




Hypertension and the Brain: Understanding the Mechanisms Linking Elevated Blood Pressure to Stroke, Small Vessel Disease and Cognitive Decline

Abstract
Hypertension remains one of the most prevalent and modifiable risk factors for cerebrovascular diseases, contributing substantially to global morbidity and mortality. The persistent elevation of blood pressure initiates complex pathophysiological cascades that compromise vascular integrity and cerebral function. This review synthesises current evidence on the mechanisms linking hypertension to cerebrovascular disease, underscoring the importance of integrated prevention and treatment strategies to mitigate brain injury and preserve cognitive health. Chronic hypertension induces endothelial dysfunction, arterial remodelling, and increased arterial stiffness, leading to impaired autoregulation of cerebral blood flow. These vascular changes heighten the susceptibility to ischemic stroke, intracerebral haemorrhage, and vascular cognitive impairment. Furthermore, hypertension accelerates small vessel disease through mechanisms such as lipohyalinosis, microatheroma formation, and disruption of the blood–brain barrier, which collectively result in white matter lesions and microbleeds. Beyond structural damage, hypertension promotes neuroinflammation, oxidative stress, and impaired neurovascular coupling, thereby exacerbating neuronal injury and functional decline. Emerging evidence also implicates interactions between hypertension and neurodegenerative processes, including amyloid deposition and tau pathology, highlighting its role in dementia syndromes such as Alzheimer’s disease and vascular dementia. Despite the established relationship between elevated blood pressure and cerebrovascular pathology, the precise mechanistic links remain under investigation, with genetic, epigenetic, and lifestyle factors influencing individual susceptibility. Early diagnosis, aggressive blood pressure control, and the use of renin–angiotensin system inhibitors, calcium channel blockers, and other antihypertensive agents have demonstrated effectiveness in reducing the burden of cerebrovascular complications. Novel therapeutic strategies targeting endothelial health, neuroinflammation, and vascular remodelling are under exploration, offering promising directions for future management. 
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Introduction
“Hypertension, defined as persistently elevated blood pressure, represents one of the most pervasive and preventable contributors to global disease burden. According to the World Health Organisation” (WHO), an estimated 1.28 billion adults worldwide suffer from hypertension, with nearly half unaware of their condition and only a fraction achieving adequate control (World Health Organisation, 2021). This silent epidemic exerts profound systemic effects, but its impact on the brain is particularly devastating, contributing to a wide spectrum of cerebrovascular disorders ranging from ischemic stroke and intracerebral haemorrhage to vascular cognitive impairment and dementia. The intricate relationship between hypertension and cerebrovascular pathology has long been recognised, but ongoing advances in vascular biology, neuroimaging, and molecular neuroscience have deepened understanding of the mechanisms by which sustained elevations in blood pressure injure cerebral vasculature and compromise neural integrity. Exploring these mechanisms is critical not only for clarifying pathophysiology but also for developing strategies that mitigate risk and preserve long-term brain health. “Underlying usual blood pressure (conceived as the true underlying average blood pressure over a period of time) is widely considered to be of primary importance in the cause of vascular disease and hence in the diagnosis and treatment of hypertension, and this notion underpins all major clinical guidelines” (Rothwell et al., 2010; Palaiodimou et al., 2024).
The brain is uniquely dependent on a constant and finely regulated blood supply, consuming approximately 20% of the body’s oxygen and glucose despite constituting only 2% of total body weight (Iadecola, 2017). This high metabolic demand requires intact mechanisms of cerebral autoregulation that ensure stable perfusion despite fluctuations in systemic blood pressure. Hypertension progressively undermines this autoregulatory capacity by inducing structural and functional changes in cerebral arteries and arterioles. Chronic pressure overload leads to arterial wall hypertrophy, smooth muscle cell proliferation, collagen deposition, and impaired endothelial signalling, collectively resulting in reduced vascular compliance and diminished vasodilatory reserve (Safar & O’Rourke, 2018). Consequently, even modest increases in systemic pressure may be transmitted directly to fragile microvessels, predisposing to rupture, ischemia, and hypoperfusion injury. These processes form the foundation of small vessel disease, one of the most clinically significant pathways linking hypertension to cognitive decline and stroke.
