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Background: Psychiatric disorders may be associated with an elevated risk of stroke; however, the existence of variations in this association between different populations remains controversial. Consequently, we conducted a comprehensive systematic review and meta-analysis to examine the magnitude of the relationship between psychiatric disorders and the risk of stroke.

Methods: The PubMed, Embase, and Cochrane Library databases were systematically searched to identify eligible studies from inception to April 2024. The aggregated findings were expressed as relative risks (RRs) with 95% confidence intervals (CIs), and the combined analysis was performed using a random-effects modeling approach. Further exploratory analyses were also performed using sensitivity and subgroup analyses.

Results: A total of 36 cohort studies, involving 25,519,635 individuals, were selected for analysis. We noted that depression (RR: 1.50; 95% CI: 1.34–1.68; p < 0.001), schizophrenia (RR: 1.74; 95% CI: 1.36–2.24; p < 0.001), and bipolar disorder (RR: 1.65; 95% CI: 1.27–2.14; p < 0.001) were associated with an elevated risk of stroke. Further exploratory analyses found that the association between depression and the risk of stroke differed according to the adjusted level (RR ratio: 0.77; 95% CI: 0.61–0.98; p = 0.034), and the association between schizophrenia and the risk of stroke differed according to the outcome definition (RR ratio: 0.68; 95% CI: 0.52–0.90; p = 0.006). Moreover, the association between bipolar disorder and the risk of stroke differed according to the study design (RR ratio: 0.68; 95% CI: 0.55–0.84; p < 0.001).

Conclusion: The significant association between psychiatric disorders and an elevated risk of stroke highlights the importance of enhanced monitoring and stroke prevention in patients with psychiatric disorders.

Systematic review registration: Our study was registered on the INPLASY platform (number: INPLASY202450049).
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Introduction

By 2019, stroke remained the third leading cause of disability and the second leading cause of death globally due to its high incidence, disability rates, and mortality rates (1). Furthermore, stroke imposes a huge economic burden, leading to substantial healthcare expenditures and significant global impacts (2). Guidelines and recommendations for secondary stroke prevention at the national and international levels depend heavily on lifestyle changes (3). A previous study has shown that 90% of strokes are caused by 10 modifiable risk factors, either individually or in combination (4). By adopting lifestyle choices such as healthy eating, physical activity, maintaining normal body weight, moderate alcohol consumption, and avoiding smoking, stroke patients can lower their cardiovascular mortality rate by up to 92% over the next 10 years (5). Stroke patients typically have uncontrolled modifiable risk factors. In addition, the presence of multiple comorbidities is concerning as it is significantly associated with the prognosis of stroke patients (6).

Psychiatric disorders are a common issue in the global healthcare system. These disorders are considered a major cause of disability, contributing to 14% of the global disease burden (7). In some high-income countries, it is estimated that 40% of disabilities are caused by mental disorders (8). Psychiatric disorders are also common in the working population and are increasingly recognized due to their impact on the productivity of both employees and organizations (7). According to earlier reports, individuals diagnosed with severe psychiatric disorders (such as schizophrenia and bipolar disorder) have a life expectancy that is 15–20 years shorter than that of the general population, with cardiovascular disease being a significant cause of death among them (9–11). The relationship between psychiatric disorders and stroke is bidirectional. On the one hand, individuals with psychiatric disorders may have an increased risk of stroke, partly due to the impact of their mental health condition on other aspects of their physical health. On the other hand, stroke itself can lead to psychiatric disorders, as it affects the quality of life and psychological state of patients (12). To delve deeper into the potential causality between psychiatric disorders and the occurrence and development of stroke, we performed this systematic review and meta-analysis to assess the association between psychiatric disorders and the risk of stroke based on cohort studies.



Methods


Data sources, search strategy, and selection criteria

Based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines published in 2020, this review adhered to and reported the recommended items (13). Our study was registered on the INPLASY platform (number: INPLASY202450049). This meta-analysis included any cohort studies that examined the relationship between psychiatric disorders and the risk of stroke, without restrictions on language or publication status (published, in press, or ongoing). Studies were included if they met the following criteria: (1) Participants comprised those who were stroke-free at the start of the study; (2) The exposure variable included psychiatric disorders, such as bipolar disorder, schizophrenia, and depression; (3) controls consisted of individuals without psychiatric disorders; (4) outcomes compared the risk of stroke between individuals with and without psychiatric disorders; and (5) the study design necessitated a cohort structure for all included studies.

