual or hearing disorders, severe unilateral neglect,
severe aphasia defined as National Institutes of Health Stroke Scale (NIHSS) item 9 > 2, or consciousness disorders.

Data collection for ICONS was approved by the ethics committee of all participating hospitals. Prior to data
collection, all participants or their legal representatives signed written informed consents.

Procedure

Data Collection

Demographics (age, gender, smoking, drinking, body mass index and educational level), and evaluation of medical
histories (stroke, hypertension, hypercholesterolemia, diabetes, coronary artery disease, atrial fibrillation, heart failure
and epilepsy) were collected.

The 7-item Generalized Anxiety Disorder Scale (GAD) and Patient Health Questionnaire-9 (PHQ-9) were used to
assess participants’ anxiety and depression status. In addition, a detailed physical examination was completed, and
several parameters, including the modified Rankin Scale (mRS), Trial of ORG 10172 in Acute Stroke Treatment
(TOAST) type, NIHSS score, and Glasgow Coma Scale. The blood samples were gathered within 24h of admission
and transported through the cold chain to the central laboratory in Beijing Tiantan Hospital. All serum samples were kept
frozen at —80°C until ready for assay. The level of CysC was detected by the immunoturbidimetric method (Roche Cobas
¢501 analyzer with cystatin C assay); coefficient of variation (CV) was 2%.

Outcome Evaluation
The MoCA-Beijing was used to assess global cognition and detect PSCI. The MoCA-Beijing was developed with the
following modifications as previous study showed.'® The primary outcome was PSCI at 1 year after AIS or TIA. Patients
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who have MoCA-Beijing <22 were regarded as cognitive impairment. This norms were on the basis of our previous
results recruited 102 AIS or TIA patients at 2 weeks and evaluated by a formal neuropsychological test.> The data
showed that the optimal cutoff point for MoCA-Beijing in discriminating patients with or without cognitive impairment
(NCI) was 22/23. The sensitivity was 85%, and the specificity was 88%.

Statistical Analysis

Normally distributed continuous variables were described as mean+ SD and analyzed by two-tailed t-tests. Skewed data
were described as median (interquartile range) and analyzed using nonparametric tests. Categorical variables were
analyzed by chi-square test. Patients in this study were categorized into 4 groups by CysC quartiles. Multivariable
logistic regression analysis was used to evaluate the association among CysC level and PSCI. The quartile 3 of the
CysC was used as a reference value in the multivariate analysis. The 2 models were performed. Model 1 was adjusted for
age, gender and educational level; Model 2 was additionally adjusted for smoking, hypertension, diabetes, coronary heart
disease, history of stroke, atrial fibrillation, estimated glomerular filtration rate (eGFR), TOAST type, the scores of
baseline NIHSS, MoCA and pre-mRS. P < 0.05 was considered statistically significant. All statistical analyses were
conducted using SAS version 9.4 (SAS Institute Inc, Cary, NC).

Results

Baseline Characteristics

There were 2625 patients enrolled in the ICONS study. We excluded 1600 patients missing CysC data on admission and
MoCA results at the 1-year follow-up. Finally, 1025 patients were involved in the current analysis (Figure 1). Most of
those patients were at their 60 years (61.52+10.97 years old), and 743 participants (72.49%) were male. The ranges of
CysC for quartiles (Q1-Q4) were defined as follows: Q1 < 0.84mg/l, 0.84mg/l < Q2 < 0.95mg/l, 0.95mg/l < Q3 <
1.09mg/l and Q4 > 1.09 mg/l. The differences in demographics and clinical characteristics of patients among different
CysC level groups are shown in Table 1. Significant differences in age, gender, smoking, previous history of stroke,
diabetes, coronary heart disease, atrial fibrillation, TOAST classification, eGFR level, the scores of baseline NIHSS,
MoCA and pre-mRS were observed among the groups with different CysC levels (Table 1). In cognitive domains, data
showed dramatically difference in attention, recall, abstraction and language (Table 1).