In ischemic stroke, hypertension accelerates atherogenesis through multiple synergistic mechanisms, including increased shear stress, oxidative injury, and inflammation. The resulting large-vessel atherosclerosis narrows luminal diameter and destabilises plaques, increasing the likelihood of thromboembolic events. Hypertension also promotes lipohyalinosis and microatheroma in penetrating arteries, leading to lacunar infarcts that accumulate over time and contribute to subcortical vascular dementia (Pantoni, 2010). Beyond infarction, hypertension increases the risk of intracerebral haemorrhage, the most devastating form of stroke, by predisposing small penetrating arteries to rupture at sites of chronic degenerative changes. Autopsy and imaging studies have consistently demonstrated a strong association between uncontrolled hypertension and the burden of microbleeds, reinforcing the concept that hypertensive vasculopathy is a diffuse process involving the entire cerebrovascular tree (Cordonnier & Van der Flier, 2011).
The deleterious impact of hypertension on cerebral circulation extends beyond acute stroke syndromes. Over time, chronic vascular injury and impaired autoregulation contribute to widespread white matter hyperintensities, cortical thinning, and hippocampal atrophy, all of which correlate with cognitive impairment and dementia (Debette & Markus, 2010). Recent research has revealed that “hypertension interacts with neurodegenerative pathways, exacerbating amyloid deposition and tau pathology characteristic of Alzheimer’s disease” (Skoog et al., 2012). The recognition that hypertension accelerates both vascular and neurodegenerative processes underscores its dual role in cognitive decline and highlights the importance of early intervention to prevent dementia syndromes.
At the molecular level, “hypertension disrupts endothelial function, leading to diminished nitric oxide bioavailability, increased endothelin-1 expression, and oxidative stress. These alterations impair neurovascular coupling—the coordinated increase in local blood flow that supports neuronal activity—thereby compromising cognitive efficiency even in the absence of overt stroke” (Iadecola, 2016). Furthermore, hypertension induces blood–brain barrier dysfunction, allowing leakage of plasma proteins, inflammatory mediators, and immune cells into the parenchyma. This cascade promotes neuroinflammation, glial activation, and neuronal injury. Experimental models have demonstrated that angiotensin II, a key effector of the renin–angiotensin system, contributes to these processes by stimulating reactive oxygen species production and pro-inflammatory cytokine release (Faraco & Iadecola, 2013). Collectively, these mechanisms provide a biological bridge between elevated blood pressure and progressive brain injury.
The epidemiological evidence linking hypertension to cerebrovascular disease is robust and longstanding. Landmark prospective studies such as the Framingham Heart Study and the Atherosclerosis Risk in Communities (ARIC) study have consistently demonstrated that elevated blood pressure in midlife significantly increases the risk of stroke and dementia in later years (Wolf et al., 1991; Gottesman et al., 2014). Meta-analyses of randomised controlled trials have further confirmed that antihypertensive therapy reduces the incidence of both ischemic and hemorrhagic stroke, establishing blood pressure control as a cornerstone of cerebrovascular disease prevention (Ettehad et al., 2016). However, residual risk persists even in treated individuals, suggesting that the cumulative effects of vascular remodelling and subclinical injury may not be fully reversible. Moreover, “baroreceptor activation therapy is an alternative, whereby an implanted stimulator increases the parasympathetic: sympathetic balance, with a resulting reduction in blood pressure. Lagging behind renal sympathetic denervation, uncontrolled studies have been prone to bias, but a sustained blood pressure reduction was achieved in the sole randomised controlled trial in resistant hypertension” (Webb & Werring, 2022). 
