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addition, maintaining brain health is paramount because many
public health sectors such as individual health care, healthcare
finance, maintenance of employment, and family and commu-
nity health may be affected.

Optimal Brain Health

Basic Mechanisms and Milieu

Optimal brain function depends on many energy-intensive
activities ranging from synaptic activity and subsequent resto-
ration of resting ionic gradients and chemical milieu to protein
synthesis and axonal transport.?® With minimal or no energy
reserves and the exquisite sensitivity of neurons and glia to
chemical changes in the internal milieu, normal brain function
is highly dependent on adequate delivery of energy substrates,
mainly oxygen and glucose. These are delivered by cerebral
blood flow, which, in turn, depends on cardiovascular and
cerebrovascular health.

Vital cerebrovascular regulatory mechanisms ensure that
the brain is adequately perfused. Neurovascular coupling
ensures that focal increases in brain activity are associated with
corresponding increases in blood flow to the activated areas.”’
Cerebrovascular autoregulation maintains cerebral blood flow
relatively independently of changes in arterial pressure to
protect the brain from damaging fluctuations in cerebral per-
fusion,”® whereas cerebral endothelial cells regulate microvas-
cular flow by releasing vasoactive agents such as nitric oxide
and prostanoids.” These fundamental properties of the cere-
bral microcirculation depend on the coordinated interaction of
neurons, astrocytes, vascular endothelial cells, smooth muscle
cells, pericytes, perivascular cells, and the cerebrovascular
matrix, which collectively constitute a functional ensemble
called the neurovascular unit (NVU; Figure 2).

In addition to regulating cerebral perfusion, the NVU is
responsible for the blood-brain barrier, which finely controls
the molecular exchange between blood and brain and vice
versa through an intricate system of transporters located on
the endothelial cell membrane.*® Another important function
of the NVU is to dispose of unwanted products of brain activ-
ity and metabolism, such as f-amyloid and tau to prevent
their accumulation in the brain tissue.?' To this end, clearance
pathways efficiently remove these potentially deleterious mol-
ecules through transport across the vessel wall (transvascular
pathway), retrograde convective flow in the perivascular space
or vessel wall (perivascular pathway), and paravascular path-
ways involving astrocytic end-feet (glymphatic system).* The
NVU is also involved in the immune surveillance of the brain
and in producing growth factors that support the survival of
brain cells and blood vessels.* Therefore, the NVU is critical
for maintaining the homeostasis of the cerebral microenviron-
ment, which is essential for brain health (Figure 2).

Increasing evidence indicates that cumulative exposure
to vascular risk factors throughout life, perhaps starting as
early as in utero, and certainly from the fourth decade onward,
affects the risk of common neurological diseases, such
as stroke and dementia, as well as the burden of covert (or
silent) brain lesions that may diminish optimal brain function,
although not sufficiently to be recognized clinically until later
in the course of disease. Vascular risk factors, for example,

hypertension, diabetes mellitus, and dyslipidemia, have del-
eterious effects on the structure and function of cerebral blood
vessels, leading to vascular remodeling and stiffness, impaired
cerebral blood flow autoregulation, endothelial dysfunction,
altered neurovascular coupling, and failure of clearance sys-
tems, resulting in neurovascular dysfunction and suboptimal
brain health.?*3*

Parallels Between Cardiovascular and
Cerebrovascular Health and Brain Health

Aging affects all organ systems through common underlying
mechanisms such as changes in the immune system, oxida-
tive stress, and DNA damage and replication errors, as well
as epigenetic changes and accumulation of abnormal pro-
teins across multiple organ systems.*~% Aging has profound
effects on the structure and function of the cerebrovascular
system,*** which may act in concert with vascular risk factors
to further compromise brain health. Furthermore, age-related
alterations in systemic organs such as the liver, kidney, lung,
and endocrine and immune systems may also produce second-
ary deleterious effects on the brain. In turn, brain dysfunction
and damage caused by age, age-related systemic diseases, and
vascular risk factors may lead to deleterious effects on the
cardiovascular system by altering neurohumoral mechanisms
controlling the heart, blood vessels, and metabolism and pro-
moting cardiac damage and hypertension.**#! Therefore, the
health of the brain is inextricably related to cardiovascular and
cerebrovascular health, and .interventions aimed at promot-
ing cardiovascular health‘would be expected to promote brain
health-and vice versa.