Logistic Regression Analysis
A total of 331 participants (32.29%) suffered from PSCI in 1-year follow-up (Table 2). The 1-year incidence of PSCI
among the groups with different CysC levels (from low to high) was 25.98, 23.56, 17.22, and 33.23%, respectively

Patients recruited in the Impairment of Cognition and Sleep (ICONS) subgroup of CNSR-III 2625 patients

A total of 1164 patients miss
1-year MoCA score data

A total of 1461 patients

A total of 436 patients miss
serum baseline cystain C data

A

A total of 1025 patients were included for analysis

Figure | Flowchart of patients participating in the study.
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Table | Demographic, Clinical Characteristics and Outcomes of Patients with Different Cystatin C Ranges at | Year

Baseline Cystatin C (mg/l) p value
QI1(<0.84) Q2(0.84-0.95) Q3(0.95-1.09) Q4(=1.09)
N=251(24.49%) | N=261(25.46%) | N=254(24.78%) | N=259(25.27%)
Demographic characteristics
Average Age (year) 56.84+9.84 60.01£10.37 62.46x11.01 66.66+10.30 <0.000 | **
Gender (Male,%) 155(61.75) 202(77.39) 191(75.20) 195(75.29) 0.0002**
Education level 0.13
Elementary or below 59(23.51) 59(22.61) 65(25.59) 67(25.87)
Middle school 87(34.66) 105(40.23) 91(35.83) 80(30.89)
High school or above 89(35.56) 87(33.33) 91(35.83) 90(34.75)
Unknown 16(6.37) 10(3.83) 7(2.76) 22(8.49)
Current smoker (n,%) 67(26.69) 104(39.85) 94(37.01) 88(33.98) 0.013%*
Heavy drinker(>60g/d, n,%) 33(13.15) 40(15.33) 51(20.08) 43(16.60) 0.20
BMI 24.79+3.10 24.84+3.25 24.65+2.99 25.32+3.42 0.29
Previous stroke(n,%) 36(14.34) 50(19.16) 54(21.26) 65(25.10) 0.022%*
Hypertension(n,%) 161(64.14) 154(59.00) 163(64.17) 178(68.73) 0.14
Diabetes(n,%) 77(30.68) 64(24.52) 50(19.69) 55(21.24) 0.02%*
Hypercholesterolemia(n,%) 28(11.16) 26(9.96) 31(12.20) 30(11.58) 0.87
Coronary heart disease(n,%) 17(6.77) 29(11.11) 35(13.78) 46(17.76) 0.0018**
Heart failure(n,%) 0.00(0.00) 0.00 (0.00) 1.00 (2.56) 3.00 (5.26) 0.41
Atrial fibrillation(n,%) 7(2.79) 6(2.30) 14(5.51) 28(10.81) <0.000 | **
Epilepsy(n,%) 1(0.40) 0(0.00) 1(0.39) 1(0.39) 0.79
eGFR, mL/min/1.73 m2 107.91+£32.34 98.02+17.71 93.28+37.40 77.37+30.22 <0.000 | **
TOAST classification(n,%) 0.0013**
Large artery atherosclerosis 68(27.09) 60(22.99) 58(22.83) 76(29.34)
Cardiogenic embolism 11(4.38) 9(3.45) 15(5.91) 28(10.81)
Small artery occlusion 54(21.51) 72(27.59) 71(27.95) 43(16.60)
Others 3(1.20) 1(0.38) 4(1.57) 0(0.00)
Unknown 115(45.82) 119(45.59) 106(41.73) 112(43.24)
Stroke onset to enrollment time (day), median (IQR) | 1.00 (0.00-2.00) 1.00 (0.00-2.00) 1.00 (0.00-2.00) 1.00 (0.00-2.00) 0.80
Baseline neurological function(n,%) 0.023*
NIHSS=0 34(13.55) 37(14.18) 50(19.69) 28(10.81)
NIHSS=1 34(13.55) 37(14.18) 48(18.90) 33(12.74)
NIHSS=2 36(14.34) 51(19.54) 29(11.42) 44(16.99)
NIHSS=3 30(11.95) 36(13.79) 37(14.57) 42(16.22)
NIHSS>3 117(46.61) 100(38.31) 90(35.43) 112(43.24)
Affective symptoms, median (IQR)
GAD-7 at 2weeks, median (IQR) 1.00(0.00—4.00) 1.00 (0.00-3.00) 1.00 (0.00-3.00) 1.00 (0.00-4.00) 0.14
PHQ-9 at 2weeks, median (IQR) 2.00 (0.00-5.00) | 2.00 (0.00—4.00) | 2.00 (0.00-5.00) | 3.00 (0.00-6.00) 0.19
MoCA-2w/30 24.10+4.91 24.94+5.39 24.57+4.33 22.62+5.64 0.0001**
Visuo-executive/5 341£1.64 3.54+1.43 3.56£1.47 3.18+1.66 0.07
Attention/6 5.41£1.08 5.48+0.95 5.46+0.96 5.09+1.38 0.0017%*
Recall/ 5 2.87£1.60 291£1.59 2.80%1.61 2.53%1.57 0.0349**
Orientation/6 5.71£0.75 5.71£0.74 5.70£0.70 5.51%1.07 0.07
Abstraction/2 1.45+0.76 1.50+0.68 1.54+0.68 1.360.73 0.0308**
Language/3 2.27+0.85 2.33+0.8I 2.33+0.80 2.11£0.93 0.0181**
Naming/3 2.64+0.83 2.79+0.59 2.80+0.58 2.71£0.70 0.09
3 score of MoCA 2.3845.51 2.49+4.58 2.66+4.94 3.04+5.74 0.66
Recurrence of AlS at 3 m 15(5.98) 9(3.45) 12(4.72) 11(4.25) 0.58
Recurrence of AlS at 12 m 22(8.76) 12(4.60) 19(7.48) 21(8.11) 0.27
(Continued)
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Table | (Continued).
Baseline Cystatin C (mg/l) p value

