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Purpose: This systematic review and meta-analysis aimed to evaluate the effects of exercise interventions on depressive symptoms in stroke patients.Methods: Following PRISMA guidelines, We conducted searches in PubMed, Embase, CENTRAL, and Web of Science. The topic was the effect of exercise on depression levels in stroke patients. Patient’s performance on depression scales after exercise was assessed using standardized mean difference (SMD) and 95% confidence intervals (95% CI). A random effects model (RE) was used to conduct a meta-analysis and compare the results between subgroups conducted based on adherence to ACSM guidelines and the length of exercise interventions.Results: The analysis included 24 randomized controlled trials (RCTs) involving 1,757 participants. The meta-analysis revealed that exercise interventions had a significant positive effect on reducing depressive symptoms in stroke patients, with a standardized mean difference (SMD) of −0.43 (95% CI: 0.65, −0.21). Subgroup analysis indicated that high compliance with ACSM guidelines resulted in a more substantial reduction in depressive symptoms (SMD = −0.79, 95% CI: 1.10, −0.49), compared with low or uncertain compliance (SMD = −0.03, 95% CI: 0.16, 0.10). Longer exercise intervention was associated with greater mitigation of depressive symptoms. The differences between intervention groups of different lengths were statistically significant (p < 0.05).Conclusion: These findings support the integration of tailored exercise programs into post-stroke care to optimize mental health outcomes. Compliance to ACSM-recommended exercise dosages significantly ameliorate depression levels in stroke patients. Further research is warranted to explore standardized exercise regimens in larger, multicenter trials.Systematic Review Registration: https://www.crd.york.ac.uk/prospero/#recordDetails, identifier PROSPERO(CRD42024579095).Keywords: exercise adherence, exercise duration, stroke, depression, meta-analysis
1 INTRODUCTION
Depression is a prevalent and debilitating condition that affects approximately one-third of all stroke survivors (Hackett and Pickles, 2014; Medeiros et al., 2020), significantly impairing their quality of life and rehabilitation. Based on a complex interplay of psychological, biological, and social factors, a spectrum of depressive symptoms persisting long after stroke onset (Das and Rajanikant, 2018; Hadidi et al., 2009). The etiology of depression involves brain lesions, neurochemical alterations, inflammation, and the psychological impact of the stroke itself (Medeiros et al., 2020). Brain lesions from stroke can damage areas responsible for emotion regulation (Douven et al., 2017; Liang et al., 2018), while neurochemical alterations disrupt neurotransmitters like serotonin and dopamine (Berretta et al., 2014; Levy et al., 2018), which are crucial for mood regulation. Inflammation following a stroke can interfere with neurogenesis, further exacerbating depressive symptoms (Loubinoux et al., 2012; Marx et al., 2023), and the psychological impact of losing independence and dealing with ongoing health issues contributes to feelings of hopelessness and isolation (Woodford et al., 2018; Narendrula et al., 2023). Despite its high incidence rate and adverse effects to daily life, it still remains inadequately treated in most clinical settings (Skolarus et al., 2017; El Husseini et al., 2012; Paul et al., 2006), which warrants effective interventions to be seamlessly integrated into post-stroke care.
Exercise has been recognized as a promising non-pharmacological intervention for managing depression (Lai et al., 2006; Lanctôt et al., 2020). The therapeutic effects of exercise on mental health are well-documented (Immink et al., 2014; Koch et al., 2020; Taylor-Piliae et al., 2014), with numerous studies demonstrating its efficacy in reducing depressive symptoms through mechanisms such as regulating neurotransmitters (Okaty et al., 2019; Meneses, 1998; Tang et al., 2022), reducing inflammation (Tang et al., 2022; Niu et al., 2020), enhancing neuroplasticity, and improving overall physical health (Sims et al., 2009). Given the chronic nature of depression and the potential side effects of pharmacological treatments, exercise presents a viable and sustainable alternative or adjunct therapy for patients with depression (Heissel et al., 2023; Herring and Meyer, 2024). The American College of Sports Medicine (ACSM) provides comprehensive guidelines on exercise prescription, encompassing frequency, intensity, type, and duration to optimize health outcomes (Garber et al., 2011). Recommendations include aerobic exercise 3–5 days a week at moderate to vigorous intensity, and resistance training 2–3 days per week. Aerobic activities such as walking or cycling should be done for 150 min of moderate or 75 min of vigorous activity per week. Resistance training sessions should last 20–60 min. These guidelines aim to enhance both physical and mental wellbeing, offering a sustainable, alternative or adjunct therapy to pharmacological treatments for depression in healthy people (Rosenbaum et al., 2014; Aaron et al., 2016). However, these guidelines have not been applied to stroke survivors. Exercise helps stroke patients improve physical strength and daily functioning, boosting self-confidence (Pontes et al., 2019). It also promotes the production of brain-derived neurotrophic factor, cortisol, and β-endorphins, alleviating depressive symptoms (Fichna et al., 2007; Foley and Fleshner, 2008; Li et al., 2024). These findings support the role of exercise in improving depression symptoms in stroke survivors, but the specific effectiveness of exercise in alleviating depression in this population remains unclear.
