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Purpose: Cystatins are associated with neuronal degeneration and nervous system healing. Cystatin C (Cys C) has recently been
linked to brain injury and immunological inflammation. This study aimed to determine the relationship between serum Cys C levels
and depression following intracranial hemorrhage (ICH).

Patients and Methods: Between September 2020 and December 2022, 337 patients with ICH were sequentially recruited and
followed up for three months. The post-stroke depression (PSD) and non-PSD groups were separated based on the 17-item Hamilton
Depression Rating Scale (HAMD). The PSD diagnosis was established based on the DSM-IV criteria. Cys-C levels were documented
within twenty-four hours of admission.

Results: Three months after ICH, 93 (27.6%) of 337 enrolled patients were diagnosed with depression. The Cys C levels were
significantly higher in depressed patients than in nondepressed patients after ICH (1.32 vs 1.01; p<0.001). After adjusting for potential
confounding variables, depression after I[CH was associated with the highest quartile of Cys C levels (odds ratio (OR) = 3.195, 95%
CI: 1.562-6.536; p=0.001). The receiver operating characteristic curve (ROC) curve predicted that the ideal cut-off for CysC levels as
a predictor of depression after ICH would be 0.730, resulting in 84.5% sensitivity and 88.4% specificity, with an area under curve
(AUC) of 0.880 (95% CI: 0.843-0.917; p< 0.0001).

Conclusion: Increased CysC concentrations were independently related to depression three months after ICH, highlighting that CysC
levels at admission may be a potential biomarker for predicting the onset of depression following ICH.
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Introduction

The PSD is one of the most common psychosomatic disorders and has been relatively less studied in cases of
spontaneous ICH, one of the most disabling and fatal neurological diseases, with approximately 15-23% of ICH
survivors experiencing post-stroke depression.' > Patients with PSD are more likely to experience memory loss, stroke
recurrence, and death.** Therefore, it is crucial to recognize and understand the etiopathogenesis of PSD at the early
stages.

A consistent and strong body of practical data indicates that neuronal damage and immune inflammation play
important roles in depression, despite their unclear etiology and pathogenesis.®® Cys C, encoded by CST3, inhibits
cysteine proteases in various tissues and body fluids. It escapes into the extracellular space, blood, and the cerebrospinal
fluid.” In the brain, Cys-C is strongly associated with neuronal damage and immune inflammation.'®'" In addition, there
appears to be a higher risk of depression in patients with higher Cys C concentrations.'>'* However, the association
between Cys C level and post-ICH depression remains unclear. Accordingly, the purpose of this study was to determine
predictive value of Cys-C for depression 3 months post ICH.
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Materials and Methods

Study Subjects

From September 2020 to December 2022, patients with ICH were enrolled at First Affiliated Hospital of Anhui
University of Science and Technology. The inclusion criteria were: (1) diagnosis of cerebral hemorrhage through CT
scans in the first 24 h of symptom onset (2) age greater than 18 years. (3) ability to provide written consent.

The exclusion criteria were: (1) secondary bleeding due to vascular anomalies, intracranial aneurysms, tumors, or
hemorrhage transformation and abnormal coagulation were excluded; (2) concurrent diseases that may affect Cys
C values, such as a history of organic brain disease, Parkinsonism, cancer, haematological disorders, severe liver and
kidney disorders, severe cardiac disease, inflammatory diseases, autoimmune diseases, and infectious diseases; (3)
depression or other mental disorders; (4) dementia; (5) severe dysarthria or aphasia; and (6) recurrent stroke or severe
critical conditions, dying within the 3- month follow-up period. In total, 337 patients with ICH were enrolled in this study
(Figure 1).

Ethics Approval and Informed Consent

This study was approved by the Ethics Committee of First Affiliated Hospital of Anhui University of Science and
Technology, according to the Declaration of Helsinki. All participants signed informed consent forms (Approval
No. 2019B20,2019-1-1).

