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Background: Homocysteine (Hcy) levels may be associated with the development of intracranial aneurysms (IAs). However, whether it increases the risk of rupture of IAs is unknown. This study aimed to determine the association between homocysteine levels and IA rupture.

Methods: We retrospectively reviewed patients with IAs and subarachnoid hemorrhage (SAH) at our hospital between January 2019 and May 2021. Clinical data, including Hcy levels and IA images, were assessed. The association between Hcy level and IA rupture was investigated using multivariate logistic regression analyses in patients with IAs and SAH.

Results: A total of 589 patients were included. 546 patients with IAs, including 331 UIA (Unruptured IA) and 215 RIA (Ruptured IA). The average age was 57.43 ± 10.86 years old, and 67.03% were women. Among them, all 215 RIAs lead to SAH. In addition, we also enrolled 43 non-aneurysmal subarachnoid hemorrhage (Na-SAH) patients. The average age was 54.12 ± 10.55 years old, and 53.48% were female. After adjusting for confounders in the multivariate model, Hcy levels were correlated with the rupture of IA (odds ratio [OR] 1.069; 95% confidence interval [CI] 1.025–1.114, p = 0.002) and a-SAH (OR 1.083; 95% CI 1.002–1.170, p = 0.046).

Conclusion: Hcy levels were associated with IA rupture. These findings provide novel insights into IAs rupture, and future studies are needed to confirm this relationship.
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INTRODUCTION

Intracranial aneurysms (IAs) are a common disease that endangers human health. The incidence of unruptured intracranial aneurysms (UIA) in the population is 1-6% (Vlak et al., 2011). Most UIA are stable, and approximately 1% of UIA cases rupture annually (Wang et al., 2021). UIA rupture accounts for approximately 85% of subarachnoid hemorrhages (SAH). The incidence of repeat bleeding within two weeks and one month was 25 and 40%, respectively, and the fatality rate of repeat bleeding was more than 40% (Tawk et al., 2021). Studies have shown that the acute rupture of a UIA has a mortality rate of 20-30% (Vergouwen et al., 2016). If bleeding occurs again, the death rate is as high as 60-80%, and many survivors are disabled (Vergouwen et al., 2016). To date, aneurysmal clipping and endovascular interventional therapy have been the primary methods for treating IAs. However, the treatment effect for aneurysmal SAH is extremely poor, and the morbidity and mortality rates remain high (Tawk et al., 2021). Therefore, it is of great clinical significance to accurately assess the risk of rupture in patients with UIA. Previous studies have focused on the effects of clinical factors of UIA patients, such as sex, age, hypertension, and aneurysmal morphological factors (size and location) (Greving et al., 2014; Fuentes et al., 2022; Wang et al., 2022). However, few studies have investigated the role of biomarkers in IA rupture.

Homocysteine (Hcy) is a sulfur-containing amino acid, an intermediate product of the methionine cycle, which the human body maintains through the dietary intake of folic acid and vitamins B6 and B12 (Selhub et al., 1993). Diets with excess methionine, folate deficiency, or genetic alterations in certain enzymes of the methionine cycle can increase Hcy levels in the body (Selhub et al., 1993; Jacques et al., 2001). It is believed that Hcy is an important biomarker of cardiovascular and cerebrovascular diseases. Hyper-homocysteinemia (HHcy) not only increases the risk of cardiovascular disease and stroke (Shoamanesh et al., 2016) but also affects the prognosis of stroke patients (Shi et al., 2015) and increases the risk of dementia (Li et al., 2014; Pařízková et al., 2017). In recent years, some studies found that Hcy was associated with the occurrence of abdominal aortic aneurysms (AAA) (Li et al., 2018; Miao et al., 2021). Observational studies also have found that Hcy is related to the development of IAs (Ren et al., 2017; Rosi et al., 2018; Wang et al., 2020). However, since the subjects of these studies include ruptured and unruptured aneurysms and the influence of SAH on Hcy levels cannot be completely excluded, it is still unknown whether Hcy increases the risk of IA rupture. This study aimed to investigate the association between Hcy levels and the rupture of IAs.



