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ABSTRACT
Background  Cognitive decline is a significant concern 
for stroke survivors, affecting their quality of life and 
increasing their burden on the healthcare system. DL-3-n-
butylphthalide (butylphthalide) has shown efficacy in the 
short-term treatment of various cognitive impairments. This 
study evaluated the efficacy of butylphthalide in preventing 
cognitive decline over a 12-month period in patients with 
ischaemic stroke.
Methods  This prospective following-up study involved 
patients newly diagnosed with ischaemic stroke between 
1 month and 6 months after stroke onset and not in 
the acute phase. Patients were assigned to either the 
butylphthalide or control group. Cognitive function was 
assessed using the mini-mental state examination (MMSE) 
at baseline and at the 12-month follow-up. Statistical 
analyses included t-tests, χ2 tests and multivariate 
regression analyses.
Results  Butylphthalide was negatively associated with 
the MMSE D-value (β=−0.122; 95% CI −1.932 to −0.298; 
p=0.003) and the MMSE D-value percentage (β=−0.117; 
95% CI −0.057 to −0.011; p=0.004). A multivariate 
analysis indicated that butylphthalide treatment was 
negatively associated with both changes in orientation and 
language score. Additionally, the incidence of cognitive 
decline was significantly lower in the butylphthalide group 
(OR, 0.612; p=0.020) than the control group. An age of ≥60 
years and lower educational level were identified as risk 
factors for lower cognitive score and cognitive decline.
Conclusion  This study demonstrated that butylphthalide 
is effective in preventing cognitive decline in patients 
with ischaemic stroke. These findings have significant 
implications for clinical practice, suggesting that 
butylphthalide could be incorporated into standard post-
stroke care regimens to improve patient outcomes and 
reduce the healthcare burden. Additional multicentre 
double-blind trials are recommended to confirm these 
results in diverse populations.

INTRODUCTION
By 2050, an estimated 40 million elderly indi-
viduals, worldwide, are expected to suffer 
from cognitive impairment.1 At the end of 
2018, the prevalence of mild cognitive impair-
ment among people in China who were at 

least 60 years old was 15.5%, or approximately 
38.77 million individuals.2 Stroke is a common 
risk factor for cognitive impairment, with 
approximately 38% of patients experiencing 
cognitive impairment within 12 months post-
stroke.3 Long-term follow-up studies of stroke 
survivors showed a 35.6% prevalence of cogni-
tive impairment 5 years post-stroke, indi-
cating a long-term risk of cognitive decline 
among stroke survivors.4 Among stroke survi-
vors, cognitive impairment increases disa-
bility and dependency, burdening them, their 
caregivers and healthcare systems.5–8

Butylphthalide, a compound derived from 
celery seeds, has shown efficacy in treating 
various pathological stages of acute ischaemic 
stroke.9–11 Its effectiveness in improving 
cognitive function has been recognised in 
patients with vascular cognitive impairment, 

WHAT IS ALREADY KNOWN ON THIS TOPIC

	⇒ Butylphthalide can improve cognitive decline in pa-
tients with ischaemic stroke. However, it is unclear 
whether butylphthalide can prevent cognitive decline 
in ischaemic stroke survivors with normal cognitive 
levels.

WHAT THIS STUDY ADDS

	⇒ We found that after 12 months of follow-up, both 
the cognitive scores of patients in the butylphthalide 
group and the control group decreased, but the trend 
of decrease was smaller in the butylphthalide group.

	⇒ Further analysis revealed that the incidence of cog-
nitive decline events was 16.5% in the butylphtha-
lide group, significantly lower than the control group.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This study enhances the neuroprotective effect of 
butylphthalide, which can complement existing 
treatment methods and provide a more comprehen-
sive strategy for managing the multifaceted effects 
of stroke.
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post-stroke cognitive impairment, Parkinson disease, 
cognitive impairment and Alzheimer disease.12–16 
Previous clinical trials have primarily focused on treating 
post-stroke cognitive impairment rather than preventing 
cognitive decline in patients with ischaemic stroke who 
have not yet developed cognitive impairment.17 However, 
the effectiveness of butylphthalide on preventing post-
stroke cognitive impairment in patients who have experi-
enced ischaemic stroke has not been reported. Therefore, 
this study investigated the effectiveness of butylphthalide 
at preventing cognitive dysfunction in patients 12 months 
after ischaemic stroke.

