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The Effect of Statins on Vascular Cognitive Impairment
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Vascular cognitive impairment (VCI) is an umbrella term of all forms of cognitive disorders associated with cerebrovascular diseases. VCI is potentially preventable by rigorous identification and
treatment of cerebrovascular disease risk factors and symptomatic improvement with statins. The
use of statins are not only lower serum cholesterol levels, but also inhibit pivotal enzymatic reactions that lead to amyloid deposition and plaque formation. Vascular Neurology 2018;6:12-14
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Introduction
As the number of aged people are growing in each year and
the prevalence of dementia is also increasing. Korea is moving
fast from an aged society to super-aged society which represents the percentage of population 65+ years old will more
than 20 percentages.1 The prevalence of VCI is strongly related
with age, between 65 to 84 years old age has the higher prevalence in the vascular dementia (VaD) than other age groups.
VCI represents a broad concept that contains the full spectrum
from vascular mild cognitive impairment (vascular MCI) to
VaD. VCI includes the case with mixed pathologies such as
mixed vascular and Alzheimer’s disease type pathologies. VCI
also refers to all forms of cognitive impairment associated with
cerebrovascular diseases, regardless of underlying mechanism
such as multiple or single territorial or small infarcts and irrespective of the occurrence of stroke symptoms. Human brain
composed of approximately 25% of total cholesterol in the
body, and cholesterol is vital element to normal brain functioning that includes learning and memory.2 The cholesterol plays
an important role in the body such as major components of
myelin sheath, membrane lipid in neuron and astrocyte, regulation of ion channel permeability, signal transduction, and
other cellular functions. However, high cholesterol levels link
to increased amyloid-β generation and deposition.3 Previous
study represents that statins are effective in lowering lipproteincholesterol (LDL-C) which reduce the risk of atherosclerotic
CVD. Statins increase the high-density lipoprotein-cholesterol
(HDL-C) and decrease triglycerides (TG)4 and also exert anti-
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inflammatory effects in the brain. The statins’ pleiotropic effects include antiproliferative and antithrombotic benefit and
endothelial dysfunction improvement.5 The healthy brain depends on the normal network of blood vessels in our body for
optimal functioning. When the brain has restricted blood flow,
the brain cells could die and the brain function deficit happen.6
The cognitive function such as thinking functions of the brain
including language, attention, reasoning, and memory is affected by cerebrovascular disease. VCI is consisted of a variety
of conditions which implicates the different types, locations,
and extension of the underlying cerebrovascular diseases and
brain damage. The definition of VCI is “a syndrome with evidence of clinical stroke or subclinical vascular brain injury and
cognitive impairment affecting at least one cognitive domain”.7
VCI includes the contribution of the cerebrovascular disease to
cognitive impairment in the presence of additional brain disease such as Alzheimer’s disease. The most serious form of VCI
is the vascular dementia (VaD) which associated with the significant cognitive decline to disturb the daily activities.8 The
construct of multi-infarct dementia, by attributing cognitive
impairment to multiple stroke, allows the prevention of cognitive impairment by controlling risk factors for stroke such as
hypertension, diabetes, smoking, and dyslipidemia. We suggest
that the usage of statin may beneficial to VCI.