MATERIALS AND METHODS


Subjects

We retrospectively identified patients with IA and non-aneurysmal subarachnoid hemorrhage (Na-SAH) at our hospital between January 2019 and May 2021. The following inclusion criteria were applied: (1) age ≥18 years; (2) hospitalized with a primary diagnosis of spontaneous SAH according to the World Health Organization criteria, which was confirmed by brain computerized tomography (CT) within seven days of symptom onset, or hospitalized with a primary diagnosis of IA according to the World Health Organization criteria, which was confirmed with digital subtraction angiography (DSA); (3) Hunt-Hess scale ≤3; (4) no other severe physical illnesses that were life-threatening or interfering with the stroke recovery evaluation; (5) plasma Hcy values obtained upon hospital admission. (6) supplemented folic acid or vitamin B12 drugs in recent three months; (7) Patients who did not undergo CT or DSA, or those with rare causes of SAH, such as cerebrovascular malformations and trauma, were excluded.

All IA and Na-SAH patients underwent DSA after admission. In SAH patients, the DSA was used to identify the presence or absence of IAs. Patients with IAs in the study were divided into UIA and ruptured intracranial aneurysm (RIA). Patients with SAH were divided into a-SAH and Na-SAH. Two weeks after onset, patients with SAH and an initial negative DSA were re-examined using either CT angiography (CTA) or DSA. Patients with SAH with a negative two-week CTA or DSA were re-examined using CTA three months later. SAH patients with IAs at any time point were included in the a-SAH group, and those without IAs at all examinations were included in the Na-SAH group.



Ethics Statement

The study protocol was approved by the ethics committee of the First Affiliated Hospital of Zhengzhou University, and informed consent was obtained from all the participants or their legally authorized representatives.



Data Collection

Based on past medical history, risk factors were ascertained via direct patient and/or proxy interviews. Lifestyle risk factors included smoking (current or past) and drinking (current or past). Hypertension was defined as at least two raised blood pressure measurements (either ≥140 mmHg systolic or ≥90 mmHg diastolic) on separate days before the stroke, the use of antihypertensive medications, or a physician’s diagnosis. Prior stroke was defined as a medically confirmed history of ischemic or hemorrhagic stroke or subarachnoid hemorrhage. Coronary artery disease (CAD) was defined as a history of angina pectoris, myocardial infarction, or the use of CAD medication. Diabetes mellitus was defined as a previous measure of a 2-h oral glucose tolerance test value ≥200 mg/dL, insulin or oral hypoglycemic medicine use, or a physician’s diagnosis. Hyperlipidemia was defined as a history of hyperlipidemia, use of lipid-lowering medications, or diagnosis by a physician. The estimated glomerular filtration rate, an indicator of baseline kidney function, was calculated using the Modification of Diet in Renal Disease formula (Levey et al., 1999). Other potential risk factors included folate, vitamin B12, creatinine, and uric acid.



Blood Measurements

Fasting blood samples were collected in evacuated tubes containing EDTA after overnight fasting for at least 8 h. The samples were centrifuged within 1h and stored below −20°C until analysis. Hcy levels were measured using a fluorescence polarization immunoassay analyzer (Abbott Laboratories, Chicago, IL, United States).



Digital Subtraction Angiography Imaging

Imaging sequences, including 2-dimensional conventional angiograms and 3-dimensional conventional angiograms of DSA, were used to assess aneurysmal location, shape irregularities, maximum size, and number of IAs. The irregular shape was defined as the aneurysm fundus was bi- or multi-lobular, small bleb(s), or secondary aneurysm(s) protruding from the aneurysm fundus, according to recent research (Wang et al., 2022). Two clinical stroke neurologists performed the imaging assessment blinded to the patient’s clinical data and baseline characteristics for our study. In cases where a discrepancy arose, the final decision was reached by consensus.