450 patients were identified and recruited in the clinical research from September 2020
to December 2022

Excluded:

@ history of depression: 25
® history of dementia:30

, »| ® severe aphasia:9

@ history of tumour:7

® decline:9

v

370 patients were enrolled and began surveys both in hospital and at follow-up

33 individuals can not the complete 3-
month follow-up data

@ lost to follow up:20

@ declined to finish the scales: 13

A4

337 patients completed the 3-month follow-up

Figure | Study recruitment profile.
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Collection of Demographic and Clinical Data

The baseline clinical variables, vascular risk factors, and demographic information were recorded on admission. The
National Institutes of Health Stroke Scale (NIHSS) measures stroke severity of a stroke.'* The Glasgow Coma Scale
(GCS) assesses the degree of coma. Routine blood tests were carried out on the following morning by collecting fasting
venous blood and recording laboratory data. An automated haematology analyser was used to measure biochemical
parameters. The serum Cys C concentration was determined by an immunoturbidimetric assay using a Siemens Advia
1800 chemistry analyzer. A range of 0.51 to 1.50 mg/L was taken as the reference value for serum Cys C levels.

Assessment of Outcomes

Telephone interviews or clinical appointments were scheduled for all patients 3 months after ICH. The Barthel Index (BI)
and modified Rankin Scale (mRS) scores were used to assess functional outcomes. Hamilton Depression Scale (HAMD)
17-item assessment was conducted to assess depression.'> The Diagnostic and Statistical Manual of Mental Disorders,
4th Edition (DSM-1V) classifies patients with HAMD scores >7 as depressed after ICH.

Statistical Analysis

Data analysis and processing were performed using SPSS27.0 software (SPSS, USA). In the case of continuous
variables, mean + SD or median and interquartile ranges were provided. Continuous variables among groups were
analysed using the Student’s #-test and Mann—Whitney U-test for normal and non-normal data, respectively. Categorical
variables are presented as numbers (percentages). Categorical variables were compared using chi-square and Fisher’s
exact tests, as appropriate. Multivariate regression analysis was done using three models to identify predictors of PSD,
with model 1 adjusted for sex and age; model 2 adjusted for age, sex, and risk factors (smoking history, alcohol
consumption, hypertension, diabetes, hyperlipidaemia, atrial fibrillation, and peripheral arterial disease)'®'’; and model 3
adjusted for variables in the univariate analysis, p < 0.05. OR with 95% confidence intervals (CI) were used to determine
the correlations. In addition, to investigate the optimal cutoff point for serum Cys-C concentrations to predict depression
following ICH, a ROC curve was employed. To assess the accuracy of the test, Cys C levels were calculated based on the
area under the curve (AUC), and statistical significance was defined at p<0.05.

Results

A total of 450 patients with ICH were screened, and 370 were enrolled between September 2020 and December 2022. 33
individuals were either unavailable for follow-up or refused to complete the scale within three months. Finally, 337
patients were included in this study. They consisted of 101 women (29.97%) and 236 men (70.03%), of whom 93
(27.6%) were diagnosed with depression three months after ICH.

Compared to nondepressed patients after ICH, those with depression exhibited higher NIHSS (p<0.001), HAMD
(p<0.001), and mRS scores (p=0.010) and significantly higher levels of Cys C (p<0.001), creatinine (p<0.001), uric acid
(p<0.001), urea nitrogen (p<0.001), and the proportion of basal ganglia lesions (p=0.021). Additionally, individuals with
depression had a lower glomerular filtration rate (GFR) (p<0.001), ApoA (p= 0.013), HDL (p= 0.017), and BI scores
(p=0.002) than patients without depression. The two groups did not differ significantly in terms of other clinical
characteristics. For more details, see Table 1.