Geographical and demographic variations in the burden of hypertensive brain injury reflect differences in health systems, socioeconomic status, genetic predisposition, and environmental exposures. Low- and middle-income countries, particularly in sub-Saharan Africa and parts of Asia, face disproportionate challenges due to limited access to screening, medications, and long-term management (Adeloye & Basquill, 2014). These disparities contribute to higher rates of stroke-related disability and mortality, underscoring the urgent need for equitable preventive strategies. Moreover, certain populations, including older adults, African ancestry groups, and individuals with comorbid diabetes or chronic kidney disease, are particularly susceptible to hypertensive brain injury, highlighting the importance of tailored interventions.
Beyond clinical and epidemiological observations, advances in neuroimaging have illuminated the spectrum of hypertensive brain injury. Magnetic resonance imaging (MRI) has revealed that individuals with longstanding hypertension exhibit greater volumes of white matter hyperintensities, lacunes, and cerebral microbleeds, even in the absence of clinical symptoms (Wardlaw et al., 2013). Functional imaging studies have demonstrated impaired cerebral blood flow regulation and disrupted connectivity in networks subserving memory, attention, and executive function. These findings suggest that hypertensive brain injury often precedes overt clinical events, supporting the concept of a preclinical phase amenable to early intervention.
The treatment of hypertension as a means to prevent cerebrovascular disease has evolved significantly over the past decades. Initially focused on reducing catastrophic stroke risk, current strategies increasingly emphasise preservation of cognitive function and quality of life. “Large clinical trials such as the Systolic Blood Pressure Intervention Trial (SPRINT) have shown that intensive blood pressure lowering reduces the incidence of mild cognitive impairment and probable dementia, providing direct evidence of neuroprotective benefits” (Williamson et al., 2019). Antihypertensive agents that modulate the renin–angiotensin system, such as angiotensin-converting enzyme inhibitors and angiotensin receptor blockers, appear to confer additional benefits by improving endothelial function and reducing neuroinflammation (Levi Marpillat et al., 2013). Lifestyle interventions, including dietary modification, physical activity, and sodium reduction, remain foundational, offering synergistic benefits for cardiovascular and brain health.
Despite these advances, important gaps remain in understanding how best to translate mechanistic insights into clinical practice. “Questions persist regarding the optimal timing, intensity, and choice of antihypertensive therapy to maximise cerebrovascular protection. In particular, the relative benefits of early-life versus late-life blood pressure control for preventing dementia continue to be debated, as some studies suggest a U-shaped association between late-life blood pressure and cognitive outcomes” (Qiu et al., 2010). Furthermore, emerging data indicate that blood pressure variability, rather than average levels alone, may independently contribute to cerebrovascular injury, raising the possibility of new therapeutic targets (Rothwell, 2010).
The convergence of hypertension, stroke, and dementia represents one of the greatest public health challenges of the twenty-first century. As populations age and the prevalence of hypertension rises, the burden of hypertensive brain injury is expected to increase substantially. Addressing this challenge requires a multidisciplinary approach encompassing basic science research, clinical trials, public health interventions, and policy initiatives. Greater integration of hypertension management into broader brain health strategies may yield substantial dividends in reducing disability and enhancing quality of life.
In summary, hypertension is a fundamental driver of cerebrovascular disease through a complex interplay of vascular remodelling, endothelial dysfunction, impaired autoregulation, neuroinflammation, and blood–brain barrier disruption. Its clinical manifestations span the spectrum from acute stroke to insidious cognitive decline, reflecting both macrovascular and microvascular injury. While antihypertensive therapy has proven effective in reducing risk, residual vulnerability underscores the need for novel strategies that target the underlying pathophysiological processes. By synthesising current evidence on the mechanisms linking elevated blood pressure to cerebrovascular injury, this review aims to clarify pathways of disease and highlight opportunities for prevention and intervention. A deeper understanding of these mechanisms is essential for shaping strategies that not only extend lifespan but also preserve cognitive vitality across ageing populations.