Statistical Analysis

All continuous variables were expressed as means ± standard deviation, and categorical variables as frequencies and percentages. Categorical variables were analyzed by chi-square tests, whereas differences in mean values of continuous variables were assessed with Student’s t-test for independent samples. When the normality assumption was violated, Mann–Whitney U-test was used. Factors related to IAs in the univariate analyses (P < 0.05) were included in the multivariate model as candidate variables. All statistical analyses were performed using SPSS version 23.0. Two-tailed tests of probability (P < 0.05) were used to estimate statistical significance in all analyses.




RESULTS


Demographic and Clinical Characteristics

The demographic and clinical characteristics of the patients are presented in Table 1. A total of 589 patients were included: 546 patients with IA, including 331 UIAs and 215 RIAs. The average age of these patients was 57.43 ± 10.86 years old, of which 67.03% were women. Among them, all 215 ruptured aneurysms lead to SAH. Therefore, these patients were also regarded as a-SAH. In addition, we also enrolled 43 Na-SAH patients. The average age of this group was 54.12 ± 10.55 years old, and 53.48% were female.


TABLE 1. Demographic and clinical characteristics of patients with intracranial aneurysms and subarachnoid hemorrhages.
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There were more patients with diabetes mellitus in the UIA group than in the RIA group (16.01 vs. 4.65%, p < 0.001). In the UIA group, 309 (93.35%) patients had aneurysms located at the anterior circulation artery, and 22 (6.65%) at the posterior circulation artery. Additionally, 187 (86.98%) aneurysms were located in the anterior circulation artery and 28 (13.02%) at the posterior circulation were ruptured. There was a significant difference in the location of aneurysms (p = 0.012). Moreover, aneurysms with irregular shape were more likely to rupture (66.05 vs.19.03%, p < 0.001). The result of multivariate logistic regression analysis indicated that after adjusting for confounders, diabetes mellitus (OR 0.403; 95% CI 0.179-0.909, p = 0.028), aneurysm location (anterior circulation artery) (OR 0.371; 95% CI 0.175-0.789, p = 0.010) and irregular shape (OR 7.339; 95% CI 4.660-11.560, p < 0.001) were still independently associated with RIA. There was no significant difference in age, drinking, hypertension, dyslipidemia, CAD, history of stroke, and diameter or number of aneurysms between the UIA and RIA groups.

The proportion of patients with hypertension in RIA group was higher than in Na-SAH group (56.28 vs. 30.23%, p = 0.002). After adjusting for confounders, hypertension was still independently associated with RIA (OR 3.490; 95% CI 1.601-7.606, p = 0.002). There were no significant differences in demographic characteristics or other complications between the two groups in (all p > 0.05).



Homocysteine Levels of Patients With Unruptured and Ruptured Intracranial Aneurysms

In the univariate analysis (Table 1), Hcy levels were obviously higher in patients with RIA than in those with UIA (16.80 ± 7.73 μmol/L vs.14.83 ± 5.44 μmol/L, p = 0.001) (Figure 1). Folate and vitamin B12 levels were lower among those with RIA compared to those with UIA (10.06 ± 4.98 vs. 12.17 ± 4.57 ug/L, p<0.001; 452.85 ± 226.07 ng/L vs. 477.59 ± 186.06 ng/L, p = 0.010, respectively). In the multivariate logistic regression analysis, the Hcy level was independently associated with the RIA (OR 1.069; 95% CI 1.025–1.114, p = 0.002) after adjusting for confounders (Table 2).
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FIGURE 1. Homocysteine levels of patients with unruptured and ruptured intracranial aneurysms. Hcy levels was higher in patients with RIA than in those with UIA; and in RIA was also higher than that in Na-SAH, the difference was statistically significant (p = 0.001 and p = 0.011, respectively).