QI1(<0.84) Q2(0.84-0.95) | Q3(0.95-1.09) | Q4(=1.09)

N=251(24.49%) | N=261(25.46%) | N=254(24.78%) | N=259(25.27%)
Recurrence of haemorrhagic at 3 months(n,%) 1.00 (0.40) 0.00 (0.00) 1.00 (0.39) 0.00 (0.00) 0.56
Functional outcome, median (IQR)
Baseline pre-mRS 1.00 (1.00-2.00) 1.00 (1.00-2.00) 1.00 (1.00-2.00) 1.00 (1.00-3.00) 0.0033**
2-week mRS 1.00 (0.00-1.00) 1.00 (0.00-1.00) 1.00 (0.00-1.00) 1.00 (0.00-2.00) 0.11

Notes: **: <0.01,*:<0.05.
Abbreviations: BMI|, Body Mass Index; NIHSS, National Institutes of Health Stroke Scale; eGFR, estimated glomerular filtration rate; PSQI, Pittsburgh Sleep Quality Index;
ESS, Epworth Sleeping Scale; GAD-7, Anxiety Disorder-7; PHQ-9, Patient Health Questionnaire-9.

Table 2 Logistic Regression Analysis of Cognitive Outcomes at 12 m in AlS Participants

Outcome Events n(%) Unadjusted, OR(95% CI) P value Model | P value Model 2 P value
MoCA<22

CysC Ql 86(25.98) 1.80(1.22-2.67) 0.0034** 2.45(1.60-3.75) <0.0001** | 2.69(1.67—4.34) <0.000 | **
Q2 78(23.56) 1.47(0.99-2.19) 0.0555 1.72(1.14-2.61) 0.0105%* 1.63(1.03-2.57) | 0.0354**
Q3 57(17.22) Reference - Reference - Reference -

Q4 110(33.23) 2.55(1.74-3.75) <0.0001** | 2.30(1.53-3.44) <0.000 | ** 1.83(1.16-2.87) | 0.009**

Notes: Model | adjusted for age, gender and education. Model 2 adjusted for age, gender, education, smoking, hypertension, diabetes, coronary heart disease, history of
stroke, atrial fibrillation, eGFR, TOAST type, NIHSS score, pre-mRS score and baseline MoCA score. **: <0.01,*: <0.05.

