Reviews
Cholesterol, Statins, and Dementia: What the
Cardiologist Should Know
Brett L. Wanamaker, MD; Kristopher J. Swiger, MD; Roger S. Blumenthal, MD; Seth S.
Martin, MD

Address for correspondence:
Brett L. Wanamaker, MD,
Johns Hopkins Ciccarone Center for
the Prevention of Heart Disease,
600 N. Wolfe Street,
Blalock 524-C,
Baltimore, MD 21287,
brett.wanamaker@jhmi.edu

Department of Medicine, Division of Cardiology, The Johns Hopkins Ciccarone Center for the
Prevention of Heart Disease, Johns Hopkins University, Baltimore, Maryland

Alzheimer dementia (AD) is an important clinical problem that appears to be closely tied to comorbid
cardiovascular disease, making it a relevant topic for the clinical cardiologist. Determinants of cardiovascular
health, especially midlife dyslipidemia, are associated with an increased risk of dementia based on molecular
and epidemiologic data. Given the potential role of dyslipidemia in the development of dementia, statins have
been investigated as potential therapeutic options to slow or prevent disease. This review discusses the role
of dyslipidemia and other cardiovascular risk factors in the pathogenesis of AD, with a focus on the existing
evidence for the use of statin medications in the treatment and prevention of AD from observational studies
and randomized clinical trials. Clinical questions for the practicing cardiologist are addressed.

Introduction
Alzheimer dementia (AD) is an important clinical problem
that cardiologists in particular will commonly see, as it is
associated with cardiovascular disease (CVD) risk factors as
well as atherosclerotic vascular disease. Alzheimer dementia
is now estimated to affect 5.2 million adults in the United
States, equating to roughly 1 in 9 individuals age >65 years.1
The prevalence of AD is expected to increase 40% by 2025,
reflecting the growth of an aging group of baby boomers and
the expanding proportion of the population age >65 years.
Observational data have noted an increased burden of CVD in patients with AD,2 and cardiovascular
risk factors, especially dyslipidemia, are associated with
an increased risk of AD development.3 Statins, or 3hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors, are the most widely prescribed cardiovascular therapy4 and are first-line agents for lipid-lowering
pharmaceutical therapy.5 Cohort data suggest that statins
are associated with a lower risk of dementia and have
generated consideration of their therapeutic potential to
reduce AD.6
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The sheer prevalence of AD, combined with the
increased burden of CVD among those with the condition
and observations that modification of lipids may play a
role in attenuating disease development, make this an
important topic for clinical cardiologists and cardiovascular
researchers. The aim of this review is to present an overview
of the existing evidence for the role of lipids and other
cardiovascular risk factors in AD pathogenesis and current
data for the potential of statins in the prevention and
treatment of AD.

Alzheimer Dementia and the Cholesterol Hypothesis
The neuropathologic hallmark of AD in the brain
consists of 2 microscopic observations: the development of
extracellular neuritic plaques consisting of amyloid β (Aβ)
protein, and neurofibrillary tangles within cells consisting
of phosphorylated tau protein. These abnormalities are
thought to disrupt synaptic transmission through structural
interference and to invoke inflammatory cytotoxic pathways
that ultimately lead to neuronal cell death.7
Observational studies have shown elevated cholesterol at
midlife to be an independent risk factor for the development
of AD.8 In one large retrospective cohort study, high total
cholesterol (TC) >240 mg/dL 30 years prior to diagnosis
carried a 57% higher risk for AD (hazard ratio [HR]: 1.57, 95%
confidence interval [CI]: 1.23-2.01).9 Elevated low-density
lipoprotein cholesterol (LDL-C) and TC levels earlier in life
have also been found to be associated with the discovery of
Aβ plaques within the brain at autopsy,10 even in individuals
as young as age 40 to 55 years.11 On the basis of such
epidemiologic and observational data, some have suggested
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that cholesterol-dependent mechanisms are at play in the
pathogenesis of AD.12
Cellular and molecular data also implicate cholesterol
pathways in AD development. Apolipoprotein E (ApoE) is
the major cholesterol transporter in the brain, and one of the
major advances in the understanding of AD pathogenesis
was the discovery of the ApoE4 allele. Increased expression
of this form of the gene is associated with increased risk of
disease development and a younger age at AD presentation,
especially in ApoE4/E4 homozygotes.13
The Aβ protein that comprises senile plaques is produced
from cleavage of the amyloid precursor protein, but this
protein is capable of undergoing differential processing via
competing enzymatic pathways. Cleavage of the amyloid
precursor protein by the β-secretase pathway results in the
Aβ seen in AD, whereas cleavage via α-secretase produces
a benign, soluble product.14 Decreased cholesterol levels
have been shown in vitro to increase α-secretase activity
and tip the balance away from the nonsoluble Aβ product.15
The relationship between serum cholesterol concentration and the development of AD is likely more complex,
especially given that cholesterol does not readily cross the
blood-brain barrier and most of the brain’s cholesterol is synthesized de novo.16 Additionally, not all observational studies have noted increased serum cholesterol levels among
those who develop AD pathology,17 and some investigators
remain skeptical of a causative relationship.12 Nevertheless,
cholesterol-dependent pathways remain a major focus in the
investigation of AD and have provided the impetus for the
exploration of potential therapeutic targets.

