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Background/objectives: Recently, several studies explored the association between glaucoma and the risk of stroke, but these results were inconsistent. Therefore, we conducted a meta-analysis to examine this possible association.

Methods: We conducted a systematic literature search of PubMed, Embase, and Web of Science from inception until February 28, 2022. Random-effects meta-analysis was conducted by generic inverse variance method. Sensitivity and subgroup analyses were performed. The review protocol has been registered with PROSPERO (CRD42022312797).

Results: Seven studies (involving 362,267 participants) have been published from 2004 to 2017 and included in the meta-analysis. These studies included four retrospective cohort studies, two cross-sectional studies, and one case–control study. Meta-analysis of these data has shown that glaucoma was associated with an increased risk of stroke (OR = 1.94, 95% CI = 1.45–2.59). Most of the subgroup analyses demonstrated similar results. These findings were stable in sensitivity analyses.

Conclusions: We found that glaucoma was associated with an increased risk of stroke. The result suggests that patients with glaucoma need to be assessed the risk of stroke to reduce the incidence of stroke. To better explore the nature of any association, prospective studies that consider the stroke subtypes, sample size, district, and other confounding factors are needed.
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1. Introduction

Glaucoma represents a chronic degenerative optic neuropathy characterized by the dysfunction and loss of retinal ganglion cells (RGCs), progressive degeneration of retinal nerve fiber layer, and cupping of the optic disc. Glaucoma can eventually lead to visual field defects (1–3).

Nowadays, glaucoma is the leading cause of global irreversible blindness, some studies reported that approximately 21 million people afflicted by glaucoma in China in 2020, the prevalence among the middle-aged and elderly in Europe was about 2.93%, and due to the aging population, the number of people with glaucoma will increase to 111.8 million worldwide in 2040 (4–6). Nevertheless, glaucoma is not an independent disease, many studies have shown that glaucoma was associated with vascular (7, 8), endocrine (9, 10), neurological (11), and psychological diseases (12).

Stroke is the main cause of death and disability (13), and its pathogenesis includes various factors such as hypertension, genetics, and lifestyle. The age-standardized mortality rates of stroke have significantly decreased from 1990 to 2016, but the age-standardized incidence did not show the same trend, the global burden of stroke, as a result of the aging population, is expected to remain high (14). Therefore, it is necessary to further explore the possible risk factors of stroke.

In recent years, the relationship between glaucoma and stroke has attracted considerable attention. However, the evidence from observational studies (15–23) shows conflicting results between glaucoma and the risk of stroke. Therefore, we conducted a systematic review and meta-analysis of the published observational studies to explore the association of glaucoma with the risk of stroke.



2. Methods


2.1. Protocol and registration

This systematic review and meta-analysis has been conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement (24), and this study was registered with the International Prospective Register of Systematic Reviews (PROSPERO) (registration number: CRD42022312797).



2.2. Search strategy

We conducted a systematic literature search of PubMed, Embase, and Web of Science. The retrieval time was from database inception to February 2022 to identify observational studies on the association between glaucoma and the risk of stroke, and the reference lists of relevant articles were examined to supplement the search. We used Medical Subject Heading terms in combination with free terms searching, without language restrictions. The detailed search strategies were as follows: (glaucoma OR intraocular pressure OR ocular hypertension OR ocular tension OR intraocular tension OR eye pressure OR eye tension OR intraocular pressure OR intraocular hypertension OR eye ball pressure OR eye internal pressure OR eyeball pressure OR ocular pressure OR eye internal pressure) AND (stroke OR cerebral infarction OR brain infarction OR cerebral hemorrhage OR intracerebral hemorrhage OR transient ischemic attack OR cerebrovascular disorders OR cerebrovascular disorders OR cerebrovascular accident). The full search strategy for PubMed is described in online Supplementary Table 1.



2.3. Study selection

The following inclusion criteria were applied: (1) Observational studies (cross-sectional, cohort study, case–control study) investigating the association between glaucoma and the risk of stroke, (2) Studies providing unadjusted or adjusted effect estimates, the odds ratio (OR), risk ratio (RR), and hazard ratio (HR) with corresponding 95% confidence interval (CI), if these data were not provided, then they will be calculated from raw data wherever possible, (3) The included sample size has a clear time period. Excluded criteria were as follows: (1) Abstract, systematic reviews, editorials commentaries, protocols, opinion papers, letters, and reports, (2) No comparison group, and (3) Studies without sufficient data.

Title and abstract screening were done independently by two reviewers for potential eligibility and assessed full-text articles for final eligibility. Discrepancies about selection were resolved through consultation with a third reviewer.