TABLE 2. Multivariate logistic regression analysis between patients with UIAs and those with RIAs.
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Homocysteine Levels of Patients With Aneurysmal or Non-Aneurysmal Subarachnoid Hemorrhage

In univariate analysis (Table 1), the Hcy level was significantly higher in patients with RIA (a-SAH) than in those Na-SAH (16.80 ± 7.73 μmol/L vs. 13.71 ± 4.42 μmol/L, p = 0.011) (Figure 1). Folate level was lower in RIA (10.06 ± 4.98 μg/L vs. 11.51 ± 3.65 μg/L, p = 0.019). There was no significant difference in vitamin B12 levels between the two groups. In the multivariate logistic regression analysis, the Hcy level was independently associated with RIA (OR 1.083; 95% CI 1.002–1.170, p = 0.046) after adjusting for confounders (Table 3).


TABLE 3. Multivariate logistic regression analysis between patients with RIA and those with Na-SAH.
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DISCUSSION

This study demonstrated that Hcy levels were higher in patients with RIA than those with UIA. In all patients with SAH, Hcy levels were also higher in patients with aneurysmal SAH than patients with non-aneurysmal SAH. These results suggest that Hcy levels may be related to the rupture of IA.

Many risk factors have been reported to be associated with the rupture of IA, such as female sex, smoking, aneurysm location, aneurysm size, number of aneurysms, and a family history of SAH (Wiebers et al., 2003; Greving et al., 2014; Fuentes et al., 2022; Wang et al., 2022). However, these factors can only explain the risk of rupture of aneurysms to some extent (Kleinloog et al., 2018). The occurrence and development of IAs is a complex process, which may be involved in inflammatory reactions (Andreasen et al., 2013). Considering that Hcy is also a biomarker of inflammatory response, it may have an effect on the aneurysms. Animal experiments have proven that HHcy accelerates cerebral aneurysm formation in a rat model (Xu et al., 2011). Several recent observational studies have found that Hcy levels in patients with IAs were significantly higher than those in non-aneurysmal patients (Ren et al., 2017; Rosi et al., 2018; Wang et al., 2020). This is consistent with our findings. However, whether Hcy levels are associated with aneurysm rupture has not received enough attention.

Our study found that Hcy levels in patients with RIA were significantly higher than those in patients with UIA, suggesting that Hcy may be one of the risk factors for IA rupture. Concurrently, to rule out the interference of intracranial hemorrhage on Hcy, we further compared a-SAH and Na-SAH patients to SAH. The results confirm our supposition that Hcy in the a-SAH group was both significantly higher and independently correlated. To our knowledge, this is the first clinical study to investigate the relationship between Hcy levels and IA rupture in the population. Previous animal experiments suggested that Hcy could be related to the rupture of IAs (Xu et al., 2011; Korai et al., 2016). In detail, Hcy can activate a series of complex processes, including decreasing arterial reactivity to vasomotor stimuli, increasing the production of free oxygen radicals, and stimulating the proliferation of smooth muscle cells in the arterial wall (Evers et al., 1997; Eikelboom et al., 2000). All these processes lead to wall injury, which plays an important role in the rupture of IAs (Andreasen et al., 2013). This may provide a new intervention factor for the prevention of aneurysm rupture.

In addition, we found that the location of aneurysms and irregular shape of IA were also associated with RIA, which was consistent with previous studies (Greving et al., 2014; Fuentes et al., 2022; Wang et al., 2022). Future studies with larger sample sizes are needed to assess other associated factors.

Our study has several strengths. First, we compared Hcy in UIA and RIA groups, and a-SAH and Na-SAH groups, respectively, which has rarely been assessed in previous studies. Therefore, the conclusion in our study provides strong evidence of the role of Hcy. Second, the large sample size provided considerable statistical power, which likely contributed to detecting real differences between UIA and RIA. Third, all patients underwent a DSA, which is superior due to its high resolution and better detection of IAs (Kwak et al., 2020). The comprehensive information of each patient in the study ensured clear risk factors and results. Moreover, IAs were repeatedly excluded by CT or DSA in patients with Na-SAH, and our grouping conditions were strict and precise.

However, the present study had some limitations. First, this was a cross-sectional study. Therefore, the causal relationship between Hcy and the rupture of IA needs confirmation from a longitudinal study. Second, the study was a retrospective study conducted in a single center, which inevitably resulted in selection bias. Future multicenter prospective cohort studies are needed to confirm this conclusion. Third, although many factors that may affect Hcy levels were included in this study, some were not included in the analysis, such as MTHFR gene mutations, which have been found to cause high Hcy levels (Feng et al., 2021).