The Role of Other Cardiovascular Risk Factors in the
Development of Alzheimer Dementia
Epidemiologic studies have also implicated other cardiovascular risk factors such as obesity, hypertension, smoking,
diabetes mellitus, and peripheral arterial disease in the
development of cognitive decline and AD. Kivipelto et al analyzed health parameters of nondemented subjects who were
followed for a mean of 21 years as part of the Cardiovascular
Risk Factors, Aging, and Dementia (CAIDE) study. They
found that midlife obesity (body mass index >30 kg/m2 )
was associated with an increased risk of incident AD (odds
ratio: 2.4, 95% CI: 1.2-5.1).18 This effect appeared to be
additive with midlife hypertension (systolic blood pressure >140 mm Hg) and elevated TC (>251 mg/dL). Men
enrolled in the Honolulu-Asia Aging Study with untreated
diastolic hypertension (>95 mm Hg) at study onset were
more likely to develop AD 2 decades later (odds ratio: 4.47,
95% CI: 1.53-13.09), though this association was not observed
in those who had received treatment for hypertension.19
A recent analysis of 13 476 patients in the Atherosclerotic
Risk In Communities (ARIC) cohort found hypertension
diagnosed between the age of 48 and 67 years to be associated with significantly worse performance on a variety of
cognitive batteries 20 years later.20 This association was
attenuated by antihypertensive treatment, and there was
no association between late-life hypertension and cognitive
change.
Participants of the Cardiovascular Health Study (CHS)
cohort with a prior diagnosis of peripheral arterial disease
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were likewise more likely to develop incident AD after 5
years of follow-up (HR: 2.2, 95% CI: 1.1-4.5).2 Furthermore,
midlife tobacco use of >2 packs per day carried a 2-fold risk
of later AD development (HR: 2.57, 95% CI: 1.63-4.03), even
after controlling for obesity, hypertension, diabetes mellitus,
and cholesterol in another prospective study.21 Diabetes has
also been identified as a significant independent risk factor in
multiple studies.22,23 In those with already-established AD,
vascular comorbidities including hypertension and atrial
fibrillation have been associated with more precipitous
decline in cognitive performance compared with those
without such conditions.24
Given shared risk factors, it is not surprising that there
is considerable overlap between CVD and cognitive impairment. Recent data from survivors of myocardial infarction
have shed light on this. Gharacholou et al examined 772
patients age >65 years in the Translational Research Investigating Underlying Disparities in Recovery From Acute
Myocardial Infarction: Patients’ Health Status (TRIUMPH)
Registry of myocardial infarction survivors using telephone
cognitive assessments 1 month postinfarction.25 They found
at least some degree of cognitive impairment in 56% of the
772 patients studied, suggesting an intimate relationship
between cognitive status and CVD.
Many of the studies that found an increased risk of AD
in the presence of cardiovascular risk factors also found
an increased risk for vascular dementia, where cognitive
decline is the result of sequential cerebral infarctions.19,21 – 23
Indeed, one of the major challenges in exploring the
relationship between AD and cardiovascular risk factors is
distinguishing AD from vascular dementia, where the role
of factors affecting vessel health is perhaps more obvious.
The distinction is not straightforward, and in one review
of postmortem dementia pathology, 30% of those with a
diagnosis of AD had cerebrovascular disease, whereas
a similar proportion of those diagnosed with vascular
dementia also demonstrated hallmarks of AD pathology.26
The 2 entities are often difficult to differentiate clinically27
and can even coexist in some patients.1 It may ultimately be
that the observed diagnostic and pathologic overlap between
AD and vascular dementia occurs because the disruption
of vascular integrity is a common etiologic pathway in both
diseases.