(Table 2). After adjustment for conventional covariables (Model 1) and further adjustment for smoking, hypertension,
diabetes, coronary heart disease, history of stroke, atrial fibrillation, eGFR, TOAST type, NIHSS score, pre-mRS score
and MoCA score at baseline in model 2, patients in the first and last CysC quartiles (Q1 and Q4) had worse cognitive
function (MoCA < 22) compared with the third quartile [quartile (Q)1 vs Q3: adjusted odds ratio (aOR) 2.69, 95% CI
1.67-4.34, p <0.0001; Q2 vs Q3: aOR 1.63, 95% CI 1.03-2.57, p = 0.0354; Q4 vs Q3: aOR 1.83,95% CI 1.16-2.87,p =
0.009]. A U-shaped association was observed between CysC and 1-year incidence of cognitive impairment in all the
included patients (Figure 2).

Subgroup Analysis

CysC level for 1-year incidence of cognitive impairment and ORs for cognitive impairment at 1-year by age, gender,
etiology of stroke and educational level are shown in Table 3 and Figure 3. There was no heterogeneity in the effects of
CysC level on the primary outcome between subgroups classified by age, gender, TOAST subtypes, and educational
level. In cognitive domain analysis, data show there were U-shape trends among CysC level and scores of attention,
recall, abstraction and language (Figure 4).

Discussion
In this prospective study, we explored the relationship between serum CysC level and long-term PSCI in patients with
AIS/TIA. Data showed several great discoveries in this study. First, it demonstrated a U-shaped correlation between
serum CysC level and long-term PSCI. Second, in cognitive sub-domains, the data showed that both low and high CysC
levels were associated with attention, recall, abstraction and language.

The U-shaped correlation between CysC level and long-term cognitive impairment means low level of CysC has
a deleterious association on cognition after AIS/TIA. At present, the relationship between serum CysC level and PSCI is
not clear. A clinical study found that increased serum CysC level in patients with norm renal function was related to
a lower risk of cognitive impairment at 3 months.?® CysC is a crucial endogenous protective factor against stroke and can
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Figure 2 Association of CysC level with |-year PSCI in all patients with AIS/ TIA. The solid line indicates estimated odds ratio and the dashed lines the 95% confidence
interval bands. Reference is third quartile of CysC.

be an independent predictor of ischemic stroke.?' Several studies have shown an association between CysC level and
cognitive dysfunction.””** Previous studies showed that CysC binded AB and inhibited formation of AB fibrils and
oligomers, suggesting that a decreased CysC level was linked to AD.**** CysC could also change amyloid protein
precursor processing and protect against AP production in AD.** More recently, multiple studies have shown an
association between the CysC gene (CST3) and late-onset AD.>> AD patients showed significantly reduced CysC level
in CSF than non-dementia controls.”® A clinical study found that increased serum CysC level in stroke patients was
related to a lower risk of cognitive impairment at 3 months, suggesting that CysC was a protective factor for PSCI.*
On the other hand, some studies indicated that serum CysC was a risk factor for cognitive impairment.”” > Furthermore, the
serum CysC level was shown to be associated with long-term dementia risk in older patients.*® Serum CysC level was increased
at acute phase after minor ischemic stroke, and higher serum CysC level at baseline might be an independent risk factor for
PSCI.** Another study suggested that high serum CysC level increased the risk of vascular dementia.'® High CysC level is an
independent risk factor of cognitive impairment after lacunar infarction.”® Additional underlying mechanisms are suggested.
CysC as a cysteine protease inhibitor is reported to be involved in the pathophysiological processes of atherosclerosis and
plaque instability.*! Our previous study found that the CysC showed a U-shaped correlation with poor outcome after stroke,
especially in small artery occlusion group.” Similarly, other studies reported that high CysC level was found to be associated
with unfavourable outcomes in AIS patients treated with intravenous alteplase™” and futile recanalization treatment.*® All these
studies suggested high CysC level involved in the vascular pathophysiology. Increasing pieces of evidence revealed that serum
CysC level was associated with periventricular hyperintensities.>* The serum CysC level in patients with acute stroke
complicated with intracranial microhemorrhage was significantly higher than patients without microhemorrhage and proved
that CysC was an independent risk factor for intracranial microhemorrhage.**> The pathologic changes under periventricular
hyperintensities and microhemorrhage were finally leading to cognitive dysfunction.>> However, a few studies showed no
significantly difference in CysC level between Caucasian patients with MCI and controls.>*>® Another study demonstrated
significantly increased plasma CysC level in all cohorts of African American, Hispanic, and White amnestic MCI patients
compared with controls. When corrected for ethnicity and disease status, plasma level of CysC was only significantly higher in
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Table 3 Subgroup Analysis of Association Between CysC and Cognitive Function**: <0.01,*: <0.05.

