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Abstract

Purpose of Review This is a review of available data on the effects of blood pressure and statins on cognition.

Recent Findings Recent randomized clinical trials have shown that intensive control of systolic blood pressure in older adults
prevented the development of mild cognitive impairment (MCI) and the combined effects of MCI and probable dementia.
Previous randomized clinical trials have suggested that statin use may prevent a decline in cognition; however, no randomized
clinical trials have clearly shown evidence of statin’s either positive or negative effect on cognition.

Summary Continued follow-up of SPRINT-MIND participants is crucial to evaluate the long-term effects of intensive
systolic blood pressure control on the prevention of cognitive decline. A well-conducted and adequately powered random-
ized control trial is needed to evaluate the effect of statins on cognition, especially for primary prevention of the cognitive

decline in aging.

Keywords Blood pressure - Statin - Hypertension - Cognition - Cognitive impairment - Dementia

Introduction

Alzheimer’s disease and related dementias (ADRD) are a
leading cause of mortality and of placement into nursing
homes and assisted living facilities, affecting > 46 million in-
dividuals globally and 5.8 million persons in the USA [1].
This number is expected to double by 2050. In 2018, the direct
costs associated with the care of Alzheimer’s disease in the
USA were approximately $239 billion, with just under half of
this cost being borne by Medicare [1].

Until recently, there were no strongly supported strategies
that would reliably delay or prevent dementia, including
Alzheimer’s disease. Since vascular disease and its risk factors
are implicated in a large proportion of dementias, including
Alzheimer’s dementia [2, 3], this suggests that strategies
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targeting the vascular system may provide effective mecha-
nisms to treat cognitive loss in aging.

Blood Pressure and Cognition

Blood Pressure Control with Potential Harm
on Cognition

An important scientific and medical issue has been that some
observational studies reported an inverse correlation between
achieved BP and the rate of progression to dementia [4, 5].
While at some level, low blood pressure is a concern for per-
fusion of all major organs, it has been hypothesized that, in
older adults, there is an even greater increased potential for
cerebral hypoperfusion [5]. Observational data indicated that
daytime systolic blood pressure (SBP) < 128 mmHg (with no
lower limit) was associated with greater Mini-Mental Status
Exam (MMSE) score decrease (mean —2.8, SD 3.8) after a
median 9 months of follow-up [4]. Prospective observational
studies have also suggested that low DBP may adversely im-
pact brain health [6, 7]. Low diastolic pressure (< 70 mmHg)
was associated with an adjusted hazard ratio of 2.1 (95% Cl =
1.05-4.32) for dementia among participants > 75 years of age
[7]. Because of these published associations, an editorial in the
Annals of Neurology [8] strongly cautioned that the

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11906-019-0973-4&domain=pdf
mailto:miyang@wakehealth.edu

70 Page2of8

Curr Hypertens Rep (2019) 21: 70

recommendation that “physicians should seek to keep their
patients’ SBP below 120mmHg is potentially quite
dangerous.”

Blood Pressure Control with Potential Benefit
on Cognition

Despite some observational evidence to the contrary
[4—7], randomized clinical trials of SBP lowering have
not demonstrated adverse effects on cognition and hyper-
tension remains the primary risk factor for small vessel
ischemic disease and cortical white matter abnormalities
[9] associated with dementia. Additionally, the majority of
observational and randomized studies have suggested bet-
ter control of SBP may reduce the risk for ADRDs. Even
prior to the publication of the Systolic Blood Pressure
Intervention Trial dementia results (SPRINT-MIND)
[10e¢], the evidence has been stronger for a cognitive ben-
efit from blood pressure lowering in middle age than in
the elderly [11, 12, 13¢]. Several meta-analyses of the
effect of BP lowering on the incidence of dementia gen-
erally suggested a beneficial effect of BP lowering, but
the results were statistically inconclusive and suffered
from methodological limitations. For example, previous
trials such as PROGRESS (Perindopril Protection
Against Recurrent Stroke Study), SCOPE (Study on
Cognition and Prognosis in the Elderly trial), SHEP
(Systolic Hypertension in the Elderly Program), Syst-Eur
(Systolic Hypertension in Europe trial), and HYVET
(Hypertension in the Very Elderly Trial) considered very
different BP treatment goals (generally > 150 mmHg) and
so are not informative concerning BP control to levels
below 130-140 mmHg. They also did not include treat-
ment durations greater than 3 years or follow-up beyond 4
to 5 years. None included a robust neuropsychological
assessment sufficient to adjudicate mild cognitive impair-
ment (MCI) [14]. Although there was no difference in
cognitive function (based on non-adjudicated neuropsy-
chological test scores) between the intensive and standard
BP lowering groups in the Action to Control
Cardiovascular Disease in Diabetes (ACCORD) trial,
magnetic resonance imaging (MRI) results showed that
lower BP targets were associated with greater rates of
decline in total brain volume but decreases in abnormal
white matter lesions [15] in those assigned to the
intensive-treatment arm.