We retrieved articles that were published between inception and April 2024 from the PubMed, Embase, and Cochrane Library electronic databases using the search terms “bipolar disorder” OR “schizophrenia” OR “depression” AND (“stroke risk” OR “risk of stroke”). The details of the search strategy in each database is shown in Supplementary material 1. In addition, we meticulously examined the bibliographies of all relevant primary and review articles to identify further studies that met our criteria. The selection of the relevant studies was based on medical subject headings, research methodologies, patient cohorts, study design, specified exposures, and resultant outcome measures. The literature search was carried out independently by two authors using standardized methodologies. Any discrepancies encountered were resolved by the corresponding author until mutual agreement was achieved.



Data collection and quality assessment

The two authors extracted key information from the independent studies, including the study group name, publication year, study design, geographical region, study period, sample size, age range or mean age, male proportion, exposure and assessment methods, reported outcomes, follow-up duration, adjusted factors, and effect estimates with 95% confidence intervals (CIs). For studies reporting several multivariable-adjusted effect estimates, we selected the effect estimate with the maximal adjustment for potential confounders. The two authors then used the Newcastle–Ottawa Scale (NOS) for methodological quality assessment, which has been partially validated for the quality assessment of observational studies in meta-analyses (14). Any inconsistencies between the authors regarding the data collection and quality assessment were resolved by an additional author, who referred to the original studies.



Statistical analysis

We analyzed the association between psychiatric disorders and the risk of stroke based on the effect estimates and their 95% CIs reported in each study. As this study’s analysis was based on a cohort design, we used the relative risk (RR) as the pooled effect estimate, and all analyses were conducted using a random-effects model to account for potential heterogeneity across the studies (15, 16). We used I2 and Q statistics to analyze potential heterogeneity among the studies. Heterogeneity was considered significant if I2 ≥ 50% or p < 0.10 (17, 18). We also systematically excluded each study from the meta-analysis and conducted a sensitivity analysis to assess the stability of the pooled conclusions and investigate the potential sources of heterogeneity (19). Subgroup analyses were also performed based on study design, geographical region, mean age, sex, stroke type, reported outcomes, follow-up duration, and adjusted levels, and the differences between the subgroups were compared using the interaction t-test, assuming the data followed a normal distribution (20). Publication bias was assessed using both qualitative and quantitative methods, including visual inspection of funnel plot symmetry, Egger’s test, and Begg’s test (21, 22). All reported p-values were two-sided, and a p-value of <0.05 was considered statistically significant for the meta-analysis. STATA software (version 12.0; Stata Corp, College Station, TX, USA) was used for the analysis.




Results


Literature search

The study selection process is shown in Figure 1. We initially identified 1,148 articles through the electronic searches, of which 1,012 were excluded after removing duplicates and irrelevant studies. After the full-text review of the remaining 136 articles, 92 articles were excluded, leaving 44 studies. Of these, a total of 36 study cohorts were selected for the final analysis (23–66). Manual searching of the reference lists of these studies did not identify any additional studies meeting the criteria. The general characteristics of the included studies are shown in Table 1, and the outcome ascertainment for each study is summarized in Supplementary material 2.
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FIGURE 1
 Flowchart of the literature search and study selection.




TABLE 1 The baseline characteristics of the included studies and involved individuals.
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Study characteristics

Of the 36 included cohorts, 29 were prospective, while the remaining seven were retrospective. These studies involved a total of 25,519,635 individuals, and the sample size ranged from 494 to 10,631,208. Moreover, the follow-up duration ranged from 2.1 to 24.0 years. A total of 29 cohorts were performed in Western countries, while the remaining seven studies were conducted in Eastern countries. The quality of the studies was assessed using the NOS scoring system, and all included studies were of high quality. Among them, eight studies scored 9 stars, 16 studies scored 8 stars, and the remaining 12 studies scored 7 stars.



Depression

A total of 28 cohorts reported an association between depression and the risk of stroke. The summary RR indicated that depression was associated with an elevated risk of stroke (RR: 1.50; 95% CI: 1.34–1.68; p < 0.001), and significant heterogeneity was observed across the included studies (I2 = 82.3%; p < 0.001) (Figure 2). The sensitivity analysis indicated that the pooled conclusion for the relationship between depression and stroke risk remained stable after sequentially removing each study (Supplementary material 3 [Figure S1]). The subgroup analyses found that depression was associated with an elevated risk of stroke in most subsets, while no significant association was observed between depression and hemorrhagic stroke (Table 2). Furthermore, we found that the association between depression and stroke was significantly weaker in the subgroup with fully adjusted results compared to the subgroup with generally adjusted results (RR ratio: 0.77; 95% CI: 0.61–0.98; p = 0.034). There was no significant publication bias for the association between depression and the risk of stroke (p-value for the Egger’s test: 0.074; p-value for the Begg’s: 0.221; Supplementary material 4 [Figure S1]).
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FIGURE 2
 Association between depression and the risk of stroke.