METHODS
Trail design
This prospective following-up study involved patients 
newly diagnosed with ischaemic stroke between 1 month 
and 6 months after stroke onset and not in the acute 
phase. Participants were recruited from community in 
staged cluster sampling at a 1:1 ratio. In the first stage, 
subjects meeting the inclusion criteria would be recruited 
as the butylphthalide treatment group from April to July 
2021, and in the second stage, subjects meeting the inclu-
sion criteria would be recruited as the control group from 
October 2021 to March 2022. All patients were followed 
up over a 12-month period to observe the effects of butyl-
phthalide on cognitive decline after ischaemic stroke. 
The trial design adhered to the Declaration of Helsinki 
and was approved by the Ethics Committee of Tianjin 
Medical University General Hospital. Written informed 
consent was obtained from all participants or their legal 
representatives.

Study population
The participants were males and females, 18 years old or 
older, residing in Tianjin who were new diagnosed with 
non-cardiogenic ischaemic stroke via MRI and who were 
capable of self-care or who had a direct caregiver. The 
exclusion criteria included haemorrhagic stroke, recur-
rent stroke, malignant tumours, coagulation disorders, 
pregnancy, participation in other clinical trials, pre-
existing dementia, severe aphasia or significant liver/
kidney dysfunction.

Intervention
All patients received standardised conventional treat-
ment, including anti-platelet, anti-hypertensive, anti-
diabetic and/or lipid-lowering medications. Patients in 
the control group continued their conventional treat-
ment, whereas those patients in the butylphthalide group 
plus received butylphthalide (0.2 g each time, three times 
daily) for 12 months.

Data collection at baseline
All participants were interviewed face-to-face at the base-
line. Demographic characteristics (including age, sex 
and educational level), previous familial disease histories 
(including hypertension, diabetes, coronary heart disease 

(CHD) and stroke), medication use, individual lifestyle 
characteristics (including smoking, alcohol consump-
tion and physical exercise) and modified rankin scale 
(mRS) were collected during the baseline interviews. 
Blood samples were taken from all participants following 
12-hour fasts and were tested for serum fasting blood 
glucose, total cholesterol, triglyceride, high-density lipo-
protein cholesterol (HDL-C), low-density lipoprotein 
cholesterol and homocysteine levels.

Follow-up
Patients underwent follow-up visits at 3, 6, 9 and 12 
months post-treatment to assess risk factor control, 
adverse reactions, endpoint events and treatment adher-
ence. Endpoint events included new ischaemic strokes, 
acute coronary syndrome, transient ischaemic attacks, 
peripheral vascular disease, haemorrhagic strokes and all-
cause mortality.

Evaluation of cognitive impairment and outcomes
All participants were evaluated using the mini-mental 
state examination (MMSE) at baseline and at 12 months. 
MMSE includes five parts including orientation, regis-
tration, attention and calculation, recall and language. 
Cognitive impairment was defined based on the Chinese 
Guidelines for the Diagnosis and Treatment of Vascular 
Cognitive Impairment-2019.18 The cognitive impairment 
was defined according to MMSE ≤17 for patients without 
formal education, ≤ 19 for those with 1–6 years of educa-
tion and ≤24 for those with more than 6 years of educa-
tion. The primary outcome was the D-value (baseline score 
minus score after 12 months of treatment) and D-value 
percentage in MMSE score and cognitive domain scores 
before and after treatment. The secondary outcome was 
the incidence of cognitive decline. According to the 
previous studies, cognitive decline was defined as MMSE 
D-value ≥ 3.19 20

Statistical analysis
Continuous variables were expressed as means and SD; 
categorical variables were expressed as numbers with 
frequencies. Between-group differences were compared 
using χ2 tests for categorical variables and t-tests or analysis 
of variance for continuous variables. Variables with p<0.05 
in univariate analysis are included in the relevant multi-
variate analysis. Multivariate analyses were conducted 
using linear regression for MMSE score changes and 
logistic regression for the incidence of cognitive decline. 
The results are presented as adjusted OR and 95% CIs, 
reflecting associations observed within following-up. SPSS 
(V.25.0; IBM, Armonk, NY, USA) was used for all statis-
tical analyses; two-tailed P values<0.05 were considered 
statistically significant.

