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Abstract

:

Despite being highly preventable, stroke is the second-most common cause of death and disability in the world. Secondary prevention is critical as the stroke recurrence risk is 6- to 15-fold higher than the risk of stroke in the general population. Stroke recurrence is associated with higher mortality rates and increased disability levels. Lifestyle modifications should address not single but multiple cardiovascular risk factors to effectively reduce the risk of stroke. Lifestyle modifications on a personal level should include adequate physical activity, a healthy diet, the cessation of smoking and alcohol consumption, and stress reduction. Physical activities should be performed in a healthy environment without air pollution. According to recent studies, up to 90% of strokes might be prevented by addressing and treating ten modifiable stroke risk factors, half of which are related to lifestyle modifications. These lifestyle modifications, which are behavioral interventions, could impact other modifiable risk factors such as arterial hypertension, hyperlipidemia, obesity, diabetes, and atrial fibrillation. The most common obstacles to effective secondary stroke prevention are motor impairment, post-stroke cognitive impairment, post-stroke depression, and stroke subtype. Long-term lifestyle modifications are difficult to sustain and require comprehensive, individualized interventions. This review underlines the benefits of adhering to lifestyle modifications as the most effective secondary stroke prevention measure.
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1. Introduction


Stroke is a leading cause of death and disability worldwide [1], but it has been shown in several observational studies and systematic reviews to be a highly preventable disease [2,3,4]. Lifestyle modifications are essential to national/international guidelines and recommendations for secondary stroke prevention [5]. Studies have shown that 90% of strokes are caused by ten modifiable risk factors, alone or in combination [3,6]. The rate of cardiovascular mortality in people with stroke over the subsequent ten years can be reduced by up to 92% by changing lifestyle behaviors (healthy diet, physical activity, maintaining a normal body mass index, moderate alcohol consumption, and not smoking) [7]. Stroke patients often have modifiable risk factors that are unmanaged [8]. First-ever and recurrent ischemic strokes have almost the same risk factors, except for a history of previous stroke for patients with recurrent stroke [9]. In a study by Kopunek et al. that included stroke survivors in the community, 99% had one unmanaged risk factor, and 91% had two or more unmanaged risk factors [10]. People with two unmanaged risk factors have up to a three times higher risk of cardiovascular mortality [11], and multiple lifestyle risk factors increase the likelihood of poor health and all-cause mortality [10]. Furthermore, multimorbidity is concerning and is associated with poor health, significant declines, and all-cause mortality [12]. First-ever ischemic stroke is associated with an increased risk of heart disease, non-stroke vascular death, and myocardial infarction in the future [13,14,15].



Air pollution, as a new risk factor, is acknowledged as a significant contributor to stroke burden, especially in developing countries [7]. Many studies have proven the importance of primary stroke prevention interventions, whereas evidence is still lacking for secondary stroke prevention [7,9]. However, we now recognize the importance of cardiovascular risk factors for recurrent stroke [7]. Still, many widely accepted risk factors for stroke remain unattended to [8,9,10,11]. Therefore, the detection and control of risk factors are crucial in stroke patients. A prior stroke represents a critical risk for an eventual new stroke. The risk of death one month after stroke is 23% to 41%, while the rate of disability ranges from 39% to 53% [16,17,18,19]. Recurrent stroke is associated with higher mortality rates and increased disability levels [16,17,18,19,20]. One-third of strokes are recurrent, and they are 6 to 15 times more common among prior stroke sufferers than in the general population [16]. The estimated risk for a recurrent stroke is up to 16% within the first year and 4% every subsequent year, with a 5-year risk of 30% and a 10-year risk of 43% [7,16,21].



A systematic review by Lawrence M et al. found that lifestyle interventions for secondary stroke prevention can effect positive change concerning (1) lifestyle behaviors, (2) physiological outcomes, and (3) secondary outcomes. Behavioral interventions were found to be effective in increasing physical activity and improving dietary intake. Regarding physiological outcomes, interventions were effective, particularly those aiming to reduce blood pressure, cholesterol levels, and body mass index. Concerning secondary outcomes, the intervention was seen to exert a highly significant beneficial effect in improving the perceived quality of life and stroke knowledge. Behavioral changes are challenging to achieve because of complex personal, environmental, and social factors. A common barrier to behavior change is limited insight, knowledge, and awareness of how lifestyle factors contribute to the risk of secondary to subsequent stroke. If patients do not perceive a need to modify lifestyle behaviors, then behavior modification is unlikely. Even when patients understand the need to modify their behavior, the knowledge rarely translates into behavior with healthy lifestyle habits [22].



Several studies have investigated the benefits of life habit changes for secondary stroke prevention [22,23,24,25]. The most important predictors for adhering to and following recommendations [26] are high fruit and vegetable consumption [27], non-smoking [28], and exercise [29,30,31]. It was found that adopting these lifestyle modifications may lead to an 80% reduction in stroke risk [32]. Moderate-level evidence supports modifying multiple risk factors to reduce recurrent stroke [33,34,35,36], and several observational studies have shown the positive impact of lifestyle changes [7,22,25,37]. Without high-quality data, we need to be careful when interpreting these conclusions. Furthermore, educating the population has always been challenging [38]. To enable better comparisons between studies, several reports have proposed additional study protocols [39,40,41]. The key to long-term prevention is healthy habits, but in order to be successful, healthcare providers, families, and caregivers must participate in close collaboration [42,43].



A healthy lifestyle is the cornerstone of prevention. Its promotion is a major task for all healthcare providers, in collaboration with family and caregivers. It includes intervention in personal behaviors and risk factors (such as a lack of physical activity, use of tobacco, unhealthy food habits, and overweight), and all interventions aimed at changing lifestyle should be lifelong [42,43]. Importantly, engaging in healthy lifestyle behaviors protects against all-cause and cardiovascular mortality in adults with stroke [12].



In this article, we underline the benefits of adhering to lifestyle modifications as the most effective means of secondary stroke prevention.