The baseline characteristics of the 337 patients with ICH are shown in Table 2. Serum Cys-C levels were divided into
four quartiles:0.93 mg/L or less (First quartile, Q1), 0.94-1.08 mg/L (Second quartile, Q2), 1.09-1.27 mg/L (Third
quartile, Q3), and more than 1.28 mg/L (Fourth quartile, Q4). In the quartile analysis, increasing quartiles of Cys-C were
significantly associated with age (p=0.013), uric acid (p<0.001), urea nitrogen (p<0.001), creatinine (p<0.001), blood
glucose (p=0.033), cholesterol (p=0.025), and HDL (p=0.014). They were also significantly associated with higher
NIHSS (p<0.001), mRS (p<0.001), and HAND (p<0.001) scores and lower GFR (p<0.001), GCS (p=0.009), and BI
(p<0.001) scores. Seven (7.5%), 7 (7.5%), 20 (21.5%), and 59 (63.4%) patients developed depression after ICH in Ql1,
Q2, Q3, and Q4, respectively. Compared to the three lower quartiles, the highest quartile had a higher percentage of
patients with depression.
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Table | Clinical and Demographic Characteristics of the Participants According to PSD Status
Variables PSD Group (n=93) Non- PSD Group (n=244) P-value
Demographic characteristics
Age (IQR) 58(53,74) 61(52,73.5) 0.668
Sex, male (%) 65 (69.9) 171 (70.1) 0.287
Education, median (IQR) 4(3, 5) 4(3, 5) 0.895
Married, n (%) 87(93.5) 221(90.6) 0.384
Vascular risk factors
Smoking, n (%) 32(344) 80(32.8) 0.778
Alcohol consumption, n (%) 32(34.4) 86(35.2) 0.885
Hypertension, n (%) 60(64.5) 176(72.1) 0.173
Diabetes, n (%) I15(16.1) 34(13.9) 0.609
Atrial fibrillation, n (%) 3(3.2) 6(2.5) 0.696
Coronary heart disease, n (%) 9(9.7) 26(10.7) 0.792
Peripheral arterial disease, n (%) 11(11.8) 24(9.8) 0.690
Previous stroke, n (%) 30(32.3) 90(36.9) 0.428
Laboratory data
Cys-C, mg/L, median (IQR) 1.32(1.24, 1.43) 1.01(0.87, 1.02) <0.001
Cr, umol/L, median (IQR) 101(88,113.5) 87(77, 99) <0.001
BUN, mmol/L, median (IQR) 5.5(4.6, 6.6) 4.8(4.0, 5.7) <0.001
UA, umol/L, median (IQR) 317(254.5, 402) 266(217.3, 332) <0.001
GFR(mL/min/1.73m2) 62.6(52.4, 75.6) 76.5(63.7, 90.9) <0.001
GLU, mmol/L, median (IQR) 5.5(4.9,6.8) 5.8(5.0, 6.98) 0.462
ApoA, g/L, median (IQR) 1.19(1.03, 1.40) 1.29(1.12, 1.49) 0.013
ApoB, g/L, median (IQR) 0.79(0.60,0.96) 0.77(0.60, 0.94) 0.510
TC, mmol/L, median (IQR) 4.08(3.29, 4.83) 4.33(3.70, 4.97) 0.105
TG, mmol/L, median (IQR) 1.23(0.95, 1.93) 1.21(0.86, 1.85) 0.640
HDL-C, mmol/L, median (IQR) 0.98(0.80, 1.21) 1.11(0.86, 1.33) 0.017
LDL-C, mmol/L, median (IQR) 2.49(1.80, 3.05) 2.40(1.90, 3.03) 0.782
Lipoprotein A, mg/L, median (IQR) 136(76.5, 227) 124.5(65, 235.5) 0.613
Hematoma location, n (%)
Frontal lobe, n (%) 3(3.2) 5(2.0) 0.689
Parietal lobe, n (%) 2(2.15) 12(4.92) 0.365
Temporal lobe, n (%) 3(3.2) 4(1.6) 0.399
Occipital lobe, n (%) 4(4.3) 15(6.15) 0.607
Basal ganglia, n (%) 57(61.29) 115(47.13) 0.021
Brainstem, n (%) I(1.1) 11(4.5) 1191
Cerebellum, n (%) 8(8.6) 27(11.07) 0.557
Concurrent ventricular hemorrhage, n (%) 15(16.13) 55(22.5) 0.230
Hematoma volume, mL, median (IQR) 12(10, 18) 13(10, 18) 0.409
Neuropsychological function
NIHSS score, median (IQR) 10(7, 14) 8(5.25, 12) <0.001
Bl score, median (IQR) 60(50, 80) 85(60,100) 0.002
mRS score, median (IQR) 3(1, 4) 2(1, 3) 0.010
GCS score, median (IQR) 15(14, 15) 15(14,15) 0.312
HAMD score, median (IQR) 10(9, 12) 5(4, 6) <0.001

