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Purpose: This study evaluated the effects of 12 months of NBP treatment on stroke recurrence and examined the influence of age and 
gender on its efficacy.
Methods: A prospective cohort of 1109 patients with non-cardioembolic ischemic stroke (IS) within six months was divided into 
NBP (n = 538) and control (n = 571) groups. The NBP group received NBP plus standard treatment, while the control group received 
standard treatment alone. Primary outcomes were recurrent ischemic and hemorrhagic stroke over 12 months. Secondary outcomes 
included functional status (modified Rankin Scale, m-RS) and all-cause mortality.
Results: NBP reduced recurrent IS by 39% compared to controls (RR:0.61,95% CI:0.40–0.93, P=0.022) and total stroke events by 
39.6% (RR:0.60,95% CI:0.40–0.91,P=0.016). Protective effects were more significant in males (RR:0.52,95% CI:0.30–0.91, P=0.021 
vs RR:0.53,95% CI:0.40–0.91,P=0.021) and in patients under 70 years (P<0.05). Functional outcomes (modified Rankin Scale and 
Barthel index) and all-cause mortality did not differ significantly between groups (all P>0.05).
Conclusion: NBP significantly reduces stroke recurrence and overall vascular events, especially in males and younger patients. While 
it does not improve functional outcomes or mortality, NBP demonstrates substantial preventive value for recurrent strokes.
Keywords: N-butylphthalide, ischemic stroke, stroke recurrence, cardiovascular events, secondary prevention

Introduction
Ischemic stroke (IS) is one of the leading causes of death and disability worldwide, imposing a significant burden on 
healthcare systems and society. In China, the incidence of new stroke cases has risen dramatically, reaching approxi-
mately 3.94 million in 2019—an 86% increase compared to 1990.1 Stroke recurrence poses an even greater challenge, as 
it is associated with higher rates of morbidity, mortality, and healthcare costs.2 Despite advances in the acute management 
of IS, such as antiplatelet therapy and the use of thrombolytic agents, secondary prevention remains a pressing clinical 
priority.3–5 In China, the one-year recurrence rate for IS stands at approximately 12.5%, underscoring the urgent need for 
effective long-term preventive strategies.6

Current secondary prevention strategies for IS typically combine pharmacological interventions, including antiplatelet 
agents, statins, and antihypertensive drugs, with lifestyle modifications. However, despite these measures, some patients 
continue to experience recurrent strokes, with the five-year risk of recurrence in patients with large artery atherosclerosis 
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remaining as high as 20% to 30%.7 This highlights the need for novel therapeutic options that can effectively reduce 
stroke recurrence.

N-butylphthalide (NBP), a synthetic compound originally derived from celery seeds, has garnered increasing attention 
as a neuroprotective agent in the treatment of IS. NBP has demonstrated multiple mechanisms of action, including the 
preservation of mitochondrial function, the enhancement of cerebral energy metabolism, and the inhibition of neuronal 
apoptosis.8–10 These mechanisms make NBP a promising candidate for mitigating the neuronal damage associated with 
IS. Early clinical trials and meta-analyses have shown that NBP, when used during the acute phase of IS, can reduce 
neurological deficits and improve functional recovery.11,12 When administered in conjunction with standard stroke 
treatments, such as antiplatelet therapy and statins, NBP has been associated with reduced mortality and enhanced 
functional outcomes.11,12

Despite its proven short-term benefits, the long-term effects of NBP on IS recurrence remain inconclusive. Most 
previous studies have focused on short-term outcomes, with follow-up periods lasting only a few months.13 Additionally, 
many of these studies had small sample sizes, limiting their ability to draw robust conclusions regarding the long-term 
impact of NBP. There is also a paucity of data on whether the efficacy of NBP differs according to patient characteristics, 
such as age and gender.14–16 These knowledge gaps have hindered the development of personalized treatment strategies 
for stroke survivors.

This study aims to address these gaps by investigating the effects of a 12-month regimen of NBP on IS recurrence. 
Specifically, the study examines the protective effects of NBP against stroke recurrence and evaluates how age and 
gender may influence its efficacy. We hypothesize that NBP treatment will significantly reduce the recurrence rate of IS, 
with greater efficacy in male and younger patients.

Methods
Study Design and Setting
This community-based prospective cohort study was conducted in Jizhou District, Tianjin, China. The trial design 
adhered to the ethical principles outlined in the Declaration of Helsinki and was approved by the Ethics Committee of 
Tianjin Medical University General Hospital (IRB2020-YX-056-01). Written informed consent was obtained from all 
participants prior to their enrollment. The study was registered with the Chinese Clinical Trial Registration Center 
(ChiCTR2000039118).

Participants
The study enrolled male and female adults aged 18 years and older who were permanent residents of Jizhou District and 
had been diagnosed with non-cardioembolic IS within the past six months, as confirmed by medical record data and 
magnetic resonance imaging (MRI). Participants were required to be capable of self-care or have access to a caregiver for 
assistance. Exclusion criteria included a history of hemorrhagic stroke, the presence of malignant tumors, coagulation 
disorders (platelets <100×109/L), severe hepatic or renal dysfunction, cardiac dysfunction, pregnancy, and concurrent 
participation in other clinical trials. Patients with severe cognitive impairment or those unable to provide informed 
consent were also excluded from the study.

Intervention
Participants were recruited and assigned to one of two groups using a 1:1 cluster sampling ratio in two phases. In the first 
phase, eligible participants who met the inclusion criteria were enrolled in the NBP treatment group between April and 
July 2021. In the second phase, from October 2021 to March 2022, eligible participants meeting the selection criteria 
were assigned to the control group. The NBP group received NBP soft capsules at a dosage of 0.2 g, administered three 
times daily for 12 months, in addition to standard treatment. Studies have shown that this dose of NBP therapeutic 
regimen shows good efficacy and safety.17–20 Standard treatment included a regimen of antiplatelet agents, antihyper-
tensive medications, antidiabetic drugs, or lipid-lowering agents, based on the individual’s clinical requirements. 
However, the standard treatment plan of all patients followed the authoritative domestic and foreign guidelines for 
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secondary prevention of IS. Participants in the control group continued to receive standard treatment alone, without the 
addition of NBP. To ensure medication compliance, we provide detailed medication guidance. All NBP patients were first 
given drugs for one month after enrollment, then given drugs every three months, and the empty bottles were recovered 
at the same time. The medication compliance reached more than 80%.

