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Abstract

Over the past two decades, the term vascular cognitive impairment (VCI) has been used to refer to a spectrum of cognitive decline characterized by executive dysfun​ction, associated with vascular pathology. With 30% of stroke survivors showing cognitive impairments, it is regarded as the most common cause of cognitive impair​ment. This is a narrative review of available litera​ture citing sources from PubMed, MEDLINE and Google Scholar. VCI has a high prevalence both before and after a stroke and is associated with great economic and caregiver burden. Despite this, there is no standardized diagnostic criteria for VCI. Hypertension has been identi​fied as a risk factor for VCI and causes changes in cerebral vessel structure and function predisposing to lacuna infarcts and small vessel haemorrhages in the frontostriatal loop leading to executive dysfunction and other cognitive impairments. Current trials have shown promising results in the use of antihypertensive medi​cations in the management of VCI and prevention of disease progression to vascular dementia. Prevention of VCI is necessary in light of the looming dementia pandemic. All patients with cardiovascular risk factors would therefore benefit from cognitive screening with screening instruments sensitive to executive dysfunction as well as prompt and adequate control of hypertension.
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Core tip: Vascular cognitive impairment (VCI) has recently been receiving more interest in the scientific world in terms of early identification, preventing as well as slowing down the rate of progression to vas​cular dementia. Majority of the risk factors for VCI are modifiable and thus amendable to treatment. This review aims to look at hypertension and its role in the early identification and prevention of VCI and dementia.
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INTRODUCTION

Over the past two decades, the concept of vas​cular cognitive impairment (VCI) has been regarded as a more appropriate notion in descri​bing the spectrum of cognitive impairment caused by or associated with vascular factors[1,2]. The concept of VCI, was proposed by Sachdev[3] in 1999 to describe the cognitive deficit of vascular origin severe enough to meet the criteria for a diagnosable disorder. It was initially ascribed to cognitive impairment of vascular origin not significant enough to impair activities of daily living (ADL), i.e., cognitive impairment that does not meet the require​ments for dementia[4]. The term now however refers to a broad spectrum of cognitive and behavioural changes associated with cerebral vascular pathology, characterized by attention and executive impairment ranging from early cognitive decline to dementia. VCI therefore encompasses all the cognitive disorders associated with cerebrovascular disease. It can be described more specifically as cognitive impairment affecting at least one cognitive domain, with evidence of a clinical stroke or subclinical cerebrovascular insult[5-7]. 

VCI is not a single disorder, rather it is a spectrum of conditions with heterogeneous clinical presentations, aetiologies and treatment[4]. VCI is characterized by deficit in executive functioning (planning, task flexibility, problem solving, etc.). It could however, present with a much wider range of cognitive dysfunction, non-cognitive features and behavioural changes, and currently has no universally acceptable criteria for diagnosis[5,8]. It is a concept that, in its early stage, creates an opportunity for preventive strategies aimed at preventing the onset of dementia[1]. 

It has been associated with the presence of white matter lesions on magnetic resonance imaging (MRI). The prevalence and degree of these lesions correlate negatively with cognitive function and positively with age[9,10]. Based on the clinical and neuroimaging features, subtypes of VCI have been proffered.

Brain at risk

Presence of cardiovascular risk factors with/without neuroimaging features of subclinical brain insult and no cognitive impairment. This is the early stage of central nervous system involvement, with the presence of cardiovascular risk factors such as hypertension and white matter hyperintensity on MRI, cognitive fun​ctioning remains within normal limits following cognitive assessment.

VCI, no dementia

Impairment in at least one cognitive domain without affectation of ADL in a patient with cardiovascular risk factors and neuroimaging features of subclinical brain insult. This follows the brain at risk but with cognitive impairment though not severe enough to affect activity of daily living.

Vascular dementia

Impairment in two or more areas of cognitive domain, severe enough to impair ADL and the presence of cardiovascular risk factors as well as neuroimaging findings of cerebral insults (white matter hyper intensities).

Mixed neurodegenerative/vascular dementia

Presence of a neurodegenerative dementia such as Alzheimer’s dementia with superimposed vascular dementia[11]. 

This review aims to look at current concepts of VCI, its prevalence, pathophysiology and identifiable risk factors with special attention to cardiovascular risk factors as well as possible strategies aimed at preventing VCI and halting its progression to vascular dementia.