Several meta-analyses have investigated the effects of exercise on depression in the general population (Pearce et al., 2022; Noetel et al., 2024). These meta-analyses found that physical activity, including walking, yoga, and resistance training, significantly reduces depression risk and symptoms. Increasing exercise duration and intensity further enhances these benefits, with exercise being an effective alternative or adjunct treatment for depression. A network meta-analysis of non-pharmacological treatments for post-stroke depression (PSD) showed that, among the 33 included therapies, exercise therapy, while not the most effective treatment, was still effective in improving post-stroke depression symptoms (Yi et al., 2024). Previous meta-analyses on the impact of exercise in stroke patients with depression have shown that both Tai Chi and aerobic exercise are effective in alleviating depressive symptoms after stroke (Chen et al., 2024). Structured exercise interventions have been found to significantly reduce depressive symptoms during subacute and chronic stages of stroke and improve short-to medium-term quality of life (Eng and Reime, 2014; Song et al., 2023). However, the relationship between the frequency, intensity, and duration of exercise and the improvement depression remains inconclusive. Therefore, understanding the dose-response relationship between exercise and depression in stroke patients is crucial for maximizing treatment effectiveness while minimizing the risks of overtraining or injury (Tseng et al., 2007). This systematic review and meta-analysis aims to address this gap by evaluating the effects of exercise interventions, based on ACSM guidelines, in stroke patients. By systematically reviewing and analyzing the available literature, this study aims to evaluate the effects of exercise interventions on depressive symptoms in stroke patients. The findings from this review will contribute to the development of evidence-based exercise prescriptions for implementation in clinical practice, thereby improving the mental health and overall wellbeing of stroke survivors.
2 METHODS
This review strictly adhered to the guidelines outlined in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Page et al., 2021) and was registered in PROSPERO (CRD42024579095).
2.1 Search strategy
A comprehensive search included the following four electronic databases: PubMed (since 1996), Embase (since 1947), CENTRAL (since 1999), and Web of Science (since 1960), with the search period ranging from the inception of each database to 9 June 2024. The search strategy was carefully designed based on the PICOS principle. (P) Population: Patients (≥18 years) with a definite diagnosis of ischemic or hemorrhagic stroke, including acute, subacute, or chronic stages after stroke. (I) Interventions: Invention group should receive a full range of land exercise therapy. (C) Comparison: Control group received usual care, educational guidance, rehabilitation training, mild activity or no treatment. (O) Outcomes: Patients’ level of depression after intervention. (S) Study design: Randomized controlled trial (RCT). The search included a combination of MeSH terms and free words. We also searched the reference lists of included studies and relevant reviews to identify additional potential studies. If necessary, we will contact the author for further information. Supplementary Table provides all of detailed overview of the search strategy.
2.2 Inclusion and exclusion criteria
Inclusion criteria: (1) Study subjects (aged 18 years and above) with a definitive diagnosis of ischemic or hemorrhagic stroke. Mixed studies were also included when data on patients who suffered from a stroke could be extracted; (2) The experimental group completed a series of land exercises (Guo et al., 2022), including strength training, flexibility training, aerobic training, and a mixture of multiple exercises; (3) The control group received usual care, educational guidance, rehabilitation training, mild activity or no treatment; (4) Outcome focused on the first results of depression test after intervention; and (5) RCTs.