Subgroup Outcome Events(%) Unadjusted, P value Interaction P
OR(95% CI)
Age 0.8237
<60 years CysC Ql 43(42.16) 2.76(1.37-5.58) 0.0046**
Q2 26(25.49) 1.81(0.86-3.81) 0.1188
Q3 12(11.76) Reference -
Q4 21(20.59) 2.89(1.31-6.39) 0.0087+*
260years CysC QI 43(18.78) 1.85(1.10-3.11) 0.0211*
Q2 52(22.71) 1.56(0.96-2.54) 0.0741
Q3 45(19.65) Reference -
Q4 89(38.86) 2.29(1.47-3.59) 0.0003**
Gender Male CysC QI 50(22.22) 1.69(1.05-2.73) 0.0324* 0.7359
Q2 57(25.33) 1.40(0.88-2.21) 0.1560
Q3 42(18.67) Reference -
Q4 76(33.78) 2.27(1.45-3.54) 0.0003**
Female CysC QI 36(33.96) 1.92(0.94-3.91) 0.0725
Q2 21(19.81) 1.77(0.81-3.89) 0.1559
Q3 15(14.15) Reference -
Q4 34(32.08) 3.63(1.70-7.75) 0.0009%*
TOAST type Large artery atherosclerosis CysC QI 29(29.29) 2.34(1.08-5.05) 0.0307* 0.8618
Q2 21(21.21) 1.69(0.76-3.77) 0.1985
Q3 14(14.14) Reference -
Q4 35(35.35) 2.68(1.27-5.69) o.0l01*
Cardiogenic embolism CysC QI 3(12.50) 1.50(0.24-9.38) 0.66
Q2 3(12.50) 2.00(0.31-13.06) 0.47
Q3 3(12.50) Reference -
Q4 15(62.50) 4.62(1.06-20.01) 0.041*
Small artery occlusion CysC QI 20(30.30) 2.62(1.16-5.94) 0.0206*
Q2 16(24.24) 1.28(0.56-2.89) 0.5612
Q3 13(19.70) Reference -
Q4 17(25.76) 2.92(1.24-6.88) 0.0144*
Unknown CysC Ql 33(23.91) 1.30(0.71-2.38) 0.3892
Q2 37(26.81) 1.46(0.81-2.65) 0.2097
Q3 25(18.12) Reference -
Q4 43(31.16) 2.02(1.12-3.64) 0.0192*
Education level Elementary or below CysC Ql 27(22.69) 1.27(0.62-2.58) 0.5174 0.9018
Q2 28(23.53) 1.36(0.67-2.76) 0.4034
Q3 26(21.85) Reference -
Q4 38(31.93) 1.97(0.98-3.93) 0.0559
Middle school CysC QI 33(29.20) 2.32(1.19-4.51) 0.0134*
Q2 30(26.55) 1.52(0.78-2.93) 0.2163
Q3 19(16.81) Reference -
Q4 31(27.43) 2.40(1.22-4.72) 0.0113*
High school or above CysC QI 19(24.36) 1.79(0.81-3.94) 0.1504
Q2 18(23.08) 1.72(0.77-3.82) 0.1844
Q3 12(15.83) Reference -
Q4 29(37.18) 3.13(1.48-6.63) 0.0029%*