Baseline Data Collection
Baseline data were collected for all participants at the time of enrollment. The collected information included demographic 
characteristics (age, gender, body mass index), medical history (including the presence of hypertension, diabetes, hyperli-
pidemia, and coronary artery disease), and lifestyle factors (such as smoking status and alcohol consumption). Biochemical 
markers relevant to stroke risk were also measured. After a fasting period of at least 12 hours, venous blood samples were 
drawn to assess levels of glycated hemoglobin, homocysteine, high-sensitivity C-reactive protein (hs-CRP), total choles-
terol, triglycerides, high-density lipoprotein (HDL), and low-density lipoprotein (LDL). Baseline functional status was 
assessed using the modified Rankin Scale (m-RS) and Barthel index, which served as a reference point for subsequent 
functional outcome evaluations.

Follow-Up and Outcome Measures
Participants were followed up for a 12-month period. The primary outcomes of interest were the incidence of recurrent IS 
and total stroke events (defined as the combined occurrence of ischemic and hemorrhagic strokes). IS was defined as an 
acute focal infarction of the brain or retina, characterized by the sudden onset of a new focal neurological deficit with 
clinical or imaging evidence of infarction that was not attributable to non-ischemic causes, such as brain infection, 
trauma, tumor, seizure, severe metabolic disease, or neurodegenerative disorders. Hemorrhagic stroke was defined as 
acute extravasation of blood into the brain parenchyma or subarachnoid space, accompanied by associated neurological 
symptoms and confirmed by imaging evidence.

Secondary outcomes included functional outcomes assessed using the m-RS and Barthel index at the end of the study 
and all-cause mortality. The functional outcomes were assessed to determine the degree of disability and independence in 
daily activities, while mortality data were collected from hospital records or death certificates. Functional recovery was 
classified as poor if the m-RS score was ≥3, and the m-RS scores at follow-up were compared between the NBP and 
control groups. Barthel index ≤60 was considered to be dependent on activities of daily living for stroke prognosis, and > 
60 was considered to have a good outcome.21

Statistical Analysis
Descriptive statistics were calculated for both continuous and categorical variables. Continuous variables were presented 
as mean ± standard deviation (SD) or median with interquartile range (IQR), depending on the distribution of the data. 
Categorical variables were presented as frequencies and percentages. The normality of continuous data was assessed 
using the Shapiro–Wilk test. Differences between the NBP and control groups for continuous variables were assessed 
using the independent samples t-test for normally distributed data, and the Mann–Whitney U-test was employed for non- 
normally distributed data. Categorical variables were compared between groups using the chi-square test or Fisher’s 
exact test when the expected frequencies were low.

To test our hypothesis that NBP treatment reduces stroke recurrence, especially in male and younger patients, we used 
multivariate logistic regression models to adjust for potential confounding factors. The selection of covariates for the 
multivariate analysis was guided by both clinical relevance and statistical significance observed in the univariate analysis 
(P < 0.10). The following factors were included in the multivariate analysis: age, gender, BMI, smoking status, alcohol 
consumption, history of hypertension, diabetes, hyperlipidemia, coronary artery disease, and baseline m-RS score. Any 
other variables that showed significant differences between the two groups at baseline were also included as covariates. 
The relative risk (RR) and 95% confidence intervals (CI) were calculated to estimate the association between NBP use 
and study outcomes. To assess the potential effects of age and sex, univariate and multifactorial analyses were performed 
in subgroups, with Bonferroni correction used for univariate analysis and significance defined as a bilateral P value < 
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0.01. A two-sided P-value of <0.05 was used to define statistical significance. All statistical analyses were conducted 
using SPSS software, version 26.0 (IBM Corp., Armonk, NY, USA).

Results
Between April 16, 2021, and March 16, 2022, a total of 1,190 patients with IS were recruited for the study. Of these, 596 
patients were assigned to the NBP group, and 594 patients were assigned to the control group. Over the 12-month follow- 
up period, 81 participants were either lost to follow-up or withdrew from the study. Consequently, data from 1,109 
patients (538 in the NBP group and 571 in the control group) were included in the final analysis (Figure 1).

Baseline Characteristics
The final cohort consisted of 1,109 IS patients, with 538 in the NBP group and 571 in the control group. Among the 
participants, 345 (64.1%) of the NBP group were male, while 402 (70.4%) of the control group were male. Conversely, 
the proportion of female participants was higher in the NBP group (35.9%) than in the control group (29.6%), and this 
difference in gender distribution was statistically significant (P = 0.026) (Table 1).

Primary Outcome Events, Functional Outcomes, and Mortality
After 12 months of follow-up, the incidence of recurrent IS was significantly lower in the NBP group (7.4%, 40/538) 
compared to the control group (10.9%, 62/571) (P = 0.049). Similarly, the total incidence of stroke events, which 
included both ischemic and hemorrhagic strokes, was significantly reduced in the NBP group (7.8%, 42/538) compared 
to the control group (11.6%, 66/571) (P = 0.035).

In terms of functional outcomes, there were no significant differences in m-RS group between the NBP and control 
groups at 12 months. The proportion of patients with m-RS scores of ≥3 was 10.8% in the NBP group and 10.3% in the 
control group (P = 0.808), indicating that the addition of NBP did not significantly influence functional recovery. There was 
also no significant difference in Barthel index scores (P=0.192), and the proportion of patients with Barthel index > 60 was 
93.5% in the NBP group and 91.4% in the control group. Mortality rates were also similar between the two groups, with 
0.9% (5/538) of patients in the NBP group and 1.6% (9/571) of patients in the control group dying during the study period 
(P = 0.335) (Table 2).