Exclusion criteria: (1) Subjects have severe aphasia, severe vision or hearing impairment; (2) Study subjects cannot complete the depression test due to severe intellectual disability or severe comorbidities; (3) baseline characteristics of patients in control group are significantly different from those in intervention group; (4) Animal research; (5) Reports, protocols, reviews, case reports, and conference papers, among others; (6) Failure to obtain the full text; (7) Duplicate publications; (8) Data that could not be extracted.
2.3 Study selection
The use of Endnote software streamlined the process of screening and managing the vast array of literature available. Initially, two authors, Z.W. and Y.D., conducted an independent screening of titles and abstracts. Meanwhile, they excluded any duplicated entries as well as literature types such as reviews, conference abstracts, correspondence, case reports, protocols, animal studies, and non-randomized controlled trials (non-RCTs). This initial filtering ensured that only relevant studies progressed to the next step. Then, both researchers undertook a thorough re-evaluation of the remaining abstracts to apply the aforementioned inclusion and exclusion criteria. After assessment, the two researchers conducted an review of all included articles. They analyzed the content of each study to decide its suitability for publication. In instances where there was any disagreement or inconsistency between the two researchers, they consulted with the third author, T.Z., facilitating a discussion that led to a consensus and a final decision. Notably, this entire process was conducted without any restrictions regarding the release date or language of the literature, ensuring a comprehensive and inclusive review.
2.4 Data extraction
Two researchers, Z.W. and Y.D., carried out a comprehensive and independent extraction of relevant data utilizing a standardized pre-designed form. The data collection encompassed publication characteristics (title, first author, published year, and country of origin), group design, sample size, and specific intervention. importantly, the details of the exercise interventions including details of the type, duration, frequency, intensity levels, repetition rates and overall time were accurately documented.
In addition, demographics, outcome of all subjects were extracted. Following data extraction, both raters, Z.J. and Y.L., independently assessed exercise dose—factoring in frequency, intensity, workload, duration, and other relevant components—as well as the adherence to exercise interventions specifically in patients, in accordance with the guidelines set forth by the American College of Sports Medicine (ACSM) (Garber et al., 2011) (Table 1). The scoring criteria for each indicator in this meta-analysis was 0 points for not completely meeting the standards; 1 point for not being sure whether it meets or may meet the standards; 2 points for completely meeting the standards. Utilizing this grading system, the researchers calculated the adherence level to the ACSM guidelines regarding exercise dosing in each individual study. A compliance rate of 70% or higher was regarded as representative of high adherence to ACSM recommendations (Wen et al., 2024; Niu et al., 2024), while a rate falling below this threshold was interpreted as indicative of either low or uncertain compliance. In instances where there were discrepancies in ratings or assessments, a third reviewer, B.L., joined the discussion to facilitate a consensus and ensure the accuracy of the evaluations made.
TABLE 1 | The ACSM recommendations for cardiorespiratory fitness, muscular strength and flexibility in apparently healthy adults.
[image: Table 1]2.5 Risk of bias of individual studies
Two raters (T.Z. and B.L.) independently assessed the risk of bias (ROB) using the Cochrane Bias Risk Assessment Tool for RCTs. Seven domains were considered: (1) randomized sequence generation, (2) allocation concealment, (3) blinding of participants and personnel, (4) blinding of outcome assessment, (5) incomplete outcome data, (6) selective reporting, and (7) other bias. Trials were categorized into three levels of ROB by the number of components for which high ROB potentially existed: high risk (five or more), moderate risk (three or four) and low risk (two or less) (Higgins et al., 2011).
2.6 Data analysis
Meta-analyses were conducted using STATA 15.1 for comparing the results of the included studies. In included studies, all variables were continuous and reported as means with standard deviation (SD).