RESULTS
In the first stage, 596 patients meeting the inclusion 
criteria were recruited as the butylphthalide treatment 
group from April to July 2021, and in the second stage, 
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594 patients meeting the inclusion criteria were recruited 
as the control group from October 2021 to March 2022. 
During the follow-up visit, 40 patients withdrew from the 
butylphthalide group because of the unpleasant smell of 
celery, mild nausea and decreased appetite, mild allergy 
and dizziness; 21 patients were lost to follow-up; and 3 
patients died. In the control group, 2 patients had a dizzi-
ness, 68 patients were lost to follow-up and 4 patients died. 
532 participants in the butylphthalide group and 520 
participants in the control group completed the follow-up 
evaluation after 12 months of treatment. Excluding 209 
patients with cognitive impairment at baseline and 238 
patients who were not assessed for their baseline and/
or 12-month MMSE, a total of 605 patients (309 in the 
butylphthalide group and 296 in the control group) were 
included in the analysis of this study (figure 1).

Baseline characteristics
The baseline characteristics of the study participants 
are summarised in table 1. In the butylphthalide group, 
68.6% were men, and 31.4% were women. The mean age 
was 61.43 years overall. The average educational level was 
7.27 years overall. 5.8% had not received formal educa-
tion, 36.6% had 1–6 years, and 57.6% had >6 years. In the 
control group, 72.3% were men, and 27.7% were women. 
The mean age was 62.17 years overall. The average 

educational level was 7.06 years overall. In addition, 5.7% 
had not received formal education, 40.9% had 1–6 years, 
and 53.4% had >6 years. The prevalence rates of hyper-
tension, diabetes and CHD in the butylphthalide group 
were 78.3 %, 32.0% and 12.9%. In the control group, the 
prevalence rates of hypertension, diabetes and CHD were 
71.3 %, 28.7% and 10.5%.

Primary outcome: the difference of cognitive score between 
before and after 12-month butylphthalide treatment
Influence of butylphthalide on mini-mental state examination 
(MMSE) score
The multivariate analysis was adjusted for treatment group, 
age group, education level and HDL-C, which were associ-
ated factors of MMSE D-value and D-value percentage, in 
the univariate analysis (p<0.05; online supplement table 
1). The mean difference in MMSE scores (D-value) was 
0.21±2.91 in the butylphthalide group compared with 
1.13±3.93 in the control group (p=0.001). Similarly, the 
MMSE D-value percentage was significantly lower in the 
butylphthalide group (0.01±0.12) compared with the 
control group (0.04±0.17; p=0.002; table  2). Figure  2A 
showed that butylphthalide treatment was independently 
associated with smaller MMSE D-value (β=−0.122; 95% 
CI −1.392 to −0.298; p=0.003) and D-value percentage 
(β=−0.117; 95% CI −0.057 to −0.011; p=0.004). In 

Figure 1  Flow chart. Participant flow for the study of butylphthalide treatment and cognitive decline in ischaemic stroke 
survivors.
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Table 1  Baseline characteristics of the patients

Characteristic Butylphthalide Control Total

Total, n (%) 309 (51.1) 296 (48.9) 605 (100)

Gender, n (%)

 � Men 212 (68.6) 214 (72.3) 426 (70.4)

 � Women 97 (31.4) 82 (27.7) 179 (29.6)

Age, mean (SD), y 61.43 (8.79) 62.17 (8.16) 61.68 (8.53)