Statins as Targets for Therapeutic Intervention
On the basis of intriguing basic science data and
observational studies supporting the cholesterol hypothesis,
investigation of the potential therapeutic benefit of statin
medications has been pursued with vigor. A series of
case-control studies suggested a protective effect for
statins,6,28 – 31 but the most supportive data have come from
several prospective observational cohort studies analyzing
statin use and later AD development.
In their 2009 analysis of the Rotterdam Study, Haag et al
studied 6992 Dutch patients age >55 years for a mean followup time of 9 years.32 Among statin users, they found a 43%
lower incidence of AD (HR: 0.57, 95% CI: 0.37-0.90), which
persisted even after controlling for TC. Li et al followed 3099
subjects for a mean of 6.1 years and found a HR of 0.62 (95%
CI: 0.40-0.97) for the use of statins and incident AD.33 In this

Figure 1. Forest plot of quantitative synthesis for long-term cognition showing incidence of dementia in the statin vs placebo groups. The total N (6992) for
the study of Haag et al is presented; it is not differentiated between statins and control because the analysis was performed at the drug-exposure level
rather than patient level. Combined with the Ns in the statins and control columns, the total N for analysis was 23 443. Reproduced with permission from
Swiger et al.43 Abbreviations: CI, conﬁdence interval; df, degrees of freedom; IV, inverse variance; SE, standard error.

study, the strength of association decreased with advancing
age, and the association was nonsignificant for individuals
age >80 years.
Betterman et al conducted a secondary analysis of 3069
patients in the Ginkgo Evaluation of Memory Study (GEMS)
and found a similar protective association (HR: 0.57, 95%
CI: 0.39-0.85) after a mean follow-up period of 6 years.34
Additional prospective observational studies have agreed
with these findings,35 though some36,37 did not exclude
other forms of dementia in their analyses. Some cohorts
have failed to observe an association.38 – 41 A 2013 metaanalysis of 8 prospective cohort studies found an overall
relative risk reduction of 0.62 (95% CI: 0.43-0.81).42 This
analysis included studies that were not specific to AD,
a reminder that the distinction between AD, vascular
dementia, and other diagnoses is not always straightforward.
Another meta-analysis weighing 8 of the highest-quality
prospective studies found an overall HR of 0.71 (95% CI:
0.61-0.82; Figure 1).43 In the most recent systematic review,
Richardson et al found a relative risk reduction specific to
AD of 0.79 (95% CI: 0.63-0.99) in a pooled analysis of 10
cohort studies.44
Although most investigators controlled for comorbid
conditions, a risk of indication bias remains in such
observational studies. Statin use may, for example, simply
be a marker for increased contact with medical care or other
demographic and lifestyle factors. A case-control study by
Rockwood et al sought to address this specific question.
Although statin use was protective for the development
of AD, it was not associated with differences in exercise,
educational level, or self-reported health.30 Therefore,
although indication bias was not supported by this analysis,
it remains theoretically possible.

Potential Mechanisms of Statin Protection
Support for statin effect has come from laboratory data as
well, and numerous mechanisms have been proposed to
explain their potential benefit in AD pathology (Figure 2).
The most basic is that modifications in serum and
brain cholesterol promote a nonamyloidogenic processing
pathway at the level of the cell surface.15,45 Animal data have

