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Abbreviations: HTN, hypertension; BP, blood pressure; VCI, 
vascular cognitive impairment; AD, alzheimer disease; SVD, small 
vessel disease; RAAS, renin-angiotensin-aldosterone system

Introduction
Hypertension (HTN) is a major cause of morbidity and mortality1 

and represents the most important risk factor for stroke, the second 
cause of death in the world and a major cause of long-term disability.2 
High blood pressure (BP) affects target organs, one of the most 
susceptible being the brain.1 Hypertension is a major risk factor for 
vascular cognitive impairment (VCI) and for Alzheimer disease (AD), 
the most frequent causes of dementia in the elderly.3 Continuous 
elevation in blood pressure has progressive effects on the structure 
and function of cerebral arteries determining adaptive changes like 
remodeling, aiming to decrease the mechanical stress on the arterial 
wall.4 Remodeling could be hypertrophic or eutrophic and reduces 
the vesselsˈ lumen increasing the vascular resistance and represents 
a potential risk factor for cardiovascular and cerebrovascular disease.5

Old hypertension also induces an increase in the stiffness of large 
arteries which is a good predictor of cognitive decline and stroke and 
is associated with silent brain lesions.3,6 HTN is a major risk factor 
for atherosclerosis. Increase in BP increases the odds of complex 
aortic atherosclerosis, predictive of ischemic strokes.7 Atherosclerotic 
lesions are localised at the site of turbulence of the flow like the 
carotid bifurcation and the vertebrobasilar system and less frequently 
in intracranial arteries. Stroke can be produced by releasing fragments 
from atherosclerotic plaques (artery-to-artery embolism) or by rupture 
and hemorrhage with acute cerebrovascular occlusions.

HTN also provokes small vessel disease (SVD) in which the most 
frequent pathological substrate is arteriolosclerosis,8 affecting the deep 
hemispheric white matter and basal ganglia. One of the pathological 
features of arteriosclerosis is lipohyalinosis8 and in advanced lesions 
rupture of the vessel with microscopic or macroscopic hemorrhages 
disposed typically in basal ganglia or thalamus. Capillary rarefaction 
induces lesions in the periventricular white matter.

Brain alterations underlying VCI

VCI includes a spectrum of cognitive alterations due to 
cerebrovascular factors, ranging from mild to full blown vascular 
dementia impairing the daily lifeˈs activities.3 A major cause of 
cognitive impairment is stroke. Having a stroke doubles the risk 
of dementia (poststroke dementia).3 The risk of VCI is incresed in 
patients with no history of stroke but with brain infarcts (silent 
infarcts) at imagistic investigations. Strategic-infarct dementia is 
produced by a single stroke affecting a region important for cognition 
like the frontal lobe or the thalamus 3. Multi-infarct dementia can also 
results from multiple strokes destroying large amounts of brain tissue 
3. SVD is a major cause of VCI, being responsible for up to 45 % of 
dementia cases.3

Neuropathological alterations caused by cerebral 
SVD linked with VCI

Lacunar infarcts: Are rounded, < 20mm diameter lesions, founded 
more frequently in the basal ganglia, associated with SVD and a 
strong predictor of VCI.11 They are caused by acute occlusion of 
small perforating cerebral arteries or embolism from upstream 
vessels.12 Recent studies show the possibility that blood-brain barrier 
(BBB) alterations are early pathogenic events, their occurence being 
multifactorial.12

Microinfarcts: SVD is also associated with cerebral microinfarcts, 
small size < 1mm diameter, invisible ischemic lesions, very frequent 
in the elderly.14 Microinfarcts are coomon in patients with vascular or 
mixed dementia, also being an independent predictor of VCI. Location 
and number of the microinfarcts are the most important determinants 
of cognitive impairment, the cortical location being closely associated 
with dementia.14

Cerebral hemorrhages: SVD produces micro or macrobleeds. 
Cerebral microbleeds are perivascular hemorrhages (2-10mm) that 
can be detected histologically at autopsy or at magnetic resonance 
imaging (MRI).15 Microbleeds, presented in 10-20% of the elderly are 
an independent predictor of cognitive decline.15 The most important 

J Cardiol Curr Res. 2017;8(1):8‒10. 8
©2017 Florescu et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and build upon your work non-commercially.