Vascular Risk Factor
The brain relies on the constant blood supply to deliver essential nutrients and oxygen to support its own function. The
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neurovascular unit which consists of vascular, perivascular,
and brain cells work together to assure adequate blood perfusion to the brain and maintain the homeostasis of the brain’s
internal milieu.9 Hypertension (HTN) and dyslipidemia belong to the most prevalent modifiable risk factors for cerebrovascular and cardiovascular diseases. The World Health Organization (WHO) has set a global goal to 25% reduction of
prevalence of HTN by 2025 to reduce the risk of cognitive decline. HTN is the major vascular risk factor of cognitive impairment.1,7 The brain is a major target of end-organ damage in
HTN. HTN has profound effects on the cerebral vasculature
leading to both structural and functional alterations affecting
the neurovascular unit at all levels of the cerebrovascular tree.10
These alterations may promote vascular insufficiency, leading
to neuronal dysfunction and cognitive impairment.11 HTN
cause the damage of cerebral tissues which result in leukoarariosis or lesion in the preventricular and subcortical white matter regions.12 The mild cognitive impairment patient has a reduced cerebral blood flow (CBF) and cerebrovascular reactivity.13
The cerebral hypoperfusion with accelerated cognitive decline
and an increased risk of dementia in the general population.14
Brain cholesterol contributes to development of synapse and
formation, dendrite differentiation, axonal elongation, and longterm potentiation.15 However, hypercholesterolemia is a highly
prevalent, modifiable risk factor for vascular diseases. Especially elevated LDL-C is central to the development and progression of atherosclerosis.16 Many previous population-based
studies demonstrate that hyperlipidemia in hypercholesterolemia is associated with the occurrence of cognitive impairment
in middle age.17 High cholesterol is often a prerequisite for atherosclerotic plaque formation.18 HDL-C may involve in the removal of excess cholesterol from the brain mediated by apolipoprotein E (ApoE) and heparin sulfate proteoglycans in the
subendothelial space of cerebral microvessels. ApoE is an important protein involved in cerebral cholesterol transport and
influences aggregation and clearance of Aβ peptide.19 In addition, HDL particles reverse the inhibitory effect of oxLDL particles on endothelium-dependent arterial relaxation and inhibit
cytokine-induced expression of endothelial cell adhesion molecules.20 Otherwise, diabetes mellitus is associated with cognitive decline and increase the risk of dementia.21 The insulin
signaling has important role in brain physiology and cognition,22 but the excessive glycosylation alters the blood brain
barrier.23 Microcirculation defined as lessen than <150 µm arterioles, capillaries, and venules to deliver the nutrients and
waste production to stabilized hydrostatic pressure at the level
of capillaries.24 Previous study represented that diabetes is associated with brain abnormalities25 especially in small and
large blood vessels to cause the retinopathy, nephropathy, cardiovascular diseases, and cerebrovascular diseases.26,27

Statin Use and VCI
Statins are the drug that inhibit 3-hydroxy-3-methyglutaryl
coenzyme A (HMG-CoA) reductase. It is the first-line drug
therapy for the treatment of hypercholesterolemia and the first
choice for the preventive cardiovascular diseases.28 HMG-CoA
reductase is the rate-limiting enzyme in the cascade of cellular
cholesterol biosynthesis. The statins (atorvastatin, fluvastatin, lovastatin, pitastatin, pravastatin, rosuvastatin, and simvastatin)
reduce formation and entry of LDL cholesterol into the circulation and upregulate LDL receptor activity by lowering LDL-C,
TG, and increasing HDL-C.29 Statin may affect cognition
through their effect on the level of cholesterol. LDL-C and low
level of HDL-C are known risk factor for carotid atherosclerosis and coronary artery disease,30 which may cause the cognitive
impairment secondary to cerebral hypoperfusion or embolism.31,32 Dementia has been proposed to be caused by large
vessel disease and microvascular damages. An effective therapy
for the VCI management may related to resolve the hypoperfusion and provide the therapeutic improvement of cerebrovascular function.33 The early identification and management of
atherogenic risk factor might be essential to alleviate the VCI
signs and symptoms.34 Controlling the key atherosclerotic stroke
risk factors such as hypertension, diabetes mellitus, and dyslipidemia provide the possibility of preventing VCI.35 Numerous
previous studies have demonstrated the beneficial effects of
statins on endothelial dysfunction and chronic inflammation.36
Statins have beneficial effect on the microvasculature which
includes endothelial nitric oxide synthase (eNOS)37 and reducing endothelin-1,38 thereby dilating capillaries and increasing
blood flow. In Alzheimer’s disease cerebral perfusion is decreased in affected areas of brain,39 capillary endothelium shows
pathologic changes,40 and eNOS is decreased in capillaries in
the brains.41 The effect of statins in reducing the risk for dementia may involve such beneficial effects on the cerebral capillary
endothelium or other properties of the drugs.

Conclusion
The growth of aging population, the prevention and treatment
of the cognitive impairment and dementia is emphasized. Numerous previous studies have supported the hypothesis of statin
are effective in reversible short-term cognitive impairment and
decrease the risk of dementia. Management of modifiable cardiovascular risk factors such as hypertension, diabetes, and hypercholesterolemia may significantly reduce the chance to developing dementia. The associations between plasma lipids and
cognition and the underlying mechanism, the relationship between statins and cognitive function are complex and currently
not yet fully understood. However, statins have important benefits in patients with high risk of cardiovascular and cerebrovascular events.