EPIDEMIOLOGY OF VCI

Community and hospital based studies on the preva​lence of cognitive impairment following a stroke have consistently shown that a significant proportion of stroke patients develop cognitive impairment. Rist et al[12] showed that 30% of stroke survivors had cognitive impairment [as determined by a mini mental state examination (MMSE) score of < 27]. Other studies have also shown similar high prevalence of cognitive impairment ranging from 24% to 70%, three months to one-year post stroke[13-15]. Douiri et al[13] using the South London Stroke Register assessed the cognitive impairment of 4212 stroke patients with the MMSE and abbreviated mental test and found a prevalence of 22% at 3 mo, 22% at 5 years and 21% at 14 years post stroke. Cognitive impairment was detected within 7 d of a stroke in some of the participants but remained relatively stable after 3 mo following a stroke. The prevalence rate of cognitive impairment in this study is most likely an underestimate of the true values as the neuropsychological methods used in the assessment of cognitive function are insensitive to executive dysfunction and mild cognitive impairment[13]. Gutiérrez Pérez et al[16] studied cognitive function before and in the acute phase of a stroke. They found that cognitive impairment was frequent, being present in 52% of patients before the onset of stroke. In the post stroke period, 96% of the elderly were found to be cognitively impaired using a battery of neuropsychological tests while only 36% were cognitively impaired using the MMSE[16]. 

The Canadian study on health and ageing in a prospective cohort study of 10253 community and institution dwellers aged 65 years and over found that of the different subtypes of VCI, VCI no dementia was the most prevalent form and it was associated with higher institutionalization and mortality rate[17]. In patients less than 74 years of age, VCI may be the commonest cause of cognitive impairment, and is associated with both an increased risk of stroke and death from stroke[17,18]. 

Studies done in sub-Saharan Africa have shown incidence and prevalence rates of cognitive impairment and dementia to be on the increase due to the increas​ing elderly population. Studies carried out in Benin, Botswana, the Central African Republic, the Congo and Nigeria determined that the prevalence of dementia ranges from 0% to 10.1% (95%CI: 8.6-11.8), and the prevalence of cognitive impairment ranged from 6.3%, in Nigeria, to 25% (95%CI: 21.2-29.0), in the Central African Republic[19]. These studies used various neuropsychological batteries in the assessment of cognitive impairment. Akinyemi et al[20] (2014) assessed the baseline cognitive profile and factors associated with VCI three months after stroke in the Cognitive Function after Stroke Nigerian Study. The study comprised 217 subjects of which 143 were stroke survivors. Standard neuropsychological tests including the Vascular Neuropsychological Battery, which assessed executive function/mental speed, memory, language, and visuospatial/visuoconstructive functioning were used. Among the stroke survivors, 39.9% had cognitive impairment no dementia while 8.4% had dementia at baseline. They associated pre-stroke cognitive decline as a risk factor for cognitive impairment with an odds ratio of 4.51, and educational level and dietary factors as modifiable risk factors[20]. The different prevalence values from these studies can be attributed to the different neuropsychological tests used for screening cognitive impairment, with some tests being more sensitive to the cognitive impairment profile seen in VCI than others. This buttresses the need for a standardized battery for cognitive assessment for both research and clinical use. Despite these differences in approaches to cognitive screening, these studies found high prevalence of VCI prior to and after a stroke. 

Knowledge about the economic implications of VCI is valuable but insufficient. The health cost of the VCI spectrum has to be seen from a societal perspective for the true burden of disease to be appreciated as well as from the impact of cardiovascular co-morbi​dities on the cost and utilization of health care. The health cost of vascular dementia (VaD) (a subtype of VCI) has been found to be 23% higher than that of Alzhei​mer’s dementia[21]. The presence of VCI superimposed on a stroke increases the econo​mic burden as well as the burden of care. A com​munity based study on health care utilization and cost in patients with VaD, Alzheimer’s dementia, other dementias, cerebrovascular accident without dementia and control group found that the highest annual cost of health care of $14387 was in VaD compared to $7839 for Alzheimer’s dementia (P < 0.0001). VaD had the highest cost for hospital admissions and had a three times increase in hospital days compared to cerebrovascular disease no dementia[22]. In the Sub-Saharan setting where the burden of care (physical, emotional and financial) lies heavily on the immediate and extended family, it creates and opportunity for caregiver burden/fatigue and elder abuse.