2.4. Data extraction

The following variables were abstracted from each study: the first author, publication year, study country, study design, type of glaucoma, type of stroke, study subjects, sample size, mean age or age group, percentage of male, follow-up time or study period, OR, RR, HR (adjusted and unadjusted) with their 95% CI, and adjusted confounding variables. Two reviewers independently compared the data selected and resolved the disagreement through consultation.



2.5. Assessment of quality

Two reviewers independently used the Newcastle–Ottawa Scale (NOS) (25) to assess the methodological quality of case–control and cohort studies, the NOS assigns a maximum of 4 points for selection, 2 points for comparability, and 3 points for exposure or outcome. Studies of low-, moderate-, and high-quality studies were defined as NOS scores of 1–3, 4–6, and 7–9, respectively. Whereas, the Agency for Healthcare Research and Quality (AHRQ) (26) checklist was used to evaluate the quality of cross-sectional studies, with a score ranging from 0 to 11. The AHRQ scores of 4–7 and 8–11 indicated moderate and high quality, respectively (27).



2.6. Statistical analysis

The meta-analyses were performed using the Review Manager software (Version 5.3), and the odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to evaluate the association between glaucoma and stroke. A random-effect, generic inverse variance method of DerSimonian and Laird was used to estimate the pooled OR and 95% CI. As the outcome of interest was relatively uncommon, we considered RR/HR equivalent to OR (28). When both unadjusted and adjusted OR/HR/RR were reported in a study, the adjusted one was selected. The Cochrane's Q-test was performed to evaluate the heterogeneity between studies, P < 0.10 for the Q-test was considered statistically significant, and an I-squared statistical test was conducted to assess the degree of heterogeneity, I2 = 0% indicated no heterogeneity, 25–50% for low, 50–75% for moderate, and more than 75% for high heterogeneity (29). Statistical significance was defined as P-value < 0.05. Subgroup analyses were performed according to the study design, adjustment for confounders, type of glaucoma, and stroke. Moreover, we performed the sensitivity analysis by deleting each study individually to assess the quality and consistency of the results. Publication bias and meta-regression were not conducted if the small number of studies < 10 was included in this analysis.




3. Results


3.1. Selection

According to our initial search strategies, 3,243 potentially relevant articles were identified from three electronic databases, of which 449 were excluded as they were duplicates. A total of 2,769 records were excluded after scanning these titles and abstracts. After removing 18 records based on the full-text reading (details of excluded articles see Supplementary Table 2), 7 articles (15, 17–21, 23) met our selection criteria and were included in the study. Figure 1 describes the process of literature screening.
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FIGURE 1
 PRISMA flowchart of study selection process.




3.2. Study characteristics

Table 1 summarizes the main characteristics of the included studies. Seven studies (involving 362,267 participants) have been published from 2004 to 2017. Those studies included four retrospective cohort studies (17, 18, 21, 23), two cross-sectional studies (15, 19), and one case–control study (20). Overall, these studies were conducted in different countries across two continents: six studies (17–21, 23) were conducted in Asia and one study in Europe (15). Sample size among the included studies varied widely, ranging from 100 to 306,692 participants. Regarding the type of glaucoma, five of the seven studies (15, 17, 19–21) included open-angle glaucoma, and two studies (18, 23) involved neovascular glaucoma and normal-tension glaucoma, respectively. Regarding the type of stroke, four studies (17–19, 21) did not define the subtypes of stroke, two studies (20, 23) contain different subtypes (ischemic stroke, hemorrhagic stroke), and one study (15) involved ischemic stroke. The following data were extracted from each included study (details of information see Supplementary Table 3). Quality of five studies (17, 18, 20, 21, 23) was assessed with the NOS (NOS scores ranged from 6 to 7), two studies (15, 19) were assessed with the AHRQ (AHRQ scores ranging from 5 to 8) (see Supplementary Table 4).


TABLE 1 Main characteristics of included studies.
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3.3. Association between glaucoma and risk of stroke

The association between glaucoma and the risk of stroke has been demonstrated in seven studies (15, 17–21, 23). In a pooled analysis of these seven studies, glaucoma was associated with stroke (OR = 1.94, 95% CI = 1.45–2.59) (see Figure 2). However, high heterogeneity (I2 = 95%, P < 0.00001) was observed in the analysis, and sensitivity analyses indicated that the study from Lee et al. (18) was mainly responsible for the observed heterogeneity (see Supplementary Table 5).


[image: Figure 2]
FIGURE 2
 Forest plot of evaluating the association between glaucoma and stroke.