Cardiovascular alterations in patients with dementia
Volume 8 Issue 1 - 2017

Cristina Florescu,1 Ion Rogoveanu,2 Cristin 
Constantin Vere,2 Georgica-Costinel Tartea,3 
Ileana Puiu,4 Elena-Anca Tartea5 
1Department of Cardiology, University of Medicine and 
Pharmacy of Craiova, Romania
2Department of Gastroenterology, University of Medicine and 
Pharmacy of Craiova, Romania
3PhD Student, Department of Internal Medicine, University of 
Medicine and Pharmacy of Craiova, Romania
4Department of Pediatrics, University of Medicine and Pharmacy 
of Craiova, Romania
5PhD Student, Department of Physiology, University of Medicine 
and Pharmacy of Craiova, Romania

Correspondence: Cristina Florescu, Lecturer, Department of 
Cardiology, University of Medicine and Pharmacy of Craiova, 
Romania, 2 Petru Rare? Street, 200349 Craiova, Romania, Tel 
+40722-389517, Email 

Received: December 30, 2016 | Published: January 09, 2017

Abstract

Hypertension is a major risk factor for vascular cognitive impairment (VCI) and for 
Alzheimer disease (AD). In this mini review we discuss about the impact of hypertension 
on the brain. Alzheimer disease and vascular cognitive impairment are the first and 
second most frequent causes of dementia in the elderly people. Evidence shows that 
these conditions share common pathogenetic mechanisms. Vascular changes induced 
by hypertension increase the susceptibility of the brain to ischemic-hipoxic damage and 
promote the expression of Alzheimer disease neuropathology. The possible benefits of 
pharmacological blood pressure control on cognition justify prompt intervention, together 
with diet and exercise, especially in younger patients.
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risk factor of microbleeds is HTN, in this situation microhemorrhages 
being especially located in thalamus, cerebellum, basal ganglia 
and brain stem16 and frequently associated with cerebral amyloid 
angiopathy, in which situation having a lobar distribution.15 HTN also 
produces large cerebral hemorrhages, typically located in thalamus or 
the basal ganglia.

Diffuse white matter alteration: Or leukoarayosis, represents a 
reduction in white matter density.3,8 HTN precedes its development13 
and is often present in the periventricular white matter, resulting 
from hypoxia-hypoperfusion. This region is more vulnerable to 
hypoperfusion being located at the boundary between separate arterial 
territories.10 Endothelial dysfunction and BBB alterations caused by 
HTN contribute to hypoperfusion and demyelination.12

AD and HTN

AD and VCI are the first and second most frequent causes of 
dementia in the elderly.3 Evidence shows that these conditions share 
common pathogenetic mechanisms.9 Major cardiovascular risk factors 
are also risk factors for AD. HTN in middle age doubles the risk of 
occurence of AD later in life and also increases the progression of 
dementia.17

Up to 50% of patients with dementia have both vascular (SVD) 
and neurodegenerative lesions (amyloid plaques and neurofibrilarry 
tangles).18 Association between HTN and AD may be additive 
or synergistic, producing a more severe cognitive degradation.9 
Necroptic studies of patients with AD showed more atherosclerotic 
lesions in cerebral vessels associated with more amyloid plaques and 
neurofibrillary tangles.19,20 Brain of hypertensive patients has increased 
amyloid plaques and neurofibrillary tangles.21 Blood β-amyloid (Aβ), 
involved in the pathogenesis of AD, is elevated in patients with VCI, 
contributing to vascular dysfunction.22,23 Elevated diastolic BP in 
middle age are associated to an increase in AD risk later.24 Studies 
suggest that HTN could be a promoter of the development of AD, 
mechanisms involved being impairment of vascular clearance of Aβ, 
with increasing accumulation in vessels and brain, and increasing of 
the cleavage of Aβ from the precursor protein. These produce growth 
of Aβ concentrations in brain and blood vessels, accelerating this 
dysfunction.

Prevention of stroke and dementia by HTN treatment

HTN control has an important impact on the incidence of stroke, 
for each 10mm Hg decrease in systolic BP there was a one-third 
decrease in stroke risk.2 HTN treatment is very important also for 
prevention of poststroke dementia.3 All classes of antihypertensive 
drugs are effective3. An American Heart Association statement 
recommends blood pressure control in patients poststroke (Class I, 
B) and also treatment in the younger of the elderly (Class IIa, B).3 A 
study reported a progressive cognitive decline for values of systolic 
BP between 120-140mm Hg,25 suggesting need for treatment at 
prehypertensive levels. Calcium-channel blockers and inhibitors of 
renin-angiotensin-aldosterone system (RAAS) increase Aβ removal 
from the brain and protect against cognitive impairment in animal 
models.26,27 Some observations suggest that angiotensin converting 
enzyme (ACE) activity is augmented in AD patients and that ACE 
may degrade Aβ.27 The possible benefits of pharmacological blood 
pressure control on cognition justify prompt intervention, together 
with diet and exercise, especially in younger patients.28