Data has shown that VCI is common irrespective of the neuropsychological test used for the screening of cognitive impairment and in the older population may be the commonest form of cognitive impairment. VCI is associated with increased mortality and hig​her institutionalization rates in the elderly. From an economic stand point, it carries a larger financial burden than Alzheimer’s dementia and Stroke. With the looming dementia pandemic, the incidence and prevalence is expected to increase in the near future and with this increase, an increase in the financial and care giver burden. 

RISK FACTORS FOR VCI

Several cardiovascular risk factors including hyper​tension, diabetes mellitus, dyslipidaemia, smoking and obesity have been identified as modifiable risk factors for cognitive decline. In this review, emphasis will be placed on blood pressure and its association with VCI. 

Blood pressure (both lowered and elevated) has been linked with decline in cognitive function (especially in concentration). Epidemiological studies have shown an inverted “U” shaped relationship between blood pressure and cognitive performance in the elderly[23]. 

Zuccalà et al[24] studied 13635 patients without cerebrovascular disease or Alzheimer’s dementia; 1583 of the subjects had heart failure. He found cognitive impairments in 26% of patients with heart failure and in 19% of the remaining subjects. Systolic blood pressure less than 130 mmHg predicted cognitive impairment among patients with heart failure. No association with specific types of heart failure was found. They concluded that systolic blood pressure was specifically associated with cognitive impairment in elderly patients with heart failure and that early treatment of low output cardiac states can reverse this cognitive state. They also buttressed the need for systematic assessment of cognitive function in the management of patients with heart failure[24]. Recent studies have supported this finding that hypotension causes reduced cognitive function (demonstrated by neuropsychological tests) and activity[25,26]. Orthostatic dysregulation has been associated with an increased tendency of white matter hyperintensities (WMH)[27]. Yamamoto et al[28], however disagreed with this. They found that nighttime dip in blood pressure was protective against cognitive impair​ment and patients who were non-dippers had a higher prevalence of cognitive impairment and vascular dementia. There is however, the need for further studies to investigate if controlling night time blood pressure would reduce the risk of cognitive impairment and dementia. 

Hypertension has often been observed to be a risk factor for vascular dementia and even Alzheimer’s dementia[29]. Hypertension has been shown to cause dam​age to the cerebral tissues resulting in subcortical white matter lesions (leukoaraiosis), which contribute to the risk of stroke and vascular dementia. Increase in blood pressure has been associated with more severe periven​tricular and subcortical white matter lesions (ischaemic damage), and poorly controlled hypertension has an even higher risk of white matter lesions and thus cognitive impairment than those without hypertension, controlled hypertension or untreated hypertension[30]. In the system Europe Study, treatment of hypertensive subjects with calcium channel blockers was associated with a decrease in the incidence of dementia[31]. 

Leukoaraiosis has been found to be more prevalent and severe in stroke patients (both ischaemic and hae​morr​hagic) compared to normal people. The presence of leukoaraiosis (from its different pathophysio​logical processes) has more than doubles the odds of stroke and increases the odds of subsequent dementia by a factor of four[32]. Leukoaraiosis is seen on MRI as WMH in the periventricular and subcortical white matter regions of the brain. These WMH have been associated with cognitive impairment, increased risk of stroke and dementia[33]. Studies have shown that there might be a genetic basis to the development leukoaraiosis. The Genetic Epidemiology Network of Arteriopathy estimated the heritability of leukoaraiosis at 0.82 ± 0.102 (SE) P (< 0.0001), showing a strong genetic influence on the susceptibility of leukoaraiosis and thus the risk to cognitive impairment and dementia[34]. It is a prominent feature of Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and Leukoencephalopathy (CADASIL) and is associated with increased vulnerability of the brain to ischaemic injury[35]. CADASIL is an inheritable cause of vascular dementia. Leukoaraiosis also has a sporadic form which is also associated with stroke risk factors such as hypertension and diabetes[32].  Patients with silent brain infarcts and leukoaraiosis at baseline are at an increased long-term risk for recurrent stroke, cognitive decline, and dementia[36]. A family based study design in generally healthy individuals found the heritability of WMH in individuals aged 55 years of age and over to be 0.68 (P < 0.0001) with heritability being higher in females than males[37]. There is a significant evidence that a gene influencing WMH is located on chromosome 4p[38]. This implies that the tendency of the cerebrovascular system to damaging changes by the cardiovascular risk factors such as hypertension may be inherited and therefore may serve as a non-modifiable risk factor or predisposing factor to VCI, with hypertension acting on this predisposition and making the brain more vulnerable to damage. Strategies that aim to prevent the onset of VCI by early identification and prompt and adequate treatment of such factors would go a long way in reducing the incidence, prevalence, economic and care giver burden of VCI.

