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Objective: To evaluate the efficacy, safety, and adherence of idebenone tablets in improving cognitive function among patients with post-stroke cognitive impairment in a real-world setting.

Methods: This single-arm, multicenter, real-world observational study enrolled 3,755 patients with post-stroke cognitive impairment from 342 hospitals across China between January 2020 and December 2024. Patients received idebenone (30 mg three times daily) for 3 months. Cognitive function was assessed using MoCA and MMSE at baseline and months 1, 2, and 3. Treatment effectiveness was categorized as markedly effective (≥80% improvement), effective (30–79% improvement), or ineffective (<30% improvement).

Results: Of the 3,755 patients (mean age 60.7 ± 10.4 years; 58.5% male), 61.8% had hypertension and 48.4% had ischemic stroke. The total effectiveness rate increased progressively from 10.9–13.0% at month 1 to 37.4–38.2% at month 3 for both MoCA and MMSE scores (p < 0.001). MoCA scores improved from 14.6 ± 5.1 at baseline to 17.6 ± 6.2 at month 3, while MMSE scores increased from 14.2 ± 4.6 to 17.5 ± 6.2. High medication adherence (≥80%) was achieved by 96.9% of patients. Only mild adverse events were reported in less than 2% of patients, with no severe adverse events documented.

Conclusion: This real-world study suggests that three-month idebenone therapy provides meaningful improvements in cognitive function among patients with post-stroke cognitive impairment, with excellent safety and adherence profiles. However, the observational, single-arm design without a control group means that observed improvements cannot be definitively attributed to the intervention alone. Further randomized controlled trials are warranted to confirm these findings and optimize treatment protocols.
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Introduction

Stroke, defined by the World Health Organization (WHO) as a clinical syndrome of rapidly developing focal (or global) disturbance of cerebral function lasting more than 24 h or leading to death, is one of the leading causes of mortality and morbidity worldwide (1). Within China, stroke remains the top cause of death, placing an immense burden on healthcare systems (2, 3). Such figures highlight the urgency of improving prevention, treatment, and rehabilitation strategies for stroke, particularly ischemic stroke, which accounts for approximately 80% of all stroke cases (4).

Despite advances in acute stroke management, a substantial proportion of patients surviving an ischemic stroke experience residual neurocognitive dysfunctions that can impair quality of life (5). One of the most common and challenging sequelae is post-stroke cognitive impairment (PSCI). PSCI can be defined as any degree of cognitive deficit occurring within 6 months after a stroke, encompassing a spectrum from mild cognitive impairment to dementia-like syndromes (6). Recent estimates reveal that up to 80.97% of stroke survivors may develop varying degrees of cognitive impairment (7). These deficits, often involving memory, attention, executive function, and visuospatial abilities, hamper patients’ capacity to resume independent daily activities, reduce their motivation to engage in rehabilitation, and affect emotional well-being (8). Cognitive deficits are frequently accompanied by motor and sensory impairments, generating a complex clinical picture that challenges rehabilitation efforts. Traditional rehabilitation strategies for post-stroke deficits include physical therapy, occupational therapy, balance training, speech therapy, and psychological interventions (7). However, the effectiveness of these interventions may be limited by reduced patient compliance due to fatigue, depression, and other comorbidities, especially when the rehabilitation process is prolonged. Given the multifactorial nature of cognitive recovery, pharmacological treatments aimed at enhancing brain metabolism, improving cerebral blood flow, or modulating neurotransmission have been explored as an adjunct to conventional rehabilitation (6).

Idebenone (chemical name: 2,3-dimethoxy-5-methyl-6-(10-hydroxydecyl)-1,4-benzoquinone) is a synthetic analog of coenzyme Q10. Unlike coenzyme Q10, idebenone has a shorter, modified side chain containing an additional hydroxyl group, which enhances its bioavailability and facilitates its passage across biological membranes, including the blood–brain barrier (9). Early pharmacologic studies have shown that idebenone improves mitochondrial electron transport and boosts ATP production, helping to stabilize or restore neuronal function under oxidative stress (9). Studies in various neurological conditions indicate that idebenone can promote neuronal energy metabolism, mitigate neuronal damage from reactive oxygen species, and potentially foster recovery of cognitive and motor functions (9, 10). Some clinical data suggest that idebenone may be beneficial for cognitive impairment associated with a variety of conditions, including Alzheimer’s disease (AD), mitochondrial encephalomyopathies, and post-ischemic brain injury (9, 11, 12). Li et al. (10) observed that among patients with movement disorders, idebenone treatment led to significant symptomatic relief with few adverse reactions, while another group (Zou et al.) demonstrated that idebenone administration was associated with improvements in both cognitive and behavioral symptoms in psychiatric disorders (11). These positive outcomes are thought to stem from idebenone’s capacity to enhance mitochondrial function, thereby increasing glucose utilization in the brain and promoting neuronal recovery (9).