Figure 1 Flowchart of the study. Figure showed that the study design and follow-up of patients with ischemic stroke. Initially, 1190 patients were recruited and divided into 
the NBP group (596) and the control group (594). During the 12-month follow-up, 19 patients in the NBP group were lost to follow-up, and 39 patients dropped out, 
resulting in 538 patients completing the follow-up. In the control group, 5 patients were lost to follow-up, and 18 patients dropped out, resulting in 571 patients completing 
the follow-up.
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Univariate Analysis of Prognostic Factors
Univariate logistic regression analysis identified several factors associated with the occurrence of IS during the 12-month 
follow-up period. These factors included NBP treatment, BMI category, hypertension, triglycerides, hs-CRP, and 

Table 1 Baseline Data of NBP Group and Control Group

Features NBP Group (n=538) Control Group (n=571) P

Gender, n (%):
Male 345 (64.1) 402 (70.4) 0.026

Female 193 (35.9) 169 (29.6)

Age group, n (%) 62.31 (8.67) 62.75 (8.30) 0.388
<60 years 194 (36.1) 196 (34.3) 0.833

60 years ~ 219 (40.7) 239 (41.9)

≥70 years, 125 (23.2) 136 (23.8)
BMI group, n (%) 26.67 (3.86) 26.43 (3.24) 0.259

<24 Kg/m2 119 (22.1) 126 (22.1) 0.480
24 Kg/m2 ~ 242 (45.0) 275 (48.2)

≥28 Kg/m2 177 (32.9) 170 (29.8)

Waist-hip ratio, means (SD) 0.96 (0.44) 0.93 (0.07) 0.099
Smoking, n (%):

Never 254 (47.2) 209 (36.6) <0.001

Smoking cessation 189 (35.1) 211 (37.0)
Smoke 95 (17.7) 151 (26.4)

Alcohol consumption, n (%):

Never 276 (51.3) 263 (46.1) <0.001
Stop drinking 208 (38.7) 203 (35.6)

Drinking 54 (10.0) 105 (18.4)

Hypertension, n (%)
Yes 421 (78.3) 415 (72.7) 0.031

No 117 (21.7) 156 (27.3)

Diabetes, n (%)
Yes 184 (34.2) 172 (30.1) 0.146

No 354 (65.8) 399 (69.9)

Hyperlipidemia, n (%)
Yes 253 (47.0) 224 (39.2) 0.009

No 285 (53.0) 347 (60.8)

Coronary heart disease, n (%)
Yes 74 (13.8) 72 (12.6) 0.573

No 464 (86.2) 499 (87.4)

Glycated hemoglobin, %, means (SD) 6.35 (1.28) 6.39 (1.36) 0.595
Homocysteine, μmol/l, means (SD) 17.16 (11.90) 18.46 (15.27) 0.113

Triglycerides, mmol/l, means (SD) 1.62 (1.11) 1.61 (1.14) 0.892

Total cholesterol, mmol/l, means (SD) 4.38 (1.05) 4.43 (1.10) 0.412
HDL, mmol/l, means (SD) 1.21 (0.28) 1.22 (0.28) 0.437

LDL, mmol/l, means (SD) 2.52 (0.87) 2.56 (0.90) 0.468

hs-CRP, mg/l, median (IQR) 1.42 (2.30) 1.55 (2.51) 0.004
Baseline m-RS group, n (%)

m-RS<3 453 (84.25) 501 (87.7) 0.089

m-RS≥3 85(15.8) 70 (12.3)
Baseline Barthel index, median (IQR) 100(0) 100(0) 0.122

Barthel index≤60, n (%) 41(7.6) 37(6.5) 0.458

Barthel index>60, n (%) 497(92.4) 534(93.5)

Abbreviations: NBP, N-butylphthalide; BMI, body mass index; hs-CRP, high-sensitivity C-reactive protein; HDL, high- 
density lipoprotein; LDL, low-density lipoprotein.
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baseline m-RS score. Among these, NBP treatment, hypertension, triglycerides, hs-CRP, and baseline m-RS score were 
associated with stroke recurrence (P < 0.1) (Tables S1 and S2).

Multivariate Analysis of Prognostic Factors
To assess the independent effect of NBP on stroke outcomes, a multivariate logistic regression analysis was conducted. 
The analysis adjusted for potential confounding factors, including age, gender, BMI, smoking status, alcohol consump-
tion, history of hypertension, diabetes, hyperlipidemia, coronary artery disease, and baseline m-RS score.

The results confirmed that NBP treatment was independently associated with a reduced risk of recurrent IS (RR = 
0.610, 95% CI: 0.399–0.931, P = 0.022). Additionally, NBP treatment reduced the risk of total stroke events (RR = 0.604, 
95% CI: 0.400–0.912, P = 0.016) (Tables S1 and S2).

Subgroup Analysis
In univariate analysis, patients aged 60–70 years showed significantly reduced recurrence rates of both ischemic (P = 
0.010) and total stroke (P = 0.007) in the NBP group after Bonferroni correction. Other subgroups did not reach statistical 
significance under the corrected threshold of P < 0.01 (Table 3).

Table 2 Outcome Events in NBP Group and Control Group During the 12-month Study 
Period (Number of People)

Features NBP Group (n=538) Control Group (n=571) P

Ischemic stroke, n (%) 40 (7.4) 62 (10.9) 0.049

Hemorrhagic stroke, n (%) 3 (0.6) 5 (0.9) 0.727

Stroke, n (%) 42 (7.8) 66 (11.6) 0.035
m-RS group after 12 months, n(%)

m-RS<3 480 (89.2) 512 (89.7) 0.808

m-RS≥3 58 (10.8) 59 (10.3)
Barthel index 100(0) 100(0) 0.277

Barthel index≤60, n (%) 35(6.5) 49(8.6) 0.192
Barthel index>60, n (%) 503(93.5) 522(91.4)

Death, n (%) 5 (0.9) 9 (1.6) 0.335

Table 3 Subgroup Analysis of Primary Outcome Events

Features NBP Group (n=538) Control Group (n=571) P

Ischemic stroke, n (%) 40 (7.4) 62 (10.9) 0.049
Gender, n (%):

Male 21/345 (6.1) 42/402 (10.4) 0.032

Female 19/193 (9.8) 20/169 (11.8) 0.542
Age Group, n (%):

<60 11/194 (5.7) 23/196 (11.7) 0.034

60~ 11/219 (5.0) 28/239 (11.7) 0.010
≥70 18/125 (14.4) 11/136 (8.1) 0.105

Stroke, n (%) 42 (7.8) 66 (11.6) 0.035

Gender, n (%):
Male 22/345 (6.4) 44/402 (10.9) 0.028

Female 20/193 (10.4) 22/169 (13.0) 0.431

Age Group, n (%):
<60 11/194 (5.7) 24/196 (12.2) 0.023

60~ 11/219 (5.0) 29/239 (12.1) 0.007

≥70 20/125 (16.0) 13/136 (9.6) 0.118

Notes: Bonferroni correction applied for multiple comparisons; adjusted statistical significance thresh-
old set at P < 0.01.
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In multivariate logistic regression (Figure 2), NBP use was independently associated with reduced stroke recurrence 
in male patients (RR = 0.521; 95% CI: 0.299–0.907; P = 0.021) and in those under 70 years. These subgroup effects were 
exploratory and not adjusted for multiple comparisons, and thus should be interpreted cautiously.