PATHOPHYSIOLOGY OF VCI

Within the brain, there are control mechanisms that ensure adequate perfusion to meet its metabolic demands. At times of increased brain activity and meta​bolism, cerebral blood flow increases to meet metabolic demands and to clear metabolic waste. This is termed functional hyperaemia[39]. Cerebral autoregu​lation is another mechanism in which cerebral blood vessels are able to maintain a relatively stable cerebral blood flow despite changes in arterial blood pressure. These above mechanisms are able to regulate cerebral blood flow within 60 and 150 mmHg mean arterial blood pres​sure[40]. Aging and hypertension act independently on these mechanisms, altering the range of mean arterial pressure at which cerebral blood flow is regulated.

Aging brings with changes in cerebral blood flow, with decreased numbers of capillaries, thickened fibrotic basal membrane, some degenerative processes which contributes to decrease in cerebral perfusion, depletion of cerebrovascular reserve, and susceptibility of the brain to vascular insufficiency and ischaemic injury[41,42]. 

Hypertension acts on the aging brain and generates significant changes in the structure of cerebral blood vessels. It promotes atherosclerosis in cerebral arteries, promotes lipohyalinosis (a pathologic process of fibrinoid necrosis of vascular wall) of penetrating small cerebral arteries and arterioles leading to small white matter strokes (lacunas) or haemorrhages and causes adaptive remodeling of cerebral vessels leading to narrowing of the lumen and decrease cerebral blood flow with impaired cerebrovascular reactivity and functional hyperaemia. It shifts the cerebrovascular autoregulation to the right requiring higher blood pressure to maintain cerebral perfusion and increased the vulnerability of the brain to low blood pressure,  predisposing to hypoperfusion during hypotension[41]. These changes may lead to cerebrovascular dysfunction through amyloid and enzyme mediated pathways. Long-term decrease in mean arterial pressure has been associated with increase tau phosphorylated at threonine 181 (p-tau 181) and thus related to decline in episodic memory[43]. Hypertension causes alteration of the blood brain barrier compromising cerebral microenvironment and increasing the vulnerability of regions of the brain critical for cognition (subcortical white matter, hippocampus and neocortex) to ischaemic hypoxic brain damage and ultimately leads to neuronal dysfunction and cognitive deficit[44]. These multiple small infarcts and small vessel disease are more often related to VaD than single major infarcts. Esiri, in his study on the neuropathological lesions seen in VaD concluded that microvascular disease, not macroscopic infarction, was the chief substrate of vascular dementia[45]. These microvascular diseases (hypoxic ischaemia and lacunar infarcts) are the processes that kick start VCI. Their appearance on neuroimaging techniques are referred to as leukoaraiosis [bilateral patchy or diffuse areas seen as hypodense areas on computer tomography (CT) scan], and hyperintense areas on T2 weighted MRI in the subcortical regions of the brain[46]. 

NEUROPSYCHOLOGICAL PROFILE OF VCI

An understanding of the pattern of neurocognitive impairment in the early stages of VCI [brain at risk and vascular cognitive impairment, no dementia (VCIND)] is advantageous in the clinical detection of cognitive impairment and prevention of the progression to dementia (VaD). Cognitive function mediated by the frontostriatal loop has been shown to be susceptible to the damaging effects of subcortical disease and thus leads to impairment in frontal lobe executive function. This has been shown to occur in VCIND and VaD. The different spectrums of VCI (brain at risk, VCIND and VaD) have been proposed to have different neurocognitive patterns. While the brain at risk exhibits no clinical or functional impairment, VCIND was associated with decreased information processing speed, reduced cognitive flexibility, deficit in the ability to hold and manipulate memory, impaired verbal retrieval, and impaired verbal cognition memory and poor learning efficiency[47,48]. Therefore, in choosing a neuropsychological test for the assessment of VCI, the test in question has to be sensitive to a wide range of cognitive abilities and be especially attuned to the assessment of executive function. Using timed executive function tests may be especially sensitive to VCI (due to the slow information processing)[49]. 

