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Background and Purpose: Many patients who gained successful recanalization by endovascular treatment (EVT) with acute large 
vessel occlusion (LVO) did not have the favorable outcome. The study aimed to assess the association between H-type hypertension 
and clinical prognosis in patients with LVO after receiving EVT.
Methods: Our study enrolled patients from the Endovascular Treatment With versus Without Tirofiban for Stroke Patients with Large 
Vessel Occlusion (RESCUE BT) Trial. H-type hypertension is defined as patients with hypertension and homocysteine (Hcy) 
≥10µmol/L. The primary outcome was a favorable functional outcome, defined as a score of 0–2 on the modified Rankin Scale 
(mRS) at 90 days. The secondary outcomes were mortality, successful recanalization, futile recanalization, and symptomatic 
intracerebral hemorrhage (sICH).
Results: The plasma homocysteine level was recorded for 215 patients with hypertension in our study. Among those patients, 172 
patients (80%) were founded with Hcy ≥10µmol/L (H-type hypertension), and 43 patients (20%) with Hcy <10µmol/L (non-H-type 
hypertension). The probability of favorable outcome decreased with homocysteine increasing in patients with hypertension. H-type 
hypertension was associated with a low probability of favorable outcome (adjusted odds ratio (aOR), 0.38 [95% confidence interval 
(CI), 0.18–0.80]; p = 0.01) at 90 days. The effects of H-type hypertension on mortality (aOR, 1.90 [95% CI, 0.67–5.39]; p = 0.23) and 
sICH (aOR, 0.55 [95% CI, 0.13–2.29]; p = 0.41) were not significant.
Conclusion: Our findings suggest that patients with H-type hypertension have a lower likelihood of achieving favorable outcomes but 
do not have an increased mortality rate within 90 days.
Keywords: H-type hypertension, clinical prognoses, large vessel occlusion

Introduction
Acute large vessel occlusive (LVO) of ischemic stroke could cause severe disability and death. Endovascular treatment 
(EVT) is the primary treatment for patients with LVO when administered within 24 hours of symptom onset.1 Currently, 
90% of successful recanalization has been achieved by EVT for patients with LVO, but the rate of functional 
independence at 90 days is just 50%.2,3 Therefore, the focus is not on increasing the successful recanalization but rather 
on further improving the good prognosis of patients.

Homocysteine, a sulfur-containing amino acid, derives from methionine metabolism.4 A number of studies had 
suggested that high homocysteine concentrations were closely associated with an increased risk of both the occurrence 
and recurrence of ischemic stroke.5–9 Numerous registry studies showed that high homocysteine was associated with 
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early neurology deficit and worse clinical prognosis.8,10,11 Hypertension has also been noted as a risk factor for ischemic 
stroke.12 A previous survey revealed that elevated homocysteine was found in nearly 75% of hypertension patients in 
Asia.13 The association of H-type hypertension (homocysteine and hypertension) with clinical outcomes has also been 
investigated in patients with stroke. Patients with H-type hypertension had less likelihood to achieve functional 
independence and high rates of mortality.14,15 Prior studies almost investigated the relationship between H-type 
hypertension and clinical prognosis in patients with small-vessel stroke or separately demonstrated the effect of 
homocysteine and hypertension on stroke prognosis. However, there is a lack of research exploring the effect of 
H-type hypertension on unfavorable outcomes and mortality in patients who have ischemic stroke and underwent EVT 
due to LVO.

Therefore, we aimed to investigate the relationship between H-type hypertension and clinical prognosis after EVT in 
patients with ischemic stroke due to LVO based on the Endovascular Treatment With versus Without Tirofiban for Stroke 
Patients with Large Vessel Occlusion (RESCUE BT) Trial.16

Methods
Study Population
Our study was a substudy of the Endovascular Treatment With versus Without Tirofiban for Stroke Patients with Large 
Vessel Occlusion (RESCUE BT) Trial (Trial Registration chictr.org.cn, ChiCTR-INR-17014167),17 which was 
a multicenter, randomized, double-blind, placebo-controlled trial. Consecutive patients were included and randomly 
assigned to the tirofiban or placebo group in China from October 10, 2018, to October 31, 2021. Among those patients, 
215 patients were included in our study, 172 patients were defined as having H-type hypertension (Hcy defined as 
≧10 µmol/L), and 43 patients were defined as not having H-type hypertension (Hcy defined as <10 µmol/L). The 
medical ethics committee of the Chinese Ethics Committee of Registering Clinical Trials approved the trial. Besides, the 
written informed consent was obtained from patients or their legal representatives.