On the one hand, we divided studies into three subgroups according to the length of intervention (Length < 1-month, 1-month ≤ Length < 3-month, Length ≥ 3-month). On the other hand, subgroup analyses of high and low or uncertain compliance groups were performed. The heterogeneity among studies within each subgroup was assessed using the Higgins I2 statistic, as suggested by the Cochrane Handbook (Higgins et al., 2024). The level of heterogeneity was categorized as low (0 < I2 ≤ 30%), moderate (30% < I2 ≤ 60%), or high (I2 > 60%). Due to the differences in the types of interventions included in this study, such as variations in exercise frequency, duration, and the diverse methods used for outcome assessment, we applied a random-effects model in the statistical analysis, considering the clinical and methodological heterogeneity. This was represented by the standardized mean difference (SMD) along with a 95% confidence interval (95% CI). If heterogeneity is high, we will further perform meta-regression analysis to explore the source of heterogeneity by examining potential study characteristics that may cause heterogeneity. The possibility of publication bias was assessed by constructing funnel plots of the effect sizes of each study relative to the standard error, and asymmetry was tested using Begg’s rank correlation test and Egger’s linear regression test, with p < 0.05 indicating statistical significance. Sensitivity analyzes were also performed to test the robustness of the findings by excluding each study one by one.
3 RESULTS
3.1 Study selection/literature search
A total of 7,263 articles were retrieved from four databases (PubMed 964, Embase 1,352, Cochrane Library 912, Web of Science 4,035), with an additional 5 documents manually sourced from other resources. After removing duplicates, 6,237 records met the inclusion criteria. Subsequently, following a thorough review of the titles and abstracts, 216 remaining articles were fully evaluated. 48 Non-RCT studies, 27 conference abstracts, 13 protocols, 8 studies with incomplete data, 39 studies involving irrelevant outcomes, 23 studies with undesired intervention or control, 15 repeated reports and 18 registration records were excluded. Finally, after a comprehensive examination, 24 relevant articles were included in this review (Lai et al., 2006; Immink et al., 2014; Koch et al., 2020; Taylor-Piliae et al., 2014; Sims et al., 2009; Mead et al., 2007; Steen Krawcyk et al., 2019; Aguiar et al., 2020; Aidar et al., 2014; Chaiyawat and Kulkantrakorn, 2012; Cumming et al., 2008; Deijle et al., 2022; Faulkner et al., 2015; Holmgren et al., 2010; Hong, 2011; Jun et al., 2013; Liu et al., 2024; Smith and Thompson, 2008; Sun et al., 2022; Van De Port et al., 2012; Vloothuis et al., 2019; Zhao et al., 2020; Mishchenko and Mishchenko, 2022; Zhang et al., 2018) (Figure 1).
[image: Figure 1]FIGURE 1 | Relevant articles included in this review. WOS, Web of science; RCT, randomized controlled trial.
3.2 Study characteristics
A total of 24 studies encompassing 1,757 patients were included. they had an average age of 63 years, and 42% were female. The intervention group consisted of 906 participants, while the control group included 851 participants. The smallest sample size included in the studies was 20 (Smith and Thompson, 2008), and the largest was 250 (Van De Port et al., 2012). Except for four studies that included patients diagnosed with post-stroke depression (Zhang et al., 2018; Sun et al., 2022; Sims et al., 2009; Liu et al., 2024), the remaining studies focused on patients in the recovery phase of either acute or chronic stroke.
In all studies, the duration of exercise interventions ranged from 2 weeks to 12 months, with the minimum frequency of once a month (Chaiyawat and Kulkantrakorn, 2012) and the maximum of twice daily (Cumming et al., 2008). The types of interventions mainly included aerobic exercise, resistance training, balance training, vibration exercise, Tai Chi, Baduanjin, and yoga. After categorizing the interventions, 14 studies involved the exercise dosage of cardiorespiratory exercise, 7 studies involved the exercise dosage of resistance training, 13 studies involved the exercise dosage of flexibility training, and 8 studies involved two or more exercise modalities (Aidar et al., 2014; Deijle et al., 2022; Faulkner et al., 2015; Koch et al., 2020; Lai et al., 2006; Mead et al., 2007; Sims et al., 2009; Vloothuis et al., 2019)
In the section of outcomes, data were extracted from the immediate post-intervention evaluation despite studies with multiple follow-up assessments. The three most commonly used questionnaires were the Hospital Anxiety and Depression Scale (HADS), the Centre for Epidemiologic Studies Depression Scale (CES-D), and the Geriatric Depression Scale (GDS), which were used 6, 5, and 4 times, respectively (Table 2).
TABLE 2 | Characteristics of the studies included in the meta-analysis.