Age group, n (%)

 � < 60 y 126 (40.8) 110 (37.2) 236 (39.0)

 � ≥ 60 y 183 (59.2) 186 (62.8) 369 (61.0)

Education years, mean (SD), y 7.27 (3.53) 7.06 (3.37) 7.17 (3.45)

Educational level, n (%)

 � 0 y 18 (5.8) 17 (5.7) 35 (5.8)

 � 1~6 y 113 (36.6) 121 (40.9) 234 (38.7)

 � > 6 y 178 (57.6) 158 (53.4) 336 (55.5)

Smoking status, n (%)

 � Never 134 (43.4) 101 (34.1) 235 (38.8)

 � Former 116 (37.5) 115 (38.9) 231 (38.2)

 � Current 59 (19.1) 80 (27.0) 139 (23.0)

Alcohol use, n (%)

 � Never 145 (46.9) 124 (41.9) 269 (44.5)

 � Former 131 (42.4) 104 (35.1) 235 (38.8)

 � Current 33 (10.7) 68 (23.0) 101 (16.7)

Hypertension, n (%)

 � No 67 (21.7) 85 (28.7) 152 (25.1)

 � Yes 242 (78.3) 211 (71.3) 453 (74.9)

Diabetes, n (%)

 � No 210 (68.0) 211 (71.3) 421 (69.6)

 � Yes 99 (32.0) 85 (28.7) 184 (30.4)

CHD, n (%)

 � No 269 (87.1) 265 (89.5) 534 (88.3)

 � Yes 40 (12.9) 31 (10.5) 71 (11.7)

BMI, mean (SD), kg/m2 26.87 (3.74) 26.65 (3.13) 26.74 (3.46)

BMI category, n (%)

 � Thin 2 (0.6) 0 (0) 2 (0.3)

 � Normal 65 (21.0) 58 (19.6) 123 (20.3)

 � Overweight 133 (43.0) 146 (49.3) 279 (46.1)

 � Obese 109 (35.3) 92 (31.1) 201 (33.2)

SBP, mean (SD), mm Hg 151.26 (20.41) 154.64 (20.23) 152.84 (20.38)

DBP, mean (SD), mm Hg 94.88 (11.56) 94.36 (11.44) 94.63 (11.51)

FBG, mean (SD), mmol/L 6.91 (2.18) 6.74 (2.26) 6.86 (2.24)

TC, mean (SD), mmol/L 4.34 (1.06) 4.44 (1.11) 4.36 (1.07)

TG, mean (SD), mmol/L 1.58 (1.03) 1.58 (1.30) 1.59 (1.19)

HDL-C, mean (SD), mmol/L 1.20 (0.27) 1.24 (0.29) 1.22 (0.28)

LDL-C, mean (SD), mmol/L 2.50 (0.88) 2.54 (0.89) 2.50 (0.87)

Hcy, mean (SD), mmol/L 17.66 (12.72) 16.91 (11.56) 17.26 (12.10)

mRS score, median (IQ) 1 (1) 1 (1) 1 (1)

MMSE score, median (IQ) 27 (3) 27 (4) 27 (4)

Continued
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addition, age was a significant factor affecting MMSE 
score, with patients aged 60 years and older experiencing 
greater declines in MMSE D-value (β=0.086; 95% CI 0.027 
to 1.196, p=0.040) and D-value percentage (β=0.089; 95% 
CI 0.002 to 0.051; p=0.034).

Influence of butylphthalide on cognitive domain score
Further analysis of the cognitive domain scores revealed 
that butylphthalide had a favourable effect on the orien-
tation and language domain results within the MMSE. 
The mean orientation D-value was 0.02±1.56 for the 
butylphthalide group vs 0.40±2.07 for the control group 
(p=0.010). For the language domain, the mean D-value 
was 0.04±1.13 for the butylphthalide group compared 
with 0.31±1.32 for the control group (p=0.008). There 
were no significant differences between the groups in 
other cognitive domain (table  2). In univariate analysis 
(online supplement table 2), the factors related to the 
Orientation D-value and D-value percentage included 
treatment group, age group, education level, hyperten-
sion, diabetes, CHD, baseline systolic blood pressure 
(SBP) level and HDL-C level (p<0.05). Similarly, a univar-
iate analysis was conducted on the Language D-value and 
D-value percentage (online supplement table 3), and the 
only relevant factor was treatment group. Multivariate 
analysis incorporated relevant factors from univariate 
analysis. Compared with the control group, the butyl-
phthalide group showed a smaller D-value in orientation 