shown a reduction in the formation of Aβ product with statin
treatment,46 whereas investigators have found a decrease in
postmortem AD pathology in humans treated with statins.47
However, central nervous system effects are unlikely to be
explained by lipid reduction alone. Statins have been shown
to reduce inflammatory cytokines in the brains of mice,
including interleukin-1β, interleukin-6, and tumor necrosis
factor-α.48 Other potential targets include reduced oxidative
and nitrosative stress.49 Just as statins promote nitric oxide
synthase in the coronary endothelium, they may also work to
improve and protect cerebral blood flow,50 and further data
are emerging strengthening the association between vessel
health and Aβ deposition, providing biologic plausibility to
the overlap between vascular disease and AD.51
Finally, there is evidence that statin effects in the central
nervous system may be mediated by their ability to modify
upstream products in the cholesterol synthesis pathway. As
statins inhibit the conversion of HMG-CoA to mevalonate,
they block not only the production of the cholesterol endproduct, but also other mevalonate-derived products called
isoprenoids, including farnesyl pyrophosphate and geranyl
pyrophosphate. These compounds are attached through
post-translational modification to alter the activity of cellsignaling proteins like Ras and Rho, which may in turn
affect neuronal metabolic activity and amyloid processing.52

Concerns Regarding Statin Effect on Short-term Cognition
In 2012, the US Food and Drug Administration released
a safety label change for statin medications describing
the potential for reversible cognitive side effects including
‘‘memory loss’’ and ‘‘forgetfulness,’’53 citing observational
analyses of patients who experienced such symptoms. For
example, Evans et al surveyed a group of 171 patients who
reported varying cognitive side effects with statin use.54
These effects were generally reversible with discontinuation
and not related to the development of dementia or other longterm cognitive pathology. However, because the brain is a
cholesterol-rich environment relying upon lipids for cellular
activities and neurotransmission,52 the concern that intense
lipid reduction may actually lead to adverse cognitive effects
is worth investigating.
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Figure 2. Proposed mechanisms for statin effects in the CNS. Abbreviations: Aβ, amyloid β; CNS, central nervous system; IL-1β, interleukin-1β; IL-6,
interleukin-6; TNF-α, tumor necrosis factor-α.

Two recent analyses have addressed this issue. In
addition to examining the relationship between statin use
and AD, Richardson et al also analyzed the effect on
cognitive performance in cognitively intact patients treated
with statins.44 After examining 1 large controlled trial and
numerous cohort studies that provided initial and follow-up
cognitive assessments in those without a previous deficit,
no negative effect was observed. Swiger et al examined 8
high-quality studies in their 2013 meta-analysis and found
no adverse signal in short-term cognitive outcomes among
statin treatment groups.43
In the Evans et al report, the mean total cholesterol in
those reporting cognitive side effects was not particularly
low (191 mg/dL), suggesting that any such effects are
unlikely to be related to extremely low cholesterol levels.54
Proprotein convertase subtilisin-kexin type 9 inhibitors are
a new generation of lipid-lowering medications capable
of dramatic reductions in serum cholesterol. Early trials
with these agents have driven LDL-C levels <60 mg/dL
without any reported cognitive side effects at 1 year.55 When
combined with high-intensity statins (atorvastatin 80 mg/d),
LDL-C levels may even drop below 40 mg/dL, with early data
showing no significant increase in reported neurocognitive
adverse events.56 Further follow-up of studies utilizing these
novel medications may shed more light on the potential of
lipid-lowering medications to cause reversible short-term
cognitive side effects in a select group of patients.