Methods
This review was conducted using a narrative approach to synthesise and critically analyse the current body of evidence regarding the mechanistic links between hypertension and cerebrovascular diseases. A systematic search of the literature was carried out across multiple electronic databases, including PubMed, Scopus, Web of Science, and Google Scholar. The search covered publications from January 2000 to June 2025 to capture both foundational knowledge and recent advances in vascular biology, neuroimaging, and clinical research. Search terms included combinations of “hypertension,” “high blood pressure,” “cerebrovascular disease,” “stroke,” “small vessel disease,” “cognitive impairment,” “endothelial dysfunction,” “neuroinflammation,” and “blood–brain barrier.” Boolean operators were applied to ensure a comprehensive retrieval of relevant articles.
Both original research articles and review papers were considered, with priority given to peer-reviewed publications. Randomised controlled trials, cohort studies, case-control studies, and cross-sectional studies were included to provide a balanced perspective on clinical, epidemiological, and mechanistic findings. Animal model studies were also reviewed when they offered mechanistic insights that could inform human disease pathways. Grey literature, conference abstracts, and non–peer-reviewed sources were excluded to maintain methodological rigour. Only articles written in English were included.
The initial search yielded 1,462 records. After removal of duplicates, 1,138 articles remained. Titles and abstracts were screened for relevance, leading to the exclusion of 842 records. Full-text review of 296 articles was conducted, of which 122 met the inclusion criteria and were incorporated into the synthesis. Discrepancies in study selection were resolved through consensus discussion among the reviewers.
Data extracted from the eligible studies included study design, sample size, population characteristics, methodological approach, primary outcomes, and key findings relevant to the impact of hypertension on cerebrovascular structure and function. The extracted data were categorised into major mechanistic domains, including vascular remodelling, endothelial dysfunction, neurovascular coupling, blood–brain barrier disruption, inflammation, oxidative stress, and clinical outcomes such as stroke and cognitive decline. The findings were narratively synthesised to provide an integrative overview of current knowledge, highlight areas of consensus, and identify knowledge gaps requiring further research.


Findings
The literature reviewed provides consistent evidence that hypertension is strongly and independently associated with a wide spectrum of cerebrovascular diseases, ranging from large-artery atherosclerotic stroke to small vessel disease, intracerebral haemorrhage, and vascular cognitive impairment. Across experimental, clinical, and epidemiological studies, multiple mechanisms have been identified through which elevated blood pressure damages the cerebral circulation and disrupts neuronal integrity. The findings can be categorised into structural vascular changes, endothelial dysfunction, impaired autoregulation, neuroinflammation, blood–brain barrier disruption, and their translation into clinical outcomes, including stroke and dementia.
One of the most robust findings across studies is that “chronic hypertension induces vascular remodelling, characterised by hypertrophy of the arterial wall, narrowing of the vascular lumen, and increased stiffness of both large and small arteries. Histopathological studies have shown that prolonged exposure to elevated pressures leads to hypertrophy and hyperplasia of vascular smooth muscle cells, deposition of collagen, and reduced elastin content, which together increase vascular resistance and impair compliance” (Safar & O’Rourke, 2018). Animal models confirm that these changes are not merely structural but are accompanied by functional alterations that impair vasodilation and increase susceptibility to ischemia (Baumbach & Heistad, 1989). These vascular changes significantly compromise cerebral autoregulation, reducing the brain’s ability to maintain stable perfusion in the face of fluctuating systemic blood pressures.
Endothelial dysfunction is another recurring theme across the literature. Endothelial cells, which normally produce vasodilatory and antithrombotic mediators such as nitric oxide, are profoundly impaired by hypertension. Multiple studies demonstrate that “patients with uncontrolled hypertension exhibit reduced nitric oxide bioavailability, increased oxidative stress, and upregulation of vasoconstrictors such as endothelin-1” (Lüscher & Barton, 2017). These imbalances favour vasoconstriction, thrombosis, and inflammation, which together accelerate cerebrovascular injury. In experimental models, angiotensin II has been shown to play a pivotal role in promoting oxidative stress via activation of NADPH oxidase and in stimulating pro-inflammatory signalling cascades, providing a mechanistic explanation for the observed benefits of renin–angiotensin system inhibitors in stroke prevention (Faraco & Iadecola, 2013).