Conclusion
Despite important progresses in controlling its impact on morbidity 

and mortality, HTN remains one of the most devastating diseases, with 

profound impact on the brain, contributing to stroke and dementia, 
diseases projected to have a greater public health impact because of 
population aging. Cerebral vessels are key targets of HTN, vascular 
changes induced by HTN increasing the susceptibility of the brain 
to ischemic-hipoxic damage and promoting the expression of AD 
neuropathology. Although current treatment of HTN have dramatically 
reduced stroke morbidity and mortality, the role in prevention of late-
life dementia has been difficult to assess. Whatever the influence on 
cognition, the benefits of BP control justify early intervention.

Acknowledgments
None.

Conflicts of interest
Author declares there are no conflicts of interest.

Funding
None.

References
1. Moser M, Roccella EJ. The treatment of hypertension: a remarkable 

success story. J Clin Hypertens (Greenwich). 2013;15(2):88‒91.

2. Lawes CM, Bennett DA, Feigin VL, et al. Blood pressure and stroke: an 
overview of published reviews. Stroke. 2004;35(4):1024.

3. Gorelick PB, Scuteri A, Black SE, et al. American Heart Association 
Stroke Council, Council on Epidemiology and Prevention, Council 
on Cardiovascular Nursing, Council on Cardiovascular Radiology and 
Intervention, and Council on Cardiovascular Surgery and Anesthesia. 
Vascular contributions to cognitive impairment and dementia: a statement 
for healthcare professionals from the American Heart Association/
American Stroke Association. Stroke. 2011;42(9):2672‒2713.

4. Scuteri A, Nilsson PM, Tzourio C, et al. Microvascular brain damage 
with aging and hypertension: pathophysiological consideration and 
clinical implications. J Hypertens. 2011;29(8):1469‒1477.

5. Faraci FM. Protecting against vascular disease in brain. Am J Physiol 
Heart Circ Physiol. 2011;300(5):H1566‒H1582.

6. Henskens LH, Kroon AA, van Oostenbrugge RJ, et al. Increased aortic 
pulse wave velocity is associated with silent cerebral small-vessel 
disease in hypertensive patients. Hypertension. 2008;52(6):1120‒1126.

7. Agmon Y, Khandheria BK, Meissner I, et al. Independent association of 
high blood pressure and aortic atherosclerosis: a population-based study. 
Circulation. 2000;102(17):2087‒2093.

8. Pantoni L. Cerebral small vessel disease: from pathogenesis and 
clinical characteristics to therapeutic challenges. Lancet Neurol. 
2010;9(7):689‒701.

9. Iadecola C. The overlap between neurodegenerative and vascular 
factors in the pathogenesis of dementia. Acta Neuropathol. 
2010;120(3):287‒296.

10. De Reuck J. The human periventricular arterial blood supply and the 
anatomy of cerebral infarctions. Eur Neurol. 1971;5(6):321‒334.

11. Jokinen H, Gouw AA, Madureira S, et al. ncident lacunes influence 
cognitive decline: the LADIS study. Neurology . 2011;76(22):1872‒1878.

12. Wardlaw JM, Smith C, Dichgans M. Mechanisms of sporadic cerebral 
small vessel disease: insights from neuroimaging. Lancet Neurol. 
2013;12(5):483‒497.

13. Verhaaren BF, Vernooij MW, de Boer R, et al. High blood pressure 
and cerebral white matter lesion progression in the general population. 
Hypertension. 2013;61(6):1354‒1359.