In the context of post-stroke cognitive impairment, the rationale for using idebenone lies in its antioxidative properties and its role in boosting cellular energy metabolism. Neurons compromised by ischemia may suffer from inadequate ATP supply and excess oxidative free radicals, both of which hamper synaptic activity and cognitive processing. By improving mitochondrial respiration and reducing lipid peroxidation, idebenone may help attenuate neuronal damage, stabilize neural membrane function, and improve neurotransmitter release (9, 13). Enhanced neuronal survival and connectivity, in turn, could facilitate better cognitive recovery.

However, despite these promising mechanisms of action, real-world data on the efficacy and safety of idebenone specifically in post-stroke cognitive impairment are still limited. Many of the previously published findings come from controlled clinical trials with relatively narrow inclusion criteria, which may not reflect the complexities of routine practice. In real-world clinical settings, patients often have multiple comorbidities such as hypertension, hyperlipidemia, diabetes, or cardiac disorders, and they vary widely in age, functional status, and socioeconomic circumstances (2, 14). Real-world evidence (RWE) studies, which examine treatments in naturalistic medical environments, can therefore complement clinical trial findings by identifying potential variations in treatment response, adherence patterns, and adverse events among more diverse patient populations (15).

Real-world studies may also illuminate how treatment adherence—defined as the degree to which patients follow prescribed treatment regimens—affects clinical outcomes. For pharmacotherapeutic agents that require long-term administration, such as idebenone in cognitive impairment, understanding how non-adherence impacts efficacy and safety outcomes is crucial (16). In the context of PSCI, consistent use of cognitive-enhancing medications may be particularly important during the window of neuroplasticity following stroke, when rehabilitation and pharmacological interventions can have the most pronounced effects on long-term outcomes (17).

Furthermore, investigating the timing of administration—how soon after a stroke idebenone therapy is initiated and for how long it is continued—may yield critical insights into optimizing treatment protocols. Some studies on neuroprotective agents in stroke have suggested that earlier administration can lead to better outcomes, but more evidence is required specifically for idebenone (18). Therefore, an extensive, multicenter, real-world observational study can provide practical guidance for clinicians by shedding light on how idebenone is used in actual clinical practice. This approach can confirm or refute prior controlled-trial results, highlight patient subgroups that may benefit most, and reveal any unanticipated side effects (19). Such data can also inform public health strategies on resource allocation, by clarifying the cost-effectiveness of idebenone therapy in stroke rehabilitation (20).

This study aims to investigate the efficacy, safety, and adherence of idebenone tablets in improving cognitive function among patients with post-stroke cognitive impairment. Through a comprehensive evaluation of large-scale, multicenter data, we seek to enrich the current evidence base and support more targeted therapeutic strategies in routine stroke care.



Methods


Study design

This study was conducted as a single-arm, multicenter, real-world observational investigation aimed at evaluating both the effectiveness and safety of idebenone tablets in patients diagnosed with post-stroke cognitive impairment. The study period encompassed January 1, 2020, to December 31, 2024. Because real-world data research is intended to capture the natural course of clinical management, no additional interventions or procedures, apart from routine care, were imposed on the participants.

Patients meeting the eligibility criteria were followed over 3 months of idebenone therapy. During this period, routine clinical assessments were documented, including cognitive evaluations, adverse event reporting, and medication adherence data. By collecting information from multiple centers located in different regions, the study aimed to reflect the diversity of clinical settings and patient populations.



Study population

The study population comprised patients with clinically confirmed post-stroke cognitive impairment who used idebenone tablets as part of their routine treatment between January 1, 2020, and December 31, 2024. Stroke was defined in accordance with the diagnostic standards laid out in the Chinese Guidelines for Clinical Management of Cerebrovascular Diseases (2019) (3). Cognitive impairment was identified based on either patient or caregiver reporting of cognitive difficulties within 3 months after the stroke event, or by the judgment of an experienced clinician. Participants were included if they were at least 18 years of age, had no severe mental disorders or established dementia, and had sufficiently complete medical records to allow for outcome assessment.

In line with the requirement to avoid bullet points except for inclusion/exclusion criteria, the following are the eligibility parameters:


Inclusion criteria


	(1) Patients meeting the diagnostic criteria for stroke as stipulated in the Chinese Guidelines for Diagnosis and Treatment of Acute Ischemic Stroke 2018.