To explain the high heterogeneity, several subgroup analyses were performed. Details of all subgroup analyses are provided (see Table 2; Supplementary Figures 1–8). On subgroup analysis by study design, we found a significant positive association between glaucoma and risk of stroke among four retrospective cohort studies (17, 18, 21, 23) (n = 4, OR = 2.19; 95% CI = 1.21–3.97; P = 0.01; I2 = 97%), two cross-sectional studies (15, 19) (n = 2, OR = 1.95; 95% CI = 1.44–2.63; P < 0.0001; I2 = 0%), and one case–control study (20) (n = 1, OR = 1.37; 95% CI = 1.31–2.63; P < 0.0001). In the subgroup analysis stratified by type of glaucoma, we found a significant positive association between open-angle glaucoma and stroke (n = 5, OR = 1.43; 95% CI = 1.27–1.61; P < 0.00001; I2 = 65%), normal-tension glaucoma and stroke (n = 1, OR = 6.34; 95% CI = 4.80–8.38; P < 0.00001), and neovascular glaucoma and stroke (n = 1, OR = 2.07; 95% CI = 1.42–3.02; P = 0.0002). In the subgroup analysis stratified by type of stroke, we found a significant positive association between glaucoma and unspecific stroke (n = 5, OR = 1.88; 95% CI = 1.34–2.66; P = 0.0003; I2 = 97%) and ischemic stroke (n = 2, OR = 2.20; 95% CI = 1.67–2.89; P < 0.00001; I2 = 0); however, no significance was observed for study with hemorrhagic stroke (n = 1, OR = 1.15; 95% CI = 0.35–3.78; P = 0.82). As we all know, gender, age, and region are also risk factors for cerebrovascular disease. We continued to conduct the subgroup analysis of patients stratified by these three variables. In the subgroup analysis stratified by adjustment for confounders, we found a significant positive association between glaucoma and stroke with adjusted OR (n = 6, OR = 1.91; 95% CI = 1.40–2.61; P < 0.0001; I2 = 96%) and crude OR (n = 5, OR = 2.44; 95% CI = 1.68–3.56; P < 0.00001; I2 = 98%), respectively. In subgroup analysis stratified by mean age, we found a significant positive association between glaucoma and risk of stroke under 65 years (n = 5, OR = 1.95; 95% CI = 1.34–2.86; P = 0.0006), no significance was observed for the study with more than or equal to 65 years old (n = 2, OR = 1.59; 95% CI = 0.92–2.75; P = 0.1). The results of the subgroup analyses based on gender ratio of study participants, study region, and study quality were consistent with the overall pooled results.


TABLE 2 Subgroup analyses of association between glaucoma and risk of stroke.
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In addition, we performed sensitivity analysis to confirm the robustness of the results. After excluding studies one by one from the meta-analysis, these results did not materially change in direction or magnitude (see Supplementary Table 5).




4. Discussion

Exploring an association between glaucoma and stroke could be meaningful, for both are common medical disorders, this gives rise to concern from a public health point of view. The purpose of this research was to synthesize the published observational studies on the association between glaucoma and stroke risk through a systematic review and meta-analysis. To the best of our knowledge, the present study is the first meta-analysis on this topic to date. In this meta-analysis of seven studies involving 362,267 participants, we demonstrated that glaucoma was associated with an increased risk of stroke (OR = 1.94, 95% CI: 1.45–2.59, P < 0.00001).

Six of the seven articles reported their results after adjusting for confounding factors. Four retrospective cohort studies (17, 18, 21, 23), one cross-sectional study (19), and a case–control study (20) adjusted some comorbidities such as hypertension, diabetes, chronic renal failure, atrial fibrillation, cardiovascular disease, and sociodemographic factors including age, gender, residential area, and household income. After removing the article (15) of unadjusted confounding factors, we also got the same conclusion (OR = 1.91, 95% CI: 1.40–2.61, P < 0.00001).

The meta-analysis included observational studies that can only provide details about correlations but not the causality. However, the association between OAG and stroke risk may also be explained by shared risk factors. The mechanism of glaucomatous optic neuropathy is unknown, but ischemic damage plays an important role in glaucomatous optic nerve damage (30). Impaired vascular may cause vascular dysregulation and defective autoregulation of ocular blood flow, especially in OAG and NTG (31, 32), eventually leading to ischemic optic nerve damage and glaucomatous optic neuropathy (33). This kind of vascular change may occur in the brain (34, 35), the ophthalmic artery, which branches of internal carotid artery, branches to form the central retinal artery and the posterior ciliary arteries (PCAs), which is the main blood supply of the optic nerve head (36). Compared with the non OAG, cerebral white matter lesions representing white matter structural damage due to vascular disease was significantly increased (37), in addition to that, fundus photographs show the retinal nerve fiber defects, which were associated with cerebral small vessel disease such as white matter lesions are frequently observed on MRI (38). Several studies have shown that OAG and stroke have associated with vascular disorders, such as the narrowing of retinal arterioles and carotid atherosclerosis (39, 40). Common risk factors for stroke include chronic kidney disease (41), hypertension (42), and diabetes mellitus (43) were also related to the OAG and narrowing of retinal arterioles, which have been found to predict the risk of silent cerebral infarcts and overt stroke (40, 44). Neovascular glaucoma (NVG) is caused by retinal ischemia, which produces the vascular endothelial growth factor (VEGF), some studies findings that the level of VEGF also increases in ischemic stroke, which may share a common mechanism with NVG (45–47). Thus, we suspected that the association between glaucoma and stroke may be due to shared systemic risk factors. However, the precise mechanisms associated with glaucoma and stroke were not fully understood and need to be further studied.