[image: Table 2]3.3 Risk of bias
All studies were considered to have a low risk of bias in generating random sequences. 10 studies explicitly described allocation concealment and were therefore judged to have a low risk of bias. The risk of blinding bias was relatively high. Three studies were regarded as a high risk of bias due to the inherent difficulty of implementing double-blind conditions in exercise interventions (Chaiyawat and Kulkantrakorn, 2012; Liu et al., 2024; Vloothuis et al., 2019). 13 studies clearly defined the blinding of outcome assessors had a low risk of bias. In terms of incomplete outcome data, 20 studies reported differences in participant numbers between baseline and post-intervention assessments. Five studies exhibited significant differences in participant numbers pre- and post-intervention (≥10 participants) had a high risk of bias. However, selective reporting bias posed the unclear risk in 10 studies, as they either did not report their pre-registered plans or failed to provide detailed explanations for participant withdrawals. Additionally, 5 studies might have other risks of bias (Figures 2, 3).
[image: Figure 2]FIGURE 2 | Combined percentage risk of bias in each risk domain for all included trials.
[image: Figure 3]FIGURE 3 | Risk of bias summaries for all exercise trials.
3.4 Compliance with the ACSM recommendations
Based on the level of compliance, studies were categorized into two groups (Wen et al., 2024; Niu et al., 2024): high compliance and low or uncertain compliance. In 12 studies, the exercise interventions met the ACSM recommendations, with adherence rates of 70% or higher. Conversely, in 12 studies, the adherence rate was below 70% (Table 3). Additionally, the lack of sufficient information on exercise prescription hindered the ability to conduct a thorough assessment.
TABLE 3 | Exercise interventions evaluated according to the American College of Sports Medicine’s (ACSM) recommendations.
[image: Table 3]3.5 Meta-analysis
Initially, we conducted an overall heterogeneity test on the included studies and found a high level of heterogeneity among the studies (I2 = 78.5%, p = 0.000). Consequently, a random-effects model was employed for the statistical analysis. The data analysis revealed an overall standardized mean difference (SMD) of −0.43 (95% CI: 0.65, −0.21), indicating that exercise interventions are beneficial in alleviating depression symptom for stroke patients (Figure 4).
[image: Figure 4]FIGURE 4 | Forest plot of the effect of exercise on depression in patients SMD, Standardized mean difference; CI, Confidence intervals.
Subgroup analysis showed that SMD for high compliance subgroup was −0.79 (95% CI: 1.10, −0.49), while SMD for low or uncertain compliance subgroup was −0.03 (95% CI: 0.16, 0.10). These results suggest that exercise interventions with high compliance to ACSM guidelines may alleviate depression. In contrast, the confidence interval for the low or uncertain compliance subgroup crossed zero, indicating that it is unclear whether these interventions have a significant effect on improving depression. The heterogeneity among studies was 77.2% in the high compliance subgroup, whereas it was 0% in the low or uncertain compliance subgroup (Figure 5).
[image: Figure 5]FIGURE 5 | Forest plot for subgroup analysis based on ACSM guideline compliance. MD, Standardized mean difference; CI, Confidence intervals; ACSM, American College of Sports Medicine.
Another subgroup analysis based on the length of interventions showed that for Length<1-month group, SMD was −1.16 (95% CI: 2.52, 0.19), with a high heterogeneity of 94.9%; for 1-month ≤ Length<3-month group, SMD was −0.37 (95% CI: 0.63, −0.12), with a heterogeneity of 35.6%; for Length≥3-month group, SMD was −0.29 (95% CI: 0.50, −0.08), with a heterogeneity of 65.1% (Figure 6).
[image: Figure 6]FIGURE 6 | Forest plot for subgroup analysis based on exercise length. SMD, Standardized mean difference; CI, Confidence intervals.
In assessment of publication bias and sensitivity analysis, the funnel plot appeared to be roughly symmetrical, indicating no significant evidence of publication bias (Figure 7). This finding was further supported by the Begg’s test (p = 0.568) and Egger’s test (p = 0.164), both of which provided additional evidence against the presence of substantial publication bias. Sensitivity analysis demonstrated that no single study had a significant impact on the overall results, thereby confirming the robustness of our findings (Figure 8). The regression analysis results indicated that, after adjusting for covariates including sample size (p = 0.322), participant gender (p = 0.292), age (p = 0.657), type of scale (p = 0.243), country (p = 0.681), and overall _cons (p = 0.903), we did not find any significant improvement in depression among stroke patients attributable to the exercise interventions (Table 4).