In addition, we further explored the effect of NBP on mortality in both the recurrent and non- recurrent subgroups, 
and the outcome was not significant (P > 0.05) (Table S3).

Discussion
This study aimed to evaluate the efficacy of NBP in reducing stroke recurrence over a 12-month period in patients with 
a history of IS. The findings demonstrated that NBP significantly decreased the incidence of recurrent IS by 39% 
compared to the control group. One of the most notable observations was the gender-specific effect of NBP: the reduction 
in stroke recurrence was more pronounced in male patients, while the effect in female patients did not reach statistical 
significance. The analysis also revealed an age-dependent efficacy of NBP. The protective effects were most pronounced 
in patients under 70 years of age. In contrast, patients aged 70 years and older did not exhibit a significant reduction in 
stroke recurrence. Additionally, NBP reduced the overall incidence of stroke, including both ischemic and hemorrhagic 
strokes, by 39.6%. Despite these significant reductions in stroke recurrence, no notable differences were observed 
between the NBP and control groups in terms of functional outcomes, as measured by the m-RS, or in all-cause mortality.

Relatively little research has been done on stroke recurrence, and previous studies have focused on the short-term 
benefits of NBP, particularly its role in reducing mortality and improving functional outcomes in the acute phase of IS. 
When administered during this phase, NBP significantly reduces neurological deficits and enhances functional recovery 
without increasing the risk of adverse events.11,12 While a few studies have suggested potential benefits, these were often 

Figure 2 Multivariate logistic regression results of subgroup analysis in the primary outcomes. Figure showed the multivariate logistic regression results of NBP on ischemic stroke 
recurrence (a) and stroke occurrence (b) within 12 months of the study individuals. The figure listed the sample size (N), relative risk (RR), 95% confidence interval (CI), and P-value for 
different genders and age groups. 2a showed multivariate logistic regression results of ischemic stroke recurrence. The total sample size was 1109, with males 747 and females 362. The 
relative risk for the male group was 0.521 (95% CI:0.299–0.907), P=0.021; for the age <60 group was 0.377 (95% CI: 0.173–0.822), P=0.014; and for the age 60–70 group was 0.399 (95% CI: 
0.193–0.821), P=0.013. 2b showed multivariate logistic regression results of stroke occurrence. The total sample size was 1109, with males 747 and females 362. The relative risk for the male 
group was 0.528 (95% CI:0.307–0.907), P=0.021; for the age <60 group is 0.352 (95% CI: 0.163–0.758), P=0.008; and for the age 60–70 group was 0.383 (95% CI: 0.186–0.787), P=0.009.
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limited by small sample sizes and short follow-up periods, making it difficult to draw definitive conclusions.22 

A prospective multi-center short-term follow-up study concluded that the risk of relapse of IS was lower in the NBP non- 
compliance group than in the stroke non-recurrence group.23 In contrast to previous findings, this study demonstrated that 
NBP significantly reduced the incidence of recurrent IS by 39% compared to the control group. The study’s large sample 
size and robust statistical analysis lend strong support to the conclusion that NBP offers substantial protective effects 
against stroke recurrence. Unlike earlier studies, which focused on the short-term impact of NBP during the acute phase, 
the present study highlights the potential long-term benefits of NBP when used beyond the acute stage. Although our 
study found that NBP reduced recurrence rates, it did not significantly reduce mortality, even in the relapsed and non- 
relapsed subgroups. This may be due to the fact that we selected stroke patients who were in the recovery period more 
than 1 month before the study but less than 6 months, and these patients have passed the critical period, and the mortality 
will be significantly reduced. At the same time, the small number of deaths in our two groups and the short follow-up 
time may not reflect the outcome well, so the reliability of the test needs to be verified. In the future, the follow-up time 
will be further increased to verify the impact of NBP on stroke mortality. The observed reduction in stroke recurrence 
may be explained by several mechanisms of NBP. NBP is known to preserve mitochondrial function and enhance energy 
metabolism, which helps stabilize the neuronal environment and may prevent recurrent ischemic events.8,9 Additionally, 
NBP exhibits anti-inflammatory and antioxidative properties, which could reduce the overall burden of cerebrovascular 
risk factors, thereby lowering the likelihood of subsequent strokes.10

While several studies have evaluated the neuroprotective properties of NBP, its impact on the overall incidence of 
both ischemic and hemorrhagic strokes has not been extensively documented. Most prior research has focused on isolated 
outcomes, such as the recurrence of IS, without considering the broader spectrum of stroke risks. One study reported that 
NBP, when administered during the acute phase of IS, not only reduced the severity of neurological deficits but also 
appeared to offer a protective effect against subsequent strokes. However, this study primarily focused on short-term 
outcomes and did not evaluate the long-term vascular benefits of NBP.12 Another i study suggested that NBP might 
reduce the risk of myocardial infarction when used as part of a comprehensive treatment regimen, but it did not 
specifically quantify the reduction in the total incidence of stroke.11 Similarly, a meta-analysis of randomized controlled 
trials on NBP emphasized its safety and efficacy in reducing neurological damage in IS patients. While the analysis 
confirmed that NBP reduces mortality and disability, it did not specifically address its impact on the combined risk of 
ischemic and hemorrhagic strokes.12 In the current study demonstrated that NBP significantly reduced the total incidence 
of IS and overall stroke events (including both ischemic and hemorrhagic strokes) by 39.6% and 36.4%, respectively. 
These findings suggest that NBP could be a vital component of stroke risk management, particularly in patients with 
a history of IS. The broad-spectrum protective effects of NBP observed in this study may be attributed to several 
mechanisms. NBP is known to improve mitochondrial function, enhance energy metabolism, and reduce oxidative stress, 
all of which likely play a key role in stabilizing vascular integrity and preventing the onset of both ischemic and 
hemorrhagic strokes.8,10 Furthermore, NBP’s anti-inflammatory properties may contribute to its ability to mitigate stroke 
risk, as chronic inflammation and endothelial dysfunction are well-known triggers of stroke.9,24,25 Another possible 
mechanism is NBP’s influence on lipid metabolism and its potential anti-atherosclerotic effects, which help maintain 
vascular health and reduce the likelihood of future strokes.26