2. Physical Activity


There is a consensus that stroke survivors who participate in regular physical activity may have a reduced risk of subsequent stroke [44,45]. For patients with a previous stroke, the identification and targeting of barriers to exercise delivery could lead to the more widespread implementation of exercise prescriptions in this population [45]. Lifestyle risk factors are an essential consideration among stroke survivors. These risk factors can lead to worsening symptoms and disease recurrence [45]. For successful risk reduction, communication between the physician and patient is necessary [45]. The main lifestyle steps in reducing cardiovascular mortality in stroke patients are (1) a healthy diet and regular exercise and (2) the reduction in or cessation of unhealthy habits (such as smoking and alcohol consumption) [12]. Only a tiny amount of research has assessed the effect of lifestyle changes on secondary stroke prevention. In routine practice, these necessary lifestyle changes are not made after a stroke [7]. Recurrent stroke occurs in about one-third of patients [21], and these patients are also at higher risk of other cardiovascular events [21]. Physical activity is a known preventive measure against primary and secondary stroke. The dose–effect relation is controversial, however; thus, it is not clear whether maximal physical activity also leads to maximal stroke reduction [38]. Regular physical activity has well-established benefits for reducing the risk of premature death and cardiovascular disease [46]. Physical activity has also been found to reduce the risk of coronary heart disease compared to a sedentary lifestyle. Additionally, there is no evidence that heavy physical activity confers any greater benefit than moderate levels. In recent years, accumulating evidence has supported the protective effect of moderate physical activity on stroke incidence in men and women. For stroke, the benefits are apparent even for light-to-moderate activities, such as walking, and the data support additional benefits from increasing the level and duration of one’s recreational activity [18]. Particular attention should be focused on overcoming possible barriers [45]. The further education of health professionals in this field is necessary. Exercise has proven benefits in terms of balance, walking speed, endurance, disability improvement, and metabolic function [38]. Healthy adults engage more in non-sedentary activities (57% to 72% sedentary activities) than do stroke survivors (86% to 88% sedentary) [7]. Patients who have had a stroke are particularly susceptible to sedentary and prolonged sitting behaviors. Encouraging them to engage in physical activity in a supervised and safe manner is essential. Changing their behaviors, such as diet, exercise, and medication compliance, requires more than simply providing advice or a brochure. Exercise training can be highly beneficial for people who have suffered a stroke as it can improve hypertension, lipid profiles, glucose metabolism, and insulin sensitivity. These improvements are significant, considering that up to 80% of stroke patients experience abnormal glucose metabolism. In addition to these benefits, exercise training after a stroke can improve balance, gait speed, and endurance and reduce disability [24]. The recommendations state that a sedentary lifestyle should be avoided, aside from increasing exercise [24]. However, stroke survivors often lose their exercise capacity. They need twice as much oxygen for routine walking compared to healthy individuals. The same is true with dressing, bathing, and other self-care activities; these routine activities, after stroke, take up to two-thirds of the patient’s exercise capacity. Standing and walking are good examples of non-exercise, light-intensity training. A lack of physical readiness, depressive symptoms, inaccessible environments, and physical impairment may discourage an individual from exercising, but keeping physically active has an enormous positive benefit on modifiable risk factors [7,47,48]. Exercise positively impacts the atrial fibrillation (AF) burden by reducing body weight [40,41,42,43,45]. It is still unclear whether high-intensity exercise reduces stroke occurrence, since it might increase the risk of developing AF [38]. There is increasing evidence that inactivity represents an independent AF risk factor [40,41,42]. However, it is more beneficial to influence lifestyle changes than it is to treat one single risk factor [38]. Quality of life after a stroke depends on exercise and support to perform regular training [47]. Even more significant impacts can be achieved with population-level interventions for physical activity, including investments in health-promoting infrastructure (e.g., sidewalks, walking paths, bike lanes) [23]. Additional barriers to physical activity after stroke include deconditioning, depression, inaccessible environments (e.g., wheelchair-friendly transportation and gym equipment), low motivation, poor social support, and physical impairment [23]. After an ischemic stroke or transient ischemic attack, eligible patients should exercise for half an hour (physical exercise of moderate intensity) up to five times weekly [47]. For patients with ischemic stroke or transient ischemic attack (TIA) who are capable of engaging in physical activity, at least 30 min of moderate-intensity physical exercise, typically defined as vigorous activity sufficient to break a sweat or noticeably raise heart rate, one to three times a week (e.g., walking briskly, using an exercise bicycle) may be considered to reduce the risk factors and comorbid conditions that increase the likelihood of recurrent stroke. For those individuals with a disability after ischemic stroke, supervision by a healthcare professional, such as a physical therapist or cardiac rehabilitation professional, at least on initiation of an exercise regimen, may be considered [24,47]. At a slightly higher prevalence, an estimated 57% of adults with stroke do not meet the weekly aerobic physical activity recommendations of approximately 150 min/week of moderate physical activity. This prevalence of insufficient physical activity is similar to the 62% reported among adults with disability [12]. Higher proportions of patients with TIA were noted to meet the physical activity recommendations. Insufficient levels of moderate–vigorous physical activity (typically <10 MET-hours/week) have been identified as predictive of recurrent ischemic stroke. Cardiovascular fitness is the most helpful determinant of physical activity participation and combined health behaviors after stroke, presenting a legitimate target in stroke secondary prevention. A previous systematic review also identified that cardiorespiratory fitness is highly associated with post-stroke physical activity levels. This study further showed that for every incremental increase in L/min of VO2peak, a stroke patient is 7.5 times more likely to meet the recommended levels of moderate–vigorous physical activity. The need for aerobic training interventions after stroke is clear, as the cardiorespiratory fitness levels of stroke patients are roughly half those of age-matched sedentary counterparts and are often insufficient to meet the threshold level required for basic activities of daily living [26]. Patients do not benefit more from intense physical activity than from moderate physical activity [18]. Further, exercise has many biological benefits related to coagulation and lipid metabolism [49]. Most stroke patients were found to have at least three modifiable unhealthy habits and two health conditions, and about one-half also had a third health condition [12]. Further, more than one-half of stroke patients did not meet weekly exercise recommendations [12]. Stroke rehabilitation starts soon after the incident and is a long-term assignment. A quick improvement in strength and mobility occurs in the first month, but the most significant improvement is reached around the fourth month. Brain remodeling continues long after this initial improvement. It is essential to remember that cognitive rehabilitation is also needed. Patients after stroke need rehabilitation regarding speech and language, dysphagia, incontinence, etc.



Aerobic exercise is essential, regardless of the patient’s specific rehabilitation needs. Enrolling patients in community exercise programs has shown particular effectiveness [50]. Recent meta-analyses suggest that office-based practices can help patients increase their levels of physical activity by 20% to 40% [51]. During the first recovery year, patients often visit their physician for concerns other than stroke. When stoke is a concern, recommended actions are often neglected [51]. Restoration of the ability to engage in physical activities stretches beyond this time; however, because of brain remodeling (i.e., healthy brain taking over the functions of the infarcted brain), the adaptation of compensating strategies, restoration of confidence, and use of adaptive equipment may be required. Effective rehabilitation therapies exist for motor recovery, cognition (i.e., memory, orientation, attention, and language), communication, incontinence, pain, dysphagia, sensory impairment (i.e., vision, neglect), spasticity, balance, and mobility. Improvements in these domains follow the same course as motor improvement, with rapid early recovery followed by a longer time to the maximum restoration of function [50]. The protective effect of physical activity may be partly mediated through its role in controlling various known risk factors for stroke. Other biological mechanisms are associated with physical activity, including reductions in plasma fibrinogen and platelet activity and elevations in plasma tissue plasminogen activator activity and high-density lipoprotein (HDL) concentrations. Thus, physical activity is a modifiable behavior that requires greater emphasis in stroke prevention campaigns [49].