	(2) Evidence of cognitive decline within 3 months of stroke onset, either by patient/caregiver report or clinical judgment.

	(3) Age ≥18 years, no restriction on sex.

	(4) Receipt of idebenone tablets for the treatment of post-stroke cognitive impairment within the specified study period (January 1, 2020, to December 31, 2024).





Exclusion criteria


	(1) Incomplete clinical data that would preclude outcome evaluation.

	(2) Severe psychiatric disorders or known dementia prior to stroke onset.






Outcome measures

The study’s primary outcome measure was the change in cognitive function from baseline to the third month of treatment, as assessed by two instruments: the Montreal Cognitive Assessment (MoCA) and the Mini-Mental State Examination (MMSE). These scales were chosen for their widespread clinical use and validated reliability in detecting cognitive impairment.

Treatment effectiveness was categorized based on changes in MoCA and MMSE scores between baseline and the third month of therapy. If both MoCA and MMSE improved by at least 80% of the possible improvement from baseline, the outcome was classified as “markedly effective.” If the improvement reached at least 30% but below 80%, the outcome was termed “effective.” When improvements did not reach 30%, the outcome was recorded as “ineffective.” The overall effectiveness rate was defined as the sum of “markedly effective” plus “effective” cases, divided by the total number of evaluable patients (21).

Secondary outcome measures included repeated cognitive evaluations at 1 month and 2 months post-baseline, rates and characteristics of adverse events, dosage and duration of idebenone therapy, and overall medication adherence. Adherence was operationalized as the ratio of actual days of idebenone usage to the total expected days (3 months). Patients with adherence of 80% or greater were considered adherent.

Adverse events were documented in medical records as part of routine care and classified according to type (e.g., gastrointestinal, neurological), frequency, and severity. Any unexpected or serious adverse events were closely monitored and reported in accordance with institutional regulations.



Data collection procedures

Data were obtained retrospectively from electronic health records or paper charts across multiple sites. Investigators at each center performed thorough chart reviews using a standardized electronic Case Report Form (eCRF). Data points included demographic details (age, sex, education), relevant comorbidities (hypertension, hyperlipidemia, diabetes, heart disease), stroke subtype (hemorrhagic vs. ischemic vs. transient ischemic attack), time since stroke onset, baseline cognitive scores, and subsequent cognitive assessments at one, two, and 3 months. All cognitive assessments were conducted face-to-face by trained clinical staff at each participating center. In cases of clearly inconsistent results, clinicians were advised to re-assess to minimize inter-rater variability in this study.

Medication records were reviewed to determine idebenone dosage, frequency, and duration of use. In most participating centers, the standard regimen for idebenone was 30 mg per dose, three times per day. Any deviation from this regimen was recorded for further analysis.

To minimize bias, original patient identifiers were removed and replaced by a study-specific code, ensuring patient privacy. Data validation checks were applied to detect inconsistencies or missing information, and queries were resolved by returning to the original records. When a discrepancy could not be resolved, the data point was treated as missing.



Statistical analysis

After data extraction, all analyses were carried out using SAS 9.4 statistical software (SAS Institute, Cary, NC, United States). Continuous variables such as age, MoCA and MMSE scores were summarized as mean ± standard deviation or as median with interquartile range (25–75%), depending on their distribution. Categorical variables were summarized as frequencies and percentages. To evaluate changes in MoCA and MMSE scores from baseline to follow-up, paired-sample t-tests or Wilcoxon signed-rank tests (for non-normally distributed data) were conducted. Changes in the proportion of patients deemed “effective” or “markedly effective” were assessed via McNemar’s test, which is specifically tailored for paired categorical data. Patients were divided into two groups based on adherence (≥80% vs. <80%). Between-group differences in demographic, clinical, and outcome variables were assessed by independent-samples t-tests for continuous data and chi-square tests for categorical data. Adverse events were tabulated by type and severity. Incidence rates were calculated and, if sample sizes allowed, logistic regression was performed to explore associations between demographic factors (e.g., age, comorbidities) and the likelihood of experiencing an adverse event. A two-sided p-value less than 0.05 was considered statistically significant for all analyses. Missing values were handled by pairwise deletion.



Data management and quality assurance

Throughout the study, data management followed national regulations on patient confidentiality and data integrity. Each participating center was responsible for collecting, de-identifying, and entering data into the eCRF. Medical staff members performed an initial check to confirm consistency with the patient’s source documents, and a statistician performed subsequent validations. Discrepancies were resolved by referring back to the original medical records; if still unresolved, relevant data fields were left as missing. Audit trails were maintained to document any changes made to the dataset. The principal investigator at the coordinating center oversaw periodic quality control checks, ensuring that at least 10% of patient records from each site were randomly audited for accuracy. This effort was intended to mitigate selection bias and ensure robust data collection.



