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Objective: Elevated homocysteine (Hcy) levels play a detrimental role in ischemic stroke. Acute spontaneous intracerebral
hemorrhage (ICH) accounts for nearly 25% of all stroke cases. However, the influence of Hey levels and ICH severity on clinical
outcomes is unclear.

Participants and Study Location: Data were obtained from 85,705 ICH patients enrolled in the China Stroke Center Alliance
(CSCA) study, a national, hospital-based, multicenter, voluntary, quality assessment and improvement initiative performed in China.
Patients were divided into high and normal Hcy groups according to their Hey levels observed at admission.

Outcome Measures: The outcome indices included severe ICH, in-hospital mortality, and a poor functional outcome at discharge.
Multivariable logistic regression was used to analyze the association of different Hey levels with outcomes.

Results: The final analysis included 55,793 ICH patients. High homocysteine (HHcy) levels had higher adjusted odds ratios for severe
ICH (OR 1.09, 95% CI 1.01-1.10, P<0.0001) and a poor functional outcome at discharge (OR 1.06, 95% CI 1.01-1.10, P=0.0100)
compared with normal Hey levels. There was no significant difference between HHcy and in-hospital mortality. In the subgroup
analysis, stratified by sex and history of hypertension, significant interactions were observed between HHcy and severe ICH (P for
interactions was 0.0138 and 0.0120, respectively). HHcy levels exhibited greater associations for severe ICH in female patients (OR
1.07, 95% CI 1.02-1.12) and patients without hypertension (OR 1.20, 95% CI 1.09-1.33).

Conclusion: An elevated Hey level exhibited significant association with severe ICH on admission and a poor functional outcome at
discharge. The relationship between HHcy and ICH severity on admission was more robust in female patients and patients without
hypertension. Hcy might be a valuable biomarker for ICH patients to predict severity at onset and functional outcome at discharge.
Keywords: intracerebral hemorrhage, homocysteine, stroke severity, outcome

Introduction
Homocysteine (Hcy) is a sulthydryl-containing amino acid that occurs as an intermediate component in methionine
metabolism.! When the pathway is impaired, Hcy levels increase. According to previous studies,” > elevated Hey levels
exert detrimental effects and elevate the mortality rates on ischemic stroke and cardiovascular diseases. A meta-analysis
reported that vitamin B supplementations that reduced Hcy prevented the combined risk of stroke, myocardial infarction,
and vascular death among stroke patients.®

However, many of the previous researches have been limited to ischemic stroke, and few published studies are
available concerning hemorrhagic stroke. Globally, acute spontaneous intracerebral hemorrhage (ICH) accounts for

approximately 25% of all stroke cases.” The subsequent serious complications, morbidity, and mortality associated
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with ICH account for approximately half of the disability-adjusted life-years lost due to stroke.”* Thus, ICH exacts an
immense burden on families and society. Presently, there is no specific treatment available for ICH. Therefore, it is
imperative to explore more effective intervention targets to reduce the fatality and disability rates associated with ICH.

Several studies have reported that high Hcy (HHcy) is an independent risk factor for hemorrhagic stroke due to the
promotion of plaque rupture.” However, it is unclear whether the Hcy level observed at admission is associated with ICH
severity and clinical outcomes. Because Hcy is a modifiable risk factor that can be prevented and treated by vitamin
supplementation, understanding the relationship between Hcy and ICH outcomes is clinically significant. Therefore, this
study explored the relationships between Hcy levels and ICH severity and the outcomes observed in acute ICH patients.

Methods

Study Cohort and Population

The data were obtained from the Chinese Stroke Center Alliance (CSCA) registry, a national, hospital-based, multicenter,
voluntary, quality assessment and improvement initiative performed in China.' The CSCA program design, data
collection, and management details have been described previously.'® Trained personnel at each participating research
hospital used a web-based patient management tool (GaiDe, Inc, Beijing, China) to collect patients’ clinical data. The
primary purpose of the CSCA was to facilitate quality improvement (QI). At the local level, data collection at each site
was seen as a QI tool. Participating hospitals received approval from their local Institutional Review Board to collect data
in the CSCA project without requiring individual patient informed consent under a common rule or a waiver of
authorization and exemption. Patients were not involved in the design, recruitment, or implementation of the study,
and they were not aware of the study results to avoid bias. Notably, informed consent can lead to a sampling bias, which
can jeopardize the validity and generalizability of the database. An informed consent from a doctor to the patient would
both influence the doctor’s following medical judgment and treatment strategy and patient’s compliance to the doctor.
Moreover, patients who did not coordinate with doctors could not enrolled in this study if an informed consent is needed.
Patient confidentiality was protected in the following ways: (1) the data were stripped of all identifiers before use in the
research, and (2) the use of data for these purposes was closely overseen by the China National Clinical Research Center
for Neurological Diseases Analytic Center.