How Do We Define Optimal Brain Health?
Most existing definitions of brain health emphasize an absence
of overt vascular or neurodegenerative injury such as from
stroke and AD. Some definitions additionally emphasize the
absence of subclinical injury on brain imaging such as white
matter hyperintensities, silent infarcts, microbleeds on brain
magnetic resonance imaging (MRI), or cognitive function
assessment values above the age- and education-dependent
normative thresholds. More recently, molecular interrogation
of brain parenchyma through cerebrospinal fluid studies and
positron emission tomography imaging of amyloid and tau
burden and of brain network connectivity patterns through
functional and diffusion-weighted MRI has been added as a
marker of subtle brain injury. There is a need for a broader
perspective of the definition of brain health that does not
depend on the mere absence of anatomic and physiological
disease and encompasses the potential measurement, moni-
toring, and modification in individuals and in the population.
Optimal brain health can theoretically be defined as an
optimal capacity to function adaptively in the environment.
This could be assessed in terms of competencies across the
domains of “thinking, moving, and feeling,” encompassing,
for example, the abilities pay attention, perceive, and rec-
ognize sensory input; to learn and remember; to communi-
cate; to problem solve and make decisions; to have mobility;
and to regulate emotional status. These domains are largely
attributable to the functions of the brain (except for aspects
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Figure 2. The neurovascular unit (NVU): the guardian of the homeostasis of the brain microenvironment.‘Schematic representation of the
NVU at the level of the cerebral microvasculature (arterioles, capillaries). The NVU is constituted by endothelial cells, smooth muscle cells
(replaced by pericytes in capillaries), astrocytes, neurons, perivascular cells, and the extracellular matrix, a complex meshwork of proteins
and carbohydrates that provides support to the different cellular constituents. The NVU is responsible for maintaining the homeostasis of
the cerebral microenvironment, ensuring an optimal milieu for the function of neurons and other brain cells. The NVU regulates the deliv-
ery of blood flow to the brain, ensuring that it.is well'matched to'its energetic needs; is the site of the blood-brain barrier (BBB), which
controls the bidirectional trafficking of molecules.into and out of the'brain; is involved in the trafficking of immune cells, promoting immu-
nosurveillance in the normal state and innate and adaptive immune responses after brain injury; produces neuronal, glial, and vascular
growth factors that support the reciprocal survival of its cellular constituents and the adjacent brain parenchyma; and is a major conduit
for the clearance of potentially deleterious byproducts of brain activity such as -amyloid and tau through transvascular, perivascular, and
paravascular (glymphatic) pathways. CBF indicates cerebral blood flow.

of mobility); can be operationally defined and measured;
are affected by environment, behaviors, and disease; and are
potentially modifiable if changes are detected early enough.
Bodily functions such as sleep, continence, and appetite are
also affected by the brain. These constructs can be readily
understood by patients and their primary care providers and
should be used as the equivalent of vital signs of the brain, that
is, early warning indexes of brain health to be monitored and
addressed at an at-risk stage for the brain.

Maintenance of Brain Health Requires
Consideration of the Life Continuum

Many brain disorders manifest later in life but, in fact, are
life-course illnesses. It has been shown that even during the
period of brain development, subclinical injury can begin to
accrue. Thus, the risk of stroke in the fifth and sixth decades
of life depends not only on the BP at the time that risk is being
assessed but also on BP patterns experienced in the preceding
1 or 2 decades. Although this advisory statement is focused on
adults, to best prevent late-life disease, interventions focused
on modifiable risk and protective factors may ideally need
to be applied in young adulthood, possibly as far back as

childhood. Optimal brain health may be defined at any life
stage as average performance levels among all people at that
age who are free of known brain or other organ system dis-
ease in terms of decline from previously documented levels
of function or as adequacy to perform all activities that the
individual wishes to undertake.