Ethical considerations

Because this project was an observational study that used data collected during routine medical care, the requirement for written informed consent was either waived or modified, depending on local institutional review board (IRB) policies. Where mandated, patients or their legal representatives provided informed consent for the use of their data for research purposes. The study protocols adhered to the Declaration of Helsinki and national guidelines on the ethical conduct of research involving human participants. No additional interventions outside routine care were imposed, and no changes to medication regimens were made specifically for study purposes.




Results


Patient demographic characteristics and distribution

Table 1 summarizes the baseline characteristics of the included patients. Among the 3,755 participants, 2,198 were male (58.5%) and 1,557 were female (41.5%). Mean age was 60.7 ± 10.4 years (range, 24–95), and the median age was 61.0. Notably, 16.6% of the patients had completed high school, and 11.0% had attained education levels at or above college/technical school. Regarding comorbidities, 61.8% had hypertension, 17.9% had hyperlipidemia, 13.8% had diabetes, and 5.5% had heart disease.


TABLE 1 Baseline characteristics of the study population.


	Variable
	Overall (N = 3,755)
	Adherence ≥80% (N = 3,639)
	Adherence <80% (N = 116)
	p-value

 

 	Sex (n, %) 	 	 	 	0.08


 	Male 	2,198 (58.5%) 	2,121 (58.3%) 	77 (66.4%) 	


 	Female 	1,557 (41.5%) 	1,518 (41.7%) 	39 (33.6%) 	


 	Age 	 	 	 	0.02


 	Mean ± SD 	60.7 ± 10.4 	60.8 ± 10.5 	58.7 ± 10.1 	


 	Range 	24.0–95.0 	24.0–95.0 	35.0–91.0 	


 	Median (Q1–Q3) 	61.0 (53.0–68.0) 	61.0 (53.0–68.0) 	58.5 (51.0–65.0) 	


 	Education level (n, %) 	 	 	 	<0.001


 	Illiterate 	553 (14.7%) 	551 (15.1%) 	2 (1.7%) 	


 	Primary school 	1,323 (35.2%) 	1,312 (36.1%) 	11 (9.5%) 	


 	Junior high school 	844 (22.5%) 	817 (22.5%) 	27 (23.3%) 	


 	High school 	623 (16.6%) 	590 (16.2%) 	33 (28.4%) 	


 	College/Technical or Above 	412 (11.0%) 	369 (10.1%) 	43 (37.1%) 	


 	Medical history (n, %) 	 	 	 	


 	Hypertension 	2,319 (61.8%) 	2,254 (61.9%) 	65 (56.0%) 	0.20


 	Hyperlipidemia 	673 (17.9%) 	656 (18.0%) 	17 (14.7%) 	0.35


 	Diabetes 	520 (13.8%) 	487 (13.4%) 	33 (28.4%) 	<0.001


 	Heart disease 	208 (5.5%) 	207 (5.7%) 	1 (0.9%) 	0.03


 	Stroke subtype (n, %) 	 	 	 	<0.001


 	Hemorrhagic stroke 	863 (23.0%) 	853 (23.4%) 	10 (8.7%) 	


 	Transient ischemic attack 	1,075 (28.6%) 	973 (26.7%) 	102 (87.9%) 	


 	Ischemic stroke 	1817 (48.4%) 	1813 (49.9%) 	4 (3.4%) 	


 	Duration of stroke (n, %) 	 	 	 	<0.001


 	1 year 	1,685 (44.9%) 	1,601 (44.0%) 	84 (72.4%) 	


 	1–5 years 	1847 (49.2%) 	1817 (49.9%) 	30 (25.9%) 	


 	5–10 years 	197 (5.2%) 	195 (5.4%) 	2 (1.7%) 	


 	>10 years 	26 (0.7%) 	26 (0.7%) 	0 (0.0%) 	


 	Baseline MoCA Score 	 	 	 	<0.001


 	Mean ± SD 	14.6 ± 5.1 	15.0 ± 4.6 	2.4 ± 2.1 	


 	Range 	1.0–25.0 	1.0–25.0 	1.0–19.0 	


 	Median (Q1–Q3) 	15.0 (12.0–18.0) 	15.0 (12.0–18.0) 	2.0 (2.0–2.0) 	


 	Baseline MMSE Score 	 	 	 	<0.001


 	Mean ± SD 	14.2 ± 4.6 	14.5 ± 4.1 	2.5 ± 1.2 	


 	Range 	1.0–24.0 	1.0–24.0 	1.0–10.0 	


 	Median (Q1–Q3) 	15.0 (11.0–17.0) 	15.0 (12.0–17.0) 	2.0 (2.0–3.0) 	