Considering the significant heterogeneity of this study, we plan to use meta-regression and subgroup analysis to explore the source of heterogeneity. Because of the limited number of related studies, we just performed subgroup analyses depending on several methodologic and clinical features. Four retrospective studies (17, 18, 21, 23), two cross-sectional studies (15, 19), and one case–control study (20) show that glaucoma was associated with an increased risk of stroke. However, this conclusion must be treated with caution since the limited number of studies in these subgroups. Regarding the different types of glaucoma, the subgroup analysis shows that five studies (15, 17, 19–21) explored the OAG associated with stroke, and only two articles (18, 23) described the relationship between NVG, NTG, and the risk of stroke, respectively. Due to the lack of data available for analysis of different types of glaucoma in the original articles, caution should be exercised in extrapolating the results, further studies are needed to investigate the association between the different types of glaucoma and the risk of stroke. Due to the different types of strokes, analysis was performed separately for ischemic stroke, hemorrhagic stroke, and unspecific stroke. Our subgroup analysis showed that glaucoma was associated with ischemic and unspecific stroke but not with hemorrhagic stroke. The reason for this result may be that five of the seven articles do not distinguish the type of stroke, resulting in insufficient data for detailed analysis. Hence, further research is needed to detect the relationship between glaucoma and the risk of specific stroke types. In the subgroup analysis that depends on different study locations, we found a significant association between glaucoma and stroke in Asia (17–21, 23) and Europe (15). However, the credibility of the conclusion drawn is not high in this study. In our research, just six studies were conducted in Asia (one study in Korea and five studies in Taiwan), and one study was conducted in Europe, this conclusion was strictly restricted by region. As a result of aging people, the incidence rate of glaucoma and stroke is increased. So, we speculate that the risk of stroke in glaucoma should show higher risk among men and women who over 65 years old. Interestingly, we concluded that there was a significant association between glaucoma and the risk of stroke in people under 65 years old, but this conclusion not happened in people over 65 years old, which was contrary to our expectations. A possible explanation for these opposite results is that studies on this subject were limited by sample sizes and number of studies, especially in this subgroup, making the results less reliable.

Sensitivity analysis and most of the results of the subgroup analysis suggest that these meta-analysis results were not affected by the included study or study characteristics. Thus, this suggested that the results of the meta-analysis were relatively stable and statistically robust. However, this result needs to be treated with caution. Sensitivity analysis revealed no change in the results. But after removing the study by Lee et al., the degree of heterogeneity decreased from high to medium, with the I2 index decreasing from 96 to 68%, revealing it as the source of heterogeneity. This difference may be caused by the following reasons: the average age (54 years old) of this article was little younger than that in other articles (62 years old), in addition to that, this article studied the relationship between normal-tension glaucoma (NTG) and stroke but did not provide a clear type of stroke. Meanwhile, other potential sources of heterogeneity may exist that we failed to identify and test due to the overall small number of studies.

This study has some strengths and limitations that are worth considering. First, owing to the high prevalence and incidence of both glaucoma and stroke globally, the topic of our study is meaningful and clinically relevant. To our knowledge, this is the first meta-analysis to date to explore the association between glaucoma and the risk of stroke with a large sample size [362,267], we believe that this systematic review and meta-analysis provides the comprehensive assessment of the association between glaucoma and risk of stroke. Second, we made a broad, strict search strategy and conducted independent screening, full-text review, and extraction by two reviewers to ensure the accuracy and integrity of data. In addition to that, in order not to omit studies that meet the inclusion criteria, “Rey” literature in Embase and Web of Science databases was also searched, and we try our hardest to exclude the low-quality studies by using stringent inclusion criteria. Third, we performed subgroup analysis and rigorous sensitivity analysis to evaluate the association between glaucoma and the risk of stroke. Together these results suggest that our conclusion is reliable and convincing.