[image: Figure 7]FIGURE 7 | Study’s Funnel plot of publication bias (A), Funnel plot of all studies (B), Publication bias of subgroup analysis (based on ACSM guideline compliance) (C), Publication bias in subgroup analysis (based on exercise length). SMD, Standardized mean difference; CI, Confidence intervals; ACSM, American College of Sports Medicine.
[image: Figure 8]FIGURE 8 | Sensitivity analysis of included studies.
TABLE 4 | Univariate meta-regression analysis of the impact of different study characteristics on between-study heterogeneity.
[image: Table 4]4 DISCUSSION
This systematic review with meta-analysis evaluated the effects of exercise interventions on depressive symptoms in stroke patients based on ACSM guidence. Our study supports the positive impact of exercise interventions on alleviating post-stroke depression. These findings are consistent with previous research conclusions (Chen et al., 2024; Liu et al., 2024), further reinforcing the role of exercise in mental recovery following a stroke. Moreover, the subgroup analysis revealed that high compliance with exercise regimens based on ACSM guidelines significantly improved depressive symptoms. This suggests that not only is exercise beneficial, but adherence to standardized exercise recommendations can lead to more substantial improvements in mental outcomes for individuals recovering from stroke.
Several studies have demonstrated that physical exercise has positive effects on non-physical conditions, such as fatigue and depression, in healthy adults of different ages (Chen et al., 2022; Zedlitz et al., 2012; Rhyner and Watts, 2016). Previous researches have reported that exercise, as a non-pharmacological intervention, can effectively alleviate depressive symptoms in stroke patients, which is consistent with the results of this study (Phan et al., 2023; Yi et al., 2024). However, three studies involving elderly populations have demonstrated that these groups exhibit reduced tolerance for high-intensity exercise (Song and Yu, 2019; Kwok et al., 2019; Bouaziz et al., 2019), which may result in increased fatigue and the onset of depressive symptoms. Considering the distinctive physical characteristics of elderly stroke patients (Chang et al., 2015; Mizuta et al., 2020), it is imperative to investigate the effects of varying exercise dosages on their depressive symtom. Exercise dosage encompasses several parameter, including intensity, frequency, and duration. Our subgroup analysis, guided by ACSM recommendations, revealed that exercise was effective in improving depressive symptoms in high compliance group. Several factors may elucidate these findings: First, high-compliance exercise programs may effectively divert patients’ attention through rhythmic and periodic training, thereby mitigating negative emotions such as depression (O’Keefe et al., 2018). Second, the effectiveness of the intervention may depend on the type of exercise. Exercise types encompass aerobic exercise, resistance training, and flexibility training. In this systematic review, only two of the twelve studies in the high compliance group utilized a mixed approach involving aerobic, resistance, and flexibility exercises. However, research by Bemben et al. suggests that composite exercise programs, which integrate various exercise types, may offer additional benefits (Bemben and Bemben, 2011). Therefore, further large-scale and detailed studies are needed to investigate this issue.
This study also performed a subgroup analysis based on the lengths of exercise interventions, which revealed that interventions of varying lengths all contributed to alleviating depressive symptoms in patients, akin to the outcomes observed in non-stroke populations with depression (Li et al., 2024). Although the subgroup with interventions lasting less than 1 month exhibited higher heterogeneity, the effects were most pronounced. As participants progress through the rehabilitation period, an extended duration of exercise enhances cardiovascular adaptability, increases physical resilience, and improves fat oxidation capacity (Jeong et al., 2014). These physiological changes positively contribute to depression improvement (Vetrovsky et al., 2021). Additionally, the adaptation of muscles and joints over time improves exercise efficiency (Bala et al., 2024), reduces injury risk (Lecharte et al., 2020), and enhances the sustainability of the exercise program (Salazar et al., 2019), thereby supporting better psychological health. These benefits not only offer short-term feelings of wellbeing but also foster long-term, stable psychological effects.