As noted, the publication of the SPRINT cognitive im-
pairment results have provided insights into a promising
strategy for effective prevention of age-related cognitive
impairment, including MCI, i.e., effectively treating hy-
pertension. In SPRINT-MIND, 9361 individuals with a
mean systolic blood pressure of 140 mmHg and increased
cardiovascular risk, but without diabetes or advanced
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heart failure, were randomly assigned to either a systolic
blood pressure target of less than 120 mmHg (intensive
treatment) or one less than 140 mmHg (standard treat-
ment) [16]. The primary cardiovascular disease outcomes
included myocardial infarction, other acute coronary syn-
dromes, stroke, heart failure, and cardiovascular death
[16]. At 1 year, systolic blood pressure averaged
121.4 mmHg in the intensive-treatment group and
136.2 mmHg in the standard-treatment group. The inter-
vention was stopped early after a median follow-up of
3.3 years due to a lower than expected rate of the primary
outcomes in the intensive-treatment group (1.65% per
year) compared with the standard-treatment group
(2.19% per year; hazard ratio [HR] 0.75; 95% confidence
interval [CI] of intensive to standard treatments, 0.64 to
0.89; P<0.001) [16]. All-cause mortality was also re-
duced in the intensive-treatment group (HR 0.73; 95%
CI 0.60 to 0.90; p= 0.003). Overall, there was no differ-
ence in adherence or all-cause serious adverse events be-
tween the 2 treatment groups, although higher rates of
self-reported hypotension (2.4 intensive vs 1.4 standard),
syncope (2.3 intensive vs 1.7 standard), acute kidney in-
jury (4.1 intensive vs 2.5 standard), and electrolyte abnor-
malities (3.1 intensive vs 2.3 standard). Further follow-up
has shown no increased incidence of end-stage renal dis-
ease in either group. Notably, the study did not report any
injurious falls (2.2 intensive vs 2.3 standard) or clinical
measured excess falls in orthostatic blood pressure [16].

SPRINT had specific pre-specified goals to test the effects
of intensive SBP treatment on the incidence of adjudicated
dementia or MCI and also tested the rate of decline in global,
domain-specific cognitive function and CVD [17].
Characterizing the effects of intensive SBP lowering on mul-
tiple organ systems was a strength in the trial’s design, but it
was always recognized that earlier than expected positive or
negative effects might be observed on the CVD outcomes,
thus reducing the ability to follow-up on cognitive outcomes.
Because SPRINT was stopped early due to strong CVD and
mortality benefits, the final main study closeout visits that
occurred before the planned follow-up sessions for the cogni-
tive outcomes were completed. In the SPRINT cohort, the
effect of intensive, 3.3-year BP lowering on dementia (includ-
ing Alzheimer’s disease) was not clear at that point, leading to
additional follow-up and cognitive assessments beyond dis-
continuation of the intervention.

With a median of 5.5 years of follow-up, SPRINT-MIND
demonstrated a positive effect of the 3.3-year intensive blood
pressure treatment on lowering rates of mild cognitive impair-
ment (MCI). Results were not conclusive for probable demen-
tia [10e¢]. The estimated reduction in risk for probable demen-
tia was in the same direction and of the same magnitude as for
MCI (19%, p = 0.008), but the hazard ratio estimate for prob-
able dementia was not statistically significant (17%, p = 0.10).
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Consistent with this conclusion, the composite outcome of
MCI or probable dementia (PD) demonstrated a 15% reduc-
tion (HR of 0.85, p=0.01) [10e°].

In SPRINT-MIND, the number of MCI events was 640,
and the confidence interval for the estimated HR of 0.81
(19% reduction) excluded 1.0. Unfortunately, the lack of
statistical significance for the probable dementia outcome
has been interpreted as evidence of no effect, rather than as
inconclusive due to low statistical power. However, persons
with MCI are at much higher risk to become PD cases than
those who have not. Some estimates are as high as 50% of
persons with MCI to develop PD within 5 years. Because of
the strong positive effect on MCI [10+¢] incidence, an ex-
tended follow-up of the SPRINT participants is proposed to
assess the cohort for longer term impact on incident proba-
ble dementia.