The results of this meta-analysis are new, but some potential limitations need to be pointed out. First, all studies that we included are observational studies that the confounding factors might be present in the original studies, and this may reduce the credibility of our results. Several cerebrovascular disease risk factors, such as gender, age, hypertension, diabetes, and atrial fibrillation, have been adjusted in most articles. However, potential confounding variables, such as smoking, drinking, body mass index, cerebrovascular disease family history, and other cerebrovascular risk factors, were not adjusted. Furthermore, prospective studies with appropriate controls that adjust for potential confounders are urgently warranted to further examine the association between glaucoma and the risk of stroke. Second, the results may not generalize to other districts given that the geographic distribution of the included results is limited, with most studies conducted in the Asian region. Third, data for glaucoma, stroke, and other comorbidities were collected from a secondary claims database, inaccurate or incomplete information about these records may cause data inaccuracy, in addition to that, due to lack of sufficient data on the severity of glaucoma, the association between the severity of glaucoma and the risk of stroke is still unclear.



5. Conclusion

In summary, we found that glaucoma was associated with an increased risk of stroke. The result suggests that patients with glaucoma need to be assessed the risk of stroke to reduce the incidence of stroke. To better explore the nature of any association, prospective studies that consider the stroke subtypes, sample size, district, and other confounding factors are needed.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

MW and NC performed the literature search and drafted the manuscript. MW and B-cS screened the literature. NC, C-BG, and SZ extracted data and assessed the quality. M-JH, Z-BH, and X-yW analyzed and interpreted the data. B-GZ and MW designed the systematic review. MW, B-GZ, and NC were responsible for the research design, data analysis, and manuscript revision. All the authors gave their approval for the submission of the final manuscript.



Funding

This study was supported by the joint fund of Hubei Provincial Health Commission (No. WJ2019H570).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2022.1034976/full#supplementary-material



References

 1. Križaj, D. “What is glaucoma?,” In:Kolb, H, Fernandez, E, Nelson, R, , eds. Webvision: The Organization of the Retina and Visual System. University of Utah Health Sciences CenterCopyright: © 2022 Webvision (1995). 

 2. Stein JD, Khawaja AP, Weizer JS. Glaucoma in adults-screening, diagnosis, and management: a review. JAMA. (2021) 325:164–74. doi: 10.1001/jama.2020.21899

 3. Weinreb RN, Aung T, Medeiros FA. The pathophysiology and treatment of glaucoma: a review. JAMA. (2014) 18:1901–11. doi: 10.1001/jama.2014.3192

 4. Cheng CY, Wang N, Wong TY, Congdon N, He M, Wang YH, et al. Prevalence and causes of vision loss in East Asia in 2015: magnitude, temporal trends and projections. Br J Ophthalmol. (2020) 104:616–22. doi: 10.1136/bjophthalmol-2018-313308

 5. Quigley HA, Broman AT. The number of people with glaucoma worldwide in 2010 and 2020. Br J Ophthalmol. (2006) 90:262–7. doi: 10.1136/bjo.2005.081224

 6. Tham YC, Li X, Wong TY, Quigley HA, Aung T, Cheng CY, et al. Global prevalence of glaucoma and projections of glaucoma burden through 2040: a systematic review and meta-analysis. Ophthalmology. (2014) 121:2081–90. doi: 10.1016/j.ophtha.2014.05.013

 7. Bonomi L, Marchini G, Marraffa M, Bernardi P, Morbio R, Varotto A, et al. Vascular risk factors for primary open angle glaucoma: the Egna-Neumarkt Study. Ophthalmology. (2000) 107:1287–93. doi: 10.1016/S0161-6420(00)00138-X

 8. Marshall H, Mullany S, Qassim A, Siggs O, Hassall M, Ridge B, et al. Cardiovascular disease predicts structural and functional progression in early glaucoma. Ophthalmology. (2021) 128:58–69. doi: 10.1016/j.ophtha.2020.06.067

 9. Chopra V, Varma R, Francis BA, Wu J, Torres M, Azen SP, et al. Type 2 diabetes mellitus and the risk of open-angle glaucoma the Los Angeles Latino Eye Study. Ophthalmology. (2008) 115:227–32. doi: 10.1016/j.ophtha.2007.04.049

 10. Pasquale LR, Kang JH, Manson JE, Willett WC, Rosner BA, Hankinson SE, et al. Prospective study of type 2 diabetes mellitus and risk of primary open-angle glaucoma in women. Ophthalmology. (2006) 113:1081–6. doi: 10.1016/j.ophtha.2006.01.066

 11. Zhao W, Lv X, Wu G, Zhou X, Tian H, Qu X, et al. Glaucoma is not associated with Alzheimer's disease or dementia: a meta-analysis of cohort studies. Front Med. (2021) 8:688551. doi: 10.3389/fmed.2021.688551

 12. Rezapour J, Nickels S, Schuster AK, Michal M, Münzel T, Wild PS, et al. Prevalence of depression and anxiety among participants with glaucoma in a population-based cohort study: the gutenberg health study. BMC Ophthalmol. (2018) 18:157. doi: 10.1186/s12886-018-0831-1