CONCLUSION

In conclusion, homocysteine levels are associated with the rupture of IA. These findings provide novel insights into IA rupture. Future studies are needed to confirm this relationship and determine whether controlling HHcy with dietary changes, or folate and Vit B12 supplementation may prevent IA rupture.
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Index

Sex(female), n (%)
Smoking, n (%)
Diabetes mellitus, n (%)
Hey, pmol/L

Folate level, png/L
Vitamin B12 level, ng/L
eGFR, m//min/1.73 m?2

Location of
aneurysms(Anterior
circulation artery), n (%)

Irregular shape, n (%)

OR

0.902
0.705
0.403
1.069
0.945

1.029
0.371

7.339

95% CI

0.483-1.685
0.327-1.522
0.179-0.909
1.025-1.114
0.897-0.995
1.000-0.999
1.019-1.040
0.175-0.789

4.660-11.560

P-value

0.747
0.374
0.028
0.002
0.031
0.664
<0.001
0.010

<0.001

UIA, unruptured intracranial aneurysm; RIA, ruptured intracranial aneurysm; FPG,
Fasting plasma glucose; eGFR, estimated glomerular filtration rate; LDL-C, low
density lipoprotein cholesterol; Hcy, homocysteine. The bolded values represent
statistical significance, which is defined as data with P-value less than 0.05.
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Age, year

Sex(female), n (%)
Smoking, n (%)
Drinking, n (%)
Hypertension, n (%)
Diabetes mellitus, n (%)
Dyslipidemia, n (%)
CAD, n (%)

Prior stroke, n (%)

Hcy, wmol/L

Folate level, pg/L
Vitamin B12 level, ng/L

Location of aneurysms, n (%)

Anterior circulation artery

Posterior circulation artery
Multiple aneurysms, n (%)

Irregular shape, n (%)
Aneurysm diameter, mm
eGFR, ml/min/1.73 m?

UIAs (n = 331)

57.78 £10.14
233(70.39%)
45(13.60%)
45(13.60%)
174(52.57 %)
53(16.01%)
102(30.82%)
31(9.34%)
47(14.20%)
14.83 & 5.44
12147 £ 457
477.59 £ 186.06

309(93.35%)
22(6.65%)
81(24.47%)
63(19.03%)
6.19 + 4.16
99.88 + 21.21

RIAs (n = 215)

56.89 & 11.90
133(61.86%)
45(20.93%)
45(15.35%)
121(56.28%)

10(4.65%)
60(27.91%)
19(8.84%)
31(14.42%)
1680 +7.78
10.06 + 4.98
452.85 £ 226.07

187(86.98%)
28(13.02%)
48(22.33%)
142(66.05%)
5.94 £ 3.04
113.72 £ 24.55

Na-SAH (n = 43)

54.12 + 10.55
23(53.48%)
7(16.27%)
8(18.60%)
13(30.23%)
2(4.65%)
12(27.91%)
2(4.65%)
3(6.98%)
18.71 £ 4.42
11.51 + 3.65
456.66 + 126.83

118.39 + 26.38

p1 value

0.543
0.038
0.024
0.567
0.395
<0.001
0.467
0.834
0.943
0.001
<0.001
0.010
0.012

0.564
<0.001
0.473
<0.001

p2 value

0.120
0.305
0.488
0.594
0.002
1.000
1.000
0.359
0.188
0.011
0.019
0.221

0.402

p1: p value between patients with UIAs and those with RIAs. p2: p value between patients with RIAs and those with Na-SAH. UIAs, unruptured intracranial aneurysms;
RIAs, ruptured intracranial aneurysms; Na-SAH, non-aneurysmal subarachnoid hemorrhage; CAD, Coronary artery disease; eGFR, estimated glomerular filtration rate;

Hcy, homocysteine. The bolded values represent statistical significance, which is defined as data with P-value less than 0.05.