(β=−0.099; 95% CI −0.656 to −0.065; p=0.008) and 
language ability (β=−0.108; 95% CI −0.461 to −0.070; 
p=0.015; figure 2B).

Secondary outcome: incidence of cognitive decline
Multivariate analysis confirmed that butylphthalide treat-
ment was associated with a lower risk of cognitive decline 
(OR, 0.612; 95% CI 0.405 to 0.925; p=0.020; figure  3), 
after adjusted the related factors including treatment 
group, gender, age group, educational level, smoking 
status, alcohol use and HDL-C in univariate analysis 
(p<0.05; table 3). The incidence of cognitive decline at 
12 months showed that 51 patients (16.5%) in the butyl-
phthalide group developed cognitive decline compared 
with 71 patients (24.0%) in the control group (p=0.022). 
Educational level also played a critical role, with higher 
educational attainment being associated with lower 
cognitive decline risk (OR, 0.704; 95% CI 0.504 to 0.984; 
p=0.040; figure 3).

DISCUSSION
This study is the first to report the long-term effects of 
butylphthalide on cognitive function in patients with 
ischaemic stroke, particularly its role in preventing cogni-
tive decline 12 months post-stroke. This study provides 
promising findings that butylphthalide may be effective 
in preventing cognitive decline in patients with ischaemic 

Characteristic Butylphthalide Control Total

BMI, body mass index; CHD, coronary heart disease; DBP, diastolic blood pressure;; FBG, fasting blood glucose; Hcy, homocysteine ; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MMSE, mini-mental state examination; SBP, systolic blood pressure; ; TC, 
total cholesterol; TG, triglyceride .

Table 1  Continued

Table 2  Differences in MMSE scores and cognitive domain scores in patients before and after treatment with butylphthalide

Butylphthalide
(n=309)

Control
(n=296) P value

MMSE

 � D-value, mean (SD) 0.21 (2.91) 1.13 (3.93) 0.001

 � D-value percentage, mean (SD) 0.01 (0.12) 0.04 (0.17) 0.002

Cognitive domain D-value

 � Orientation, mean (SD) 0.02 (1.56) 0.40 (2.07) 0.010

 � Registration, mean (SD) 0.03 (0.42) 0.10 (0.67) 0.121

 � Attention and calculation, mean (SD) 0.13 (1.51) 0.27 (1.67) 0.256

 � Recall, mean (SD) −0.003 (1.09) 0.04 (1.12) 0.599

 � Language, mean (SD) 0.04 (1.13) 0.31 (1.32) 0.008

Cognitive domain D-value percentage

 � Orientation, mean (SD) −0.01 (0.20) 0.03 (0.25) 0.018

 � Language, mean (SD) −0.004 (0.16) 0.03 (0.19) 0.015

MMSE, mini-mental state examination.
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stroke. These findings highlight the potential of butyl-
phthalide as a therapeutic intervention for improving 
cognitive outcomes in stroke survivors.

Brain health, as part of optimising quality of life and 
controlling global healthcare costs, is closely related to 
the prevention of cognitive impairment.21 Cognitive 

Figure 2  Multivariate analysis of MMSE score, orientation score and language ability score before and after treatment with 
butylphthalein. The forest plots displayed the results of multivariate analysis. (A) MMSE D-value and D-value percentage; (B) D-
value and D-value percentage of orientation and language. The horizontal bars represent 95% CIs. Different shapes of the 
horizontal bars represent different influencing factors; β>0 indicates a positive correlation between the independent variable 
and the dependent variable, while β<0 indicates a negative correlation. CHD, coronary heart disease; HDL-C, high-density 
lipoprotein cholesterol; MMSE, mini-mental state examination.