3. Diet


Consuming a healthy diet is essential for cardiovascular health and stroke prevention. Reducing the daily caloric intake by 20% to 25% for three months or longer in obese and non-obese individuals improves blood pressure, low-density lipoprotein (LDL) cholesterol and triglycerides, insulin resistance, and glycemic control [7]. These dietary recommendations are consistent with the Dietary Approaches to Stop Hypertension (DASH) and Mediterranean-style dietary patterns, effectively reducing the risk of stroke. Adopting a Mediterranean diet, which is high in olive oil, whole grains, fruits, vegetables, and legumes and low in cholesterol/saturated fat, is advised to prevent stroke. These diets can reduce the stroke rate by 40% or more in high-risk patients [52,53]. However, supplementation with antioxidant vitamins A, C, and E or beta-carotene does not reduce the risk of stroke [54]. Several studies have indicated that a higher potassium intake reduces stroke risk by 21% (relative risk 0.79, 95% CI 0.60–0.90). This effect seems to be dose-dependent: every 1 g per day increase in potassium intake was found to reduce stroke risk by 11%. The mechanism is probably partially mediated by a reduction in blood pressure [55]. Calcium supplementation (>500 mg daily) is associated with a significant risk of myocardial infarction and a trend toward an increase in stroke [38]. Therefore, minding what we eat is a great preventive health action, and following dietary recommendations is effective in stroke reduction [7]. The Mediterranean diet has proven beneficial in stroke prevention [38], but in Western diets, salt consumption is very high at about 10 g per day. In East Europe and Asia, the amount is higher still. The amount of salt taken daily should not exceed five to six grams. Increased salt consumption raises the risk of stroke and is associated with one-fifth of all intracerebral hemorrhages. The greatest preventive impact of salt reduction comes from blood pressure reduction [38]. The consumption of all types of fat (animal, vegetable, saturated, non-saturated) does not seem to significantly influence stroke, but foods containing omega-3 fatty acids from vegetable oils decrease stroke recurrence. The consumption of industrially produced trans fats or saturated fatty acids, however, has been shown to increase the risk of coronary heart disease [56]. Protein intake, whether from animal or plant sources, may also decrease stroke recurrence. Regular consumption of fish reduces the risk of stroke, while eating meat can increase it. A diet that includes fruits and vegetables decreases the possibility of stroke recurrence. Eating only vegetables, without fruits, does not seem to be protective. A high concentration of lycopene halves the stroke risk [38].



Plant-based diets, used by vegetarians and vegans, are associated with lower body mass index and lower levels of LDL-cholesterol and blood pressure, which leads to a reduced risk of ischemic heart disease and ischemic stroke [57,58]. Interestingly, some studies show that plant-based diets might increase the risk of stroke (particularly hemorrhagic stroke), with lower levels of vitamin D, B12, calcium, and iodine [57,59]. Several meta-analyses showed that low vitamin D levels are related to an increased risk of ischemic stroke [60,61]. Moreover, low vitamin D levels are an independent factor in mortality and cardiovascular events in the general population [62]. Paradoxically, vitamin D supplementation is not associated with decreased cardiovascular events [63,64,65]. Consuming up to four cups of coffee or tea per day has a stroke-protective effect compared to no consumption, probably due to antioxidative effects and their impact on endothelial function [66]. Chocolate, with the anti-inflammatory and anti-thrombotic effects of cocoa, also has protective effects [67]. The consumption of foods and liquids with added sugars and high dietary glycemic indices increases the risk of overweight, diabetes mellitus, and coronary heart disease [68]. Dietary changes considering all the abovementioned effects may lead to a stroke risk reduction of forty percent or more in patients with high risk [69]. Family members and caregivers have a crucial role in sustaining the healthy life habits of stroke survivors [26,39]. Culture and ethnicity may play a role in this health behavior. The influence of environment, social norms, and family members on health behaviors, including fruit and vegetable intake, is well established. Studies addressing lifestyle after stroke have identified the ability of family and carers to exert both positive and negative influences on behavioral patterns, and a focus group study examining barriers to a healthy lifestyle after stroke identified that, particularly in men, the person with stroke often did not buy or prepare their own food/meals. The inclusion of family members/carers in dietary changes after stroke may be necessary to achieve sustainable behavior change, and future models of care should explore this aspect in greater depth [26]. Table 1 presents a summary of lifestyle modification recommendations.




4. Smoking


One of the most common habits among the population in developing countries is smoking. Smoking has a harmful effect regarding stroke; it contributes to nearly 15% of all stroke deaths yearly [70]. There is a dose-dependent relation between cigarette pack-days and stroke development. Many countries are trying to find a successful model to reduce smoking in the population. A reduction is possible through sales bans or smoking bans, but as the population increases, the total number of smokers increases yearly [52]. Nowadays, aside from cigarettes, there are several other tobacco and nicotine products available. Smoking cessation reduces the risk of developing cerebrovascular disease and stroke. The increase in the risk of stroke associated with smoking disappears four years after smoking cessation [70,71], and the risk of stroke five years after smoking cessation is the same as that in non-smokers, without any gender difference [72,73,74]. In the Multiple Risk Factor Intervention Trial, after ten years of follow-up, the risk ratio of stroke mortality associated with current smoking was 2.5, while the estimated risk ratio for stroke was 1.5 [70,71]. In the Cancer Prevention Study II, the risk of stroke mortality for current smokers versus never smokers was 1.7 in men and 2.2 in women after accounting for demographics and additional risk factors in a multivariable model [72]. The NHANES study revealed that stroke survivors who stopped smoking had lower all-cause mortality [73]; in contrast, recurrent stroke risk increases in stroke survivors who continue smoking [36].




5. Alcohol Consumption


Alcohol consumption is one social habit that has both a protective and a risky aspect for stroke development [75,76]. Excessive alcohol consumption and binge drinking increase the relative risk of any stroke [75]. Some studies have shown a positive effect of moderate alcohol consumption in reducing stroke and ischemic heart disease risk [75,76,77]. Moderate alcohol consumption here refers to less than two drinks daily [76]. This protective effect is usually shown as a J-shaped curve (relationship between consumption and risk of morbidity), which is also valid for dementia and diabetes type II. For other morbidities, curves might be of a linear shape (e.g., for intracerebral hemorrhage, brain atrophy, hypertension, atherosclerosis, and breast cancer) or parabolic shape (e.g., for alcoholic cirrhosis) [78]. The protective mechanism includes effects on thrombogenic blood elements and the fibrinolytic system [79]. Alcohol has the following protective effects: (1) it decreases platelet aggregation in response to adenosine-5’-diphosphate (ADP) and collagen; (2) it decreases fibrinogen, vWF, and factor VII levels; and (3) it increases the t-PA level with no change in the PAI-1 concentration (moderate consumption) [79]. However, alcohol consumption also has negative effects: (1) it inhibits platelet activation and enhances platelet activation, and (2) it decreases fibrinolysis by increasing the PAI-1 concentration (heavy consumption) [79]. Despite the protective effect on ischemic stroke, moderate alcohol consumption increases the risk for hemorrhagic stroke [76]. Chronic alcoholism also increases the risk of bleeding, mostly gastrointestinal bleeding [79]. Excessive alcohol consumption and binge drinking may lead to alcoholic cardiomyopathy and cause cardiac arrhythmias, which can precipitate thrombus formation and cause cardioembolic stroke [80]. Moreover, alcohol may trigger other diseases like obesity, atrial fibrillation, diabetes, arterial hypertension, and obstructive sleep apnea [74]. Alcohol is often packaged in the form of beverages containing a certain percentage of alcohol. The addition of sugar or other sweeteners increases the caloric load. Alcoholic liqueurs in particular contain large amounts of sugar. A high caloric intake, often a caloric surplus, may lead to obesity, diabetes, or arterial hypertension. This reduces the direct protective effect against stroke [81]. One or two glasses of wine per day for men and one glass for women may be reasonable to prevent stroke recurrence. However, strong alcoholic drinks should be avoided. Additionally, those who do not drink alcohol and who have had a stroke should not start drinking [69].