Outcome Assessment
The primary outcome was a favorable outcome defined as a modified Rankin Scale (mRS, range, 0 to 6 points, with 
higher scores indicating greater disability)18 score of 0 to 2 at 90 days. We also examined the following dichotomizations 
of the mRS score: 0 to 1 versus 2 to 6, 0 to 3 versus 4 to 6, and 0 to 5 versus 6 (mortality). The imaging outcome, 
including recanalization status, was evaluated using the modified Thrombolysis in Cerebral Infarction (mTICI) score,19 

which ranges from 0 (no reperfusion) to 3 (complete reperfusion) by DSA. Successful recanalization was defined as 
mTICI 2b-3. Symptomatic intracerebral hemorrhage (sICH) was evaluated according to the Heidelberg Bleeding 
Classification20(any intracerebral hemorrhage on CT and neurological deterioration of ≥4 points using the NIHSS or 
≥2 points using the 11 NIHSS subcategories) within 48 hours. In addition, futile recanalization21 was defined as an mRS 
score of 3 to 6 in patients with successful recanalization.

Statistical Analysis
Statistical analyses were performed using SPSS (version 23, IBM Corp., Armonk, NY) and RStudio (version 1.3.1093) 
statistical software. A two-tailed p-value <0.05 (two-tailed) was defined as statistically significant. Analysis of univariate 
data was performed using the Mann–Whitney U-test for continuous variables (median and interquartile range [IQR]) and 
the chi-squared test or Fisher’s exact test for categorical variables (percentages).

A restricted cubic spline regression model was used to explore the nonlinear association between plasma total 
homocysteine level and favorable outcomes among patients with hypertension. The association between H-type hyper
tension and clinical outcomes was assessed using univariate and multivariate logistic regression. In the multivariate 
logistic regression model, because the sample size of the non-H-type hypertension is 43, the four most important adjusted 
confounding factors, including age, baseline NIHSS, baseline ASPECTS, and onset to puncture time, were included. 
Furthermore, supportive analyses were performed by IPTW (Inverse Probability of Treatment Weighting) analysis and 
the PSM (propensity score matching analysis) based on logistic regression in our study. IPTW model adjusted for age, 
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sex, diabetes, cerebral infarction, atrial fibrillation, smoking, hyperlipidemia, occlusion site, stroke etiology, baseline 
NIHSS, baseline ASPECT, oral anticoagulant, mono-antiplatelet treatment, onset to puncture time, and tirofiban. 
Weighted standardized differences were used to evaluate the similarity of H-type hypertension and non-H-type hyperten
sion after application of the IPTW. For propensity score matching analysis, we performed a 1:2 matching based on the 
nearest-neighbor matching algorithm with a caliper width of 0.2 of the propensity score with age, sex, oral anticoagulant, 
mono-antiplatelet treatment, onset to puncture time, occlusion site, stroke etiology, baseline NIHSS, baseline ASPECT, 
tirofiban, and medical history, such as diabetes, smoking, hyperlipidemia, and cerebral infarction, as covariates.

The predictors of favorable outcome and mortality were explored in patients with H-type hypertension according to 
baseline differences between two groups (favorable outcome versus unfavorable outcome and mortality versus survival) 
and prior studies. Furthermore, we also explored the effect of H-type hypertension in different groups; thus, subgroup 
analysis was performed based on age, sex, baseline NIHSS, baseline ASPECT, and stroke etiology, adjusting for age, 
baseline NIHSS, baseline ASPECT, and onset to puncture time.