Figure 3  Multivariate analysis of cognitive decline. Treatment group and educational level played a important role in the 
incidence of cognitive decline. The horizontal bars represent 95% CIs. OR >1 indicates a positive correlation between the 
independent variable and the dependent variable, while risk ratio <1 indicates a negative correlation.
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impairment is characterised by acquired and sustained 
cognitive impairment, which lead to decreases in the 
patient’s daily work ability and behavioural changes.22 
Currently recommended drugs for improving cognitive 
impairment include cholinesterase inhibitors (donepezil, 
rivastigmine and galantamine), N-methyl-D-aspartate 
receptor antagonists (memantine) and other drugs 
(extracts of Ginkgo biloba leaves and Salvia miltiorrhiza); 
however, their effects are unclear.

Butylphthalide entered the Chinese market as an anti-
ischemia drug in 2002. Later, animal experiments showed 
that butylphthalide could regulate the expression of 
NR2B and synaptophysin in the hippocampus of elderly 
rats after chronic cerebral hypoperfusion, increase brain 
acetylcholine levels and improve learning and memory.23 

A subsequent clinical trial indicated that the adminis-
tration of butylphthalide to 281 adults with subcortical 
vascular cognitive impairment without dementia during 
a 6-month treatment period was safe and effective for 
improving cognitive and overall function.13 This may be 
related to the ability of butylphthalide to reduce neuroin-
flammation, oxidative stress and synaptic plasticity in the 
hippocampus.24–26

In contrast to previous studies, our study focused 
more on whether butylphthalide could prevent cogni-
tive decline in patients with ischaemic stroke rather than 
on its therapeutic effects. We found that butylphthalide 
reduced the incidence of cognitive decline by 7.5%, 
compared with the control group, after 12 months of 
treatment.

Table 3  Univariate analysis of the risk of cognitive decline

Grouping

Cognitive decline

P valueNo Yes

Treatment,
n (%)

Butylphthalide 258 (83.5) 51 (16.5) 0.022

Control 225 (76.0) 71 (24.0)

Gender, n (%) Men 350 (82.2) 76 (17.8) 0.028

Women 133 (74.3) 46 (25.7)

Age, mean (SD), y 61.19 (8.59) 64.19 (7.63) < 0.001

Age group, n (%) < 60 years 200 (84.7) 36 (15.3) 0.016

≥ 60 years 283 (76.7) 86 (23.3)

Education years, mean (SD), y 7.42 (3.40) 6.17 (3.47) < 0.001

Educational level, n (%) 0 years 23 (65.7) 12 (34.3) 0.007

1~6 years 178 (76.1) 56 (23.9)

> 6 years 282 (83.9) 54 (16.1)

Smoking status, n (%) Never 176 (74.9) 59 (25.1) 0.013

Former 198 (85.7) 33 (14.3)

Current 109 (78.4) 30 (21.6)

Alcohol use, n (%) Never 202 (75.1) 67 (24.9) 0.034

Former 197 (83.8) 38 (16.2)

Current 84 (83.2) 17 (16.8)

CHD, n (%) No 429 (80.3) 105 (19.7) 0.398

Yes 54 (76.1) 17 (23.9)

BMI, mean (SD), kg/m2 26.85 (3.50) 26.41 (3.24) 0.216

BMI category, n (%) Thin 2 (100.0) 0 (0.0) 0.476

Normal 99 (80.5) 24 (19.5)

Overweight 216 (77.4) 63 (22.6)

Obese 166 (82.6) 35 (17.4)