Previous research on gender differences in stroke outcomes has revealed that female patients generally experience 
worse functional outcomes and higher mortality rates after stroke compared to males, although these studies did not 
specifically evaluate the impact of NBP on stroke recurrence.14 Studies on thrombolysis and endovascular treatment for 
acute IS have shown that both male and female patients benefit from these therapies. However, females often experience 
poorer outcomes, potentially due to older age at stroke onset and the presence of comorbidities.27 Another study 
highlighted differences in platelet reactivity and the response to antiplatelet therapy between males and females, 
suggesting that gender may influence the efficacy of certain stroke treatments.28 However, this study did not explore 
the impact of NBP or its long-term effects on stroke recurrence. Similarly, an analysis of 279 patients who received 
endovascular therapy found that males and females responded differently to the treatment, but NBP was not specifically 
addressed.29 The current study’s finding that NBP significantly reduced stroke recurrence in male patients, but not in 
female patients, is novel and suggests a potential gender-specific response to NBP treatment. Several mechanisms may 
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explain the observed gender differences in NBP efficacy. Biological differences, such as hormonal influences, could play 
a role in how males and females metabolize and respond to NBP. For instance, estrogen has been shown to exert both 
neuroprotective and neurotoxic effects, depending on the context, and it may interact with the pathways through which 
NBP exerts its effects.15 Additionally, gender-based differences in platelet function could influence the effectiveness of 
NBP in preventing stroke recurrence.28 Studies have shown that female stroke patients have higher platelet counts but 
lower platelet response to agonists, which may affect the effectiveness of antithrombotic therapy.30 In addition, in female 
patients with acute stroke, the neutrophil count is increased, and the inflammatory response is active in the body, which 
may also cause the effect of NBP treatment to be weakened.30 The higher baseline incidence of recurrent strokes in males 
may make the protective effects of NBP more detectable in this group, while the relatively lower baseline risk in females 
could contribute to the absence of statistically significant findings in this subgroup. This gender difference in NBP 
efficacy has not been widely reported in prior studies, suggesting that gender may be an important factor influencing 
NBP’s therapeutic effects. These differences could be attributed to biological or pharmacokinetic factors that warrant 
further investigation to optimize stroke prevention strategies in male and female patients.

The influence of age on the efficacy of NBP in reducing stroke recurrence has not been widely explored. Most prior 
studies on NBP have focused on its overall efficacy in stroke management, without explicitly investigating how age 
might alter its therapeutic effects. Research on stroke recurrence has consistently shown that older patients are at a higher 
risk of recurrent stroke and tend to have poorer outcomes compared to younger patients. However, these studies rarely 
assess the differential impact of specific treatments, such as NBP, across different age groups.16 Evidence from studies on 
antiplatelet therapy in stroke prevention indicates that younger patients generally respond better to treatment, with lower 
recurrence rates compared to older patients. This difference is attributed to age-related physiological changes, such as 
reduced drug metabolism and altered vascular responsiveness. However, these studies did not specifically investigate the 
effects of NBP.31 Additionally, research on neuroprotective agents in general suggests that their efficacy declines with 
age, possibly due to factors such as reduced drug metabolism, a higher prevalence of comorbidities, and a decline in 
physiological resilience. While this trend has been noted with other neuroprotective agents, it has not been explicitly 
studied in the context of NBP.32 The present study provides clear evidence that the protective effects of NBP against 
stroke recurrence are most pronounced in patients under 70 years of age, with the greatest benefit observed in those 
younger than 60 years. In contrast, patients aged 70 years and older did not experience a significant reduction in stroke 
recurrence. This finding is particularly noteworthy as it highlights the age-dependent efficacy of NBP, suggesting that 
younger patients derive greater benefit from NBP therapy in the context of secondary stroke prevention. These results 
emphasize the importance of tailoring treatment strategies based on patient age, especially when considering the long- 
term use of NBP for stroke prevention. Several mechanisms may explain the observed age-related differences in the 
efficacy of NBP. Younger patients may have a more robust physiological response to NBP, which includes better drug 
absorption, more efficient metabolism, and greater cellular resilience. In contrast, age-related changes in hepatic and 
renal function may reduce the bioavailability and efficacy of NBP in older patients. Older adults also tend to have 
a higher burden of comorbidities, which may interfere with the therapeutic effects of NBP and reduce its effectiveness in 
preventing stroke recurrence.16 With age, neuroplasticity declines, which can affect the brain’s ability to adapt and 
recover from injury.33 In addition, with age, blood vessels become less elastic and stiffer, which is associated with an 
increased risk of cardiovascular events, including stroke.34 The Systemic Inflammatory Response Index (SIRI) is 
associated with all-cause mortality in stroke patients, while aging and declining immune system function lead to chronic 
low-grade inflammation that increases the risk of stroke.35,36 To sum up, these factors likely contribute to the diminished 
efficacy of NBP in patients aged 70 years and older. These findings underscore the need for age-specific treatment 
strategies in stroke prevention. While younger patients may achieve significant benefits from NBP, older patients may 
require alternative or adjunctive therapies to achieve comparable protective effects. This age-dependent response high-
lights the importance of personalized medicine in stroke prevention, particularly in the context of secondary prevention 
strategies.