Results
Baseline Characteristics
There were 524 patients with hypertension among the 948 patients in the RESCUE BT Trial. Of these hypertensive 
patients, 215 had homocysteine data and were included in our study. One hundred seventy-two (80%) patients were 
H-type hypertension, 43 (20%) were non-H-type hypertension (in Figure S1). The median (interquartile range) age, 
NIHSS, and ASPECT for the cohorts were 69 (61–75), 16 (11–19), and 8 (7–9), respectively.

Baseline characteristics details were shown in Table 1. H-type hypertension was frequent in the male group (65.1% vs 
37.2%, p = 0.001). Besides, the onset to puncture time was longer in H-type hypertension cohorts compared with non- 
H-type hypertension cohorts (400 vs 283, p = 0.03). Baseline characteristics after propensity score matching and IPTW 
were shown in Tables S1 and S2.

Outcomes of H-Type Hypertension versus Non-H-Type Hypertension
Following 90 days, the distribution of mRS for the two groups was described in Figure 1. There was a low rate of 
achieving favorable outcome at 90 days in patients with H-type hypertension compared with patients without (38.4% vs 
60.5%, p = 0.009) (in Table 2). Patients in the H-type hypertension group had numerically higher mortality (21.5% vs 

Table 1 Baseline Characteristics of Patients with or Without H-Type Hypertension

Baseline Characteristic All Non-H-type 
hypertension (n=43)

H-Type hypertension 
(n=172)

P value

Age, median (IQR), y 69 (61–75) 68 (64–76) 69 (59–75) 0.780

Sex, No (%)
Female 87 (40.5) 27 (62.8) 60 (34.9) 0.001
Male 128 (59.5) 16 (37.2) 112 (65.1)

Medical history No. (%)
Diabetes 63 (29.3) 11 (25.6) 52 (30.2) 0.55

Cerebral infarction 45 (20.9) 12 (27.9) 33 (19.2) 0.21

Atrial fibrillation 61 (28.4) 15 (34.9) 46 (26.7) 0.29
Hyperlipidemia 31 (14.4) 6 (14.0) 25 (14.5) 0.92

Smoking 61 (28.4) 8 (18.6) 53 (30.8) 0.11

Prestroke antithrombotictreatment No. (%)
Oral anticoagulant 26 (12.1) 5 (11.6) 21 (32.2) 0.92

Mono-antiplatelet treatment 12 (5.6) 5 (11.6) 7 (4.1) 0.05

(Continued)
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11.6%), but the difference did not reach statistical significance. In addition, the rates of sICH were similar between the 
H-type and non-H-type hypertension groups (5.3% vs 7.1%, p = 0.64).

Figure 2 showed that the probability of favorable outcome at 90 days decreased linearly with increasing homocysteine 
(P for non-linear = 0.0878) in patients with hypertension. The association of H-type hypertension and clinical outcomes 
was also explored using multivariate logistic regression, propensity score matching, and the IPTW model. In comparison 
with non-H-type hypertension, H-type hypertension was associated with less opportunity of favorable outcome (aOR, 
0.38 [95% confidence interval (CI), 0.18–0.80], p = 0.01; IPTW OR, 0.33 [95% CI, 0.16–0.70], p = 0.004; PSM OR, 0.35 
[95% CI, 0.16–0.74], p = 0.006). H-type hypertension could increase the risk of futile recanalization (aOR, 2.50 [95% 
confidence interval (CI), 1.16–5.41], p = 0.02; IPTW OR, 2.96 [95% CI, 1.34–6.52], p = 0.07; PSM OR, 2.79 [95% CI, 
1.26–6.15], p = 0.01) (in Table 2).

Table 1 (Continued). 