 	Region (n, %) 	 	 	 	<0.001


 	Northeast 	24 (0.6%) 	24 (0.7%) 	0 (0.0%) 	


 	North China 	37 (1.0%) 	37 (1.0%) 	0 (0.0%) 	


 	East China 	1,409 (37.5%) 	1,294 (35.6%) 	115 (99.1%) 	


 	South China 	210 (5.6%) 	210 (5.7%) 	0 (0.0%) 	


 	Central China 	1983 (52.8%) 	1982 (54.5%) 	1 (0.9%) 	


 	Northwest 	92 (2.5%) 	92 (2.5%) 	0 (0.0%) 	




 

In terms of stroke diagnosis, hemorrhagic stroke accounted for 23.0% of patients, transient ischemic attacks for 28.6%, and ischemic stroke for 48.4%. Roughly half of the participants (49.2%) had a stroke duration (from initial diagnosis) of 1–5 years, while 44.9% had experienced stroke for less than 1 year.

At baseline, the average MoCA score was 14.6 ± 5.1, and the average MMSE score was 14.2 ± 4.6. Disaggregating the results by medication adherence (≥80% vs. <80%) yielded statistically significant differences in several variables, including age, education level, history of diabetes, history of heart disease, stroke subtype, disease duration, and baseline MoCA/MMSE scores (p < 0.05).



Medication use information

All patients received idebenone at a dose of 30 mg per administration, three times daily. The study tracked the total days of idebenone use for each 1-month period over a total of 3 months (Table 2). For all three time intervals (treatment months 1, 2, and 3), the most common duration of use was 30 days, accounting for approximately 73–74% of patients each month.


TABLE 2 Idebenone medication use characteristics.


	Variable
	Statistic (N = 3,755)

 

 	Treatment Month 1 	


 	Number of days of idebenone use 	


 	10 	113 (3.0%)


 	12 	2 (0.1%)


 	25 	5 (0.1%)


 	26 	1 (0.0%)


 	28 	122 (3.2%)


 	29 	4 (0.1%)


 	30 	2,774 (73.9%)


 	31 	9 (0.2%)


 	32 	707 (18.9%)


 	35 	18 (0.5%)


 	Treatment month 2 	


 	Number of days of idebenone use 	


 	10 	115 (3.1%)


 	25 	14 (0.4%)


 	28 	128 (3.4%)


 	30 	2,763 (73.6%)


 	31 	6 (0.2%)


 	32 	712 (19.0%)


 	33 	4 (0.1%)


 	35 	13 (0.2%)


 	Treatment Month 3 	


 	Number of days of idebenone use 	


 	10 	116 (3.1%)


 	25 	19 (0.5%)


 	27 	2 (0.1%)


 	28 	107 (2.8%)


 	30 	2,783 (74.1%)


 	31 	7 (0.2%)


 	32 	716 (19.1%)


 	35 	5 (0.1%)


 	Overall adherence rate (%) 	


 	<80 	116 (3.1%)


 	≥ 80 	3,639 (96.9%)




 

A total of 3,639 patients (96.9%) had a medication adherence rate of 80% or higher, whereas 116 patients (3.1%) demonstrated an adherence rate below 80%.



Efficacy assessments

Cognitive outcomes were evaluated at one, two, and 3 months post-baseline. A progressive improvement in MMSE and MoCA total scores was observed throughout the treatment period. Mean scores exhibited a steady upward trend, rising from between 14 and 15 at baseline to between 17 and 18 upon completion of 3 months of therapy(Figure 1). Table 3 presents both the absolute scores in MoCA and MMSE at each time point, as well as the rates of “markedly effective” and “effective” responses.

[image: Line graph showing trends of MoCA and MMSE scores over time. The x-axis represents time intervals: baseline, one month, two months, and three months. The y-axis indicates scores ranging from 13 to 18. MoCA scores in red and MMSE scores in blue both increase steadily.]

FIGURE 1
 Trend of MoCA/MMSE score (Mean±SE).



TABLE 3 Distribution of cognitive outcomes at each follow-up.