6. Stress


Many studies have confirmed that stress is a potential risk factor for stroke. Stress is still given insufficient consideration in everyday clinical practice [82]. The major issue is in defining stress, as it is individually dependent. A certain situation may be challenging (stressful) for one individual, while for someone else, it is a dreadful problem (causing major distress). Psychosocial stress and depression were recently confirmed as being modifiable risk factors for stroke [3]. Evaluations of long-term stress and mood disorders (e.g., depression) are necessary for patients who do not have the traditional risk factors. The same goes for chronic inflammation and subtle vascular atherosclerotic changes [83]. Several modern techniques based on mindfulness meditation have been successfully used in patients with vascular diseases, leading to the improvement in psychological problems [84]. Several studies, with a particular emphasis on reducing fatigue in some brain disorders like stroke, multiple sclerosis, and traumatic brain injury, have analyzed the potential of mindfulness-based therapies and their effectiveness in post-stroke patients [85,86]. A unique mind–body technique (TM) was found to lower blood pressure and alter some psychosocial factors. This study showed reductions in myocardial infarction, stroke, and the risk of mortality in patients suffering from coronary artery disease [87].




7. Air Pollution


Air pollution is a stroke risk factor that has been investigated for many years. It significantly contributes to the global burden of stroke and other cerebrovascular diseases, and it is mainly present in underdeveloped countries and in low- and middle-income countries [88]. It has short- and long-term effects on cerebrovascular and cardiovascular health. We should distinguish between indoor air (such as in households or at work) and outdoor air pollution. Indoor air pollution is much more difficult to investigate, except in the case of unique places such as factories or construction sites. Outdoor air pollution is more relevant according to the measurement and length of exposure [89]. The composition of polluted air consists of particles and several poisonous gases in low concentrations. Particles are divided by size into three groups: coarse (<10 μm size), fine (<2.5 μm size), and ultrafine (<1 μm size). The impact of air pollution on stroke also depends on the duration of exposure. The larger particles (PM10) are more common in industrial emissions, whereas the smaller particles (PM2.5 and PM0.1) mainly result from traffic emissions. Exposure over a short period of time refers to daily variations in different concentrations of the gases and particles in the air that constitute pollution [89]. Several studies have shown a statistically significant relationship between the duration and level of air pollution and the risk of stroke [90]. A study by Amini et al. involving 23,423 people, including 1078 stroke cases, reported a strong association between the occurrence of ischemic stroke and annual mean concentrations of coarse and fine particles in the air [91]. Another 10-year follow-up study in China described a significant occurrence of ischemic stroke after an average increase in the refined particle concentration during a mean follow-up time of 7 to 5 years [90]. A 2019 meta-analysis reported a crucial connection between an exposure period of one to four years and strokes of all types [92].




8. Limitations


There are several obstacles related to the relatively scarce data on secondary stroke prevention. (a) Lifestyle modification programs are not the same for all subtypes of stroke, pointing out the importance of knowing the subtype of a patient’s first-ever stroke. (b) In some patients, motor impairment following stroke precludes their active engagement in intensive physical activities. (c) Cognitive impairment, as well as post-stroke depressive changes, could also have a substantial impact. A significant obstacle in analyzing and comparing the results of different studies is the heterogeneity of definitions. The focus should be not on single changes but on multifaceted changes when considering lifestyle [93]. However, long-term lifestyle modification is difficult to sustain, and comprehensive, individualized interventions based on behavioral and medical interventions are needed. Professionals should focus on medical and lifestyle modifications to decrease the risk of stroke and other vascular diseases [93]. Long-term compliance is challenging, and many patients would rather take a pill than make changes to their lifestyle [93].




9. Conclusions


The evidence shows that stroke is preventable. Additionally, first and recurrent ischemic strokes have similar risk factors. Some modifiable risk factors are present in stroke patients, but they are frequently unmanaged. Despite our current knowledge of the importance and effectiveness of secondary stroke prevention, such prevention still needs greater recognition among patients, the general population, and professionals. Risk reduction on a personal level can be achieved by making lifestyle modifications: regular physical activity, a healthy diet, stress management, smoking cessation, and moderate alcohol consumption. Lifestyle modifications should address not single but multiple cardiovascular risk factors to reduce stroke risk effectively. Long-term life habit modification is not easy to sustain; interventions should be comprehensive and individualized.







Author Contributions


Conceptualization, V.D. and H.B.; methodology, V.G., H.B., S.M., F.Đ. and V.D.; validation, V.G., H.B., S.M., F.Đ. and V.D.; investigation, V.G., H.B., S.M., F.Đ. and V.D.; resources, V.G., H.B., S.M., F.Đ. and V.D.; writing—original draft preparation, V.D.; writing—review and editing, H.B., F.Đ. and V.D.; supervision, V.D. and H.B. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Kassebaum, N.J.; Barber, R.M.; Bhutta, Z.A.; Dandona, L.; Gething, P.W.; Hay, S.I.; Kinfu, Y.; Larson, H.J.; Liang, X.; Lim, S.S.; et al. Global, regional, and national levels of maternal mortality, 1990–2015: A systematic analysis for the Global Burden of Disease Study 2015. Lancet 2016, 388, 1775–1812. [Google Scholar] [CrossRef] [PubMed]

	



Feigin, V.L.; Stark, B.A.; Johnson, C.O.; Roth, G.A.; Bisignano, C.; Abady, G.G.; Abbasifard, M.; Abbasi-Kangevari, M.; Abd-Allah, F.; Abedi, V.; et al. Global, regional, and national burden of stroke and its risk factors, 1990-2019: A systematic analysis for the Global Burden of Disease Study 2019. Lancet Neurol. 2021, 20, 795–820. [Google Scholar] [CrossRef] [PubMed]

	