As of July 2019, there were 85,705 patients with ICH among all the enrolled participants in CSCA. The inclusion
criteria for this study included (1) patients were 18 years or older, (2) had a primary diagnosis of ICH confirmed by brain
CT or MRI; (3) were within seven days of symptom onset, (4) were admitted either directly to the hospital neurology
department or through the emergency department. The exclusion criteria included (1) Hcy data were unavailable and (2)
the patient had a history of stroke. The final analysis included 55,793 ICH patients. The patients were divided into two
groups according to their baseline Hey levels, a normal Hey group and a high Hey (HHcy) group. This study defined
HHcy as a Hey level greater than 15 umol/L.*"!

Patient and Public Involvement

Previous studies concerning patient experiences in observational trials of acute stroke were consulted for this study to
allow adequate inclusion of patient experiences. Physicians screened potential participants in the emergency or neurology
departments at each study center. The results will be disseminated to the study participants as public documents and
through the long-term health management clinic.

Data Collection

Baseline information, including sex, age, body mass index (BMI), household income, smoking and drinking status,
systolic blood pressure (SBP), diastolic blood pressure (DBP), medical history, in-hospital laboratory tests, and in-
hospital complications, were collected via the web-based patient data collection and management tool. The medical
history included hypertension, diabetes, and hyperlipidemia. The in-hospital laboratory test included Hcy, fasting blood
glucose (FBG), glycated hemoglobin (GHb), total cholesterol (TC), triglyceride (TG), and low-density lipoprotein
(LDL). The blood samples were taken in ethylene-diamine-tetra-acetic-acid (EDTA) vials to quantify serum Hcy. The in-
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hospital complications included re-bleeding, pneumonia, poor swallowing function, pulmonary embolism, seizure,
urinary tract infection, hydrocephalus, deep vein thrombosis (DVT), decubitus, and gastrointestinal bleeding. We also
collected Glasgow coma scale (GCS) scores at admission and modified Rankin Scale (mRS) scores at discharge. All
relevant definitions of these indexes have been reported in our previous protocol.'”

Outcomes

The outcomes included severe ICH at admission, in-hospital mortality, and a poor functional outcome at discharge. The
designation of severe ICH at admission referred to a GCS score of 12 or less points. In-hospital mortality was defined as
all causes of mortality during hospitalization. The poor functional outcome at discharge was defined as an mRS score of 3
to 5.

Statistical Analysis

Baseline characteristics were compared between the two groups. Continuous variables were presented as means =+
standard deviation (SD), and categorical variables as numbers (percentages). The »* test was performed to compare
categorical variables. For normally distributed continuous variables, we used an independent ¢-test. For data with non-
normal distributions, we used the Mann—Whitney U-test.

Multivariable logistic regression analysis was used to assess the relationship between Hey and outcomes, including
severe ICH, in-hospital mortality, and a poor functional outcome at discharge. First, the crude odds ratio (OR) was
calculated. Then, we adopted two models to adjust for possible confounders. Model 1 included age and sex. Model 2
included sex, age, BMI, household income, smoking, drinking, diagnosis of diabetes mellitus, and dyslipidemia on
discharge. We also performed subgroup analyses. The subgroups included age (<60 vs >60 years old), sex (female vs
male), history of hypertension (with vs without), and history of diabetes (with vs without). Missing data were minimal
and not included in the statistical analysis.

All analyses were performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA). A two-tailed
P-value < 0.05 was considered statistically significant. A SAS macro, %gg Baseline, was used to analyze and report
baseline characteristics automatically.'?

Results

Characteristics of the Study Population

There were 85,705 ICH patients initially identified in the CSCA database. After excluding patients with missing Hcy data
(n=7430) and a history of stroke (n=22,482), 55,793 ICH patients were included in the final analysis. A flowchart of this
study is depicted in Figure 1.