	Variable
	Statistic (N = 3,755)

 

 	Month 1


 	MoCA (mean ± SD) 	15.5 ± 5.3 (range 2–29)


 	MMSE (mean ± SD) 	15.3 ± 5.0 (range 2–29)


 	MoCA effectiveness


 	Ineffective 	3,345 (89.1%)


 	Markedly effective 	87 (2.3%)


 	Effective 	323 (8.6%)


 	Total effective 	410 (10.9%)


 	MMSE effectiveness


 	Ineffective 	3,267 (87.0%)


 	Markedly effective 	71 (1.9%)


 	Effective 	417 (11.1%)


 	Total effective 	488 (13.0%)


 	Month 2


 	MoCA (mean ± SD) 	16.5 ± 5.6 (range 2–30)


 	MMSE (mean ± SD) 	16.4 ± 5.6 (range 2–30)


 	MoCA effectiveness


 	Ineffective 	2,764 (73.6%)


 	Markedly effective 	151 (4.0%)


 	Effective 	840 (22.4%)


 	Total effective 	991 (26.4%)


 	MMSE effectiveness


 	Ineffective 	2,691 (71.7%)


 	Markedly effective 	155 (4.1%)


 	Effective 	909 (24.2%)


 	Total effective 	1,064 (28.3%)


 	Month 3


 	MoCA (mean ± SD) 	17.6 ± 6.2 (range 1–30)


 	MMSE (mean ± SD) 	17.5 ± 6.2 (range 1–30)


 	MoCA effectiveness


 	Ineffective 	2,352 (62.6%)


 	Markedly effective 	297 (7.9%)


 	Effective 	1,106 (29.5%)


 	Total effective 	1,403 (37.4%)


 	MMSE effectiveness


 	Ineffective 	2,321 (61.8%)


 	Markedly effective 	303 (8.1%)


 	Effective 	1,131 (30.1%)


 	Total effective 	1,434 (38.2%)




 

Comparisons using chi-square tests revealed a statistically significant increase in the percentage of patients classified as “effective” or “markedly effective” at 3 months compared to 1 month (p < 0.001) and 2 months (p < 0.001; Table 4).


TABLE 4 Comparisons of cognitive outcomes over time.


	Variable
	Month 3 vs. Month 1
	Month 3 vs. Month 2

 

 	MoCA 	Total Effective at Month 3: 1403 (37.4%) 	Total Effective at Month 3: 1403 (37.4%)


 	 	Total Effective at Month 1: 410 (10.9%) 	Total Effective at Month 2: 991 (26.4%)


 	Chi-Square (χ2) 	717.0 	104.1


 	p-value 	<0.001 	<0.001


 	MMSE 	Total Effective at Month 3: 1434 (38.2%) 	Total Effective at Month 3: 1434 (38.2%)


 	 	Total Effective at Month 1: 488 (13.0%) 	Total Effective at Month 2: 1064 (28.3%)


 	Chi-Square (χ2) 	625.8 	82.1


 	p-value 	<0.001 	<0.001




 



Adverse events and safety

Adverse event data indicated that idebenone was well-tolerated overall. Gastrointestinal complaints (e.g., nausea, mild abdominal discomfort) were the most commonly reported, but these occurred in fewer than 2% of patients. Transient headaches or dizziness were also documented in a small subset, generally resolving spontaneously. No severe adverse events definitively attributable to idebenone were reported.



Summary of key findings

In this large real-world analysis of 3,755 patients with post-stroke cognitive impairment, approximately 97% achieved an adherence rate of 80% or higher over 3 months. Cognitive outcomes showed progressive improvement from Month 1 to Month 3 as reflected in MoCA and MMSE scores, with total effectiveness rates increasing from around 10–13% at Month 1 to about 37–38% at Month 3. The low prevalence of adverse events corroborates the overall safety and tolerability of idebenone in this population.




Discussion

Stroke remains one of the most serious health challenges globally, with high morbidity, mortality, and long-term disability rates, especially in lower- and middle-income countries (16). Post-stroke cognitive impairment complicates recovery in a substantial proportion of survivors, posing enormous burdens not only for patients and their families but also for healthcare systems (17).

A gradual increase in the total effectiveness rate from 10.9–13.0% at Month 1 to approximately 37–38% at Month 3, as measured by MoCA and MMSE, suggests that prolonged administration of idebenone can yield clinically meaningful improvements. This observation aligns with the understanding that neural plasticity continues for weeks to months post-stroke (18). Early improvements in cognitive scales at the one-month mark might reflect partial symptomatic relief or residual effects of acute-phase treatments, whereas sustained improvements over 3 months are more indicative of neurorecovery processes aided by enhanced mitochondrial function (9).

Several potential mechanisms may underlie these improvements. Idebenone exerts antioxidant effects and augments ATP production by facilitating electron flow in the mitochondrial respiratory chain (9). Ischemic stroke leads to mitochondrial dysfunction, reduced oxidative phosphorylation, and overproduction of free radicals, all contributing to neuronal damage (19). By partially restoring normal mitochondrial activity, idebenone might curb ongoing injury and support synaptic plasticity, particularly in peri-infarct regions (20). Additionally, idebenone’s ability to traverse the blood–brain barrier distinguishes it from other coenzyme Q10 analogs that may have limited central nervous system penetration (9).