 13. Kassebaum NJ, Arora M, Barber RM, Bhutta ZA, Brown J, Carter A, et al. Global, regional, and national disability-adjusted life-years (DALYs) for 315 diseases and injuries and healthy life expectancy (HALE), 1990-2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet. (2016) 388:1603–58. doi: 10.1016/S0140-6736(16)31460-X

 14. Johnson CO, Nguyen M, Roth GA, Nichols E, Alam T, Abate D, et al. Global, regional, and national burden of stroke, 1990-2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol. (2019) 18:439–58. doi: 10.1016/S1474-4422(19)30034-1

 15. Belzunce A, Casellas M. Vascular risk factors in primary open angle glaucoma. An Sist Sanit Navar. (2004) 27:335–44. doi: 10.4321/s1137-66272004000500005

 16. French DD, Margo CE. Open angle glaucoma and stroke. Ophthalmology. (2010) 1653:e3–4. doi: 10.1016/j.ophtha.2010.03.016

 17. Ho JD, Hu CC, Lin HC. Open-angle glaucoma and the risk of stroke development: a 5-year population-based follow-up study. Stroke. (2009) 40:2685–90. doi: 10.1161/STROKEAHA.109.554642

 18. Lee MS, Kuo LL, Tan EC, Lee OK. Is normal-tension glaucoma a risk factor for stroke?-A 10-year follow-up study. PLoS ONE. (2017) 12:e0179307. doi: 10.1371/journal.pone.0179307

 19. Lee WJ, Jeoung JW, Na KI, Kim YK, Kim CY, Park KH, et al. Relationship between open-angle glaucoma and stroke: a 2010 to 2012 Korea national health and nutrition examination survey. J Glaucoma. (2018) 27:22–7. doi: 10.1097/IJG.0000000000000829

 20. Lin H-C, Chien C-W, Hu C-C, Ho J-D. Comparison of comorbid conditions between open-angle glaucoma patients and a control cohorta case-control study. Ophthalmology. (2010) 117:2088–95. doi: 10.1016/j.ophtha.2010.03.003

 21. Rim TH, Lee SY, Bae HW, Kim SS, Kim CY. Increased stroke risk among patients with open-angle glaucoma: a 10-year follow-up cohort study. Br J Ophthalmol. (2018) 102:338–43. doi: 10.1136/bjophthalmol-2017-310415

 22. Sadek H, Shaikh IS, Elsamna ST, Khouri AS. Assessing open angle glaucoma as an independent risk factor for stroke. Invest Ophthalmol Vis Sci. (2021) 62:1621. 

 23. Su CW, Chang YC, Lin CL, Chen HY. Association of neovascular glaucoma with risk of stroke: a population-based cohort study. J Ophthalmol. (2017) 2017:1851568. doi: 10.1155/2017/1851568

 24. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. (2021) 10:n71. doi: 10.1136/bmj.n71

 25. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of non-randomized studies in meta-analyses. Eur J Epidemiol. (2010) 25:603–5. doi: 10.1007/s10654-010-9491-z

 26. Brach C, Borsky A. How the US agency for healthcare research and quality promotes health literate health care. Stud Health Technol Inform. (2020) 269:313–23. doi: 10.3233/SHTI200046

 27. Jing W, Zhao S, Liu J, Liu M, ABO. blood groups and hepatitis B virus infection: a systematic review and meta-analysis. BMJ Open. (2020) 10:e034114. doi: 10.1136/bmjopen-2019-034114

 28. Barrett PM, McCarthy FP, Kublickiene K, Cormican S, Judge C, Evans M, et al. Adverse pregnancy outcomes and long-term maternal kidney disease: a systematic review and meta-analysis. JAMA Netw Open. (2020) 3:e1920964. doi: 10.1001/jamanetworkopen.2019.20964

 29. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ. (2003) 327:557–60. doi: 10.1136/bmj.327.7414.557

 30. Yanagi M, Kawasaki R, Wang JJ, Wong TY, Crowston J, Kiuchi Y, et al. Vascular risk factors in glaucoma: a review. Clin Exp Ophthalmol. (2011) 39:252–8. doi: 10.1111/j.1442-9071.2010.02455.x

 31. Cao L, Graham SL, Pilowsky PM. Carbohydrate ingestion induces differential autonomic dysregulation in normal-tension glaucoma and primary open angle glaucoma. PLoS ONE. (2018) 13:e0198432. doi: 10.1371/journal.pone.0198432

 32. Michelson G, Langhans MJ, Groh MJ. Perfusion of the juxtapapillary retina and the neuroretinal rim area in primary open angle glaucoma. J Glaucoma. (1996) 5:91–8. doi: 10.1097/00061198-199604000-00003