A cross sectional study of four groups (normal control, risk of cerebrovascular disease, VCIND and VaD) was carried out to find the neuropsychological cogni​tive pattern using a combination of tests (trail making test, controlled oral word associated test, Boston naming test, California verbal naming test). They found that the brain at risk group was similar in their cognitive profile to the normal control as they did not fall into the cognitive impairment range of any of the tests used. VCIND group on the other hand had mild impairment in cognitive flexibility, subtle difficulty in total learning and long delay free recall. The VaD group performed uniformly well below normative expectation (moderate to severe range) in all measures of cognitive functioning[50]. Sachdev et al[51] in 2004 had similar findings and was able to differentiate VCI from unimpaired patients in areas of abstraction, mental flexibility, information processing speed and working memory. Cognitive impairment was also significantly correlated with deep WMH. Reed et al[52] however found no significant difference in memory and executive dysfunction scores in VCI and Alzheimer’s disease. They concluded that cognitive effects of small vessel cerebrovascular disease were variable and not especially distinct and their use as diagnostic markers of VaD were not reliable[50]. This however is in contrast with the predominant view from research on the cognitive pattern of VCI.

The National Institute for Neurological Disorders and Stroke and the Canadian Stroke Network recommended three neuropsychological battery to diagnose VCI based on epidemiological, clinical, neuroimaging, neuropsy​chological and neuropathological profiles of VCI in an attempt to aid the identification of early stages of cognitive impairment, make studies comparable, and by integrating knowledge, accelerate the pace of progress[48]. They are: (1) the sixty (60) minute protocol for research studies, which assesses four cogni​tive domains (executive/activation, language, visuos​patial, memory ± neurobehavioral changes and depression); The thirty (30) minute protocol for clinical screening of suspected VCI. This assesses Semantic Fluency (Animal Naming), Phonemic Fluency (Controlled Oral Word Association Test), Digit Symbol-Coding from the Wechsler Adult Intelligence Scale, Hopkins Verbal Learning Test, Center for Epidemiologic Studies Depression Scale, Neuropsychiatric Inventory, Questionnaire Version (NPI-Q), Supplemental: MMSE, Trail Making Test; and (3) The five (5) minute protocol for potential use by primary care physicians, nurses and other allied health professionals as well as in large epidemiological studies. This protocol contains 5-Word Memory Task (registration, recall, and recognition), 6-Item Orientation and 1-Letter Phonemic Fluency[48]. 

This neuropsychological battery has been validated in several countries in stroke and transient ischaemic attack patients[53]. It has also been used in studies for the identification of VCI[20]. Further validation of this neuropsychological battery for diagnosis of VCI might aid in the formulation of a diagnostic criteria for the different subtypes of VCI that would adequately capture the neuropsychological profile of VCI.

MANAGEMENT AND PREVENTION OF VCI

The role of vascular disease as a cause of cognitive impairment is evident either alone or in combination with Alzheimer’s disease. The main management strategy for VCI is the symptomatic treatment of VaD, management of risk factors as well non-pharmacological approaches aimed at preventing progression to VaD. The initial assessment should include a medical history, assessment of functioning (global functioning and ADL), cognitive screening, and assessment for behavioural and psychological symptoms as well as neuroimaging techniques. 

Randomized control trials for the use of cholines​terase inhibitors for the treatment of VaD have shown moderate statistical but modest clinical benefits in the treatment of VaD. Cholinesterase inhibitors (donepezil, galantamine and rivastigmine) show significant improve​ment in cognitive function, ADL and behaviour after 24 wk of use[49,54]. Memantine has been found to improve function and decrease care dependency when compared to controls in mild to moderately demented patients[55]. A randomized double blind placebo control trial of 404 patients with moderate to severe Alzhei​mer’s dementia was performed to compare the efficacy and safety of memantine in patients already receiving donepezil in 24 wk. Memantine resulted in signifi​cantly better outcome compared to placebo on measures of cognition, ADL, goal outcome and behavior and was well tolerated. This showed that memantine can be used in combination with cholinesterase inhibitors[56]. A Cochrane review of available studies support the benefit of donepezil in improving cognitive function, clinical global impression and ADL in patients with probable or possible mild to moderate VCI after 6 mo treatment[57]. 