Furthermore, improvements in MoCA and MMSE indicate potentially broad effects on multiple cognitive domains, including attention, executive function, and memory (22). This broad-spectrum enhancement is consistent with the possibility that idebenone positively influences fundamental neuronal processes rather than merely modulating a single neurotransmitter pathway (23). However, it is crucial to recognize that the absolute proportion of patients achieving “markedly effective” status by Month 3, while higher than at earlier time points, is still not a majority. This outcome highlights the multifactorial nature of PSCI and the need for integrated approaches that combine pharmacotherapy with rehabilitation, psychosocial support, and management of vascular risk factors (24).

In the present study, the overall similarity between baseline MMSE and MoCA scores appears somewhat divergent from the cognitive profile typically observed in pure vascular cognitive impairment (VCI) (25). Classically, VCI is characterized by prominent deficits in executive and visuospatial functions, with relative preservation of memory and calculation, often leading to lower MoCA than MMSE scores. However, the cognitive phenotype of PSCI encompasses a wider spectrum than pure VCI, which may help explain our findings. Two factors may be relevant: first, approximately 80% of all dementia cases are characterized by mixed pathology, encompassing both AD and vascular pathologies in older stroke populations (26). The possible explanation for this phenomenon is that a considerable proportion of elderly stroke patients who appear clinically normal may already have significant underlying AD pathology in the brain prior to the stroke event. Following the occurrence of stroke, these latent pathological processes become activated or unmasked, leading to a cognitive phenotype that more closely resembles the AD pattern—such as prominent memory impairment (27). Co-existing AD-type pathologies, may modulate cognitive profiles and attenuate the dissociations between MoCA and MMSE often seen in purely vascular cases. Second, the large sample size (n = 3,755) and multi-center design included different cognitive subtypes: the MoCA was more sensitive for detecting non-amnestic deficits, whereas the MMSE showed higher specificity for amnestic deficits (28). Therefore, the baseline similarity between the two screening instruments in our cohort may be seen as reflecting the true clinical and pathological heterogeneity of PSCI in a large, unselected population, underscoring the complexity of cognitive profiles in real-world settings.

The majority of patients (96.9%) maintained high adherence (≥80%), which is a positive finding, as medication adherence is frequently problematic in long-term treatment regimens. Several factors may have contributed to the high adherence rate. First, many patients were recruited from larger stroke centers or hospitals that might have had robust education programs and follow-up mechanisms (29). Second, idebenone’s convenient oral administration schedule (e.g., 30 mg three times per day) and its generally favorable side effect profile may have improved tolerability and acceptance (30). Third, the real-world nature of the study may have selected for patients who were more motivated or whose caregivers actively participated in the treatment process.

Nonetheless, the study also identified a small subgroup (3.1%) with adherence below 80%. These patients exhibited different baseline characteristics, such as higher prevalence of diabetes, younger average age, or distinct stroke subtypes. Lower adherence might arise from cost considerations, difficulties in obtaining prescription refills, or negative perceptions of the medication’s effectiveness (31). Exploring these barriers in depth could help tailor patient education or policy changes to ensure consistent medication usage, thereby maximizing benefits (32).

Controlled clinical trials and smaller studies have explored idebenone in a variety of neurological contexts, often reporting beneficial effects on cognition or neuropsychiatric symptoms (9–11). Our results corroborate these earlier findings in a specific PSCI population but contribute novel real-world evidence that might be more generalizable to routine clinical practice. Real-world data are often messier and include patients with multiple comorbidities, polypharmacy, and other complicating factors. Hence, the relatively robust efficacy signal and low rate of adverse events in this large sample offer reassurance about idebenone’s practical utility (15).

The current findings also resonate with research on other mitochondrial enhancers or antioxidants tested in stroke populations, such as citicoline or acetyl-L-carnitine, which have shown modest to moderate cognitive benefits (33). However, direct comparisons among different agents remain challenging because of variations in study design, endpoints, and patient populations. Moreover, the broader category of neuroprotective drugs has historically faced difficulty demonstrating clear functional benefits in stroke clinical trials, potentially due to timing of administration and methodological constraints (34). Our data suggest that a three-month course might be more beneficial than shorter regimens, underscoring the relevance of drug exposure duration.