TABLE 2 Subgroup analyses of the association between the psychiatric disorders and stroke risk.
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Schizophrenia

A total of seven cohorts reported an association between schizophrenia and the risk of stroke. We found that schizophrenia was associated with an elevated risk of stroke (RR: 1.74; 95% CI: 1.36–2.24; p < 0.001), and significant heterogeneity was observed among the included studies (I2 = 98.8%; p < 0.001) (Figure 3). The sensitivity analysis indicated that the pooled conclusion was robust and not altered by the removal of any particular study (Supplementary material 3 [Figure S2]). The results of the subgroup analyses were consistent with those of the overall analysis, and the relationship between schizophrenia and stroke risk remained significant (Table 2). Moreover, the strength of the association between schizophrenia and the risk of stroke incidence was weaker than that of the association between schizophrenia and the risk of stroke mortality (RR ratio: 0.68; 95% CI: 0.52–0.90; p = 0.006). No significant publication bias was observed for the association between schizophrenia and the risk of stroke (p-value for the Egger’s: 0.584; p-value for the Begg’s test: 1.000; Supplementary material 4 [Figure S2]).
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FIGURE 3
 Association between schizophrenia and the risk of stroke.




Bipolar disorder

A total of four cohorts reported an association between bipolar disorder and the risk of stroke. The summary result indicated that bipolar disorder was associated with an elevated risk of stroke (RR: 1.65; 95% CI: 1.27–2.14; p < 0.001), and significant heterogeneity was detected across the included studies (I2 = 76.3%%; p = 0.005) (Figure 4). The pooled conclusion remained stable after sequentially removing each study (Supplementary material 3 [Figure S3]). The subgroup analyses found that bipolar disorder was associated with an elevated risk of stroke in all subsets, and the strength of the association between bipolar disorder and the risk of stroke in the prospective cohort studies was weaker than that in the retrospective cohort studies (RR ratio: 0.68; 95% CI: 0.55–0.84; p < 0.001; Table 2). There was no significant publication bias for the association between bipolar disorder and the risk of stroke (p-value for the Egger’s test: 0.473; p-value for the Begg’s test: 1.000; Supplementary material 4 [Figure S3]).
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FIGURE 4
 Association between bipolar disorder and the risk of stroke.





Discussion

In this meta-analysis involving 25,519,635 participants across 36 study cohorts, we found a significant increase in the risk of stroke associated with depression, schizophrenia, and bipolar disorder. Furthermore, this association persisted in almost all subgroups and remained statistically significant across different study designs and participant characteristics. In addition, the exploratory analysis results indicated that the association between depression and stroke differed when stratified by the adjusted level, and there were significant differences in the association between schizophrenia and the incidence and mortality of stroke. Finally, the association between bipolar disorder and the risk of stroke differed based on the study design.

Several systematic reviews and meta-analyses have already addressed the association between psychiatric disorders and the risk of stroke (67–69). Cai et al. conducted a meta-analysis of 17 cohort studies and found a positive association between depression and the risk of stroke. However, the exploratory analysis was not comprehensive, and the comparison results between the subgroups were not fully elaborated (67). Chu et al. identified 20 studies and found that schizophrenia was significantly associated with an increased risk of stroke morbidity and mortality (68). However, the majority of the studies included were not cohort studies, so they could not confirm a causal relationship between schizophrenia and the risk of stroke. Yuan et al. performed a meta-analysis of seven studies (six cohort studies and one case–control study) and found that bipolar disorder was associated with an elevated risk of both stroke morbidity and mortality (69). The analysis of this study was not based on cohort studies, and multiple studies reported on the same cohort, so the pooled conclusions might have been overestimated and could not prove a causal relationship between bipolar disorder and the risk of stroke. Therefore, the current study was performed to comprehensively illustrate the association between psychiatric disorders and the risk of stroke.

While our study provides valuable insights into the relationship between psychiatric disorders and stroke, several potential confounding factors could pose a threat to the causality of our findings. It is important to consider the following factors when interpreting the results: (1) older age and certain sex differences can influence both the presence of psychiatric disorders and the risk of stroke; (2) socioeconomic status, including income, education, and occupation, can confound the observed associations; (3) smoking and alcohol consumption are known risk factors for stroke and can also be associated with psychiatric disorders; (4) pre-existing medical conditions such as hypertension, diabetes, and cardiovascular disease can affect both the risk of psychiatric disorders and the risk of stroke; and (5) the use of certain medications, particularly those used to manage psychiatric disorders, can also confound the observed relationships.