Randomized Trials for Statins in the Treatment
of Alzheimer Dementia
Observational and laboratory data have provided the
impetus for several clinical trials of statins in the treatment
of already-established AD. Most trials tracked therapeutic
benefit through follow up neuropsychiatric evaluations
using the Alzheimer Disease Assessment Scale–Cognitive
(ADAS-Cog). This is a validated measurement tool to assess
disease severity ranging from 0 to 70 points, with higher
scores indicating increased cognitive impairment.57 The
results of these relatively small trials have been generally
disappointing (Table 1).
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The 2006 Alzheimer’s Disease Cholesterol-Lowering
Treatment (ADCLT) trial randomized 67 patients with
mild-to-moderate AD to receive atorvastatin 80 mg daily
or placebo and measured ADAS-Cog scores 6 months and
1 year after treatment.58 At 6 months, the investigators
found a statistically significant improvement in ADAS-Cog
scores in the treatment group (3.5 points; P = 0.003), though
the change was below the 4-point threshold generally
considered to be clinically meaningful.59 Moreover, this
effect lost statistical significance at 1 year of follow-up.
The Lipitor’s Effect in Alzheimer’s Dementia (LEADe)
study randomized 640 patients with mild-to-moderate AD to
atorvastatin 80 mg daily vs placebo.60,61 Participants in the
study were already taking acetylcholinesterase inhibitors
(donepezil) as treatment for their dementia. After 18 months
of follow-up, there was no observed difference in cognitive
performance between the 2 groups as measured by ADASCog scores or other neuropsychiatric inventories.
Finally, the most recent Cholesterol-Lowering Agent to
Slow the Progression of AD (CLASP) trial randomized 406
individuals with mild-to-moderate AD to receive simvastatin
20 mg daily for 6 weeks followed by 40 mg daily vs
placebo.62 Again, after 18 months of treatment, there were
no significant differences in ADAS-Cog scores or other
measures of disease progression.
It should not be surprising that such attempts to
attenuate disease development in mild-to-moderate AD
have been unsuccessful. Laboratory data demonstrate that
statins may prevent the formation of new senile neuritic
plaques46 ; however, data have not indicated that statin
therapy can regenerate neurons that have already been
damaged beyond repair or adequately dissolve existing
plaques. As Rosenblum suggests, trying to prevent further
Aβ production in the setting of an already heavy burden of
disease is likely a futile endeavor.63 Randomized trials of
statins in established AD may have missed the window of
opportunity in the natural history of the disease, intervening
too late, when damage is already irreversible or there is little
left to preserve. Because already-demented patients may not
be the most appropriate group to target, new research is
being directed toward earlier intervention.

Table 1. Randomized Clinical Trials of Statins in Established AD
Trial

Subjects

Intervention Group

Interval

Outcome

67 patients with
mild-moderate AD

Atorvastatin, 80 mg/d

1 year

Slight improvement in ADAS-Cog at 6 months (3.5 points;
P = 0.003). No signiﬁcant difference at 1 year.

LEADe60,61

640 patients with
mild-moderate AD

Atorvastatin, 80 mg/d

18 months

No signiﬁcant change in ADAS-Cog or other inventories

CLASP62

406 patients with
mild-moderate AD

Simvastatin, 40 mg/d

18 months

No signiﬁcant change in ADAS-Cog or other measures of
cognition

ADCLT

58

Abbreviations: AD, Alzheimer dementia; ADAS-Cog, Alzheimer Disease Assessment Scale–Cognitive; ADCLT, Alzheimer Disease Cholesterol-Lowering
Treatment trial; CLASP, Cholesterol-Lowering Agent to Slow the Progression of AD; LEADe, Lipitor’s Effect in Alzheimer Dementia study.

The Trial of Simvastatin in Amnestic Mild Cognitive Impairment (MCI) Patients (SIMaMCI; http://www.
clinicaltrials.gov NCT00842920) is an ongoing multicenter
trial in Germany seeking to address the utility of earlier
intervention with statin therapy in those at highest risk of
developing AD before they progress to full-blown disease.64
Eligible subjects include individuals age 55 to 90 years who
have mild impairments in memory but no other evidence
of dementia. Patients will be randomized to simvastatin
60 mg daily vs placebo and followed for a minimum of 48
months to assess for conversion to dementia using the
Clinical Dementia Rating (CDR) scale and other secondary
measures including the ADAS-Cog. The hope is that earlier
intervention may yield more encouraging results.

Statins as Primary Prevention for Cognitive Decline: Data
From Randomized Trials
Although the therapeutic benefit of statins in the treatment
of established AD has been disappointing, the role of
statins in the primary prevention of AD has not been
adequately addressed in a randomized trial designed for
this purpose. The only existing data come from trials
designed primarily to assess cardiac endpoints. The Medical
Research Council/British Heart Foundation (MRC/BHF)
Heart Protection Study (HPS) examined 20 536 patients in
the United Kingdom age 40 to 80 years randomized to
simvastatin 40 mg/d or placebo.65 Dementia and cognitive
impairment were exploratory outcomes based on reported
diagnosis and end-of-trial telephone cognitive questionnaire
performance. The trial found no differences between the
2 groups in the incidence of cognitive impairment after 5
years (23.7% of the simvastatin group vs 24.2% of the placebo
group). In addition, equal numbers of patients developed
incident dementia in each treatment arm, although the
numbers were very low (31 patients, or 0.3%, respectively).
The Pravastatin in Elderly Individuals at Risk of Vascular
Disease (PROSPER) trial randomized 5804 individuals age
70 to 82 years to pravastatin 40 mg/d or placebo.66,67
Participants underwent repeat cognitive testing at regular
intervals to assess memory and executive function. Though
new diagnoses of dementia were not reported, there was
no statistically significant difference in cognitive function
between the treatment and control groups after an average
of 42 months of follow-up. Other randomized trials of
statins in nondemented subjects have focused on indirect
outcomes, such as AD biomarkers, and were not continued