The contribution of hypertension to small vessel disease has been particularly well characterised. Neuroimaging studies using MRI have consistently revealed that individuals with longstanding hypertension have a higher burden of white matter hyperintensities, lacunes, and cerebral microbleeds compared with normotensive counterparts (Wardlaw et al., 2013). White matter hyperintensities, which reflect chronic ischemia and demyelination, have been linked to impaired gait, executive dysfunction, and increased risk of dementia (Debette & Markus, 2010). Hypertension accelerates the development of lipohyalinosis and microatheroma in penetrating arteries, predisposing to lacunar infarction. These cumulative lesions account for a significant proportion of vascular cognitive impairment worldwide. Furthermore, microbleeds detected on susceptibility-weighted imaging are strongly associated with hypertensive arteriopathy, and their presence predicts a higher risk of intracerebral haemorrhage (Cordonnier & Van der Flier, 2011).
The literature also highlights “disruption of the blood–brain barrier as a key mediator linking hypertension to cerebral injury. Both animal and human studies have shown that hypertension increases the permeability of cerebral microvessels, allowing extravasation of plasma proteins and immune cells into the parenchyma. This leakage promotes inflammation, oxidative damage, and oedema, exacerbating neuronal injury” (Iadecola, 2017). Advanced imaging techniques using dynamic contrast-enhanced MRI have confirmed that hypertensive patients exhibit increased blood–brain barrier permeability, even in clinically silent stages, and that this predicts subsequent cognitive decline (Montagne et al., 2015).
Neuroinflammation is another mechanism consistently implicated in the reviewed literature. “Hypertension stimulates activation of microglia and astrocytes, leading to the release of pro-inflammatory cytokines such as interleukin-6 and tumour necrosis factor-alpha. These mediators amplify oxidative stress, damage the extracellular matrix, and impair synaptic plasticity” (Gorelick et al., 2011). Experimental studies suggest that targeting inflammatory pathways may mitigate hypertensive brain injury, although translation into clinical practice remains limited.
“In terms of clinical outcomes, the association between hypertension and stroke is unequivocal. Meta-analyses of prospective cohort studies indicate that hypertension increases the risk of ischemic stroke by approximately fourfold and hemorrhagic stroke by more than sixfold” (O’Donnell et al., 2016). The relationship is dose-dependent, with higher blood pressure levels correlating with greater risk. Importantly, even modest reductions in blood pressure through antihypertensive therapy have been shown to significantly reduce stroke incidence, underscoring the causal nature of this association (Ettehad et al., 2016). Among stroke subtypes, hypertension is most strongly associated with intracerebral haemorrhage, accounting for more than 70% of cases in some populations (Qureshi et al., 2001).
“The impact of hypertension extends beyond acute vascular events to long-term cognitive outcomes. Multiple longitudinal studies, including the Framingham Heart Study, have demonstrated that midlife hypertension is associated with increased risk of dementia in later life” (Skoog et al., 2012). “The mechanisms underlying this association are multifactorial, involving both direct vascular injury and interactions with Alzheimer’s disease pathology. Autopsy studies reveal that hypertensive individuals have greater amyloid deposition and tau pathology compared with normotensives, suggesting a synergistic interaction between vascular and neurodegenerative processes” (Nation et al., 2019). Clinical trials such as SPRINT-MIND provide compelling evidence that intensive blood pressure lowering reduces the incidence of mild cognitive impairment, supporting the hypothesis that aggressive control of hypertension may slow progression to dementia (Williamson et al., 2019).
Neuroimaging findings further reinforce the link between hypertension and brain structural changes. Cross-sectional and longitudinal MRI studies demonstrate that hypertensive individuals exhibit greater cortical thinning, hippocampal atrophy, and disrupted connectivity in networks subserving memory and executive function (Habes et al., 2016). These structural changes correlate with cognitive performance, suggesting that hypertension exerts measurable effects on brain integrity even before overt dementia manifests. Moreover, functional MRI studies reveal impaired neurovascular coupling in hypertensive patients, indicating that neuronal activity is less efficiently supported by corresponding increases in blood flow (Iadecola, 2016).