Baseline Characteristic All Non-H-type 
hypertension (n=43)

H-Type hypertension 
(n=172)

P value

Stroke etiology No. (%)
LAA 124 (57.7) 21 (48.8) 103 (59.9) 0.40
CE 70 (32.6) 17 (39.5) 53 (30.8)
Other 21 (9.8) 5 (11.6) 16 (9.3)

NIHSS score, median (IQR) 16 (11–19) 16 (12–20) 15 (11–19) 0.38

Onset to puncture(minutes)(IQR) 380 (232–614) 283 (210–510) 400 (246–682) 0.03

Imaging characteristics
ASPECTS score, median (IQR) 8 (7–9) 8 (7–9) 8 (6–9) 0.78

Occlusion site – No. (%)
Intracranial internal carotid artery 48 (22.3) 6 (14) 42 (24.4) 0.18
M1 middle cerebral artery segment 139(64.7) 33 (76.7) 106 (61.6)
M2 middle cerebral artery segment 28 (13.0) 4 (9.3) 24 (14.0)

Tirofiban (%) 102 (47.4) 17 (39.5) 85 (49.4) 0.25

Abbreviations: LAA, Large artery atherosclerosis; CE, Cardioembolism; NIHSS, National Institutes of Health Stroke Scale; ASPECTS, Alberta stroke program early CT 
score.

Figure 1 Distribution of Scores on the modified Rankin Scale at 90 Days Shown is the distribution of the scores on the modified Rankin Scale at 90 days according to H-type 
hypertension in all patients.
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Table 2 Association of H-Type Hypertension with Clinical Outcomes

variables Non-H-Type  
Hypertension (n=43)

H-Type  
Hypertension (n=172)

P value Unadjusted OR, P Adjusted OR‡, P IPTW OR, P PSM OR, P

mRS0-1(%) 17 (39.5) 50 (29.1) 0.19 0.63 (0.31–1.26), 0.19 0.64 (0.30–1.34), 0.24 0.64 (0.31–1.32), 0.22 0.58 (0.27–1.25), 0.17
mRS0-2(%) 26 (60.5) 66 (38.4) 0.009 0.41 (0.21–0.81), 0.01 0.38 (0.18–0.80), 0.01 0.33 (0.16–0.70), 0.004 0.35 (0.16–0.74), 0.006

mRS0-3(%) 30 (69.8) 92 (53.5) 0.05 0.41 (0.19–0.90), 0.03 0.44 (0.20–0.98), 0.04 0.42 (0.19–0.94), 0.03 0.41 (0.19–0.90), 0.03

Successful recanalization (%) 41 (95.3) 151 (87.8) 0.15 0.35 (0.08–1.56), 0.17 0.39 (0.09–1.80), 0.23 0.43 (0.09–1.97), 0.28 0.32 (0.07–1.53), 0.16
Futile recanalization (%)† 15 (36.6) 86 (57.0) 0.02 2.29 (1.13–4.68), 0.02 2.50 (1.16–5.41), 0.02 2.96 (1.34–6.52), 0.007 2.79 (1.26–6.15), 0.01

sICH with 48h (%) 3 (7.1) 9 (5.3) 0.64 0.72 (0.19–2.79), 0.64 0.55 (0.13–2.29) 0.41 0.66 (0.15–2.89), 0.59 0.86 (0.38–1.93), 0.71

Any ICH with 48h (%) 13 (31) 49 (28.7) 0.77 0.90 (0.43–1.87), 0.77 0.77 (0.36–1.65), 0.50 0.94 (0.43–2.06), 0.87 0.49 (0.09–2.53), 0.39
Mortality (%) 5 (11.6) 37 (21.5) 0.14 2.08 (0.78–5.67), 0.15 1.90 (0.67–5.39), 0.23 2.08 (0.69–6.23), 0.19 2.07 (0.71–6.03), 0.18