The progressive improvement in cognitive scores over 3 months implies that idebenone may require sustained administration to yield maximal neurorestorative effects. Stroke pathophysiology involves acute infarction or hemorrhage, followed by a subacute phase of spontaneous partial recovery, and eventually a chronic stage during which plasticity remains but is often reduced (21). Pharmacologic interventions that support metabolic recovery and synaptic reorganization could be particularly vital in the subacute phase, typically spanning the first few months after the initial insult (16). Real-world observational data in this study highlight that incremental benefits can emerge cumulatively, supporting the recommendation for a minimum treatment duration of at least 3 months in appropriate candidates.

Earlier interventions might still be advantageous. Some patients may have begun idebenone therapy within days or weeks post-stroke, while others might have delayed onset due to logistical or clinical reasons. Although our study did not systematically analyze the effect of the precise start time of idebenone in relation to stroke onset, future research could examine whether an early start confers additional benefit in neuroplastic windows (17).

Safety is a critical determinant of whether a therapy can be broadly implemented in older populations who often have multiple comorbidities. Our study identified only a small proportion of mild to moderate adverse events, mainly gastrointestinal or transient neurological complaints. No serious adverse events definitively linked to idebenone were reported. This aligns with previous safety data indicating that idebenone is typically well-tolerated (9, 12).

Nonetheless, real-world pharmacovigilance remains essential, as rare but serious events could manifest in larger cohorts. Clinicians must also remain cautious about potential drug–drug interactions, particularly with medications frequently prescribed in post-stroke patients (e.g., antihypertensives, antiplatelets, anticoagulants).

Despite the strengths of this study’s large sample size and multicenter design, several limitations must be acknowledged. First, as a single-arm observational study, there was no control group receiving a placebo or alternative treatment, which restricts the capacity to attribute improvements exclusively to idebenone. Some or all of the gains in MoCA and MMSE could be partly due to spontaneous recovery or concurrent rehabilitation therapies (20). Comparing results to historical controls or using matching techniques could partially mitigate this concern, but randomized controlled trials remain the gold standard for causality inferences (23). Second, neuroplasticity after stroke is dynamic, and the benefits of metabolic support may vary with the timing of therapy initiation. Due to the retrospective nature of the data collection, we could not systematically analyze the impact of the timing of therapy initiation relative to the stroke event. This is a critical unanswered question, as prior evidence suggests that interventions introduced during the subacute phase of heightened neuroplasticity may confer greater benefits (17, 18), while later treatment can still yield meaningful improvements as cognitive impairment remains highly prevalent long after stroke (7). Our study nevertheless provides value by reflecting real-world practice, in which treatment is often initiated at variable time points, and demonstrates that idebenone is safe and associated with cognitive improvements across this diverse spectrum. Future prospective studies should stratify outcomes by timing of initiation to identify the optimal therapeutic window for PSCI management. Third, data on concomitant medications and non-pharmacological interventions were not systematically collected. Patients may have been receiving other treatments, such as other cognitive enhancers, antidepressants, or intensive rehabilitation programs, which could have influenced cognitive scores. Fourth, We identified potential selection biases, as the population was drawn from hospitals that had the resources and motivation to systematically document patients receiving idebenone. Patients with minimal access to healthcare or those who did not tolerate the medication early on might have been underrepresented. Fifth, adherence calculations were based on prescription refills and self-reported use. While this method is common in real-world research, it does not guarantee ingestion of the medication as prescribed. Memory deficits inherent to PSCI could further complicate accurate self-reporting. Finally, we used two cognitive assessments (MoCA and MMSE) that are well-validated but may not capture specific cognitive deficits, such as executive function, in sufficient detail. Moreover, due to the lack of subject stratification, the mean scores of the MoCA and MMSE were closely aligned in the overall population. Using specialized tools like the Trail Making Test or the Stroop Test might provide additional information in future studies.



Conclusion

This real-world, multicenter, single-arm observational study highlights a notable trend of cognitive improvement in patients with post-stroke cognitive impairment who received idebenone over a three-month period. The progressive increase in effectiveness from the first to the third month underscores the potential of idebenone to support neural recovery, possibly through enhanced mitochondrial function and antioxidant effects. High adherence rates demonstrate that the medication is generally well-accepted by patients, while the low incidence of adverse events points to a favorable safety profile. Nonetheless, the absence of a comparator group and certain methodological constraints limit definitive conclusions. Future controlled trials, combined with mechanistic investigations, may further substantiate the role of idebenone in PSCI management. For clinicians, however, these findings offer valuable real-world guidance, suggesting that a three-month course of idebenone might be a viable adjunct to conventional stroke rehabilitation, especially for patients who can maintain strong medication adherence and have no contraindications. By aligning pharmacological and rehabilitative interventions, healthcare professionals can strive to improve the functional and cognitive outcomes of the growing population of stroke survivors worldwide.
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