The potential of NBP to improve neurological function in stroke patients has been the focus of several studies, 
particularly in the context of acute stroke management. It is well-documented that NBP can reduce neurological deficits 
and enhance short-term functional outcomes. However, its long-term impact on functional recovery and survival, 

Therapeutics and Clinical Risk Management 2025:21                                                                          https://doi.org/10.2147/TCRM.S521562                                                                                                                                                                                                                                                                                                                                                                                                    789

Liu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



especially beyond the acute phase, remains less conclusive. A randomized controlled trial demonstrated that NBP 
significantly improved m-RS scores at 90 days in patients who received NBP treatment during the acute phase of IS.11 

Another study focusing on the short-term effects of NBP found that patients treated with NBP had better outcomes on the 
Barthel Index, which measures performance in activities of daily living.12 Research involving patients with large vessel 
occlusion stroke further demonstrated that NBP, when combined with endovascular therapy, improved functional 
outcomes at 90 days without increasing the risk of adverse events.13 Similarly, a systematic review and meta-analysis 
of NBP’s effects on IS concluded that while NBP is effective in reducing mortality and dependency during the acute 
phase, its long-term impact on functional outcomes remains unclear.12 The current study revealed that NBP did not result 
in a significant improvement in functional outcomes, as measured by the m-RS and Barthel index, nor in all-cause 
mortality. This suggests that while NBP may be effective in preventing new vascular events, its influence on long-term 
functional recovery and survival may be limited. NBP did not significantly improve long-term neurological function, 
which may be due to the complexity and diversity of factors affecting stroke recovery.8–10

This study has several limitations. First, while the sample size was relatively large, it was conducted in Jizhou 
District, Tianjin, which may limit the generalizability of findings to other populations with different demographic or 
clinical characteristics, and more multicentre trials in different populations are needed to confirm these results. As for the 
NBP group and the control group, the recruitment season was in spring, summer and summer and autumn respectively, 
and the winter was staggered, which reduced the season with the worst prognosis of stroke, and minimized the confusion 
of stroke caused by differences in recruitment seasons.37,38 Second, the 12-month follow-up period captured only the 
short-term benefits of NBP and did not evaluate its long-term effects on stroke recurrence, functional outcomes, or 
survival. Extending the follow-up period in future studies would provide a clearer understanding of NBP’s sustained 
efficacy and safety. Third, the study assessed functional outcomes using only the m-RS and BI indices, assessing daily 
living ability as much as possible for disease prognosis. But the study focused specifically on recovering individuals 
whose strokes occurred more than one month before the study but less than six months, all of whom were community 
residents. Therefore, acute clinical data, including the national institutes of health stroke scale (NIHSS) scores, may not 
be necessary for this particular study population. Data such as infarct volume, which we did not collect, will be more 
widely included in future studies and the results will be multi-validated. Fourth, despite adjustments for several 
confounders, residual confounding from unmeasured factors, such as stroke severity and rehabilitation intensity cannot 
be ruled out. Fifth, the study used staged cluster sampling rather than full randomization. While this approach allowed for 
actual recruitment in a community-based environment, it can introduce selection bias. The inclusion of more compre-
hensive covariates and the use of advanced statistical methods, such as propensity score matching (PSM), can reduce bias 
while balancing out differences in medication use for baseline standard care. However, this method was not used in our 
study due to the limitation of sample size, and the use of PSM will greatly reduce our sample size. However, to minimize 
the impact of potential confounders, we included a number of covariates in our analysis, adjusting for baseline 
differences between groups as much as possible. Sixth, we used logistic regression rather than Cox regression because 
there is a fixed time point to understand the effect of NBP on one-year prognosis after stroke, and future studies will 
analyze the effect over time. We adjusted multiple potential confounders in the model, pre-processed the data, identified 
and processed potential outliers, and ensured sufficient sample size to improve the stability and accuracy of the model, 
which was applicable in this study. Lastly, although the study identified significant differences in NBP efficacy by gender 
and age, these subgroup analyses were not the primary focus and may lack sufficient statistical power. Future studies 
should be designed to specifically evaluate these subgroup differences, using stratified analyses to provide more robust 
insights into potential effect modifiers.

Conclusion
This study demonstrates that NBP significantly reduces IS recurrence and total stroke events over 12 months, with 
particularly notable benefits in male patients and those under 70 years of age. These findings highlight the potential of 
NBP as an effective strategy for secondary stroke prevention and address the urgent need to reduce recurrence rates and the 
associated healthcare burden by more targeted treatment of a specific population (< 70 years, men). While NBP did not 
improve long-term functional outcomes or survival, its preventive effects against recurrent vascular events underscore its 
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clinical value. Future studies should explore the long-term (2 years and above) efficacy of NBP in broader populations and 
assess its integration into personalized treatment strategies to optimize secondary prevention in IS survivors.

Data Sharing Statement
The datasets used and analysed during the current study are available from the corresponding author on reasonable 
request.

Acknowledgments
We thank all participants of this study, and local medical care professionals for their valuable contributions.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This study was supported by Shijiazhuang Pharmaceutical Group Enbipu Pharmaceutical Co., LTD, which provided 
NBP. The sponsor had no role in the study design, data collection, data analysis, interpretation of results, or manuscript 
preparation.

Disclosure
The authors declare no conflicts of interest. The study was independently conducted by the academic investigators 
without any influence from the sponsor.

References
1. Ma Q, Li R, Wang L, et al. Temporal trend and attributable risk factors of stroke burden in China, 1990-2019: an analysis for the Global Burden of 

Disease Study 2019. Lancet Public Health. 2021;6(12):e897–e906. doi:10.1016/S2468-2667(21)00228-0
2. Chen Y, Wright N, Guo Y, et al. Mortality and recurrent vascular events after first incident stroke: a 9-year community-based study of 0·5 million 

Chinese adults. Lancet Glob Health. 2020;8(4):e580–e590. doi:10.1016/S2214-109X(20)30069-3
3. Wang Y, Pan Y, Zhao X, et al. Clopidogrel With Aspirin in Acute Minor Stroke or Transient Ischemic Attack (CHANCE) Trial: one-Year 

Outcomes. Circulation. 2015;132(1):40–46. doi:10.1161/CIRCULATIONAHA.114.014791
4. Johnston SC, Easton JD, Farrant M, et al. Clopidogrel and Aspirin in Acute Ischemic Stroke and High-Risk TIA. N Engl J Med. 2018;379 

(3):215–225. doi:10.1056/NEJMoa1800410
5. Katsanos AH, Hart RG. New Horizons in Pharmacologic Therapy for Secondary Stroke Prevention. JAMA Neurol. 2020;77(10):1308–1317. 