Abbreviations: IQR, interquartile range; PSD, post-stroke depression; Cys-C, cystatin C; NIHSS, National Institute of Health Stroke

Scale; GCS, Glasgow Coma Scale; mRS, modified Rankin Scale; Bl, Barthel Index; mRS, modified Rankin Scale; HAMD, Hamilton

Depression Scale; GFR, glomerular filtration rate; Cr, creatinine; BUN, blood urea nitrogen; UA, uric acid; BLU, blood glucose; TG,

total triglyceride; TC, total cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; ApoA,

apolipoprotein A; ApoB, apolipoprotein B.
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Table 2 Comparisons of Baseline Characteristics According to Cystatin C Quartiles
Variables Quartiles of Cystatin C, mg/L
QI (<0.93), Q2 (0.94-1.08), Q3 (1.09-1.27), | Q4 (>1.28), P-value
n=90 n=88 n=77 n=82
Demographic characteristics
Age (IQR) 58(48,69) 58(50.3,70.8) 61(53,70) 65(55,74) 0.013
Sex, male (%) 64 (71.1) 62 (70.5) 50 (64.9) 60 (73.2) 0.707
Education, median (IQR) 4(3,5) 4(3,5) 4(3, 5) 4(3, 5) 0.949
Married, n (%) 83 (92.2) 77 (87.5) 70 (90.9) 78(95.1) 0.355
Vascular risk factors
Smoking, n (%) 30(33.3) 27(30.7) 26(33.8) 29(35.4) 0.933
Alcohol consumption, n (%) 29(32.2) 31(35.2) 28(36.4) 30(36.6) 0.927
Hypertension, n (%) 66(73.3) 64(72.7) 48(62.3) 58(70.7) 0.397
Diabetes, n (%) 12(13.3) 13(14.8) 11(14.3) 13(15.9) 0.227
Atrial fibrillation, n (%) 3(33) 2(233) 2(2.6) 2(2.4) 0.974
Coronary heart disease, n (%) 9(10.0) 9(10.2) 8(10.4) 9(11.0) 0.997
Peripheral arterial disease, n (%) 8(8.9) 8(9.1) 9(11.7) 10(12.2) 0.849
Previous stroke, n (%) 33(36.7) 29(33.0) 28(36.4) 30(36.6) 0.947
Laboratory data
Cys-C, mg/L, median (IQR) 0.84(0.77, 0.88) 1.02(0.98,1.06) 1.17(1.13,1.23) 1.42(1.33, 1.50) <0.001
Cr, umol/L, median (IQR) 80(72.8, 90) 86(77, 97.5) 95(85.5,105.5) 108(92.8, 118) <0.001
GFR(mL/min/1.73m2) 84.1(70.3,98.4) 77.4(64.9,90.1) 69.4(54.8,81.4) 62.1(51.0, 72.9) <0.001
BUN, mmol/L, median (IQR) 4.35(3.58, 4.93) 4.70(3.93,5.38) 5.30(4.65,6.40) 5.85(4.60,6.93) <0.001
UA, umol/L, median (IQR) 237(194.5,290.3) | 270(219,328.3) 287(237, 343) 360(284.3,438.3) | <0.00I
BLU, mmol/L, median (IQR) 6.2(5.18, 7.45) 5.75(4.73,6.60) 5.7(4.95,6.90) 5.50(4.80, 6.73) 0.033
ApoA, g/L, median (IQR) 1.33(1.12,1.55) 1.29(1.11,1.45) 1.25(1.08,1.5) 1.20(1.05, 1.36) 0.079