https://doi.org/10.15406/jccr.2017.08.00267
https://www.ncbi.nlm.nih.gov/pubmed/23339725
https://www.ncbi.nlm.nih.gov/pubmed/23339725
https://www.ncbi.nlm.nih.gov/pubmed/15053002
https://www.ncbi.nlm.nih.gov/pubmed/15053002
https://www.ncbi.nlm.nih.gov/pubmed/21778438
https://www.ncbi.nlm.nih.gov/pubmed/21778438
https://www.ncbi.nlm.nih.gov/pubmed/21778438
https://www.ncbi.nlm.nih.gov/pubmed/21778438
https://www.ncbi.nlm.nih.gov/pubmed/21778438
https://www.ncbi.nlm.nih.gov/pubmed/21778438
https://www.ncbi.nlm.nih.gov/pubmed/21778438
https://www.ncbi.nlm.nih.gov/pubmed/21577138
https://www.ncbi.nlm.nih.gov/pubmed/21577138
https://www.ncbi.nlm.nih.gov/pubmed/21577138
https://www.ncbi.nlm.nih.gov/pubmed/21335467
https://www.ncbi.nlm.nih.gov/pubmed/21335467
https://www.ncbi.nlm.nih.gov/pubmed/18852384
https://www.ncbi.nlm.nih.gov/pubmed/18852384
https://www.ncbi.nlm.nih.gov/pubmed/18852384
https://www.ncbi.nlm.nih.gov/pubmed/11044425
https://www.ncbi.nlm.nih.gov/pubmed/11044425
https://www.ncbi.nlm.nih.gov/pubmed/11044425
https://www.ncbi.nlm.nih.gov/pubmed/20610345
https://www.ncbi.nlm.nih.gov/pubmed/20610345
https://www.ncbi.nlm.nih.gov/pubmed/20610345
https://www.ncbi.nlm.nih.gov/pubmed/20623294
https://www.ncbi.nlm.nih.gov/pubmed/20623294
https://www.ncbi.nlm.nih.gov/pubmed/20623294
https://www.ncbi.nlm.nih.gov/pubmed/5141149
https://www.ncbi.nlm.nih.gov/pubmed/5141149
https://www.ncbi.nlm.nih.gov/pubmed/21543730
https://www.ncbi.nlm.nih.gov/pubmed/21543730
https://www.ncbi.nlm.nih.gov/pubmed/23602162
https://www.ncbi.nlm.nih.gov/pubmed/23602162
https://www.ncbi.nlm.nih.gov/pubmed/23602162
https://www.ncbi.nlm.nih.gov/pubmed/23529163
https://www.ncbi.nlm.nih.gov/pubmed/23529163
https://www.ncbi.nlm.nih.gov/pubmed/23529163


Cardiovascular alterations in patients with dementia 10
Copyright:

©2017 Florescu et al.

Citation: Florescu C, Rogoveanu I, Vere CC, et al. Cardiovascular alterations in patients with dementia. J Cardiol Curr Res. 2017;8(1):8‒10. 
DOI: 10.15406/jccr.2017.08.00267

14. Smith EE, Schneider JA, Wardlaw JM, et al. Cerebral microinfarcts: the 
invisible lesions. Lancet Neurol. 2012;11(3):272‒282.

15. Greenberg SM, Vernooij MW, Cordonnier C, et al. Cerebral 
microbleeds: a guide to detection and interpretation. Lancet Neurol. 
2009;8(2):165‒174.

16. Fazekas F, Kleinert R, Roob G, et al. Histopathologic analysis of foci of 
signal loss on gradientecho T2*-weighted MR images in patients with 
spontaneous intracerebral hemorrhage: evidence of microangiopathy-
related microbleeds. AJNR Am J Neuroradiol . 1999;20(4):637‒642.

17. Skoog I, Gustafson D. Update on hypertension and Alzheimer’s disease. 
Neurol Res. 2006;28(6):605‒611.

18. Schneider JA, Arvanitakis Z, Leurgans SE, et al. The neuropathology of 
probable Alzheimer disease and mild cognitive impairment. Ann Neurol. 
2009;66(2):200‒208.

19. Roher AE, Kuo YM, Esh C, et al. Cortical and leptomeningeal 
cerebrovascular amyloid and white matter pathology in Alzheimer’s 
disease. Mol Med. 2003;9(3-4):112‒122.

20. Yarchoan M, Xie SX, Kling MA, et al. Cerebrovascular atherosclerosis 
correlates with Alzheimer pathology in neurodegenerative dementias. 
Brain. 2012;135(Pt 12):3749‒3756.

21. Rodrigue KM, Rieck JR, Kennedy KM, et al. Risk factors for β-amyloid 
deposition in healthy aging: vascular and genetic effects. JAMA Neurol. 
2013;70(5):600‒606.

22. Gomis M, Sobrino T, Ois A, et al. Plasma beta-amyloid 1-40 is 
associated with the diffuse small vessel disease subtype. Stroke. 2009; 
40(10):3197‒3201.

23. Park L, Zhou P, Koizumi K, et al. Brain and circulating levels of Aβ1-40 
differentially contribute to vasomotor dysfunction in the mouse brain. 
Stroke. 2013;44(1):198‒204.