doi:10.1001/jamaneurol.2020.2494
6. Xu J, Zhang X, Jin A, et al. Trends and Risk Factors Associated With Stroke Recurrence in China, 2007-2018. JAMA Network Open. 2022;5(6): 

e2216341. doi:10.1001/jamanetworkopen.2022.16341
7. Collaborators GS, Stark BA, Johnson CO. Global, regional, and national burden of stroke and its risk factors, 1990-2019: a systematic analysis for 

the Global Burden of Disease Study 2019. Lancet Neurol. 2021;20(10):795–820. doi:10.1016/S1474-4422(21)00252-0
8. Chen N, Zhou Z, Li J, et al. 3-n-butylphthalide exerts neuroprotective effects by enhancing anti-oxidation and attenuating mitochondrial 

dysfunction in an in vitro model of ischemic stroke. Drug Des Devel Ther. 2018;12:4261–4271. doi:10.2147/DDDT.S189472
9. Jia J, Deng J, Jin H, et al. Effect of Dl-3-n-butylphthalide on mitochondrial Cox7c in models of cerebral ischemia/reperfusion injury. Front 

Pharmacol. 2023;14:1084564. doi:10.3389/fphar.2023.1084564
10. Wang XX, Mao GH, Li QQ, et al. Neuroprotection of NAD(+) and NBP against ischemia/reperfusion brain injury is associated with restoration of 

sirtuin-regulated metabolic homeostasis. Front Pharmacol. 2023;14:1096533. doi:10.3389/fphar.2023.1096533
11. Wang A, Jia B, Zhang X, et al. Efficacy and Safety of Butylphthalide in Patients With Acute Ischemic Stroke: a Randomized Clinical Trial. JAMA 

Neurol. 2023;80(8):851–859. doi:10.1001/jamaneurol.2023.1871
12. Wang H, Ye K, Li D, Liu Y, Wang D. DL-3-n-butylphthalide for acute ischemic stroke: an updated systematic review and meta-analysis of 

randomized controlled trials. Front Pharmacol. 2022;13:963118. doi:10.3389/fphar.2022.963118
13. Liu S, Li F, Yang J, et al. Efficacy and safety of 3-n-butylphthalide combined with endovascular treatment in acute ischemic stroke due to large 

vessel occlusion. CNS Neurosci Ther. 2022;28(12):2298–2307. doi:10.1111/cns.13978
14. Petrea RE, Beiser AS, Seshadri S, et al. Gender differences in stroke incidence and poststroke disability in the Framingham heart study. Stroke. 

2009;40(4):1032–1037. doi:10.1161/STROKEAHA.108.542894
15. Rexrode KM, Madsen TE, Ayx Y, et al. The Impact of Sex and Gender on Stroke. Circ Res. 2022;130(4):512–528. doi:10.1161/ 

CIRCRESAHA.121.319915

Therapeutics and Clinical Risk Management 2025:21                                                                          https://doi.org/10.2147/TCRM.S521562                                                                                                                                                                                                                                                                                                                                                                                                    791

Liu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/S2468-2667(21)00228-0
https://doi.org/10.1016/S2214-109X(20)30069-3
https://doi.org/10.1161/CIRCULATIONAHA.114.014791
https://doi.org/10.1056/NEJMoa1800410
https://doi.org/10.1001/jamaneurol.2020.2494
https://doi.org/10.1001/jamanetworkopen.2022.16341
https://doi.org/10.1016/S1474-4422(21)00252-0
https://doi.org/10.2147/DDDT.S189472
https://doi.org/10.3389/fphar.2023.1084564
https://doi.org/10.3389/fphar.2023.1096533
https://doi.org/10.1001/jamaneurol.2023.1871
https://doi.org/10.3389/fphar.2022.963118
https://doi.org/10.1111/cns.13978
https://doi.org/10.1161/STROKEAHA.108.542894
https://doi.org/10.1161/CIRCRESAHA.121.319915
https://doi.org/10.1161/CIRCRESAHA.121.319915


16. Wang W, Jiang B, Sun H, et al. Prevalence, Incidence, and Mortality of Stroke in China: results from a Nationwide Population-Based Survey of 
480 687 Adults. Circulation. 2017;135(8):759–771. doi:10.1161/CIRCULATIONAHA.116.025250

17. Yong H, Yuanliu X, Daming W, Jingli Y. Observation on the effect of butylphthalide in the early neurological deterioration of acute ischemic 
stroke. CHINA MED Pharm. 2024;14(12):55–58.

18. Wang P, Sun W, Gong J, et al. Efficacy and safety of butylphthalide in patients with mild cognitive impairment: a multicentre, randomised, 
double-blind, placebo-controlled trial (EBMCI study). BMJ Open. 2024;14(7):e082404. doi:10.1136/bmjopen-2023-082404

19. Lv J, Zhao D, Zhao G, Xie Z. Efficacy and safety of butylphthalide in secondary prevention of stroke: study protocol for a multicenter, real world 
trial based on Internet. BMC Neurol. 2022;22(1):305. doi:10.1186/s12883-022-02815-x

20. Han X, Gong S, Gong J, et al. Structural and metabolic topological alterations associated with butylphthalide treatment in mild cognitive 
impairment: data from a randomized, double-blind, placebo-controlled trial. Psychiatry Clin Neurosci. 2025. doi:10.1111/pcn.13812

21. Martín Moreno V, Martínez Sanz MI, Martín Fernández A, et al. Proposal for a revised Barthel index classification based on mortality risk 
assessment in functional dependence for basic activities of daily living. Front Public Health. 2024;12:1478897. doi:10.3389/fpubh.2024.1478897

22. Chong C, Guisen Q, Qiu L. Clinical Observation of the Effect of Butylphthalide Capsule Combined with Rosuvastatin on One Year Recurrence 
Rate of Cerebral Infarction. J Ezhou Univ. 2021;28(3):110–112.