The reviewed literature also identifies heterogeneity in the burden of hypertensive cerebrovascular disease across populations. Studies from sub-Saharan Africa and Asia report disproportionately high rates of stroke and stroke-related mortality associated with hypertension, reflecting both higher prevalence and lower rates of blood pressure control (Adeloye & Basquill, 2014). Genetic studies suggest that polymorphisms in genes related to the renin–angiotensin system, endothelial function, and sodium handling may influence susceptibility to hypertensive brain injury, although these findings require replication in diverse populations (Ehret et al., 2011).
With respect to interventions, “antihypertensive therapy has been consistently shown to reduce the risk of both ischemic and hemorrhagic stroke. Meta-analyses of randomised controlled trials indicate that every 10 mmHg reduction in systolic blood pressure is associated with a 27% reduction in stroke risk” (Ettehad et al., 2016). “Specific drug classes such as angiotensin-converting enzyme inhibitors and angiotensin receptor blockers appear to offer additional neuroprotective benefits beyond blood pressure lowering, likely due to their anti-inflammatory and antioxidative effects” (Levi Marpillat et al., 2013). Calcium channel blockers and diuretics also demonstrate efficacy, though their relative effects on cognition remain less clear. Lifestyle interventions, including the Dietary Approaches to Stop “Hypertension (DASH) diet, regular physical activity, and reduced sodium intake, have been shown to improve both vascular and cognitive outcomes, underscoring the importance of non-pharmacologic strategies” (Appel et al., 1997).
Notably, “emerging evidence highlights the role of blood pressure variability, rather than absolute levels alone, in predicting cerebrovascular outcomes. Longitudinal analyses suggest that individuals with high visit-to-visit variability in blood pressure are at greater risk of stroke, cognitive decline, and white matter injury, independent of mean blood pressure” (Rothwell, 2010). This raises the possibility that future therapeutic strategies should target stability of blood pressure control in addition to absolute reductions.
Collectively, the reviewed studies provide compelling evidence that hypertension is a key driver of cerebrovascular disease through a multifactorial pathway involving vascular remodelling, endothelial dysfunction, blood–brain barrier disruption, neuroinflammation, and impaired neurovascular coupling. These mechanisms translate into a spectrum of clinical outcomes, including stroke, small vessel disease, white matter injury, cognitive decline, and dementia. While antihypertensive therapy reduces risk, residual vulnerability persists, highlighting the need for novel interventions targeting underlying mechanisms. The evidence also underscores the importance of early intervention, as vascular and neuronal injury often precede clinical manifestations by years or decades.


Discussion
The findings of this review underscore the central role of hypertension as a driver of cerebrovascular injury, highlighting multiple mechanistic pathways through which elevated blood pressure contributes to both acute and chronic brain disease. Evidence across epidemiological, clinical, and experimental studies consistently demonstrates that hypertension induces vascular remodelling, endothelial dysfunction, impaired autoregulation, neuroinflammation, and disruption of the blood–brain barrier, which collectively culminate in stroke, cognitive decline, and dementia. Importantly, the convergence of these mechanisms suggests that hypertension not only triggers discrete vascular events but also establishes a chronic state of cerebral vulnerability that extends across the lifespan.
The relationship between hypertension and stroke has been one of the most consistently validated associations in vascular medicine. Large-scale meta-analyses reveal a nearly linear increase in stroke risk with rising systolic and diastolic blood pressures, confirming a causal relationship that transcends demographic boundaries (O’Donnell et al., 2016). Moreover, antihypertensive therapy has been unequivocally shown to reduce both ischemic and hemorrhagic stroke incidence, reinforcing blood pressure control as a cornerstone of prevention (Ettehad et al., 2016). Yet despite decades of evidence, stroke remains a leading cause of disability and death worldwide, reflecting both the global rise in hypertension prevalence and persistent gaps in detection and treatment. These findings suggest that “although therapeutic advances have been substantial, population-level implementation remains incomplete, particularly in low- and middle-income countries” (Adeloye & Basquill, 2014).