ICH patients in the CSCA

n=85.705
Excluded(n=29,912):
P> Missing Hey data(n=7430)
History of stroke(n=22,482)
Y
ICH patients enrolled in the final analysis
n=55,793
Normal Hey High Hey
n=33,301 n=22,492

Figure | ICH and Hcy flowchart.
Abbreviations: ICH, intracerebral hemorrhage; CSCA, China Stroke Center Alliance; Hcy, homocysteine.
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The mean patient age was 62.3 years, and 34,705 (62.6%) were male. The patients were divided into two groups according
to their baseline Hey levels; 22,492 (40.3%) patients were included in the HHcy group and 33,301 (59.7%) in the normal Hey
group. The baseline characteristics of the two groups are shown in Table 1. In addition to TC, other baseline variables were
statistically different between the two groups. Compared to patients with normal Hey levels, patients with HHcy were older,
exhibited a higher BMI, and were more likely to be male. The HHcy group also exhibited a higher percentage of vascular risk
factors, including currently smoking (24.0%), drinking (28.0%), hypertension (85.1%), and hyperlipidemia (12.8%). In
addition, the HHcy group exhibited a lower percentage of diabetes (10.1%) and higher SBP, DBP, FBG, GHb, TG, and
LDL (all P<0.05). The missing numbers of patients for the variables listed above were 0 (gender), 0 (age), 1589 (BMI), 0
(household income), 0 (smoking), 0 (drinking), 26 (SBP), 26 (DBP), 302 (FBG), 6164 (GHD), 44,635 (TC), 44,613 (TG), 238
(LDL), 9059 (hypertension), 49.762 (diabetes), and 48.872 (hyperlipidemia), each calculated separately.

We also examined the relationship between Hcy levels and in-hospital complications. The detailed results are shown in
Table 2. Compared with the normal Hey group, the HHcy group exhibited a higher percentage of pneumonia (P<0.0001), poor

Table | Baseline Characteristics and Their Univariate Association with Hcy Levels

Variables Total HHcy Normal Hcy P value
(N=55,793) (N=22,492) (N=33,301)
Male, n (%) 34,705 (62.2) 15,763 (70.1) 18,942 (56.9) <0.0001
Age, y, mean*SD 62.3%13.1 63.2£13.5 61.6x12.9 <0.0001
BMI, kg/m?, mean+SD 23.9+4.4 24.0+4.9 23.8+4.0 0.0001
Poor household income, n (%) 5367 (9.6) 2340 (10.4) 3027 (9.1) <0.0001
Currently smoking, n (%) 11,658 (20.9) 5400 (24.0) 6258 (18.8) <0.0001
Drinking, n (%) 14,008 (25.1) 6304 (28.0) 7704 (23.1) <0.0001
SBP, mmHg, mean+SD 165.3+28.2 165.9+28.0 164.9+28.3 <0.0001
DBP, mmHg, mean+SD 95.5%17.0 96.0£17.0 95.2+16.9 <0.0001
Laboratory test, mean+SD
FBG, mmol/l 6.5£2.7 6.5£2.8 6.41£2.7 0.0022
GHb, % 5.9+1.6 6.0£1.9 5.8%1.5 <0.0001
TC, mmol/l 1.0£1.9 1.1£2.0 1.0£1.9 0.4775
TG, mmol/l 0.4x1.1 0.5+1.4 0.4+0.9 <0.0001
LDL, mmol/l 2.8£1.5 3.0+1.8 2.7%1.3 <0.0001
Comorbidity, n (%)
Hypertension 46,734 (83.8) 19,141 (85.1) 27,593 (82.9) <0.0001
Diabetes 6031 (10.8) 2279 (10.1) 3752 (11.3) <0.0001
Hyperlipidemia 6921 (12.4) 2886 (12.8) 4035 (12.1) 0.0120

Abbreviations: HHcy, high homocysteine; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; GHb,
Glycated hemoglobin; TC, total cholesterol; TG, triglycerides; LDL, low-density lipoprotein.