Statin Therapy and Cognition

Clinicians often extrapolate findings from studies of young
people or make practice decisions for older individuals based
on their personal beliefs. The NIH and the FDA have raised
requirements for older adults to be included in clinical trials,
and an increasing number of trials focus exclusively on older
adults [18]. While ample data exist for the use of statins in
secondary prevention of cardiovascular disease (CVD) for
older adults, limited information is available for primary pre-
vention of cognitive impairment or physical disability [19]. In
the National Health and Nutrition Examination Survey
(NHANES), all adults 75 years and older without CVD had
a 10-year risk score greater than 7.5%, the guideline threshold
for considering statins for primary prevention [20]. Yet, rela-
tive hazards associated with elevated cholesterol diminish
with age as reflected in risk estimators such as the
Framingham risk score [21]. Following the release of the
National Cholesterol Education Program guidelines in 2002
[22], the use of statins in patients 79 years and older for pri-
mary prevention rose steadily (8.8% in 2000, 34.1% in 2012),
as it did for secondary prevention—in the absence of evidence
for the former [23]. The 2018 cholesterol guidelines [24] again
underscore the lack of evidence to support the use of statins in
patients 75 years or older without CVD. If statins were shown
to be effective for primary prevention in older adults 75 years
or older, they would be cost-effective: could prevent 105,000
myocardial infarctions (MIs) and 68,000 coronary heart dis-
ease (CHD) deaths, ata cost of $25,200 per disability-adjusted
life-year in up to an additional 8 million adults aged 75 to
94 years [25].

Possible Role of Statins in the Prevention of MCl and ADRD
The majority of ADRD patients display vascular patholo-
gy as a contributing factor to their dementia [26], making

vascular cognitive impairment (VCI) the most common
form of ADRD [27, 28]. As with ADRD, mild cognitive
impairment (MCI) is prevalent in older populations and
both are associated with incident disability, institutionali-
zation, and death [29]. Clinical and subclinical CVD are
associated with greater risk for vascular dementia and
Alzheimer’s disease [30]. Coronary artery calcium
(CAC) scores, a reflection of atherosclerosis, are associ-
ated with higher incidence and shorter time to dementia in
the Cardiovascular Health Study, further linking subclini-
cal atherosclerosis to dementia [2, 31e, 32¢] (Fig. 1).
Midlife hypertension and dyslipidemia have been associ-
ated with abnormal white matter lesion development and
dementia [33].

As with hypertension, observational studies have
shown varying relationships between midlife cholesterol
and cognitive impairment and dementia in later life [34,
35, 36]. The use of statins has been associated with a
reduction in this risk [37-39]; however, in later life, as-
sociations vary substantially between statin use and de-
mentia, as well as dementia-related brain abnormalities
[40]. Some studies have found higher cholesterol associ-
ated with higher risk while others have reported either no
relation or higher cholesterol being associated with a low-
er risk of developing dementia [40, 41, 42]. No relation-
ship between low-density lipoprotein cholesterol (LDL-C)
levels and the progression of abnormal brain white matter
lesions has been identified [43, 44, 45]. Higher LDL-C
levels have a well-known relationship to ischemic stroke
and large cerebrovascular vessel injury, which contributes
to cognitive impairment and dementia [46—48]. Statins are
important in primary and secondary prevention of ische-
mic stroke, which is a significant contributor to dementia.
Simvastatin was associated with a 20% reduction in stroke
risk compared with placebo in the Heart Protection Study
(HPS) [49]. Atorvastatin 80 mg vs 10 mg daily was asso-
ciated with a 25% reduction in stroke risk in the Treating
to New Targets (TNT) Study [50]. Two large meta-
analyses also found that statin therapy significantly re-
duced stroke risk for each 1 mmol/L reduction in LDL-
C [51, 52]. The Leukoaraiosis and Disability (LADIS)
Study [43] (n=396) found individuals with higher white
matter lesion abnormalities on MRI had lower LDL-C,
while the Rotterdam Scan Study [45] (n=668) found in-
dividuals with carotid atherosclerosis and higher LDL-C
had more incident lacunes. Incongruous findings between
LDL-C levels and incident lacunes are similar to variance
in the relation of hypertension to ADRD and are due to
differing study designs, age of participants at enrollment
(midlife vs later life), age at the time of cholesterol mea-
surement, the rigor of dementia assessment, and length of
follow-up. Existing evidence evaluating statin treatment
in later life does not suggest an effect on cognitive
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Fig. 1 Time to dementia by CAC
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function [53]. The HPS showed that simvastatin had no
effect using the modified Telephone Interview for
Cognitive Status (TICS-m) [49]. The Prospective Study
of Pravastatin in the Elderly at Risk (PROSPER) showed
pravastatin had no effect on change in the Mini-Mental
State Examination (MMSE) [54]. Similarly, PROSPER
(n=535) and the Regression of Cerebral Artery Stenosis
(ROCAS) (n=227) sub-studies found statins did not alter
white matter hyperintensity progression [55, 56].
However, the Prevention of Decline in Cognition After
Stroke Trial (PODCAST) [57¢] randomly assigned pa-
tients without dementia at 3 to 7 months after stroke to
intensive (< 1.3 mmol/L LDL) vs guideline (< 3 mmol/L
LDL) lipid-lowering therapy. Although there was no dif-
ference in the Addenbrooke’s Cognitive Examination-
Revised (ACE-R, the primary outcome) in these 83 par-
ticipants at 24 months, intensive lipid-lowering therapy
was associated with improvements in cognition (improved
score in ACE-R at 6 months) [57¢]. Although underpow-
ered, PODCAST found in a post hoc analysis of multiple
outcomes that intensive lipid-lowering therapy improved
on-treatment global cognition [57¢].