Long standing hypertension has been continuously linked to the development of cognitive impairment and dementia in later life[58]. Population attributable risk for dementia is the highest for hypertension and therefore, should be regarded as a potential major target for the prevention of dementia[7]. Observational studies suggest that administration of antihypertensive medication in younger age group with hypertension has preventive effects on cognitive decline in later life[59,60]. β blocker use has been associated with lower risk of developing cognitive impairment (assessed using cognitive ability screening instrument) in a prospective community based cohort study examining 2197 elderly hypertensive participants. After a median follow up of 5.8 years, 854 subjects developed cognitive impairment. This study showed that β-blocker use as the sole antihypertensive medication was associated with a lower risk of VCI (incidence risk ratio of 0.69, 95%CI: 0.45-0.94) when compared to patients not taking any antihypertensive medication. Use of other antihypertensives were not significantly associated with VCI[61]. Setbacks of this study includes the fact that only hypertensive men were examined and no neuroimaging techniques were used at any point of the study to rule out subjects at early stages of cognitive impairment that may not have been captured with the tool used to screen cognitive function. Hajjar et al[62] conducted 12-mo double blind randomized control trial comparing candesartan, Lisinopril and hydrochlorothiazide in hypertensive patients with early executive dysfunction. The study recruited 53 participants 60 years of age and older with hypertension and executive dysfunction. Cerebral blood flow, cognition and blood pressure were measured at baseline, 6 mo and 12 mo. The candesartan group had greatest improvement in executive dysfunction (trail making test) and less improvement was seen in the hydrochlorothiazide group. The Lisinopril group showed worsened executive dysfunction. They showed that angiotensin receptor blocking group may preferentially preserve cerebral haemodynamics and executive function in individuals with executive dysfunction[62]. Various randomized controlled trials (RCT) investi​gated the effect of antihypertensive treatment on the incident of dementia. Majority of these RCT showed that antihypertensive treatment decrease the incidence of stroke but only a few have shown a significant positive effect on the incidence of dementia[63]. A randomized treatment trial of an angiotensin converting enzyme inhibitor, Perindopril showed that active treatment significantly decreased the risk of dementia and cognitive impairment and delayed progression of WMH on MRI. The Perindopril Protection Against Recurrent Stroke Study, was a randomized double blind placebo - control trial conducted on 6105 subjects with prior stroke or transient ischaemic attack with primary outcome of development of dementia using (DSM-IV diagnostic criteria) and cognitive decline (MMSE decline of 3 or more points). During the follow-up period (mean of 3.9 years) 193 (6.3%) of the treatment group compared to 217 (7.1%) of randomized placebo group developed dementia (Relative Risk Reduction of 12%). Cognitive decline was recorded in 9.1% of actively treated group and 11.0% of placebo (risk reduction of 19%). The risk of dementia and cognitive impairment with recurrent stroke were reduced by 35% and 45% respectively in the treatment group[64,65] (Table 1). Meta-analysis of randomized trials of antihypertensive on prevention of dementia showed an overall reduction of risk of dementia ranged from 11%-20%[7]. There is however no general consensus or standardized clinical guidelines on antihypertensive use in the prevention of VCI. 

CONCLUSION

The full spectrum of VCI has been consistently linked to cardiovascular risk factors. There are constant evidences from research that hypertension is associated with the development of VCI through overt clinical stroke and small cerebral arteries and arteriole pathologies leading to subcortical infarcts (lacuna) and haemorrhages. The clinical outcome of which is cognitive impairment with predominant affectation of executive dysfunction as well as other areas of functioning.