O’Donnell, M.J.; Chin, S.L.; Rangarajan, S.; Xavier, D.; Liu, L.; Zhang, H.; Rao-Melacini, P.; Zhang, X.; Pais, P.; Agapay, S.; et al. Global and regional effects of potentially modifiable risk factors associated with acute stroke in 32 countries (INTERSTROKE): A case-control study. Lancet 2016, 388, 761–775. [Google Scholar] [CrossRef] [PubMed]

	



Efremova, D.; Ciolac, D.; Zota, E.; Glavan, D.; Ciobanu, N.; Aulitzky, W.; Nics, A.M.; Trinka, E.; Yamada, C.; Movila, A.; et al. Dissecting the Spectrum of Stroke Risk Factors in an Apparently Healthy Population: Paving the Roadmap to Primary Stroke Prevention. J. Cardiovasc. Dev. Dis. 2023, 10, 35. [Google Scholar] [CrossRef] [PubMed]

	



Feigin, V.L.; Nichols, E.; Alam, T.; Bannick, M.S.; Beghi, E.; Blake, N.; Abd-Allah, F.; Abdelalim, A.; Abraha, H.N.; Abu-Rmeileh, N.M.E. Global, regional, and national burden of stroke, 1990–2016: A systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol. 2019, 18, 439–458. [Google Scholar] [CrossRef]

	



O’Donnell, M.; Xavier, D.; Diener, C.; Sacco, R.; Lisheng, L.; Zhang, H.; Pias, P.; Truelsen, T.; Chin, S.L.; Rangarajan, S.; et al. Rationale and design of INTERSTROKE: A global case-control study of risk factors for stroke. Neuroepidemiology 2010, 35, 36–44. [Google Scholar] [CrossRef]

	



Bailey, R.R. Lifestyle Modification for Secondary Stroke Prevention. Am. J. Lifestyle Med. 2018, 12, 140–147. [Google Scholar] [CrossRef]

	



Greenlund, K.J.; Giles, W.H.; Keenan, N.L.; Croft, J.B.; Mensah, G.A. Physician advice, patient actions, and health-related quality of life in secondary prevention of stroke through diet and exercise. Stroke 2002, 33, 565–570. [Google Scholar] [CrossRef]

	



Kernan, W.N.; Ovbiagele, B.; Black, H.R.; Bravata, D.M.; Chimowitz, M.I.; Ezekowitz, M.D.; Fang, M.C.; Fisher, M.; Furie, K.L.; Heck, D.V.; et al. Guidelines for the prevention of stroke in patients with stroke and transient ischemic attack: A guideline for healthcare professionals from the American Heart Association/American Stroke Association. Stroke 2014, 45, 2160–2236. [Google Scholar] [CrossRef] [PubMed]

	



Kopunek, S.P.; Michael, K.M.; Shaughnessy, M.; Resnick, B.; Nahm, E.S.; Whitall, J.; Goldberg, A.; Macko, R.F. Cardiovascular risk in survivors of stroke. Am. J. Prev. Med. 2007, 32, 408–412. [Google Scholar] [CrossRef]

	



Qureshi, A.I.; Suri, M.F.; Kirmani, J.F.; Divani, A.A. The relative impact of inadequate primary and secondary prevention on cardiovascular mortality in the United States. Stroke 2004, 35, 2346–2350. [Google Scholar] [CrossRef]

	



Bailey, R.R.; Phad, A.; McGrath, R.; Haire-Joshu, D. Prevalence of five lifestyle risk factors among U.S. adults with and without stroke. Disabil. Health J. 2019, 12, 323–327. [Google Scholar] [CrossRef]

	



Sposato, L.A.; Lam, M.; Allen, B.; Richard, L.; Shariff, S.Z.; Saposnik, G. First-ever ischemic stroke and increased risk of incident heart disease in older adults. Neurology 2020, 94, e1559–e1570. [Google Scholar] [CrossRef]

	



Touze, E.; Varenne, O.; Chatellier, G.; Peyrard, S.; Rothwell, P.M.; Mas, J.L. Risk of myocardial infarction and vascular death after transient ischemic attack and ischemic stroke: A systematic review and meta-analysis. Stroke 2005, 36, 2748–2755. [Google Scholar] [CrossRef] [PubMed]

	



Boulanger, M.; Bejot, Y.; Rothwell, P.M.; Touze, E. Long-Term Risk of Myocardial Infarction Compared to Recurrent Stroke After Transient Ischemic Attack and Ischemic Stroke: Systematic Review and Meta-Analysis. J. Am. Heart Assoc. 2018, 7, e007267. [Google Scholar] [CrossRef]

	



Hardie, K.; Hankey, G.J.; Jamrozik, K.; Broadhurst, R.J.; Anderson, C. Ten-year risk of first recurrent stroke and disability after first-ever stroke in the Perth Community Stroke Study. Stroke 2004, 35, 731–735. [Google Scholar] [CrossRef]

	



Hier, D.B.; Foulkes, M.A.; Swiontoniowski, M.; Sacco, R.L.; Gorelick, P.B.; Mohr, J.P.; Price, T.R.; Wolf, P.A. Stroke recurrence within 2 years after ischemic infarction. Stroke 1991, 22, 155–161. [Google Scholar] [CrossRef] [PubMed]

	



Sacco, R.L. Risk factors, outcomes, and stroke subtypes for ischemic stroke. Neurology 1997, 49, S39–S44. [Google Scholar] [CrossRef] [PubMed]

	



Hankey, G.J.; Jamrozik, K.; Broadhurst, R.J.; Forbes, S.; Burvill, P.W.; Anderson, C.S.; Stewart-Wynne, E.G. Long-term risk of first recurrent stroke in the Perth Community Stroke Study. Stroke 1998, 29, 2491–2500. [Google Scholar] [CrossRef]

	



Clark, T.G.; Murphy, M.F.; Rothwell, P.M. Long term risks of stroke, myocardial infarction, and vascular death in “low risk” patients with a non-recent transient ischaemic attack. J. Neurol. Neurosurg. Psychiatry 2003, 74, 577–580. [Google Scholar] [CrossRef] [PubMed]

	



Burn, J.; Dennis, M.; Bamford, J.; Sandercock, P.; Wade, D.; Warlow, C. Long-term risk of recurrent stroke after a first-ever stroke. The Oxfordshire Community Stroke Project. Stroke 1994, 25, 333–337. [Google Scholar] [CrossRef] [PubMed]

	



Lawrence, M.; Kerr, S.; McVey, C.; Godwin, J. The effectiveness of secondary prevention lifestyle interventions designed to change lifestyle behavior following stroke: Summary of a systematic review. Int. J. Stroke 2012, 7, 243–247. [Google Scholar] [CrossRef] [PubMed]

	