Table 2 Analysis of the Relationships Between Hcy Levels and in-Hospital Complications

Variables, n (%) Total (N=55,793) | HHcy (N=22,492) | Normal Hcy (N=33,301) | P value
Re-bleeding 3296 (5.9) 1306 (5.8) 1990 (6.0) 0.6409
Pneumonia 13,181 (23.6) 5621 (25.0) 7560 (22.7) <0.0001
Poor swallowing function | 8113 (14.5) 3430 (15.2) 4683 (14.1) 0.0001
Pulmonary embolism 118 (0.2) 43 (0.2) 75 (0.2) 0.6286
Seizure 545 (1.0) 233 (1.0) 312 (0.9) 0.4615
Urinary tract infection 1239 (2.2) 499 (2.2) 740 (2.2) 0.9089
Hydrocephalus 1087 (1.9) 428 (1.9) 659 (2.0) 0.7410
DVT 677 (1.2) 294 (1.3) 383 (1.2) 0.2294
Decubitus 248 (0.4) 120 (0.5) 128 (0.4) 0.0312
Gastrointestinal bleeding 1359 (2.4) 587 (2.6) 772 (2.3) 0.0829

Abbreviation: DVT, deep vein thrombosis.
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swallowing function (P=0.0001), and decubitus (P=0.0312). Other in-hospital complications, including re-bleeding, pulmon-
ary embolism, seizure, urinary tract infection, hydrocephalus, DVT, and gastrointestinal bleeding, were not significantly
different between the two groups. The missing number of patients for the variables listed above were 97 (rebleeding), 97
(pneumonia), 15,583 (swallowing function), 97 (pulmonary embolism), 97 (seizure), 97 (urinary tract infection), 97 (hydro-
cephalus), 97 (DVT), 97 (decubitus), and 2613 (gastrointestinal bleeding), each calculated separately.

HHcy and Clinical Outcomes

Multivariable logistic regression was used to analyze the association of HHcy with severe ICH on admission, in-hospital
mortality, and a poor functional outcome at discharge. The results are depicted in Table 3. The percentage of severe ICH
was 70.2% in the HHcy group and 68.9% in the normal Hey group. The in-hospital mortality rate was 2.1% in the HHcy
group and 1.9% in the normal Hcy group. The percentage of patients with a poor functional outcome at discharge was
23.4% in the HHcy group and 22.2% in the normal Hey group. After adjusting for stroke relevant risk factors that were
significantly different between the two groups (see Table 1), the multivariate analysis revealed that HHcy had a higher
adjusted odds ratio for severe ICH (OR 1.09, 95% CI 1.01-1.10, P<0.0001) and poor functional outcome at discharge
(OR 1.06, 95% CI 1.01-1.10, P=0.010) compared to patients with normal Hcy levels. There was no significant difference
between HHcy levels and in-hospital mortality. The missing numbers of patients for these variables were 26,870 (GCS),
32,242 (mRS), and 165 (death), each calculated separately.

Subgroup Analysis

Based on the presented results and baseline characteristics, we incorporated age, sex, history of hypertension, and history of
diabetes into the subgroup analysis. The results of the subgroup analysis concerning the relationship between HHcy and
severe ICH are shown in Figure 2. Stratified by sex and history of hypertension, significant interactions were observed
between HHcy and severe ICH (P for interaction = 0.0138 and 0.0120, respectively, Figure 2). Notably, HHcy revealed
greater associations with severe ICH in female patients (OR 1.07, 95% CI 1.02—1.12) and patients without hypertension (OR
1.20, 95% CI 1.09-1.33). There were no significant interactions for the other subgroups analyzed. The subgroup analysis
results for the relationships between HHcy levels and a poor functional outcome at discharge are seen in Figure 3. Finally, no
significant interaction was found between HHcy and sex, age, history of hypertension, or history of diabetes (Figure 3).

Table 3 Adjusted Odds Ratios (OR) for HHcy Levels and the Presence of ICH Severity on Admission
(GCS<12), in-Hospital Mortality, and a Poor Functional Outcome (mRS 3-5) at Discharge

Variable Hcy Levels P value
HHcy Group Normal Group
Severe ICH
Events, n (%) 15,785 (70.2) 22,948 (68.9)
Crude OR (95% ClI) 1.06 (1.02-1.10) Reference 0.0014
Adjusted | OR (95% ClI) 1.07 (1.03-1.11) Reference 0.0003
Adjusted 2 OR (95% Cl) 1.09 (1.01-1.10) Reference <0.0001
In-hospital mortality
Events, n (%) 480 (2.1) 625 (1.9)
Crude OR (95% ClI) 1.14 (1.01-1.29) Reference 0.0325
Adjusted | OR (95% Cl) 1.08 (0.95-1.21) Reference 0.2414
Adjusted 2 OR (95% Cl) I.11 (0.98-1.26) Reference 0.1019
Poor functional outcome at discharge
Events, n (%) 5263 (23.4) 7396 (22.2)
Crude OR (95% ClI) 1.07 (1.03-1.11) Reference 0.0010
Adjusted | OR (95% Cl) 1.06 (1.02—1.11) Reference 0.0040
Adjusted 2 OR (95% Cl) 1.06 (1.01-1.1) Reference 0.0100