ApoB, g/L, median (IQR) 0.80(0.67,0.95) 0.77(0.60,0.95) 0.77(0.57,0.96) 0.78(0.59, 0.94) 0.816
TC, mmol/L, median (IQR) 4.38(3.83, 5.07) 4.34(3.70,5.09) 4.26(3.44,4.83) 3.98(3.18, 4.79) 0.025
TG, mmol/L, median (IQR) 1.35(0.90, 1.76) 1.32(0.82,2.07) 1.07(0.81,1.54) 1.22(0.95, 1.93) 0.174
HDL-C, mmol/L, median (IQR) 1.17(0.94, 1.33) 1.05(0.84,1.28) 1.07(0.82,1.38) 0.94(0.80, 1.20) 0.014
LDL-C, mmol/L, median (IQR) 2.64(2.15, 3.17) 2.28(1.91,2.96) 2.41(1.76,3.05) 2.31(1.76, 2.81) 0.055
Lipoprotein A, mg/L, median (IQR) 112(51.3, 217.3) 119.5(61.5,219.8) 148(76, 279.5) 138(87.8, 255.3) 0.079
Hematoma location, n (%)
Frontal lobe, n (%) 2(2.2) 2(2.3) 1(1.3) 3(3.7) 0.780
Parietal lobe, n (%) 3(33) 334) 4(5.2) 4(4.9) 0.961
Temporal lobe, n (%) 2(2.2) 2(23) 1(1.3) 2(2.4) 0.933
(Continued)
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Table 2 (Continued).
Variables Quartiles of Cystatin C, mg/L
QI (<0.93), Q2 (0.94-1.08), Q3 (1.09-1.27), | Q4 (>1.28), P-value
n=90 n=88 n=77 n=82
Occipital lobe, n (%) 4(4.4) 4(4.5) 6(7.8) 5(6.1) 0.894
Basal ganglia, n (%) 43(47.8) 42(47.7) 43(55.8.) 44(53.7) 0.993
Brainstem, n (%) 2(2.2) 4(4.5) 3(3.9) 33.7) 0.876
Cerebellum, n (%) 8(8.9) 10(11.4) 8(10.4) 9(11.0) 0.951
Concurrent ventricular hemorrhage, n (%) 16(17.8) 17(19.3) 18(23.4) 19(23.2) 0.969
Hematoma volume, mL, median (IQR) 12(8, 18) 13.5(10, 18) 13(10, 18) 12.5(10, 18) 0.455
Neuropsychological function
NIHSS score, median (IQR) 6 (3.75, 8.0) Il (525, 12) 9(7,13) 12.5(8, 18) <0.001
Bl score, median (IQR) 95(78.8, 100) 80(50, 100) 80(45, 90) 60(30,70) <0.001
mRS score, median (IQR) 2 (0, 3) 2(1, 3) 3(1, 4) 32, 4) <0.001
GCS score, median (IQR) 15(15, 15) 15(14, 15) 15(14, 15) 15(14,15) 0.009
HAMD score, median (IQR) 4(2, 5) 5(5, 6) 7(6,9) 9(6, 12) <0.001

Abbreviations: IQR, interquartile range; Cys-C, cystatin C; NIHSS, National Institute of Health Stroke Scale; GCS, Glasgow Coma Scale; mRS, modified Rankin
Scale; Bl, Barthel Index; mRS, modified Rankin Scale; HAMD, Hamilton Depression Scale; TG, total triglyceride; TC, total cholesterol; LDL-C, low density lipoprotein
cholesterol; HDL-C, high density lipoprotein cholesterol; ApoA, apolipoprotein A; ApoB, apolipoprotein B; Cys-C, cystatin ¢; GFR, glomerular filtration rate; Cr,
creatinine; BUN, blood urea nitrogen; UA, uric acid; BLU, blood glucose.