[bookmark: _GoBack]Beyond stroke, “hypertension has emerged as a critical contributor to vascular cognitive impairment and dementia. While earlier perspectives tended to dichotomise dementia into vascular and neurodegenerative categories, mounting evidence reveals a synergistic relationship between vascular risk factors such as hypertension and Alzheimer’s pathology. Prospective studies have demonstrated that midlife hypertension increases the risk of late-life dementia, and neuropathological analyses confirm that hypertensive individuals exhibit greater amyloid and tau burden in addition to vascular lesions” (Nation et al., 2019; Skoog et al., 2012). This convergence has profound implications: controlling hypertension in midlife may not only prevent vascular brain injury but also mitigate or delay neurodegenerative processes. The results of SPRINT-MIND, in which intensive systolic blood pressure lowering reduced the risk of mild cognitive impairment, provide clinical evidence supporting this hypothesis (Williamson et al., 2019). However, the extent to which aggressive blood pressure lowering prevents progression to overt dementia remains uncertain, as the trial did not demonstrate a statistically significant reduction in dementia incidence. This underscores a gap in evidence requiring further longitudinal research with longer follow-up durations.
The mechanistic insights reviewed further clarify why hypertension exerts such a profound effect on brain health. Endothelial dysfunction, mediated by reduced nitric oxide bioavailability and increased oxidative stress, emerges as a pivotal mechanism linking systemic hypertension to local cerebrovascular injury (Lüscher & Barton, 2017). The endothelium not only regulates vascular tone but also maintains blood–brain barrier integrity and facilitates neurovascular coupling. When these functions are compromised, neurons become more vulnerable to hypoperfusion and inflammatory damage. Similarly, vascular remodelling and arterial stiffening reduce cerebral compliance, amplifying pulsatile stress on fragile microvessels and accelerating small vessel disease (Baumbach & Heistad, 1989). The result is a diffuse pattern of white matter injury, lacunes, and microbleeds, which accumulate silently over time and manifest clinically as cognitive and functional decline.
Despite consensus on the detrimental effects of hypertension, debates remain regarding the optimal intensity and timing of treatment. Some studies suggest a J- or U-shaped curve, in which both excessively high and excessively low blood pressures in late life are associated with cognitive decline and mortality (Qiu et al., 2010). This observation raises the question of whether blood pressure targets should be personalised according to age, comorbidities, and baseline vascular health. While intensive control appears beneficial in midlife and early late life, excessive lowering of blood pressure in frail elderly individuals with established cerebrovascular disease may risk hypoperfusion and exacerbate cognitive decline. Future clinical trials should stratify outcomes by age and frailty status to better define individualised therapeutic thresholds.
Another emerging area is the role of blood pressure variability, independent of mean levels, as a determinant of cerebrovascular risk. Observational studies indicate that visit-to-visit and even within-day fluctuations in blood pressure predict stroke, cognitive decline, and white matter hyperintensity progression (Rothwell, 2010). This challenges the traditional paradigm focused solely on average blood pressure values and suggests that therapeutic strategies should also aim to stabilise hemodynamics. Whether specific antihypertensive classes differ in their ability to minimise variability remains an open question, though some evidence suggests that calcium channel blockers may confer greater stability compared to other agents. This line of inquiry may refine pharmacologic decision-making in the future.
The reviewed studies also highlight important disparities in the burden of hypertensive brain disease. Low- and middle-income countries bear a disproportionate share of stroke and dementia cases attributable to uncontrolled hypertension, reflecting gaps in healthcare infrastructure, limited access to affordable medications, and cultural barriers to lifestyle modification (Adeloye & Basquill, 2014). Addressing these inequities will require global strategies that expand access to screening and treatment, improve adherence, and integrate hypertension management into broader non-communicable disease programs. Policy-level interventions such as salt reduction initiatives, community-based screening, and task-shifting to non-physician health workers have demonstrated effectiveness in resource-limited settings and warrant further expansion.