The study found that the risk of stroke was significantly elevated in patients with depression, and this combined result was highly stable and consistent with those of previous meta-analyses (67). Several reasons could explain the significant association between depression and the risk of stroke: (1) patients with depression may experience physiological changes, such as increased sympathetic nervous system activity, elevated heart rate, and high blood pressure due to long-term exposure to stress, which could potentially increase the risk of stroke (70); (2) patients with depression may have increased platelet activity, leading to a higher risk of thrombosis and, consequently, an increased likelihood of stroke occurrence (71); (3) depression is associated with chronic inflammation and immune system dysfunction, and these inflammatory factors may impair vascular endothelial function, promote the development of atherosclerosis, and increase the risk of stroke (72, 73); (4) patients with depression are more likely to engage in unhealthy lifestyle choices, such as poor dietary habits, lack of exercise, smoking, and excessive drinking, which can increase the risk of stroke (74); and (5) the effects of antidepressants on metabolic parameters, including weight gain, hypertension, and hyperlipidemia, can promote the development of atherosclerosis and other cardiovascular diseases through various mechanisms, thereby increasing the risk of stroke. Specifically, weight gain can lead to obesity, which, in turn, triggers insulin resistance and inflammatory responses; hypertension damages the vascular endothelium, promoting arterial wall hardening and plaque formation; and hyperlipidemia increases cholesterol and triglyceride levels in the blood, accelerating the progression of atherosclerosis. These factors collectively contribute to an increased risk of stroke (75, 76). Furthermore, we found that the association between depression and the risk of stroke differed when stratified by the adjusted level. This could be due to the influence of the unadjusted confounders, which might have led to inaccuracies in the conclusions. Finally, the choice of confounding factors may also affect the detection of potential effect modification in study results. If a confounding factor itself interacts with exposure and outcome variables, adjusting for it may mask the presence of such interaction.

We found that schizophrenia was associated with an elevated risk of stroke. The main reasons for this result include the following: (1) Patients with schizophrenia often receive antipsychotic medications, which may increase the risk of cardiovascular diseases, including stroke. Some antipsychotic drugs, particularly second-generation or atypical antipsychotics, are known to have significant metabolic side effects that can contribute to these risks. Specifically, these medications can lead to several risk factors for cardiovascular diseases, including weight gain, hypertension, hyperlipidemia, insulin resistance and diabetes, and inflammatory markers (77). (2) Patients with schizophrenia often face issues such as sleep problems, poor dietary habits, lack of exercise, and other unhealthy lifestyle factors, which can also increase the risk of stroke (78). (3) Schizophrenia may be related to the patient’s physiological and psychological state, which may lead to increased inflammatory responses and abnormal stress responses, thereby increasing the risk of stroke (79). Furthermore, the relationship between schizophrenia and stroke risk was found to differ according to the outcome definition, which could be explained by the fact that the stroke mortality rate is significantly lower than the overall stroke incidence, which could have led to poor stability of the results.

The summary results indicated that bipolar disorder was associated with an elevated risk of stroke. The specific mechanisms that may contribute to the increased risk of stroke in patients with bipolar disorder include the following: (1) Vascular dysfunction: Patients with bipolar disorder may have vascular abnormalities, such as endothelial dysfunction and a tendency for thrombus formation, which can increase the risk of stroke (80). (2) Inflammatory response: Previous studies suggest that patients with bipolar disorder often exhibit chronic low-grade inflammation, and the release of inflammatory factors may promote atherosclerosis development, thereby increasing the risk of stroke (81). (3) Autonomic nervous system dysregulation: Patients with bipolar disorder may experience dysregulation of the autonomic nervous system, leading to abnormalities in blood pressure, heart rate, and other physiological parameters, which can elevate the risk of stroke (82). (4) Treatment-related adverse events: The medications used to treat bipolar disorder can have side effects that affect various physiological parameters, including blood coagulation, blood pressure, lipid levels, and other factors, thereby increasing the risk of stroke (83).

There are several shortcomings of this study that warrant acknowledgment: (1) Given its reliance on both prospective and retrospective cohort studies, our findings might have been susceptible to uncontrolled recall biases and confounding influences. (2) Variations in the psychiatric disorder assessment criteria across different studies could have potentially skewed the evaluation of disease severity. (3) Although our analysis excluded other common psychiatric disorders, such as anxiety, the role of anxiety in stroke risk remains an important area for future research. (4) Inconsistencies in the covariates adjusted for in the reported effect sizes across the studies undermined the precision of establishing a connection between psychiatric disorders and stroke risk. (5) Not all studies provided detailed data on medication use, which prevented us from fully controlling for medication use when synthesizing the results. (6) The inherent constraints of a meta-analysis based solely on published literature, such as the exclusion of unpublished data and reliance on pooled data, hinder more nuanced and detailed analyses.



Conclusion

This study found an association between psychiatric disorders—depression, schizophrenia, and bipolar disorder—and an increased risk of stroke. Individuals with these disorders should adopt enhanced stroke prevention strategies to improve patient outcomes.
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