Cys-C was converted to mg/dl to reflect its modest molecular weight and incorporated into the multivariate logistic
regression analysis. Patients in the highest quartile of Cys C levels had a greater risk of PSD than those in the lower
quartiles (non-adjusted: OR 1.50, 95% CI 1.35-1.66, P < 0.001). After adjusting for potential confounding variables such
as age, gender, educational level, marital status, and vascular risk factors (stroke history, coronary artery disease,
peripheral arterial disease, hypertension, atrial fibrillation diabetes), BI score, NIHSS score, modified Rankin Scale
score, and basal ganglia lesion, GFR, Creatinine (Cr), blood urea nitrogen (BUN), uric acid (UA), BLU, blood glucose
(GLU), the highest quartile of Cys C remained significantly associated with depression following ICH (model 1: OR =
6.482, 95% CI =3.422-12.278, P <0.001; model 2: OR = 3.825, 95% CI = 1.832-7.987, P < 0.001; model 3: OR =3.195
95% CI = 1.562-6.536, P =0.001). (Table 3).

The ROC curve predicted that the ideal cut-off for Cys-C levels as a predictor of depression after ICH would be
0.730, which produced 84.5% sensitivity and 88.4% specificity, yielding an AUC of 0.880 (95% CI, 0.843-0.917; p <
0.0001) in (Figure 2).

Discussion
The current investigation showed that elevated serum Cys-C concentrations after ICH were related to depression, and that
individuals in the highest quartile of serum Cys-C showed a 3.195-fold greater risk of depression after ICH than those in
the lowest quartile after adjusting for potential confounding factors. To the best of our knowledge, this is the first
prospective study to investigate the association between serum Cys-C concentrations and depression following ICH. In
light of these findings, serum Cys-C level may serve as a possible biomarker for the emergence of depression
following ICH.

The prevalence of depression 3 months after ICH in the current study was 27.6%, which is almost consistent with
earlier data.® In addition, this study’s findings support earlier research that indicated that functional outcomes and stroke
severity are risk factors for PSD development.'®'" A previous study showed that reduced GFR was associated with the
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Table 3 Logistic Regression Model of Cystatin C (mg/dl) and Depression After ICH at 3 Month

Quartile B SE OR 95% CI P-value
Lower Upper
Unadjusted model Q3 1.448 0.325 4427 2.342 8.336 <0.001
Q4 1.815 0.322 6.143 3.271 11.538 <0.001
Adjusted
Model | Q3 1.506 0.326 4.509 2.379 8.548 <0.001
Q4 1.869 0.326 6.482 3.422 12.278 <0.001
Model 2 Q3 1.286 0.371 3.616 1.749 7.476 <0.001
Q4 1.857 0.367 6.403 3.119 13.146 <0.001
Model 3 Q3 1.005 0.407 1.885 0.885 4269 0.023
Q4 1.205 0.399 3.337 1.528 7.289 0.002

Notes: Model |: adjusted for age and sex. Model 2: adjusted for age, sex and risk factors (history of smoking, history of drinking,
hypertension, diabetes, hyperlipidemia, atrial fibrillation, Peripheral arterial disease, current smoking, alcohol consumption, prior
stroke). Model 3: further adjusted for variables with p < 0.05 in univariate analysis (basal ganglia lesions, baseline NIHSS score,
baseline GCS score, mRS score, Bl score, Cys C, GFR, Cr, BUN, UA, GLU).
Abbreviations: ICH, intracerebral hemorrhage; OR, odds ratio; Cl, confidence interval; Q3, third quartile of cystatin C levels;
Q4, fourth quartile of cystatin C level.

development of PSD in ischaemic stroke.”’ However, the present study was not consistent with the above study. In the

present study, although GFR levels were significantly decreased in the PSD group after cerebral haemorrhage, and

increasing quartiles of Cys C were significantly associated with lower GFR, after adjustment for all variables, the

multiple regression model showed that only the highest quartile of Cys C remained significantly associated with
depression after ICH, whereas GFR did not show statistical significance. We considered the possibility that the subject

1.0

08
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04

Sensitivity%

02

— Cys-C

0.0
0.0
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06

08

100%-Specificity%

1.0

Figure 2 Receiver operating characteristic curves for predicting of depression following ICH. Predictive values of Cys C for depression after ICH at 3-month. Area under
the curve 0.880 (95% ClI, 0.843-0.917; P < 0.0001) for Cys C.