24. Shah NS, Vidal JS, Masaki K, et al. Midlife blood pressure, plasma 
β-amyloid, and the risk for Alzheimer disease: the Honolulu Asia Aging 
Study. Hypertension. 2012;59(4):780‒786.

25. Knecht S, Wersching H, Lohmann H, et al. High-normal blood 
pressure is associated with poor cognitive performance. Hypertension. 
2008;51(3):663‒668.

26. Paris D, Bachmeier C, Patel N, et al. Selective antihypertensive 
dihydropyridines lower Aβ accumulation by targeting both the 
production and the clearance of Aβ across the bloodbrain barrier. Mol 
Med . 2011;17(3-4):149‒162.

27. Kehoe PG, Miners S, Love S. Angiotensins in Alzheimer’s disease - 
friend or foe? Trends Neurosci. 2009;32(12):619‒628.

28. Smith PJ, Blumenthal JA, Babyak MA, et al. Effects of the dietary 
approaches to stop hypertension diet, exercise, and caloric restriction 
on neurocognition in overweight adults with high blood pressure. 
Hypertension. 2010;55(6):1331‒1338.

https://doi.org/10.15406/jccr.2017.08.00267
https://www.ncbi.nlm.nih.gov/pubmed/22341035/
https://www.ncbi.nlm.nih.gov/pubmed/22341035/
https://www.ncbi.nlm.nih.gov/pubmed/19161908
https://www.ncbi.nlm.nih.gov/pubmed/19161908
https://www.ncbi.nlm.nih.gov/pubmed/19161908
https://www.ncbi.nlm.nih.gov/pubmed/10319975
https://www.ncbi.nlm.nih.gov/pubmed/10319975
https://www.ncbi.nlm.nih.gov/pubmed/10319975
https://www.ncbi.nlm.nih.gov/pubmed/10319975
https://www.ncbi.nlm.nih.gov/pubmed/16945211
https://www.ncbi.nlm.nih.gov/pubmed/16945211
https://www.ncbi.nlm.nih.gov/pubmed/19743450
https://www.ncbi.nlm.nih.gov/pubmed/19743450
https://www.ncbi.nlm.nih.gov/pubmed/19743450
https://www.ncbi.nlm.nih.gov/pubmed/12865947
https://www.ncbi.nlm.nih.gov/pubmed/12865947
https://www.ncbi.nlm.nih.gov/pubmed/12865947
https://www.ncbi.nlm.nih.gov/pubmed/23204143
https://www.ncbi.nlm.nih.gov/pubmed/23204143
https://www.ncbi.nlm.nih.gov/pubmed/23204143
https://www.ncbi.nlm.nih.gov/pubmed/23553344
https://www.ncbi.nlm.nih.gov/pubmed/23553344
https://www.ncbi.nlm.nih.gov/pubmed/23553344
https://www.ncbi.nlm.nih.gov/pubmed/19696416
https://www.ncbi.nlm.nih.gov/pubmed/19696416
https://www.ncbi.nlm.nih.gov/pubmed/19696416
https://www.ncbi.nlm.nih.gov/pubmed/23204056/
https://www.ncbi.nlm.nih.gov/pubmed/23204056/
https://www.ncbi.nlm.nih.gov/pubmed/23204056/
https://www.ncbi.nlm.nih.gov/pubmed/22392902
https://www.ncbi.nlm.nih.gov/pubmed/22392902
https://www.ncbi.nlm.nih.gov/pubmed/22392902
https://www.ncbi.nlm.nih.gov/pubmed/18250360
https://www.ncbi.nlm.nih.gov/pubmed/18250360
https://www.ncbi.nlm.nih.gov/pubmed/18250360
https://www.ncbi.nlm.nih.gov/pubmed/21170472
https://www.ncbi.nlm.nih.gov/pubmed/21170472
https://www.ncbi.nlm.nih.gov/pubmed/21170472
https://www.ncbi.nlm.nih.gov/pubmed/21170472
https://www.ncbi.nlm.nih.gov/pubmed/19796831
https://www.ncbi.nlm.nih.gov/pubmed/19796831
https://www.ncbi.nlm.nih.gov/pubmed/20305128
https://www.ncbi.nlm.nih.gov/pubmed/20305128
https://www.ncbi.nlm.nih.gov/pubmed/20305128
https://www.ncbi.nlm.nih.gov/pubmed/20305128

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Brain alterations underlying VCI 
	Neuropathological alterations caused by cerebral SVD linked with VCI 
	AD and HTN 
	Prevention of stroke and dementia by HTN treatment 

	Conclusion
	Acknowledgments
	Conflicts of interest 
	Funding
	References