Gladstone, D.J.; Lindsay, M.P.; Douketis, J.; Smith, E.E.; Dowlatshahi, D.; Wein, T.; Bourgoin, A.; Cox, J.; Falconer, J.B.; Graham, B.R.; et al. Canadian Stroke Best Practice Recommendations: Secondary Prevention of Stroke Update 2020. Can. J. Neurol. Sci. 2022, 49, 315–337. [Google Scholar] [CrossRef] [PubMed]

	



Kleindorfer, D.O.; Towfighi, A.; Chaturvedi, S.; Cockroft, K.M.; Gutierrez, J.; Lombardi-Hill, D.; Kamel, H.; Kernan, W.N.; Kittner, S.J.; Leira, E.C.; et al. 2021 Guideline for the Prevention of Stroke in Patients With Stroke and Transient Ischemic Attack: A Guideline From the American Heart Association/American Stroke Association. Stroke 2021, 52, e364–e467. [Google Scholar] [CrossRef]

	



Lawrence, M.; Pringle, J.; Kerr, S.; Booth, J.; Govan, L.; Roberts, N.J. Multimodal secondary prevention behavioral interventions for TIA and stroke: A systematic review and meta-analysis. PLoS ONE 2015, 10, e0120902. [Google Scholar] [CrossRef]

	



Lennon, O.; Hall, P.; Blake, C. Predictors of Adherence to Lifestyle Recommendations in Stroke Secondary Prevention. Int. J. Environ. Res. Public. Health 2021, 18, 4666. [Google Scholar] [CrossRef]

	



Aune, D.; Giovannucci, E.; Boffetta, P.; Fadnes, L.T.; Keum, N.; Norat, T.; Greenwood, D.C.; Riboli, E.; Vatten, L.J.; Tonstad, S. Fruit and vegetable intake and the risk of cardiovascular disease, total cancer and all-cause mortality-a systematic review and dose-response meta-analysis of prospective studies. Int. J. Epidemiol. 2017, 46, 1029–1056. [Google Scholar] [CrossRef]

	



Pan, B.; Chen, X.; Hou, L.; Zhang, Q.; Qu, Z.; Warren, A.; Miao, M. Comparative Genomics Analysis of Ciliates Provides Insights on the Evolutionary History Within “Nassophorea-Synhymenia-Phyllopharyngea” Assemblage. Front. Microbiol. 2019, 10, 2819. [Google Scholar] [CrossRef]

	



Kyu, H.H.; Bachman, V.F.; Alexander, L.T.; Mumford, J.E.; Afshin, A.; Estep, K.; Veerman, J.L.; Delwiche, K.; Iannarone, M.L.; Moyer, M.L.; et al. Physical activity and risk of breast cancer, colon cancer, diabetes, ischemic heart disease, and ischemic stroke events: Systematic review and dose-response meta-analysis for the Global Burden of Disease Study 2013. BMJ 2016, 354, i3857. [Google Scholar] [CrossRef] [PubMed]

	



Lee, C.D.; Folsom, A.R.; Blair, S.N. Physical activity and stroke risk: A meta-analysis. Stroke 2003, 34, 2475–2481. [Google Scholar] [CrossRef] [PubMed]

	



Reinholdsson, M.; Palstam, A.; Sunnerhagen, K.S. Prestroke physical activity could influence acute stroke severity (part of PAPSIGOT). Neurology 2018, 91, e1461–e1467. [Google Scholar] [CrossRef]

	



Chiuve, S.E.; Rexrode, K.M.; Spiegelman, D.; Logroscino, G.; Manson, J.E.; Rimm, E.B. Primary prevention of stroke by healthy lifestyle. Circulation 2008, 118, 947–954. [Google Scholar] [CrossRef]

	



Guyatt, G.H.; Oxman, A.D.; Kunz, R.; Falck-Ytter, Y.; Vist, G.E.; Liberati, A.; Schunemann, H.J. Going from evidence to recommendations. BMJ 2008, 336, 1049–1051. [Google Scholar] [CrossRef]

	



English, C.; MacDonald-Wicks, L.; Patterson, A.; Attia, J.; Hankey, G.J. The role of diet in secondary stroke prevention. Lancet Neurol. 2021, 20, 150–160. [Google Scholar] [CrossRef]

	



Turan, T.N.; Voeks, J.H.; Chimowitz, M.I.; Roldan, A.; LeMatty, T.; Haley, W.; Lopes-Virella, M.; Chaturvedi, S.; Jones, M.; Heck, D.; et al. Rationale, Design, and Implementation of Intensive Risk Factor Treatment in the CREST2 Trial. Stroke 2020, 51, 2960–2971. [Google Scholar] [CrossRef]

	



Chen, J.; Li, S.; Zheng, K.; Wang, H.; Xie, Y.; Xu, P.; Dai, Z.; Gu, M.; Xia, Y.; Zhao, M.; et al. Impact of Smoking Status on Stroke Recurrence. J. Am. Heart Assoc. 2019, 8, e011696. [Google Scholar] [CrossRef]

	



Oikarinen, A.; Engblom, J.; Kyngas, H.; Kaariainen, M. A study of the relationship between the quality of lifestyle counselling and later adherence to the lifestyle changes based on patients with stroke and TIA. Clin. Rehabil. 2018, 32, 557–567. [Google Scholar] [CrossRef]

	



Sarikaya, H.; Ferro, J.; Arnold, M. Stroke prevention--medical and lifestyle measures. Eur. Neurol. 2015, 73, 150–157. [Google Scholar] [CrossRef] [PubMed]

	



Lennon, O.; Blake, C.; Booth, J.; Pollock, A.; Lawrence, M. Interventions for behaviour change and self-management in stroke secondary prevention: Protocol for an overview of reviews. Syst. Rev. 2018, 7, 231. [Google Scholar] [CrossRef] [PubMed]

	



Liljehult, J.; Molsted, S.; Moller, T.; Overgaard, D.; Adamsen, L.; Jarden, M.; Christensen, T. Lifestyle counselling as secondary prevention in patients with minor stroke and transient ischemic attack: Study protocol for a randomized controlled pilot study. Pilot. Feasibility Stud. 2020, 6, 40. [Google Scholar] [CrossRef] [PubMed]

	



Lawrence, M.; Asaba, E.; Duncan, E.; Elf, M.; Eriksson, G.; Faulkner, J.; Guidetti, S.; Johansson, B.; Kruuse, C.; Lambrick, D.; et al. Stroke secondary prevention, a non-surgical and non-pharmacological consensus definition: Results of a Delphi study. BMC Res. Notes 2019, 12, 823. [Google Scholar] [CrossRef] [PubMed]

	



Piepoli, M.F.; Villani, G.Q. Lifestyle modification in secondary prevention. Eur. J. Prev. Cardiol. 2017, 24, 101–107. [Google Scholar] [CrossRef]

	



Demarin, V.; Toljan, S. (Eds.) Klinička Psihoneuroendokrinoimunologija; Croatian Academy of Sciences and Arts: Zagreb, Croatia, 2020. [Google Scholar]

	