Notes: Adjusted |: adjusted by sex, age. Adjusted 2: adjusted by sex, age, BMI, household income, smoking, drinking, diagnosis of
hypertension, diabetes mellitus, and dyslipidemia on discharge.
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Subgroup No. of events (%) OR(95%CI) P for interaction
HHcy Normal Hey
Overall 15785(70.20) 22948(68.90) 1.09(1.04-1.13)
Sex =
Male 10877(69.00) 12922(68.22) 1.05(1.00-1.10) 0.0138
Female 4908(72.94)  10026(69.82) 1.07(1.02-1.12) J
Age -
Age<60 6179 (69.47) 9842 (67.95) 1.10 (1.04-1.17) 0.2580
Age>60 9606 (70.65) 13106 (69.65) 1.09 (1.04-1.13) J
Hypertension _
With 13280 (69.38) 18891 (68.46) 1.06 (1.02-1.11) 0.0120
Without 2505 (74.75) 4057 (71.08) 1.20 (1.09-1.33) i
DM -
With 1585 (69.55) 2585 (68.90) 1.07 (0.95-1.20) ]
~ 0.7720
Without 14200 (70.25) 20363 (68.91) —_— 1.15 (1.08-1.23)
! I I I |
09 10 1.1 1.2 13 14
Figure 2 Subgroup analysis between Hcy and severe ICH.
Abbreviations: DM, diabetes mellitus; OR, odd ratios; Cl, confidence interval.
Subgroup No. of events (%) OR(95%CI) P for interaction
HHcy Normal Hey
Overall 15785(70.20) 22948(68.90) 1.06(1.01-1.10)
Sex —
Male 10877(69.00) 12922(68.22) 1.03(0.98-1.08) 0.1186
Female 4908(72.94)  10026(69.82) 1.09(1.02-1.17) J
Age =
Age<60 6179 (69.47) 9842 (67.95) 1.07(1.00-1.14) 0.3690
Age>60 9606 (70.65) 13106 (69.65) 1.03(0.98-1.09) J
Hypertension
With 13280 (69.38) 18891 (68.46) 1.05(1.01-1.10) 0.5400
Without 2505 (74.75) 4057 (71.08) 1.09(0.98-1.22)
DM
With 1585 (69.55) 2585 (68.90) 1.04 (0.92-1.18)
0.5190
Without 14200 (70.25) 20363 (68.91) 1.06 (1.01-1.11)

Figure 3 Subgroup analysis between Hcy and functional outcome at discharge.
Abbreviations: DM, diabetes mellitus; OR, odd ratios; Cl, confidence interval.

Discussion
The current study indicated that an HHcy level was associated with severe ICH in patients on admission and a poor
functional outcome at discharge. The subgroup analysis determined that elevated Hcy levels exhibited a greater
association with severe ICH in female patients and patients without hypertension.

When Hcy was above 15umol/L, this condition was considered HHcy."® This study indicated that in the acute ICH
population, HHcy patients were older, exhibited a higher BMI, and were more frequently male. The HHey group also
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included a higher percentage of patients currently smoking and drinking. These results were consistent with previous
studies from the Framingham Offspring cohort,'* the third National Health and Nutrition Examination Survey (NHANES
I1D),"* and the Hordaland Homocysteine Study (HHS).'® Hey levels are influenced by numerous factors, including age,
sex, nutrition habits, and lifestyle habits.'” Lifestyle habits include smoking, alcohol consumption, sedentary behavior,
and others.'® Hcy levels increase with age, and mean concentrations of HCY in males are higher than in females.
Previous studies revealed a significant positive association between plasma Hey and smoking and drinking.'*'® Smoking
may lead to deficiencies in B-vitamins or folate, and consuming alcohol affects the intestinal absorption of folic acid.'
Obesity also could result in vitamin deficiencies, especially for fat-soluble vitamins.>®

We also found that the HHcy group exhibited a higher percentage of risk factors for atherosclerosis, such as
hypertension and hyperlipidemia. Currently, the relationship between blood pressure and Hcey levels remains uncertain.
Most studies, such as the HHS?' and NHANES II1,%? indicated a positive association between the level of Hey and blood
pressure. Wu™ et al and Li** et al also reported that HHcy was related to elevated DBP. However, other studies, such as
the China Stroke Primary Prevention Trial (CSPPT),?® found no significant associations between Hcy levels and blood
pressure.