Notes: †In the Futile recanalization group, the number of non-H-type hypertension patients is 41, and the number of H-type hypertension patients is 151. ‡Adjusting for age, baseline NIHSS, baseline ASPECTS, onset to puncture. 
Abbreviations: sICH, symptomatic intracerebral hemorrhage; ICH, intracerebral hemorrhage; OR, odds ratio; IPTW, Inverse Probability of Treatment Weighting; PSM, propensity score matching analysis.
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Predictors of Clinical Outcomes
The multivariate analysis suggested that H-type hypertension (aOR, 0.38 [95% CI, 0.18–0.79]; p = 0.01), age (aOR, 0.97 
[95% CI, 0.94–1]; p = 0.047), the lower baseline NIHSS (aOR, 0.89 [95% CI, 0.84–0.95]; p < 0.001), and successful 
recanalization (aOR, 19.90 [95% CI, 2.46–161.34]; p = 0.005) were independent factors for favorable outcome (in 
Figure 3A). Age (aOR, 1.05 [95% CI, 1.01–1.09]; p = 0.02), baseline NIHSS score (aOR, 1.09 [95% CI, 1.01–1.18]; p = 
0.02), and successful recanalization (aOR,0.11 [95% CI, 0.04–0.30]; p < 0.001) were associated with mortality within 90 
days (in Figure 3B).
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Figure 2 Association between plasma homocysteine levels and favorable outcome in patients with hypertension.

Figure 3 Predictors for favorable outcome: (A) (mRS score 0–2) and (B) mortality at 90 days. Adjusting for age, baseline NIHSS, baseline ASPECTS, successful 
recanalization.
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Furthermore, in patients with H-type hypertension, high baseline NIHSS was mildly associated with a low probability 
of favorable outcome (aOR, 0.90 [95% CI, 0.84–0.97]; p = 0.003) and a high probability of mortality (aOR, 1.08 [95% 
CI, 1.00–1.17]; p = 0.04). Successful recanalization was significantly associated with a high probability of favorable 
outcome (aOR, 15.16 [95% CI, 1.89–121.79]; p = 0.01) and a low probability of mortality (aOR, 0.16 [95% CI, 
0.06–0.43]; p < 0.001) (in Table 3).

Subgroup Analyses
Subgroup analyses were performed according to baseline characteristics to explore the effect of H-type hypertension in 
different patients (in Figure 4). The results of the subgroup suggested that the potential benefit of non-H-type 

Table 3 Predictors for Favorable Outcome and Mortality in H-Type Hypertension Cohorts

Variable Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Favorable outcome
Baseline NIHSS score 0.91 (0.85–0.96) 0.002 0.90 (0.84–0.97) 0.003

ASPECTS score 1.29 (1.05–1.57) 0.02 1.15 (0.93–1.42) 0.18

Successful recanalization 15.12 (1.98–115.56) 0.009 15.16 (1.89–121.79) 0.01
Mortality
Baseline NIHSS score 1.08 (1.00–1.16) 0.04 1.08 (1.00–1.17) 0.04

ASPECTS score 0.80 (0.65–0.99) 0.04 0.88 (0.70–1.70) 0.26
Successful recanalization 0.15 (0.06–0.39) <0.001 0.16 (0.06–0.43) <0.001

Figure 4 Subgroup analyses of the effects of H-type hypertension.
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hypertension as compared with H-type hypertension may have been greater in the elderly, male, low baseline NIHSS 
score, low baseline ASPECT, and large artery atherosclerosis (LAA) cohorts.

Discussion
In this study conducted in China, patients with H-type hypertension were associated with a low probability of favorable 
outcome in patients receiving EVT due to LVO. The opportunity for favorable outcome slowly decreased because of 
homocysteine increasing among hypertension cohorts. Nevertheless, the association of H-type hypertension with 
mortality was not significant during the follow-up.

In a previous study, 75% of patients with hypertension in Asia were observed to have higher plasma homocysteine 
levels.22 Accumulative evidence has demonstrated that elevated homocysteine was considered a risk factor for ischemic 
stroke23 and atherosclerotic plaques.24 Hypertension has also been widely investigated as a risk factor for stroke.25,26 

H-type hypertension could increase the probability five times of cardiovascular disease compared to patients with simple 
hypertension.27 Chongke Zhong et al supported that H-type hypertension was a predictor of poor clinical outcome.22 The 
H-type hypertension group had a higher opportunity of occurrence of stroke recurrence or all-cause mortality (22.83% vs 
10.24%) than the simple hypertension group during the 1-year follow-up.15 Compared with prior studies, our study 
enrolled patients with ischemic stroke who underwent EVT due to anterior circulation LVO. In our study, H-type 
hypertension also indicated an unfavorable outcome and futile recanalization.