Abbreviations: ICH, intracerebral hemorrhage; Cys C, cystatin C; Cl, confidence interval.
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of this study was PSD in patients with cerebral haemorrhage, whereas the previous research examined the significant
correlation between depression and GFR after ischaemic stroke, so not entirely consistent, which is a good direction of
study and we will further investigate in our future studies.

Although the volume and location of hematomas in PSD have received considerable attention from researchers, no
consensus has been reached. According to Hadidi et al, PSD morbidity is unrelated to location of the lesion.*' Based on
the findings of Nys et al.'” PSD morbidity was determined solely by the lesion size rather than lesion location.* The
volume of hematoma had no effect on the outcome, although some locations had an impact on depression after ICH,
according to this study. The brain’s emotional network is centred on the basal ganglia and left frontal lobe, and numerous
investigations have discovered that the precise site of the lesion may impact the etiology of PSD, especially when the
lesion is close to the basal nucleus or left frontal region.”® Similar findings were obtained in the current investigation,
indicating a strong relationship between ganglia lesions and depression after ICH. However, the results of this
investigation also revealed no significant differences between frontal lobe lesions in depressed patients following ICH
and nondepressed patients, which might be related to the relatively small sample size of our study. Therefore, additional
validation using a larger sample size is required.

Based on current findings, it remains unknown how serum Cys-C levels promote depression following ICH. Several
potential mechanisms can explain this phenomenon. First, CysC participates in the pathophysiology of atherosclerosis.”* At
the beginning of a stroke, a significant amount of Cys C in CSF fluid crosses the diseased blood-brain barrier and enters the
bloodstream. High serum levels of cysteine protease inhibitor Cys C disrupt the equilibrium between metalloproteinase and
antiproteolytic activity, which has an impact on vascular wall remodeling.”® This could be a contributing factor to elevated
serum Cys-C concentrations following ICH. Second, haemorrhagic stroke has the potential to cause inflammation, and there is
a link between serum Cys C levels and inflammation and its influence on neutrophil migration. This encourages the release of
pro-inflammatory chemokines and cytokines, which adversely affect the brain’s serotonin system and stimulate the hypotha-
lamic, pituitary, and adrenal axes, ultimately leading to inflammatory symptoms of depression after ICH.?*%° Third, apoptosis
is another mechanism through which Cys-C contributes to depression. Depression may be triggered by this directly or
indirectly.>® Animal studies have demonstrated that as a result of Cys C enhancing caspase-9 activity and lowering B cell
leukemia 2 (Bcl-2) concentrations, neuronal death occurs, possibly contributing to depression.>' Fourth, Cys C is associated
with oxidative stress, which has been found to upregulate Cerebral Cys C concentrations, and may be a putative mechanism.
Oxidative stress is a major contributor to depression.’* Finally, in the walls of the cerebral microvasculature, cysteine C, an
amyloid protein variant, can be found alongside-amyloid, thereby enhancing cerebrovascular damage.>® These amyloid
deposits are associated with depression, implying that Cys-C may function via amyloid deposition in the brain, causing
depression after ICH. In the current study, Cys-C levels and depression were associated with ICH. The mechanisms described
above may explain this relationship. However, the exact mechanism requires further investigation.

In this study, there are several limitations that need to be addressed. First, patients were only tested for Cys-C levels
once upon admission, limiting the study’s dynamics regarding the correlation between Cys-C levels over time and
depression after ICH. Second, it was a single-centre trial with a relatively small sample size, which reduces its
generalisability. To support our findings and contribute to replication, future studies should increase the sample size
and include multicentre longitudinal studies.

Conclusion

In summary, higher Cys C concentrations were independently associated with depression 3 months after ICH, indicating
that Cys C concentration at admission may be an important biomarker for predicting the onset of depression after ICH
and may help guide clinical management accurately.
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