13

Statins on Vascular Cognitive Impairment

REFERENCES
1. Population Projections: general and processed statistics, statistics on
population. [online]. Available at: http://www.kosis.kr. Accessed February, 2018.
2. Orth M, Bellosta S. Cholesterol: its regulation and role in central nervous system disorders. Cholesterol 2012;2012:1-19.
3. Benarroch EE. Brain cholesterol metabolism and neurologic disease.
Neurology 2008;71:1368-1373.
4. Schultz BG, Patten DK, Berlau DJ. The role of statins in both cognitive impairment and protection against dementia: a tale of two mechanisms. Transl Neurodegener 2018;7:1-11.
5. Oesterle A, Laufs U, Liao JK. Pleiotropic effects of statins on the cardiovascular system. Circ Res 2017;120:229-243.
6. Enciu AM, Constantinescu SN, Popescu LM, Muresanu DF, Popescu
BO. Neurobiology of vascular dementia. J Aging Res 2011;2011:1-11.
7. Gorelick PB, Scuteri A, Black SE, Decarli C, Greenberg SM, Iadecola
C, et al. Vascular contributions to cognitive impairment and dementia: a statement for healthcare professionals from the american heart
association/american stroke association. Stroke 2011;42:2672-2713.
8. Roman GC, Tatemichi TK, Erkinjuntti T, Cummings JL, Masdeu JC,
Garcia JH, et al. Vascular dementia: diagnostic criteria for research
studies. Report of the NINDS-AIREN International Workshop. Neurology 1993;43:250-260.
9. Iadecola C. The neurovascular unit coming of age: a journey through
neurovascular coupling in health and disease. Neuron 2017;96:17-42.
10. Faraco G, Iadecola C. Hypertension: a harbinger of stroke and dementia. Hypertension 2013;62:810-817.
11. Iadecola C, Yaffe K, Biller J, Bratzke LC, Faraci FM, Gorelick PB, et al.
Impact of hypertension on cognitive function: a scientific statement
from the American Heart Association. Hypertension 2016;68:e67-e94.
12. Rouch L, Cestac P, Hanon O, Cool C, Helmer C, Bouhanick B, et al. Antihypertensive drugs, prevention of cognitive decline and dementia: a
systematic review of observational studies, randomized controlled trials and meta-analyses, with discussion of potential mechanisms. CNS
Drugs 2015;29:113-130.
13. Beishon L, Haunton VJ, Panerai RB, Robinson TG. Cerebral hemodynamics in mild cognitive impairment: a systematic review. J Alzheimers Dis 2017;59:369-385.
14. Wolters FJ, Zonneveld HI, Hofman A, van der Lugt A, Koudstaal PJ,
Vernooji MW, et al. Cerebral perfusion and the risk of dementia: a population-based study. Circulation 2017;136: 719-728.
15. Iuliano L, Crick PJ, Zerbinati C, Tritapepe L, Abdel-Khalik J, Poirot M,
et al. Cholesterol metabolites exported from human brain. Steroids 2015;
99:189-193.
16. Badimon L, Vilahur G. LDL-cholesterol versus HDL-cholesterol in the
atherosclerotic plaque: inflammatory resolution versus thrombotic chaos. Ann N Y Acad Sci 2012;1254:18-32.
17. Kivipelto M, Helkala EL, Hanninen T, Laakso MP, Hallikainen M,
Alhainen K, et al. Midlife vascular risk factors and late-life mild cognitive impairment: a population-based study. Neurology 2001;56:16831689.
18. Martin SS, Blumenthal RS, Miller M. LDL cholesterol: the lower the
better. Med Clin North Am 2012;96:13-26.
19. Viticchi G, Falsetti L, Vernieri F, Altamura C, Altavilla R, Luzzi S, et al.
Apolipoprotein E genotype and cerebrovascular alterations can influence conversion to dementia in patients with mild cognitive impairment. J Alzheimers Dis 2014;41:401-410.
20. Appleton JP, Scutt P, Sprigg N, Bath PM. Hypercholesterolaemia and
vascular dementia. Clin Sci (Lond) 2017;131:1561-1578.
21. Arvanitakis Z, Wilson RS, Bienias JL, Evans DA, Bennett DA. Diabetes
mellitus and risk of Alzheimer disease and decline in cognitive func-