long enough to assess for a difference in AD development
between treatment groups.68,69
How can the data from these existing statin trials be
reconciled with multiple observational studies that support
a solid risk reduction in the development of AD? Dementia
was an exploratory outcome in the HPS trial, and after 5
years of follow-up, only 31 subjects developed dementia
in the control and treatment arms, respectively. As a
result, it was vastly underpowered to detect a significant
difference in incident dementia. The PROSPER trial followed
participants for an even shorter time interval (42 months),
and all subjects in the trial were already of advanced age
(mean age, 75.4 years). Like trials of statins in existing AD,
the timing of intervention may again be too late to alter
the disease process for these elderly patients. Aβ plaque
formation associated with hypercholesterolemia seems to
be a relatively early process,11 and as Li et al note in
their prospective cohort study, statin use seems to lose
its protective effect with increasing age.33

Future Directions in Alzheimer Dementia and Lipid
Research
Given that midlife cardiovascular risk factors are important
predictors of AD and the benefit of statins occurs through
lipid modification and other pleiotropic effects earlier in life,
the primary prevention of AD in a younger population may
be a better target for research. The question is how this
might be investigated with a randomized controlled trial,
and whether or not such a trial would be feasible. Patients
would ideally be recruited in their fifth and sixth decades
of life. To achieve the statistical power to replicate the
30% relative risk reduction noted in observational studies,
the trial would need ≥2700 participants followed for over
2 decades. The practical challenges of ensuring follow-up
over such a long interval are obvious. Additionally, the
amount of crossover between the statin and control groups
would likely be substantial as those within the control group
develop comorbid conditions that are primary indications
for statin use.
Another important question is whether the broader
prescribing of statin medications in accordance with new
guidelines5 will be reflected in a change in new AD
cases over the coming years. Indeed, emerging data have
suggested that the incidence of dementia may actually
be decreasing in some populations.70 Whether this is the
result of increased statin use or an increased emphasis on
controlling cardiovascular risk factors broadly is unclear.
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The number of soon-to-be elderly individuals who came of
age during the era of statin development and increased
prescribing may provide some insight into this issue. Until
then, the cardiologist has limited high-quality data with
which to guide recommendations for patients inquiring
about the long-term cognitive benefits of these drugs (Box).

Conclusion
Midlife dyslipidemia appears to play an important role in the
development of AD among a host of other risk factors that
affect vascular health. Results from observational cohorts
have been mixed, though many of the highest-quality
studies have found a protective effect for statins. Laboratory
data have supported numerous potential mechanisms for
statin benefit including lipid reduction, vascular protection,
and changes in cell signaling and amyloid processing.
However, short-term clinical trials of statins in AD patient
populations have failed to show a sustained benefit in
cognitive outcomes, perhaps due to an already advanced
and irreversible disease process. Trials have not specifically
addressed statins’ role in the primary prevention of AD, and
such trials would be very challenging, if not impossible, to
conduct. Future studies should assess statin use during a
critical period of risk in midlife to explore effects on the later
development of AD.

with a decreased risk of AD development, there is
currently no role for statins in treatment of established
AD. Three short-term randomized trials of statin therapy
in such patients failed to demonstrate a lasting and
clinically significant benefit in measures of disease
progression.

Question 3
A well-informed 62-year-old patient with a history of diabetes presents to clinic for further evaluation and management of coronary artery disease. He has been prescribed a high-intensity statin but is concerned about US
Food and Drug Administration labeling suggesting the
potential for reversible cognitive side effects including
‘‘memory loss’’ and ‘‘forgetfulness’’ with statin therapy.53
Answer: Encourage the patient to report any perceived
side effects, but provide reassurance and inform the
patient that such side effects are rare, if they occur at
all. Two recent meta-analyses43,44 failed to show any
significant adverse effects from statins in a variety of
cognitive domains, including memory and executive
function, despite labeling changes.
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