Indeed, H-type hypertension correlated with worse clinical outcome could be explained by elevated homocysteine 
induced oxidative stress for the vascular endothelial cells to impair the blood–brain barrier and aggravated the injury by 
the production of vasodilator, nitric oxide, in hypertension.28,29 Compared with non-H-type hypertensive patients, CD4+ 
T-cell percentage in peripheral blood was significantly decreased in H-type hypertensive patients.30 Treg cells were 
considered to have a protective impact on hypertension.31 The decrease of total CD4+ T cells makes blood pressure 
protective Treg cells further decrease, and pro-inflammatory cytokines increase comparatively, which will aggravate 
hypertension and target organ damage.30 Prior studies suggested that hypertension and homocysteine might have 
a certain synergistic harmful effect on functional recovery for patients with ischemic stroke.32–34 Besides, the rates of 
diabetes were frequent in the H-type hypertension group (30.2% vs 25.6%), yet the difference did not arrive statistically 
significant in our findings. Huang et al35 and Yang et al36 assessed the association between H-type hypertension and 
diabetes and found that H-type hypertension might increase the risk of a worse prognosis in patients with diabetes. 
Further, Chen et al had proved H-type hypertension (aOR, 1.543 [95% CI, 1.411–1.688]; p < 0.001) was associated with 
a high risk of atherosclerotic plaques. Patients with LAA were less likely to achieve functional independence at 3 months 
compared to those in the cardioembolism cohort.37 In our study, the large artery atherosclerosis of the etiology of stroke 
was higher in H-type hypertension (59.9% vs 48.8%) than without elevated homocysteine group.

Perini et al38 provided evidence that homocysteine increasing in the acute phase of stroke was not a predictor of 
mortality. Additionally, the Vitamin Intervention for Stroke Prevention (VISP) randomized controlled trial39 also 
suggested that reducing the level of homocysteine after stroke had no impact on clinical outcome during a follow-up 
of 2 years. Nevertheless, numerous studies evaluated the relationship between homocysteine and mortality and found that 
high concentrations of homocysteine were associated with higher mortality from stroke and cardiovascular disease.40,41 

And, in an analysis based on 3799 ischemic stroke patients, after a follow-up of 48 months, elevated homocysteine levels 
in the acute phase were associated with mortality.8 Zhang et al32 aimed to investigate whether serum homocysteine 
contributed to the risk of mortality in primary stroke patients, which demonstrated that high homocysteine concentration 
had a negative effect on increasing rates of all-cause mortality (relative risk (RR), 1.75 [95% CI, 1.3–2.4]; p < 0.001). 
Still, our results also supported the reports of Naess et al42 that measured the homocysteine following 6 years and 
revealed mortality related to homocysteine levels (hazard ratio 1.04, p = 0.02). In our findings, the mortality was high in 
H-type hypertension compared with non-H-type hypertension (21.5% vs 11.6%, p = 0.14), but the differences have no 
statistical significance. One possible reason is the small sample size, which may limit statistical power to detect the effect 
of H-type hypertension on mortality. Large clinical trials are needed to elucidate the results.

This study has several limitations that must be considered. First, as a post-hoc analysis of the RESCUE BT study, 
some bias might be unavoidable, even PSM and IPTW statisticals were performed in our study. Second, a small sample 
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size could underestimate the effect of H-type hypertension on predicting clinical prognosis. Further prospective studies 
are needed to validate our findings. Third, the homocysteine levels were measured at the admission of the acute phase of 
the stroke. However, without serial measurements, the relationship between homocysteine change and prognosis could 
not be observed, which might guide the treatment for stroke.

Conclusion
H-type hypertension had a negative impact on the favorable outcome compared to the non-H-type hypertension. Future 
randomized controlled studies are needed to confirm whether homocysteine levels can be used as a potential target to 
improve the prognosis of patients with LVO.
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