Regarding the heterogeneity analysis of the studies, as shown in Figure 4, the meta-analysis revealed a high level of heterogeneity (I2 = 78.5%) between studies. The sources of heterogeneity may include differences in sample size, types of exercise interventions, duration, and methods of assessing depression. Firstly, in this study, the difference between the largest and smallest sample sizes was up to 10 times. Studies with smaller sample sizes may lead to inconsistencies in results, increasing the overall heterogeneity. Secondly, different studies employed various types of exercise, frequencies, or durations, which could result in differing treatment effects, thereby contributing to higher clinical heterogeneity. Finally, among the 24 studies included, multiple scales were used to assess the same depressive outcome, which may affect the comparability and integration of the results. Future studies should aim to reduce these discrepancies or adopt more consistent intervention protocols and evaluation criteria.
In conclusion, exercise is beneficial in improving post-stroke depressive symptoms. The results of this study also highlight the significant benefits of stroke patients adhering to the exercise levels recommended by ACSM. These findings suggest that, with appropriate safety measures, high adherence to ACSM guidelines can improve depression in stroke patients. Future research needs to validate our results through large-sample, randomized controlled trials that strictly follow ACSM guidelines, establishing a stronger and more reliable foundation for developing standardized and reproducible exercise interventions.
5 STRENGTHS AND LIMITATIONS
This study aimed to determine the optimal exercise regimen for alleviating depressive symptoms in stroke patients, in accordance with ACSM recommendations. The research methodology was in line with the best practices established, incorporating a comprehensive and rigorous search strategy. Additionally, a dual-review process was employed to ensure the accuracy and reliability of the study. The inclusion of only randomized controlled trials further strengthened the quality of the synthesized evidence. However, there are several limitations. First, several of the included studies lacked detailed descriptions of exercise dosage, affecting the precise assessment of ACSM compliance. Second, despite efforts to mitigate bias, uncontrollable factors in the design and execution of interventions may have influenced the results. Moreover, although sensitivity analysis indicated that no single study significantly influenced the overall results, factors such as the severity of participants’ conditions contributed to high heterogeneity. Future research should involve larger sample sizes and multicenter randomized controlled trials to further validate these findings.
6 CONCLUSION
Our study revealed a beneficial effect of exercise on alleviating depression in stroke patients. Our finding indicate that adherence to the exercise recommendations established by ACSM is associated with a more significant improvement in depressive symptoms compared to low adherence or uncertainty regarding these guidelines. This result underscores compliance to ACSM-recommended exercise significantly ameliorate depression levels in stroke patients.
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survivors more than 6 months C6627 (1601) c:2n3 0 vecks
Frequence: 2 times a week
Dur
sun China 2022 | PSD dingnosed between the irst T:6203(7.37) T301713 ijnjing Qigong exercise Rehabilation raining | HAMD-24.
and 18th month afer stroke C:6523(629) c30n73 Lengih: 3 weeks

Frequence; oncea day
Durstion: 60-min

Lai United States | 2006 Stroke survivors who had T685 (9.0 T30 Progressive,structured, physical Usual care aps
completed scute rehabilation 704013 Ca9n2 exercise
Lengih: 12 weeks

Frequence: 3 times 2 week.
Durstion: 90-min

Holmgren Sweden 2010 | Consecutive;255 years patents 7706 T 15906 High-intensive exercise Educational guidance aps
with rsk offllat 3-6 months ©792(75) caonry Length: 5 weeks
aferstroke Frequence: 3 times 3 weck.
Duraion: 90-min
Aidar Portugal 2014 Stroke over  year T51760) Tes Strengih training Noesercise BDI
c52507) 1o Lengih: 12 weeks
Frequence: 3 times a week.
Duration: 60-min
Hong Korea 201 Stroke survivors more than T:572(85) T.209/11 Upper extremity exercie Length: Noexercise CcESD
6 months 57.0007) c:20m377 6wecks
Frequence: 3 times a week
Duration: 50-60 min
Zhang China 2018 | PSD conformed both Western and. T637(68) Teas/2708 T i Quan plus acupuncture Noesercse HAMD-24
Chinese medicine’ diagnostic C:624(.6) 4525720 Lengih 48 weeks
crieria Frequence: 5 times.a week
Duration: 40-min
Liv China 204 | Stwoke was 2 weeks-6 months; T:5886.(10.83) T:503119 Baduanjin with psychotherapy Noesercse HAMD-24
Conforming to PSD C:562201159) 5029021 Lengih: 8 weeks
Frequence: twice aday.