Hispanic amnestic MCI female patients compared with the Hispanic age-matched control group.*® One meta analysis showed
that CysC was associated with the risk of MCI in the Asian population but not in the Caucasian population.'” The relationship
between CysC level and cognitive impairment might be related to ethnicity. This study is the first to find a nonlinear relationship
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Education level Elementary or below cyscQl 27(22.69) o 1.27(0.62-2.58) 0.9018
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Highyschiool orabiove cysc Qi 19(24.36) _ 1.79(0.81-3.94)
Q2 18(23.08) ] 1.72(0.77-3.82)
Q3 12(15.83) 1
Q4 29(37.18) 3.13(1.48-6.63)
[ T T 1
0.5 1 2 4

Figure 3 Subgroup analysis of association between CysC groups and |-year PSCI in patients with AIS/ TIA.

between CysC level and 1-year PSCI after AIS/TIA, adding evidence of bilateral effects of CysC level on cognitive
impairment. Previous study showed that elevated CysC level was closely related to the occurrence of PSCI in stroke patients
at 3 months follow-ups.”® The differences may be explained by the different sample sizes, cognitive evaluation time and
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Figure 4 The analysis of association between CysC level and different cognitive domains after |-year in patients with AIS/ TIA.

adjustment of confounders, and these studies explored the possibility of a linear relationship rather than a nonlinear
relationship.

CysC level might be an independent risk factor for overall cognitive impairment.** However, the impact of CysC on
different cognitive domains remains unclear. In this study, we also found the U-shaped trend between CysC level and
scores of attention, recall, abstraction and language. As previous study reported that the relationship between CysC level
and periventricular hyperintensities and microhemorrhage, which was closely associated with frontal lobe dysfunction,
particularly with attention, executive dysfunction.>* The microhemorrhage was closely related to cognitive dysfunction,
such as executive function, memory and abstract thinking.> It indicated that attention, recall, abstraction and language
were the 4 major cognitive domains CysC had influence on, and finally leading to cognitive deficits. However, these
aspects might need further study in the future.

There was no heterogeneity in the effects of CysC level on 1-year PSCI after AIS/TIA between subgroups classified
by age, gender, TOAST subtypes, and educational level. Statistical interaction between CysC and age, gender, TOAST
subtypes, and educational level did not show a significant difference. The underlying mechanism still needs further study.

Our study had some limitations. Firstly, only baseline CysC level was measured in this study. However, the CysC
level is likely to fluctuate, so we were unable to examine the association of CysC changes with 1-year PSCI. We may add
repeated measurement intervals and do some in-depth research about CysC fluctuations and cognitive impairment in the
future. Secondly, we consecutively recruit patients with AIS or TIA from multiple subcentral hospitals, fewer patients
with TIA were included in the study than patients with AIS, the patients are unevenly distributed. Thirdly, most of the
patients recruited in this study had mild ischemic stroke or TIA, which might not represent all patients with AIS/TIA.
Therefore, our findings may not be applicable to all stroke patients. Fourthly, we found a U-shape relationship between
CysC level and overall cognition, as well as U-shape trends between CysC level and subdomains in MoCA, further work
is needed to include detailed neuropsychological scales consisting of different cognitive domains to validate our research
and to explore underlying mechanisms. Lastly, as study reported that more than half of the patients with a first-ever
lacunar stroke and without cognitive impairment had minor neuropsychological alterations.>® It is the lacunar but not
leukoaraiosis exerting an independent effect on cognitive function.** The pathophysiology, prognosis and clinical
features of lacunar strokes are different from all other acute cerebrovascular diseases.*' However, we did not evaluate
the neuroimaging features in this study, such as lacunar, which might have an impact on PSCI. Further research should
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perform neuroimaging tests, and expanding the results on the relationship of serum CysC level and long-term cognitive
impairment in ischemic lacunar versus non-lacunar stroke.

Conclusions

The results of this study indicated that both lower and higher CysC level were associated with 1-year PSCI. CysC level at
baseline might be a biomarker for PSCI in patients with acute minor ischemic stroke. Further prospective studies are
needed to verify our results and to elucidate the potential mechanisms.
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