 33. Flammer J, Mozaffarieh M. What is the present pathogenetic concept of glaucomatous optic neuropathy? Surv Ophthalmol. (2007) 52:S162–73. doi: 10.1016/j.survophthal.2007.08.012

 34. Buch H, Vinding T, Nielsen N. Prevalence and causes of visual impairment according to World Health Organization and United States criteria in an aged, urban Scandinavian population: the Copenhagen City Eye Study. Ophthalmology. (2001) 108:2347–57. doi: 10.1016/S0161-6420(01)00823-5

 35. Gherghel D, Hosking S, Armstrong R, Cunliffe I. Autonomic dysfunction in unselected and untreated primary open angle glaucoma patients: a pilot study. Ophthalmic Physiol Opt J Br College Ophthalmic Opticians. (2007) 27:336–41. doi: 10.1111/j.1475-1313.2007.00485.x

 36. Hayreh SS. The blood supply of the optic nerve head and the evaluation of it - myth and reality. Prog Retin Eye Res. (2001) 20:563–93. doi: 10.1016/S1350-9462(01)00004-0

 37. Kitsos G, Zikou AK, Bagli E, Kosta P, Argyropoulou MI. Conventional MRI and magnetisation transfer imaging of the brain and optic pathway in primary open-angle glaucoma. Br J Radiol. (2009) 82:896–900. doi: 10.1259/bjr/55866125

 38. Kim M, Park KH, Kwon JW, Jeoung JW, Kim TW, Kim DM, et al. Retinal nerve fiber layer defect and cerebral small vessel disease. Invest Ophthalmol Vis Sci. (2011) 52:6882–6. doi: 10.1167/iovs.11-7276

 39. Lee JY, Yoo C, Park JH, Kim YY. Retinal vessel diameter in young patients with open-angle glaucoma: comparison between high-tension and normal-tension glaucoma. Acta Ophthalmol. (2012) 90:e570–1. doi: 10.1111/j.1755-3768.2011.02371.x

 40. Wong TY, Klein R, Couper DJ, Cooper LS, Shahar E, Hubbard LD, et al. Retinal microvascular abnormalities and incident stroke: the atherosclerosis risk in communities study. Lancet. (2001) 358:1134–40. doi: 10.1016/S0140-6736(01)06253-5

 41. Masson P, Webster AC, Hong M, Turner R, Lindley RI, Craig JC, et al. Chronic kidney disease and the risk of stroke: a systematic review and meta-analysis. Nephrol Dial Transplant. (2015) 30:1162–9. doi: 10.1093/ndt/gfv009

 42. Bae HW, Lee N, Lee HS, Hong S, Seong GJ, Kim CY, et al. Systemic hypertension as a risk factor for open-angle glaucoma: a meta-analysis of population-based studies. PLoS ONE. (2014) 9:e108226. doi: 10.1371/journal.pone.0108226

 43. Zhou M, Wang W, Huang W, Zhang X. Diabetes mellitus as a risk factor for open-angle glaucoma: a systematic review and meta-analysis. PLoS ONE. (2014) 9:e102972. doi: 10.1371/journal.pone.0102972

 44. Wong TY, Kamineni A, Klein R, Sharrett AR, Klein BE, Siscovick DS, et al. Quantitative retinal venular caliber and risk of cardiovascular disease in older persons: the cardiovascular health study. Arch Intern Med. (2006) 166:2388–94. doi: 10.1001/archinte.166.21.2388

 45. Greenberg DA, Jin K. Vascular endothelial growth factors (VEGFs) and stroke. Cell Mol Life Sci. (2013) 70:1753–61. doi: 10.1007/s00018-013-1282-8

 46. Shoamanesh A, Preis SR, Beiser AS, Kase CS, Wolf PA, Vasan RS, et al. Circulating biomarkers and incident ischemic stroke in the Framingham Offspring Study. Neurology. (2016) 87:1206–11. doi: 10.1212/WNL.0000000000003115

 47. Skalny AV, Mazilina AN. Vascular endothelial growth factor VEGF and metal-ligand homeostasis in the pathogenesis of ischemic stroke. Zh Nevrol Psikhiatr Im S S Korsakova. (2021) 121:30–4. doi: 10.17116/jnevro202112108230





OPS/images/fneur-13-1034976-t002.jpg
Subgroup OR (95%Cl) o P (%) Pty
Overall studies 7 1.94 (1.45-2.59) <0.00001 95 <0.00001
Study design

Retrospective cohort 4 2.19(1.21-3.97) 0.01 97 <0.00001
Case-control 1 1.37 (1.31-1.43) <0.00001 - -
Cross-sectional 2 1.95 (1.44-2.63) <0.0001 0 037
Type of stroke