Duraion: 30-min
Koch United States | 2020 Stroke within 1 year Ts001) T:86/6026. ‘Combined acrobic resistance, and Mild activity cESD
c:s802) casin cogntive trining
Lengih: 12 weeks
Frequence: 3 times 3 weck.
Duraton: 40-60 min
Jun Korea 2013 Acute ischacmic stroke T:6070 (859) Ts/e Music-movement therapy Length: Usual care cESD.
hospitalised less than 2 weeks. €:5510(17.23) 15/9/6 Swecks

Frequence: 3 times a weck
Duration: 60-min

Mishchenko | Uknaine 2022 3-6months from the momentofa T:65(667) T432320 Physical rehabilitation Noeserdise BDI
vascular C:66(667) cam0 Lengih: 3 weeks
accident Frequence: 5 times a week.
Duraton: 3-h
Chaiyavat Thalnd | 2012 3 days after sroke onset T:67(10) T30/14/16 Home rehabilation Rehabiliaton training HADS
cesn) 30317 Length: 6 months.

Frequence: once a month.
Duration: 6-15 min.

Zhao China 222 Firsteverstroke, i the subacute Ti6261 (1289) T:80/42138 Sitting Tai Chi aps
stage of stroke €:6335(12.90) 8039141 Lengih: 12 weeks
Frequence: 3 times.a week.
Duration: 40-min
Vioothuis | Netherlands | 2019 | Stroke patents were planned to be Ti6053 (1452) TR Caregiver.mediated exercises sl care HADS
discharged €:5926(15.01) 304 Lengih: 8 weeks
Frequence: 5 times. week
Duraion: 60-min
vandePort | Netherlands | 2012 | Stroke patients were discharged T:56(10) T 126082044 Circut training Usalcare HADS
home and need to continue. c:58010) C:120/80144 Length: 12 weeks
physiotherapy Frequence: 2 times a week.
Duration: 90-min
Taylor-Piiac | United Sites | 2014 Survivors wereatleast 3 months T715(103) T519 “Ta Chi taining or strength and Usual care CESD
poststroke C682(103) Ccas3ns range of movement
Length: 12 weeks
Frequence: 3 times a week
Duration: 60-min
Aguiar Brazil 2020 Stroke>6 months 201 T ‘Acrobic treadmill raning Mild actvity PHQ
c:48010) cavss (60-80%HRR)
Length: 12 weeks
Frequence: 3 times a week
Duration: >30-min
Keaweyk Denmark | 2019 ‘Within 21 days after onset of T.637(89) 31238 High-intensiy inerval training Usual care MDI
stroke symptoms 63702 3202606 Lengih: 12 weeks
Frequence: everyday
Durations >25-min
Mead UK 2007 Patients had completed usual T:720 (104) T3 Progressive endurance and Mild activity HADS
rehabiltation 71708 c3unsie resistance rining
Lengih: 12 weeks
Frequence: 3 times 3 week.
Duration: 15-40 min
Inmink Ausalia | 2014 Strokes9 months and resuling T:561(136) Tes Yoga training. Noeserse aps
hemiparesis 632070 3 Lengih: 10 weeks
Frequence: 1 time a week
Duraion: 90-min
Foulkner | NewZealand | 2015 Tes(n) T2 Early exercise sl care HADS
7 days ofstroke onset c:68(10) ca8ans Length: 8 weeks
Frequence: 2 imes.a week
Duraion: 90-min
Deile Netherlands | 2022 | TIA or mirnor schenic stroke less 647(89) T 6073426 Acrobic and strengih training Usual care HADS
than 1 month 6390106 593623 Length: 12 weeks and 9-month
follow-up
Frequence: 2 times. week
Duraion: 60-min
Cumming Australia | 2008 | Patients were admitted within 24 h T746(146) T:3822016 Very early mobilization Usual care DA

of symptom onset €:74908) canen? Length: 2 weeks
Frequence: 2 timesa day
Duration: NA
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