SBP, mean (SD), mmHg 152.33 (20.72) 155.06 (18.82) 0.205

FBG, mean (SD), mmol/L 6.78 (2.18) 6.98 (2.38) 0.381

TC, mean (SD), mmol/L 4.37 (1.09) 4.45 (1.07) 0.464

TG, mean (SD), mmol/L 1.60 (1.20) 1.51 (1.06) 0.439

HDL-C, mean (SD), mmol/L 1.21 (0.28) 1.27 (0.29) 0.028

CHD, coronary heart disease; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total 
cholesterol; TG, triglyceride .
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The MMSE is an effective means of evaluating cogni-
tive function, and previous studies have used the MMSE 
score to evaluate changes in cognitive function caused by 
butylphthalide. A meta-analysis of seven clinical studies 
that used the MMSE to assess the effect of butylphtha-
lide on cognitive function showed that treatment with 
butylphthalide improved, to varying degrees, the scores 
of patients with post-stroke cognitive impairment.14 This 
study describes the changes in MMSE scores based on 
the MMSE D-value and percentage of MMSE D-value. 
Although both the butylphthalide and control groups 
showed decreased MMSE scores after 12 months of treat-
ment, the extent of the decrease was lower in the butyl-
phthalide group.

In addition to the different treatments received, age 
and educational level were found to play important roles 
in the progression of cognitive decline, consistent with 
previous research findings.27 Lower educational level is 
associated with increased cognitive impairment.28 The 
possible reasons why people with higher levels of educa-
tion have better cognitive function are greater cogni-
tive reserve and better indirect benefits (free from the 
influence of risk factors of cognitive impairment such as 
hypertension, diabetes and cardiovascular factors).29

This study had certain limitations. First, the educa-
tional level of the study population was determined 
using a survey and was stratified according to educational 
levels. The educational level of the study participants was 
generally low, which has been shown to be a risk factor 
for cognitive impairment.30 This suggests a potential 
tendency for cognitive dysfunction in this population. 
Therefore, further research is required to investigate the 
efficacy of butylphthalide in populations with different 
levels of education. The second limitation of the study is 
the use of phased cluster sampling rather than complete 
randomisation. While this method allowed for practical 
recruitment in a community-based setting, it may intro-
duce selection bias. However, multivariate analyses were 
conducted to adjust for baseline differences between the 
groups, minimising the impact of potential confounders. 
Third, the MMSE scores were analysed based on the total 
score, and individual scores could not be considered to 
correspond to cognitive performance. Further examina-
tion in the field of neuropsychology is needed to inves-
tigate the impact of butylphthalide on various cognitive 
domains in patients with stroke. Finally, the limitation of 
this study is the absence of certain baseline characteristics 
that could significantly impact post-stroke cognitive func-
tion, such as the premorbid mRS, National Institutes of 
Health Stroke Scale (NIHSS) at admission and discharge 
and the 3-month mRS. However, this study specifically 
targeted recovery-phase stroke patients—individuals 
whose strokes occurred more than 1 month but less than 
6 months prior to the study, all of whom were community 
residents. As such, the acute-phase clinical data, including 
NIHSS scores and premorbid mRS, were not available or 
deemed necessary for this particular study population. 
The absence of these variables could limit the precision of 

the study’s findings, particularly in accounting for stroke 
severity in the early phase. Without NIHSS and mRS data, 
we may be unable to fully adjust for the potential vari-
ability in stroke severity among participants. This might 
introduce some degree of bias or confounding. Future 
studies could improve on this limitation by incorporating 
more detailed clinical data, including NIHSS and mRS 
scores from the acute phase.

This study suggests that butylphthalide is effective at 
reducing cognitive score decrease and the incidence 
of cognitive decline over a 12-month period in patients 
with ischaemic stroke. These results reinforce the neuro-
protective benefits of butylphthalide against cognitive 
impairment. Butylphthalide can effectively mitigate 
cognitive deficits, enhance daily functioning, increase 
independence and improve the overall quality of life 
of patients. Moreover, butylphthalide could potentially 
reduce long-term healthcare needs and associated costs 
for stroke survivors, including decreasing the need for 
the intensive care and support services that are often 
required for patients with significant cognitive impair-
ment. These benefits could complement existing treat-
ments and provide a more comprehensive strategy for 
managing the multifaceted impacts of stroke.
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