Unspecific stroke 5 1.88 (1.34-2.66) 0.0003 97 <0.00001
Ischemic stroke 2 2.20 (1.67-2.89) <0.00001 0 0.90
Hemorrhagic stroke 1 1.15(0.35-3.78) 0.82 - -
Type of glaucoma

Open-angle glaucoma 5 1.43 (1.27-1.61) <0.00001 65 0.02
Normal-tension glaucoma 1 6.34 (4.80-8.38) <0.00001 - -
Neovascular glaucoma 1 2.07 (1.42-3.02) 0.0002 - -
Adjustment for confounders

Adjusted 6 1.91 (1.40-2.61) <0.0001 96 <0.00001
Unadjusted 5 2.44 (1.68-3.56) <0.00001 98 <0.00001
Study quality

High quality 5 2.08 (1.23-3.49) 0.006 96 <0.00001
Moderate quality 2 1.65 (1.07-2.56) 0.03 82 0.02
Age

< 65 years 5 1.95 (1.34-2.86) 0.0006 97 <0.00001
= 65 years 2 1.59 (0.92-2.75) 0.1 85 0.009
Region

Asia 6 1.91 (1.40-2.61) <0.0001 96 <0.00001
Europe 1 216 (1.48-3.15) <0.0001

Gender

Male > Female 4 2.12(1.26-3.58) 0.005 98 <0.00001
Male < Female 3 1.66 (1.35-2.04) <0.00001 34 022

OR, odds ratio; CI, confidence interval.





OPS/images/fneur-13-1034976-i001.gif





OPS/images/fneur-13-1034976-t001.jpg
References District ~ Study design Type of Type of stroke Sample Mean age or Stroke verification NOS/AHRQ
glaucoma size Age group score
(years), male
(%)
Su (23) Taiwan Retrospective cohort Neovascular Ischemic stroke 4,576 61,57.9% Medical records 7
glaucoma Hemorrhagic stroke
Rim (21) Korea Retrospective cohort Open angle Unspecific stroke 9,090 <65; 265, 53.84% Medical records 7
glaucoma
Lee (18) Taiwan Retrospective cohort Normal-tension Unspecific stroke 5,658 54,51.43% Medical records 7
glaucoma
Lin (20) Taiwan A case-control Open-angle glaucoma Ischemic infarction, 306,692 63,52.21% Medical records 6
intracerebral
hemorrhage,
subarachnoid
hemorrhage, and
transientischemic attack
Ho (17) Taiwan Retrospective cohor Open-angle glaucoma Unspecific stroke 24,192 60,49.20% Medical records 7
Lee (19) Korea Cross-sectional Open-angle glaucoma Unspecific stroke 11,959 (40-49, 50-59, Medical records 8
60-69, 70-79 and
>80), 47.8%
Belzunce (15) Spain Cross-sectional Primary open angle Ischemic stroke 100 71,48% Medical records 5
glaucoma

NVG, Neovascular glaucoma; NTG, Normal-tension glaucoma; OAG, Open-Angle Glaucoma; POAG, Primary open angle glaucoma; NOS, Newcastle-Ottawa Scale; NR, not reported.






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between glaucoma and risk of stroke: A systematic review and meta-analysis



		1. Introduction



		2. Methods



		2.1. Protocol and registration



		2.2. Search strategy



		2.3. Study selection



		2.4. Data extraction



		2.5. Assessment of quality



		2.6. Statistical analysis







		3. Results



		3.1. Selection



		3.2. Study characteristics



		3.3. Association between glaucoma and risk of stroke







		4. Discussion



		5. Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References

















OPS/images/cover.jpg
’ frontiers | Frontiers in Neurology

Association between glaucoma
and risk of stroke: A systematic
review and meta-analysis





OPS/images/fneur-13-1034976-g001.gif
P ——— ——r—

[ hecodsientid | [ necotsidenied | | RcordsiGented
o trogh o
Pubhed Webescerce st
n=t011) (nsas3) (021789
e ;

[ e saredlor )

Fr i B
=273 =
|
Records sreenedby e
wddbing
(025
e

bttt msesed
foccghity
f0:1)

Thestody et repotthe
ostameofinterest 03],
Thestody popiation ddnot

\meettheinchuson cterin 3./






OPS/images/fneur-13-1034976-g002.gif
Odés Rati. Odds Rato
Swiosboen bfosRal _SE et NRbnSSN0  Nfwnsa
eoaee 2 oo aren s 2180.8319 &=
s o 0 t61% 1203170 %
Lt 18069 013 105 SHURI% =1
e 038 0028 1655 1031149 L
o s ot s 2030 s
st ates oo 1535 1200103140 |3
Wt 0 0 1% 1BRB2E i
Topsio) i .
P <o =555 T

e 500N pUSHe 35SOXHN









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Neurology