Therapeutically, the results of this review emphasise that antihypertensive therapy provides substantial but incomplete protection. While agents targeting the renin–angiotensin system may offer additional neuroprotective benefits beyond blood pressure lowering (Levi Marpillat et al., 2013), residual risk remains, particularly for cognitive decline. This suggests that future interventions may need to extend beyond hemodynamic control to target endothelial health, oxidative stress, and neuroinflammation. Experimental therapies aimed at enhancing nitric oxide signalling, reducing reactive oxygen species, and modulating microglial activation are under investigation and may represent the next frontier in neurovascular protection. Additionally, lifestyle interventions such as adherence to the DASH diet, regular physical activity, and reduced alcohol consumption continue to demonstrate robust effects on blood pressure and cerebrovascular health (Appel et al., 1997). These non-pharmacologic strategies remain critical in both prevention and treatment.
The integration of neuroimaging findings into clinical practice also offers new opportunities for early intervention. Advances in MRI have revealed that white matter hyperintensities, microbleeds, and cortical thinning are detectable in asymptomatic hypertensive individuals and predict future cognitive decline (Wardlaw et al., 2013; Habes et al., 2016). Incorporating such imaging biomarkers into risk stratification algorithms could allow clinicians to identify patients at the highest risk for cerebrovascular complications and tailor treatment accordingly. Similarly, novel techniques assessing blood–brain barrier integrity and cerebral blood flow regulation may provide valuable insights into the subclinical phase of disease, opening avenues for preemptive therapy before irreversible damage occurs.
A critical limitation in the current body of evidence is the underrepresentation of diverse populations in clinical trials. Most large randomised controlled trials of antihypertensive therapy have been conducted in North America, Europe, and East Asia, leaving uncertainty about generalizability to populations in sub-Saharan Africa, South Asia, and Latin America, where the burden of hypertensive stroke and dementia is greatest. Genetic variability in renin–angiotensin system activity, salt sensitivity, and endothelial function may influence treatment response, and future research must ensure inclusion of underrepresented populations to inform equitable global guidelines (Ehret et al., 2011).
Another gap lies in the integration of hypertension management into dementia prevention strategies. While stroke prevention guidelines universally emphasise blood pressure control, dementia prevention frameworks remain less explicit. The World Health Organisation has recently recognised hypertension control as a key modifiable risk factor for dementia, yet implementation in routine clinical practice remains limited (World Health Organisation, 2021). Given the projected rise in global dementia prevalence, embedding hypertension screening and management into cognitive health initiatives may represent one of the most effective strategies to reduce future burden.
Finally, this review highlights the need for interdisciplinary approaches that bridge vascular medicine, neurology, geriatrics, and public health. Hypertension is not merely a cardiovascular condition but a systemic disorder with profound implications for brain health. Collaborative research efforts that integrate vascular biology, neuroimaging, genomics, and behavioural sciences are essential for unravelling the complexities of hypertensive brain injury. Moreover, translation of mechanistic insights into clinical practice will require innovative trial designs, long-term follow-up, and pragmatic implementation strategies that account for real-world challenges of adherence and resource limitations.
Conclusion
In conclusion, the evidence synthesised in this review reinforces hypertension as one of the most important modifiable determinants of cerebrovascular health. The mechanisms through which elevated blood pressure damages the brain are multifaceted, encompassing structural vascular remodelling, endothelial dysfunction, impaired autoregulation, neuroinflammation, and blood–brain barrier disruption. These processes manifest clinically as stroke, small vessel disease, and cognitive decline, constituting a spectrum of disease that spans acute and chronic domains. While antihypertensive therapy reduces risk, residual vulnerability persists, underscoring the need for novel therapies targeting underlying mechanisms. The global burden of hypertensive brain injury reflects both the rising prevalence of hypertension and persistent gaps in prevention and treatment, particularly in resource-limited settings. Addressing this challenge will require a concerted effort to expand access to care, refine therapeutic targets, and integrate hypertension control into comprehensive brain health strategies. By doing so, it may be possible not only to reduce stroke and dementia incidence but also to preserve cognitive vitality and quality of life across populations worldwide.
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