Interestingly, the HHcy group had a higher percentage of pneumonia, poor swallowing function, and decubitus. The
underlying mechanisms for these associations are unknown. However, one study indicated that acute ischemic stroke
patients with elevated total Hcy levels had a 1.55-fold increased risk of in-hospital pneumonia.”® Hcy is currently
considered to be a useful marker for inflammation. Considering the inflammation and oxidative stress theory of
atherosclerosis, HHcy might accelerate the generation of high-sensitivity C-reactive protein, interleukin-8, caspase-9,
matrix metalloproteinase, and other proteins that participate in the early-state formation of atherosclerosis®’ and the
accumulation of inflammatory factors also might result in pneumonia. Furthermore, patients with ICH have a greater
need for bed rest as the medical condition of HHcy patients is more severe. These factors might be why HHcy patients
exhibited more decubitus.

Numerous studies have investigated the relationship between Hcy and outcomes in patients with ischemic stroke.
However, only a few studies have analyzed the relationship between Hcy levels and prognosis in patients with ICH. In
our study, the HHcy group exhibited a higher adjusted odds ratio for severe ICH according to the GCS. This conclusion
concerning the relationship between GCS and Hcy levels was inconsistent with other studies. One study”® reported an
inverse association between GCS and Hcy levels. Another study®’ indicated that Hcy levels did not correlate with GCS
levels on admission. Hcy may aggravate the process of atherosclerosis and elevate the risk of hemorrhagic vascular
diseases by the coefficient results of the pathogenesis such as inflammatory reaction, oxidative stress theory, dyslipidemia
mechanism and coagulation dysfunction.*’ We found in this study that HHcy was more associated with severe ICH in
female patients and patients without hypertension. We speculated that these two factors may have influenced the
relationship between Hey and GCS. Also, one study>° showed that elevated Hey levels were related to a larger hematoma
volume in patients with thalamo-ganglionic ICH but not in lobar or infratentorial ICH. The hematoma location and
volume could influence the GCS score. Therefore, additional comprehensive factors need to be analyzed, including
imaging indices, to explore the relationship between Hcy levels and ICH severity in greater depth.

We also found that the HHcy group had a higher adjusted odds ratio for a poor functional outcome at discharge than
the normal Hey group. No published studies have investigated the relationship between Hcy and functional outcome at
discharge. Nevertheless, one study®' reported that HHcy levels were independently associated with a poorer three-month
prognosis in patients with ICH. Another study’” also reported that Hcy was a predictor for mortality in patients with ICH
in the north Indian population. It is possible that HHcy levels affected the endothelial cell diastolic function and
apoptosis.®>> We speculated that the hyalinization and apoptosis of small artery endothelial cells might cause ICH and
influence its prognosis. Therefore, Hcy might be a promising biomarker for predicting short- or long-term functional
outcomes in patients. However, no significant differences were observed between the HHcy and normal Hey groups
concerning in-hospital mortality. Prospective and follow-up studies are needed to validate these observations. Finally,
our observation of no significant difference between HHcy and in-hospital mortality was consistent with the previous
study.?’
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Our study investigated the relationship between Hcy levels and ICH severity and clinical outcomes. The CSCA
database provided many advantages, including large sample size, for testing our hypothesis. The analysis indicated that
Hcy might be a potential target for ICH treatment. However, additional basic and clinical research is needed to validate
our results.

Several limitations were noted in this study. First, it was a retrospective study of the Chinese population, limiting the
ability to generalize the conclusions. Some of the data quality, such as the accuracy and consistency of the Hey level and
acquired time among different labs could not be guaranteed during the study analysis. Second, the data concerning
hematoma volume and location were not available, and additional study is essential to analyze the impact of these
variables on ICH outcomes. Finally, the CSCA database did not provide follow-up information. Long-term functional
outcomes and living status need to be evaluated in the future.

Conclusion

In summary, our study showed that elevated Hcy levels were related to severe ICH on admission and a poor functional
outcome at discharge. The relationship between HHcy and ICH severity on admission was more robust in female patients
and patients without hypertension. Therefore, Hcy is a promising biomarker to predict severity at onset and functional
outcome at discharge for ICH patients. More attention should be given to the Hcy level of patients with ICH, not just
patients with ischemic stroke.
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