Cholesterol is relevant for brain health, since the brain
is a lipid-rich organ. Elevated 24-hydroxycholesterol, an
enzymatically oxidized by-product of brain cholesterol,
signals alterations in brain cholesterol homeostasis asso-
ciated with ADRD [58, 59]. The apolipoprotein E
(APOE) protein involved in brain cholesterol transport,
aggregation, and clearance of amyloid-g peptide is asso-
ciated with Alzheimer’s disease [60-62]. The amyloid
cascade hypothesis suggests that an imbalance between
production and clearance of amyloid-3 contributes to
ADRD [63]. Presence of the APOE ¢4 allele increases
the risk of Alzheimer’s disease many fold [64], and the
€4 allele is associated with a risk of atherosclerosis and
higher LDL-C [65]. However, the risk for Alzheimer’s
disease from treatable CVD risk factors—elevated total
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cholesterol level and blood pressure—appears greater than
from the €4 allele alone [30].

Statins May Affect Global Brain Health Statins increase the
integrity of the blood-brain barrier, improve endothelial cell
function, and reduce platelet aggregation, smooth muscle cell
proliferation, and inflammation [66, 67]. Some have raised
concerns about the effect of lowering cholesterol on
intramembranous lipid or intracellular cholesterol content in
the brain [68, 69], but data from PCSK9 inhibitor trials and
observational studies of individuals with loss of PCSK9 func-
tion demonstrated that very low serum LDL-C <25 mg/dL,
even lifelong, has no negative effect on neurocognitive func-
tion [70e, 71°].

Statin-Induced Cogpnitive Impairment Memory loss associat-
ed with statin use is a concern of participants reading
FDA warnings on statins [72]. Randomized controlled tri-
als, case reports, observational studies, and post market-
ing surveillance have also reported data regarding cogni-
tive impairment by statins [73—78]. None of these symp-
toms have been shown to be serious, and most reversed
within a few weeks of ceasing statin therapy. Three
groups have systematically assessed the data and found
no significant evidence that statins cause cognitive im-
pairment. This includes a meta-analysis involving 14 ran-
domized trials (n =27,643), which found statins were not
associated with cognitive impairment in cognitively nor-
mal participants or people with Alzheimer’s disease
[79-81]. A longitudinal study of older adults with normal
cognition noted a slower rate of cognitive decline and
better attention in statin users (n=1224; mean age,
72.8 years) than in nonusers (n=2363) [82]. A meta-
analysis of only well-conducted studies suggested a po-
tential beneficial role of long-term statin therapy with a
29% reduction in ADRD (hazard ratio (HR), 0.71; 95%
CI, 0.61-0.82) [33].
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Conclusions

In contrast, results from recent randomized clinical trials
indicate that intensive blood pressure lowering improves
cognitive decline. However, continued follow-up of
SPRINT-MIND participants is crucial to evaluate the full
spectrum of the effect of intensive SBP control on the
prevention of dementia. The results for statin’s effects
on cognition are mixed in current literature and insuffi-
cient to recommend statin therapy for the prevention of
cognitive decline or dementia. Methodologic challenges
related to statin’s effect on cognition [83] have not been
a well-conducted randomized clinical trial, but this is ex-
actly what is needed to answer the question of whether
statins have beneficial or detrimental effects on cognition,
i.e., a well-conducted and adequately powered random-
ized control trial to evaluate statin’s effect on cognition.
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