Preventive strategies aimed at controlling hyper​tension have been shown to significantly reduce the incidence of vascular dementia, with antihyper​tensive of the angiotensin receptor blocker and angiotensin converting enzyme inhibitor to be at the forefront of research. However, more research works on preventing VCI and decreasing its progression to dementia are required as vascular dementia is one of the dementia complexes in which prevention is possible. Prevention is necessary in light of the looming dementia pandemic in order to not only decrease the burden of disease on the patient but also the economic burden on the government and care giver.
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Table 1  Research studies on antihypertensive use and cognitive impairment


  Ref.


�
Sample size


�
Treatment option


�
Primary outcome


�
Treatment period


�
Result


�
�
  Tzourio et al[64]


�
6108


�
Participants were assigned to either active treatment (perindopril and indapamide) or matching placebo(s)


�
Dementia (using DSM-IV criteria) and cognitive decline (a decline of 3 or more points in the Mini-Mental State Examination score)


�
3.9 yr


�
Dementia was documented in 193 (6.3%) of the 3051 randomized participants in the actively treated group and 217 (7.1%) of the 3054 randomized participants in the placebo group [relative risk reduction, 12% (95%CI: -8% to 28%); P = 0.2]. Cognitive decline occurred in 9.1% of the actively treated group and 11.0% of the placebo group [risk reduction, 19% (95%CI: 4% to 32%); P = 0.01]. The risks of the composite outcomes of dementia with recurrent stroke and of cognitive decline with recurrent stroke were reduced by 34% (95%CI: 3% to 55%) (P = 0.03) and 45% (95%CI: 21% to 61%) (P < 0.001), respectively, with no clear effect on either dementia or cognitive decline in the absence of recurrent stroke


�
�
  Dufouil et al[65]


�
  192


�
Participants were assigned to a combination of perindopril plus indapamide or their placebos or to single therapy with perindopril or placebo


�
Cerebral MRI both at baseline and after a mean follow-up time of 36 mo WMHs were graded with a visual rating scale from A (no WMH) to D (severe WMH)


�
36 mo


�
Twenty-four subjects (12.5%) developed new WMHs at follow-up. The risk of new WMH was reduced by 43% (95%CI: -7% to 89%) in the active treatment group compared with the placebo group (P = 0.17). The mean total volume of new WMHs was significantly reduced in the active treatment group [0.4 mm3 (SE = 0.8)] compared with the placebo group [2.0 mm3 (SE = 0.7); P = 0.012)]


�
�
  Hajjar et al[62]


�
   53


�
Lisinopril, candesartan, or hydrochlorothiazide 


�
Cerebral blood flow velocity (BFV; transcranial Doppler ultrasonography during rest, sitting, standing, hypercapnia, and hypocapnia), cognition (trail making test), and blood pressure 


�
12 mo


�
There was a tendency toward an increase in BFV in the candesartan group and a decrease in the lisinopril and hydrochlorothiazide groups (between-group P = 0.57) that was significant in those with low BFV at baseline (< median 27.6 cm/s, between-group P = 0.03). The candesartan group also had the greatest improvement in executive function (Trail Making Test Part B improved by 17.1 s, vs hydrochlorothiazide improved by 4.2 s and lisinopril worsened by 14.4 s, P = 0.008). Carbon dioxide vasoreactivity and vasomotor range declined significantly in the lisinopril (within-group P = 0.001 for vasoreactivity and 0.02 for vasomotor range) and hydrochlorothiazide groups (within-group P = 0.10 and 0.009, respectively) but not in the candesartan group (within-group P = 0.25 and 0.38, respectively; between-group P = 0.30 and 0.46, respectively)


�
�
  Gelber et al[61]


�
2197


�
Different classes of antihypertensive medication


�
Cognitive function was assessed at 7 standardized examinations using the CASI


�
5.8 yr


�
854 men developed cognitive impairment (median follow-up, 5.8 yr). -blocker use as the sole antihypertensive drug at baseline was consistently associated with a lower risk of cognitive impairment (IRR 0.69; 95%CI: 0.50-0.94), as compared with men not taking any antihypertensive medications. The use of diuretics, calcium channel blockers, angiotensin-converting enzyme inhibitors, or vasodilators alone was not significantly associated with cognitive impairment


�
�
CASI: Cognitive Abilities Screening Instrument; MRI: Magnetic resonance imaging; WMH: White matter hyperintensities; IRR: Incidence rate ratio.
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