Mameletzi, D.; Anifanti, M.; Baotic, K.; Bernetti, A.; Budincevic, H.; Zuna, P.C.; Deligiannis, A.; Dennehy, Z.; Ferrari, A.; Forgione, D.; et al. Identification of Good Practices in Long-Term Exercise-Based Rehabilitation Programs in Stroke Patients. Biomed. Res. Int. 2021, 2021, 9202716. [Google Scholar] [CrossRef]

	



Furie, K.L.; Kasner, S.E.; Adams, R.J.; Albers, G.W.; Bush, R.L.; Fagan, S.C.; Halperin, J.L.; Johnston, S.C.; Katzan, I.; Kernan, W.N.; et al. Guidelines for the prevention of stroke in patients with stroke or transient ischemic attack: A guideline for healthcare professionals from the american heart association/american stroke association. Stroke 2011, 42, 227–276. [Google Scholar] [CrossRef] [PubMed]

	



Warburton, D.E.; Nicol, C.W.; Bredin, S.S. Health benefits of physical activity: The evidence. CMAJ 2006, 174, 801–809. [Google Scholar] [CrossRef]

	



Billinger, S.A.; Arena, R.; Bernhardt, J.; Eng, J.J.; Franklin, B.A.; Johnson, C.M.; MacKay-Lyons, M.; Macko, R.F.; Mead, G.E.; Roth, E.J.; et al. Physical activity and exercise recommendations for stroke survivors: A statement for healthcare professionals from the American Heart Association/American Stroke Association. Stroke 2014, 45, 2532–2553. [Google Scholar] [CrossRef] [PubMed]

	



Gordon, N.F.; Gulanick, M.; Costa, F.; Fletcher, G.; Franklin, B.A.; Roth, E.J.; Shephard, T. Physical activity and exercise recommendations for stroke survivors: An American Heart Association scientific statement from the Council on Clinical Cardiology, Subcommittee on Exercise, Cardiac Rehabilitation, and Prevention; the Council on Cardiovascular Nursing; the Council on Nutrition, Physical Activity, and Metabolism; and the Stroke Council. Stroke 2004, 35, 1230–1240. [Google Scholar] [CrossRef]

	



Boden-Albala, B.; Sacco, R.L. Lifestyle factors and stroke risk: Exercise, alcohol, diet, obesity, smoking, drug use, and stress. Curr. Atheroscler. Rep. 2000, 2, 160–166. [Google Scholar] [CrossRef]

	



Saunders, D.H.; Sanderson, M.; Hayes, S.; Kilrane, M.; Greig, C.A.; Brazzelli, M.; Mead, G.E. Physical fitness training for stroke patients. Cochrane Database Syst. Rev. 2016, 3, CD003316. [Google Scholar] [CrossRef]

	



Pedersen, R.A.; Petursson, H.; Hetlevik, I. Stroke follow-up in primary care: A prospective cohort study on guideline adherence. BMC Fam. Pract. 2018, 19, 179. [Google Scholar] [CrossRef]

	



Melak, A.D.; Wondimsigegn, D.; Kifle, Z.D. Knowledge, Prevention Practice and Associated Factors of Stroke Among Hypertensive and Diabetic Patients—A Systematic Review. Risk Manag. Healthc. Policy 2021, 14, 3295–3310. [Google Scholar] [CrossRef] [PubMed]

	



Spence, J.D. Nutrition and Risk of Stroke. Nutrients 2019, 11, 647. [Google Scholar] [CrossRef] [PubMed]

	



Hankey, G.J. Vitamin supplementation and stroke prevention. Stroke 2012, 43, 2814–2818. [Google Scholar] [CrossRef]

	



D’Elia, L.; Barba, G.; Cappuccio, F.P.; Strazzullo, P. Potassium intake, stroke, and cardiovascular disease a meta-analysis of prospective studies. J. Am. Coll. Cardiol. 2011, 57, 1210–1219. [Google Scholar] [CrossRef]

	



Clarke, R.; Lewington, S. Trans fatty acids and coronary heart disease. BMJ 2006, 333, 214. [Google Scholar] [CrossRef]

	



Key, T.J.; Papier, K.; Tong, T.Y.N. Plant-based diets and long-term health: Findings from the EPIC-Oxford study. Proc. Nutr. Soc. 2022, 81, 190–198. [Google Scholar] [CrossRef] [PubMed]

	



Ocagli, H.; Berti, G.; Rango, D.; Norbiato, F.; Chiaruttini, M.V.; Lorenzoni, G.; Gregori, D. Association of Vegetarian and Vegan Diets with Cardiovascular Health: An Umbrella Review of Meta-Analysis of Observational Studies and Randomized Trials. Nutrients 2023, 15, 4103. [Google Scholar] [CrossRef]

	



Dybvik, J.S.; Svendsen, M.; Aune, D. Vegetarian and vegan diets and the risk of cardiovascular disease, ischemic heart disease and stroke: A systematic review and meta-analysis of prospective cohort studies. Eur. J. Nutr. 2023, 62, 51–69. [Google Scholar] [CrossRef]

	



Li, G.; Li, L.; Adachi, J.D.; Wang, R.; Ye, Z.; Liu, X.; Thabane, L.; Lip, G.Y.H. Relationship between Serum 25-Hydroxyvitamin D Level and Risk of Recurrent Stroke. Nutrients 2022, 14, 1908. [Google Scholar] [CrossRef]

	



Zhou, R.; Wang, M.; Huang, H.; Li, W.; Hu, Y.; Wu, T. Lower Vitamin D Status Is Associated with an Increased Risk of Ischemic Stroke: A Systematic Review and Meta-Analysis. Nutrients 2018, 10, 277. [Google Scholar] [CrossRef]

	



Marek, K.; Cichon, N.; Saluk-Bijak, J.; Bijak, M.; Miller, E. The Role of Vitamin D in Stroke Prevention and the Effects of Its Supplementation for Post-Stroke Rehabilitation: A Narrative Review. Nutrients 2022, 14, 2761. [Google Scholar] [CrossRef]

	



Pei, Y.Y.; Zhang, Y.; Peng, X.C.; Liu, Z.R.; Xu, P.; Fang, F. Association of Vitamin D Supplementation with Cardiovascular Events: A Systematic Review and Meta-Analysis. Nutrients 2022, 14, 3158. [Google Scholar] [CrossRef]

	



Cui, P.; Hou, H.; Song, B.; Xia, Z.; Xu, Y. Vitamin D and ischemic stroke—Association, mechanisms, and therapeutics. Ageing Res. Rev. 2024, 96, 102244. [Google Scholar] [CrossRef] [PubMed]

	



Larsson, S.C.; Traylor, M.; Mishra, A.; Howson, J.M.M.; Michaelsson, K.; Markus, H.S. Serum 25-Hydroxyvitamin D Concentrations and Ischemic Stroke and Its Subtypes. Stroke 2018, 49, 2508–2511. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, Y.; Yang, H.; Li, S.; Li, W.D.; Wang, Y. Consumption of coffee and tea and risk of developing stroke, dementia, and poststroke dementia: A cohort study in the UK Biobank. PLoS Med. 2021, 18, e1003830. [Google Scholar] [CrossRef] [PubMed]