14

Vascular Neurology 2018;6:12-14

tion. Arch Neurol 2004;61:661-666.
22. Arnold SE, Arvanitakis Z, Macauley-Rambach SL, Koenig AM, Wang
HY, Ahima RS, et al. Brain insulin resistance in type 2 diabetes and Alzheimer disease: concepts and conundrums. Nat Rev Neurol 2018;14:
168-181.
23. Mooradian AD. Central nervous system complications of diabetes
mellitus--a perspective from the blood-brain barrier. Brain Res Brain Res
Rev 1997;23:210-218.
24. Jonk AM, Houben AJ, de Jongh RT, Serne EH, Schaper NC, Stehouwer CD. Microvascular dysfunction in obesity: a potential mechanism
in the pathogenesis of obesity-associated insulin resistance and hypertension. Physiology (Bethesda) 2007;22:252-260.
25. Biessels GJ, Reijmer YD. Brain changes underlying cognitive dysfunction in diabetes: what can we learn from MRI? Diabetes 2014;63:22442252.
26. Gregg EW, Sattar N, Ali MK. The changing face of diabetes complications. Lancet Diabetes Endocrinol 2016;4:537-547.
27. Wardlaw JM, Smith EE, Biessels GJ, Cordonnier C, Fazekas F, Frayne
R, et al. Neuroimaging standards for research into small vessel disease
and its contribution to ageing and neurodegeneration. Lancet Neurol
2013;12:822-838.
28. Newman TB, Hulley SB. Carcinogenicity of lipid-lowering drugs.
JAMA 1996;275:55-60.
29. McGuinness B, Passmore P. Can statins prevent or help treat Alzheimer’s
disease? J Alzheimers Dis 2010;20:925-933.
30. Reitz C, Tang MX, Luchsinger J, Mayeux R. Relation of plasma lipids
to Alzheimer disease and vascular dementia. Arch Neurol 2004;61:
705-714.
31. Breteler MM, Claus JJ, Grobbee DE, Hofman A. Cardiovascular disease and distribution of cognitive function in elderly people: the Rotterdam Study. BMJ 1994;308:1604-1608.
32. Ruocco A, Postiglione A, Santillo M, Serù R, Avvedimento EV, Cuda
G, et al. New possible role of statins in age-related diseases. J Am Geriatr Soc 2002;50:2099-2100.
33. Walker KA, Power MC, Gottesman RF. Defining the relationship between hypertension, cognitive decline, and dementia: a review. Curr
Hypertens Rep 2017;19:1-24.
34. Ravaglia G, Forti P, Maioli F, Martelli M, Servadei L, Brunetti N, et al.
Conversion of mild cognitive impairment to dementia: predictive role
of mild cognitive impairment subtypes and vascular risk factors. Dement Geriatr Cogn Disord 2006; 21:51-58.
35. Nyenhuis DL, Gorelick PB. Diagnosis and management of vascular
cognitive impairment. Curr Atheroscler Rep 2007;9:326-332.
36. Satoh M, Takahashi Y, Tabuchi T, Minami Y, Tamada M, Takahashi K,
et al. Cellular and molecular mechanisms of statins: an update on
pleiotropic effects. Clin Sci (Lond) 2015; 129:93-105.
37. Hess DC, Demchuk AM, Brass LM, Yatsu FM. HMG-CoA reductase
inhibitors (statins): a promising approach to stroke prevention. Neurology 2000;54:790-796.
38. Davignon J, Laaksonen R. Low-density lipoprotein-independent effects of statins. Curr Opin Lipidol 1999;10:543-559.
39. Jagust WJ, Eberling JL, Reed BR, Mathis CA, Budinger TF. Clinical
studies of cerebral blood flow in Alzheimer’s disease. Ann N Y Acad Sci
1997;826:254-262.
40. Buee L, Hof PR, Delacourte A. Brain microvascular changes in Alzheimer’s disease and other dementias. Ann N Y Acad Sci 1997;826:7-24.
41. de la Monte SM, Lu BX, Sohn YK, Etienne D, Kraft J, Ganju N, Wands
JR. Aberrant expression of nitric oxide synthase III in Alzheimer’s
disease: relevance to cerebral vasculopathy and neurodegeneration.
Neurobiol Aging 2000;21:309-319.