23. Tan Z, Zhao Y, Yang W, et al. Efficacy and Safety of Adherence to dl-3-n-Butylphthalide Treatment in Patients With Non-disabling Minor Stroke 
and TIA-Analysis From a Nationwide, Multicenter Registry. Front Neurol. 2021;12:720664. doi:10.3389/fneur.2021.720664

24. Li S, Zhao J, Xi Y, et al. Dl-3-n-butylphthalide exerts neuroprotective effects by modulating hypoxia-inducible factor 1-alpha ubiquitination to 
attenuate oxidative stress-induced apoptosis. Neural Regen Res. 2023;18(11):2424–2428. doi:10.4103/1673-5374.371366

25. Lu LQ, Li NS, Li MR, et al. DL-3-n-butylphthalide improves the endothelium-dependent vasodilation in high-fat diet-fed ApoE(-/-) mice via 
suppressing inflammation, endothelial necroptosis and apoptosis. Eur J Pharmacol. 2023;956:175938. doi:10.1016/j.ejphar.2023.175938

26. Han J, Shi X, Xu J, et al. DL-3-n-butylphthalide prevents oxidative stress and atherosclerosis by targeting Keap-1 and inhibiting Keap-1/Nrf-2 
interaction. Eur J Pharm Sci. 2022;172:106164. doi:10.1016/j.ejps.2022.106164

27. Bushnell C, Howard VJ, Lisabeth L, et al. Sex differences in the evaluation and treatment of acute ischaemic stroke. Lancet Neurol. 2018;17 
(7):641–650. doi:10.1016/S1474-4422(18)30201-1

28. Friede KA, Infeld MM, Tan RS, et al. Influence of Sex on Platelet Reactivity in Response to Aspirin. J Am Heart Assoc. 2020;9(14):e014726. 
doi:10.1161/JAHA.119.014726

29. Madsen TE, DeCroce-Movson E, Hemendinger M, et al. Sex differences in 90-day outcomes after mechanical thrombectomy for acute ischemic 
stroke. J Neurointerv Surg. 2019;11(3):221–225. doi:10.1136/neurintsurg-2018-014050

30. Järemo P, Eriksson-Franzen M, Milovanovic M. Platelets, gender and acute cerebral infarction. J Transl Med. 2015;13(1):267. doi:10.1186/s12967- 
015-0630-x

31. Khanevski AN, Bjerkreim AT, Novotny V, et al. Recurrent ischemic stroke: incidence, predictors, and impact on mortality. Acta Neurol Scand. 
2019;140(1):3–8. doi:10.1111/ane.13093

32. Yang W, Paschen W. Is age a key factor contributing to the disparity between success of neuroprotective strategies in young animals and limited 
success in elderly stroke patients? Focus on protein homeostasis. J Cereb Blood Flow Metab. 2017;37(10):3318–3324. doi:10.1177/ 
0271678X17723783

33. Marzola P, Melzer T, Pavesi E, Gil-Mohapel J, Brocardo PS. Exploring the Role of Neuroplasticity in Development, Aging, and 
Neurodegeneration. Brain Sci. 2023;13(12). doi:10.3390/brainsci13121610

34. Kohn JC, Lampi MC, Reinhart-King CA. Age-related vascular stiffening: causes and consequences. Front Genet. 2015;6:112. doi:10.3389/ 
fgene.2015.00112

35. Zhang Y, Xing Z, Zhou K, Jiang S. The Predictive Role of Systemic Inflammation Response Index (SIRI) in the Prognosis of Stroke Patients. Clin 
Interv Aging. 2021;16:1997–2007. doi:10.2147/CIA.S339221

36. Lewis ED, Wu D, Meydani SN. Age-associated alterations in immune function and inflammation. Prog Neuropsychopharmacol Biol Psychiatry. 
2022;118:110576. doi:10.1016/j.pnpbp.2022.110576

37. Xue J, Liu P, Xia X, et al. Seasonal Variation in Neurological Severity and Clinical Outcomes in Ischemic Stroke Patients - A 9-Year Study of 5,238 
Patients. Circ J. 2023;87(9):1187–1195. doi:10.1253/circj.CJ-22-0801

38. Sun X, Xia X, Xue J, et al. Seasonal variability of lesions distribution in acute ischemic stroke: a retrospective study. Sci Rep. 2024;14(1):11831. 
doi:10.1038/s41598-024-62631-w

Therapeutics and Clinical Risk Management                                                                               

Publish your work in this journal 
Therapeutics and Clinical Risk Management is an international, peer-reviewed journal of clinical therapeutics and risk management, focusing on 
concise rapid reporting of clinical studies in all therapeutic areas, outcomes, safety, and programs for the effective, safe, and sustained use of 
medicines. This journal is indexed on PubMed Central, CAS, EMBase, Scopus and the Elsevier Bibliographic databases. The manuscript 
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www. 
dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/therapeutics-and-clinical-risk-management-journal

Therapeutics and Clinical Risk Management 2025:21 792

Liu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1161/CIRCULATIONAHA.116.025250
https://doi.org/10.1136/bmjopen-2023-082404
https://doi.org/10.1186/s12883-022-02815-x
https://doi.org/10.1111/pcn.13812
https://doi.org/10.3389/fpubh.2024.1478897
https://doi.org/10.3389/fneur.2021.720664
https://doi.org/10.4103/1673-5374.371366
https://doi.org/10.1016/j.ejphar.2023.175938
https://doi.org/10.1016/j.ejps.2022.106164
https://doi.org/10.1016/S1474-4422(18)30201-1
https://doi.org/10.1161/JAHA.119.014726
https://doi.org/10.1136/neurintsurg-2018-014050
https://doi.org/10.1186/s12967-015-0630-x
https://doi.org/10.1186/s12967-015-0630-x
https://doi.org/10.1111/ane.13093
https://doi.org/10.1177/0271678X17723783
https://doi.org/10.1177/0271678X17723783
https://doi.org/10.3390/brainsci13121610
https://doi.org/10.3389/fgene.2015.00112
https://doi.org/10.3389/fgene.2015.00112
https://doi.org/10.2147/CIA.S339221
https://doi.org/10.1016/j.pnpbp.2022.110576
https://doi.org/10.1253/circj.CJ-22-0801
https://doi.org/10.1038/s41598-024-62631-w
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Study Design and Setting
	Participants
	Intervention
	Baseline Data Collection
	Follow-Up and Outcome Measures
	Statistical Analysis

	Results
	Baseline Characteristics
	Primary Outcome Events, Functional Outcomes, and Mortality
	Univariate Analysis of Prognostic Factors
	Multivariate Analysis of Prognostic Factors
	Subgroup Analysis

	Discussion
	Conclusion
	Data Sharing Statement
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