	



Galleano, M.; Oteiza, P.I.; Fraga, C.G. Cocoa, chocolate, and cardiovascular disease. J. Cardiovasc. Pharmacol. 2009, 54, 483–490. [Google Scholar] [CrossRef] [PubMed]

	



Malik, V.S.; Popkin, B.M.; Bray, G.A.; Despres, J.P.; Hu, F.B. Sugar-sweetened beverages, obesity, type 2 diabetes mellitus, and cardiovascular disease risk. Circulation 2010, 121, 1356–1364. [Google Scholar] [CrossRef] [PubMed]

	



Labuz-Roszak, B.; Banach, M.; Skrzypek, M.; Windak, A.; Tomasik, T.; Mastej, M.; Tomaszewski, M.; Mikhailidis, D.P.; Toth, P.P.; Catapano, A.; et al. Secondary Stroke Prevention in Polish Adults: Results from the LIPIDOGRAM2015 Study. J. Clin. Med. 2021, 10, 4472. [Google Scholar] [CrossRef]

	



Boehme, A. Smoking cessation and secondary stroke prevention. Neurology 2017, 89, 1656–1657. [Google Scholar] [CrossRef]

	



Lackland, D.T.; Roccella, E.J.; Deutsch, A.F.; Fornage, M.; George, M.G.; Howard, G.; Kissela, B.M.; Kittner, S.J.; Lichtman, J.H.; Lisabeth, L.D.; et al. Factors influencing the decline in stroke mortality: A statement from the American Heart Association/American Stroke Association. Stroke 2014, 45, 315–353. [Google Scholar] [CrossRef]

	



Lariscy, J.T.; Hummer, R.A.; Rogers, R.G. Cigarette Smoking and All-Cause and Cause-Specific Adult Mortality in the United States. Demography 2018, 55, 1855–1885. [Google Scholar] [CrossRef]

	



McCarthy, M.J.; Huguet, N.; Newsom, J.T.; Kaplan, M.S.; McFarland, B.H. Predictors of smoking patterns after first stroke. Soc. Work. Health Care 2013, 52, 467–482. [Google Scholar] [CrossRef] [PubMed]

	



Suter, P.M.; Vetter, W. Alcohol and ischemic stroke. Nutr. Rev. 1999, 57, 310–314. [Google Scholar] [CrossRef]

	



Patra, J.; Taylor, B.; Irving, H.; Roerecke, M.; Baliunas, D.; Mohapatra, S.; Rehm, J. Alcohol consumption and the risk of morbidity and mortality for different stroke types—A systematic review and meta-analysis. BMC Public. Health 2010, 10, 258. [Google Scholar] [CrossRef]

	



Elkind, M.S. Epidemiology and risk factors. CONTINUUM Lifelong Learn. Neurol. 2011, 17, 1213–1232. [Google Scholar] [CrossRef]

	



Chiva-Blanch, G.; Badimon, L. Benefits and Risks of Moderate Alcohol Consumption on Cardiovascular Disease: Current Findings and Controversies. Nutrients 2020, 12, 108. [Google Scholar] [CrossRef] [PubMed]

	



Kudo, R.; Yuui, K.; Hatake, K. Alcohol and Pathophysiology. In Forensic Medicine and Human Cell Research. Current Human Cell Research and Application; Ishikawa, T., Ed.; Springer: Singapore, 2019; pp. 45–62. [Google Scholar]

	



Salem, R.O.; Laposata, M. Effects of alcohol on hemostasis. Am. J. Clin. Pathol. 2005, 123 (Suppl. S1), S96–S105. [Google Scholar] [CrossRef]

	



Hillbom, M. Alcohol consumption and stroke: Benefits and risks. Alcohol. Clin. Exp. Res. 1998, 22, 352S–358S. [Google Scholar] [CrossRef] [PubMed]

	



Malik, V.S.; Hu, F.B. The role of sugar-sweetened beverages in the global epidemics of obesity and chronic diseases. Nat. Rev. Endocrinol. 2022, 18, 205–218. [Google Scholar] [CrossRef]

	



Kotlega, D.; Golab-Janowska, M.; Masztalewicz, M.; Ciecwiez, S.; Nowacki, P. The emotional stress and risk of ischemic stroke. Neurol. Neurochir. Pol. 2016, 50, 265–270. [Google Scholar] [CrossRef]

	



Everson-Rose, S.A.; Roetker, N.S.; Lutsey, P.L.; Kershaw, K.N.; Longstreth, W.T., Jr.; Sacco, R.L.; Diez Roux, A.V.; Alonso, A. Chronic stress, depressive symptoms, anger, hostility, and risk of stroke and transient ischemic attack in the multi-ethnic study of atherosclerosis. Stroke 2014, 45, 2318–2323. [Google Scholar] [CrossRef]

	



Abbott, R.A.; Whear, R.; Rodgers, L.R.; Bethel, A.; Thompson Coon, J.; Kuyken, W.; Stein, K.; Dickens, C. Effectiveness of mindfulness-based stress reduction and mindfulness based cognitive therapy in vascular disease: A systematic review and meta-analysis of randomised controlled trials. J. Psychosom. Res. 2014, 76, 341–351. [Google Scholar] [CrossRef]

	



Lawrence, M.; Kerr, S.; McVey, M.C.; Godwin, J. A systematic review of the effectiveness of secondary prevention lifestyle interventions designed to change lifestyle behaviour following stroke. JBI Libr. Syst. Rev. 2011, 9, 1782–1827. [Google Scholar] [CrossRef] [PubMed]

	



Ulrichsen, K.M.; Kaufmann, T.; Dorum, E.S.; Kolskar, K.K.; Richard, G.; Alnaes, D.; Arneberg, T.J.; Westlye, L.T.; Nordvik, J.E. Clinical Utility of Mindfulness Training in the Treatment of Fatigue After Stroke, Traumatic Brain Injury and Multiple Sclerosis: A Systematic Literature Review and Meta-analysis. Front. Psychol. 2016, 7, 912. [Google Scholar] [CrossRef] [PubMed]

	



Schneider, R.H.; Grim, C.E.; Rainforth, M.V.; Kotchen, T.; Nidich, S.I.; Gaylord-King, C.; Salerno, J.W.; Kotchen, J.M.; Alexander, C.N. Stress reduction in the secondary prevention of cardiovascular disease: Randomized, controlled trial of transcendental meditation and health education in Blacks. Circ. Cardiovasc. Qual. Outcomes 2012, 5, 750–758. [Google Scholar] [CrossRef] [PubMed]

	



Demarin, V.; Morovic, S.; Derke, F. Air Pollution: A New Risk Factor for Developing Stroke. RAD-CASA Med.