Pragmatic Criteria to Evaluate and Promote
Optimal Brain Health Throughout the Life Span
Actionable criteria need to focus on age-appropriate sen-
sitive measures and modifiable risk factors. Screening
tests for brain health range from structured or semistruc-
tured questionnaires that score self-assessments or close
family member assessments of daily function (Everyday
Cognition,* ADS8,* Informant Questionnaire on Cognitive
Decline in the Elderly,* Clinical Dementia Rating Scale,*
Lawton-Brody Instrumental Activities of Daily Living*) to
brief objective assessments of the abilities to attend, per-
ceive, learn, remember, communicate, problem solve, and
decide (Folstein Mini-Mental State Examination,*” Montreal
Cognitive Assessment,”® Telephone Interview of Cognitive
Status,* Modified Mini-Mental State Examination,*® Clock
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Drawing,” 7-minute screen,”” Canadian Stroke Network—
National Institute for Neurological Disorders and Stroke
5-minute screen).”® In addition, there are assessments of
mood (Center for Epidemiological Studies Depression
Scale,** Geriatric Depression Scale,”® Physician Health
Questionnaire,® Neuropsychiatric Inventory’’) and mobil-
ity (timed walk,*® Short Physical Performance Battery,” Get
Up and Go®). Such indexes have been shown to be adversely
affected by simple composite indexes of vascular risk factor
exposure such as AHA’s Life’s Simple 7, which includes 4
ideal health behaviors and 3 ideal health factors.’

In addition to such subjective or objective assessments,
interpretation of future risk depends on an accurate assess-
ment of a priori risks in the specific sample. Various simple
clinical tools have been proposed to assess such a priori risks
in an office or community setting (Barnes index).®! They also
depend on consideration of future disease risks not just in
terms of annual, 5-year, or 10-year risks but in relation to risk
over the remaining lifetime, assuming an average life expec-
tancy. These predictor models are the so-called lifetime risks
of stroke and dementia described within cohorts, such as the
Framingham Heart Study, and estimated for more diverse
populations within the United States and worldwide.®> Such
lifetime risk estimates may be used to encourage young and
middle-aged people to assume personal responsibility for
preservation of brain health. Educational models to promote
risk factor awareness among these younger cohorts need to
be developed.

Race-, ethnicity-, and geography-specific variations in
disease-incidence risks associated with-specific risk factors
need to be better quantified, as do gene-environment interac-
tions. Furthermore, interactions between risk factors should
be explored so that primary risk prevention prescriptions to
prevent subclinical injury and clinical disease can be tailored
to emphasize changes most likely to benefit the individual.
The parameters of the risk or protective factors most corre-
lated with brain health often remain unclear. For instance, it is
unknown whether light physical activity is sufficient to main-
tain brain health and whether optimal physical activity levels
vary across each decade. In addition, the role of physical fit-
ness in brain health needs to be further clarified.

Risk Factors

Background

There has been substantial interest in the promotion of strate-
gies to achieve healthy brain aging and to reduce the risk of
stroke and cognitive decline. Research has convincingly dem-
onstrated that cardiovascular risk factors are major contribu-
tors to late-life cognitive health and risk of stroke and AD. For
example, having high fasting glucose or diabetes mellitus has
been associated with cognitive impairment and dementia.®3
Potential mechanisms include vascular and neuronal dam-
age,% as well as changes in cerebral blood flow and alterations
in -amyloid processing and deposition.”” Smoking has been
implicated in the risk of cognitive decline®®® and dementia™
through atherosclerosis, inflammation, and oxidative stress
pathways.®% Obesity,”7* dyslipidemia,”"” and high BP7*"
are also major contributors to vascular brain health. Finally,

adherence to a Mediterranean or DASH (Dietary Approach to
Stop Hypertension) diet®® has been associated with reduced
cognitive decline, potentially and controversially a result of
homocysteine reduction, and through antioxidant and anti-
inflammatory pathways.®'** Despite being well-established
key risk factors of cognitive decline, AD, and other demen-
tias, much less is known about how cardiovascular risk factor
exposure affects brain health in midlife or earlier in the life
course.

The specific critical periods of influence of some key car-
diovascular risk factors such as high body mass index (BMI)
and hypertension on cognitive decline remain uncertain. For
example, studies have shown that there may be a U-shaped
association between BMI and dementia such that individu-
als with either low or high BMI have the greatest risk.** In
addition, the timing of obesity (midlife versus late life) and
the type of obesity (overall versus central) may have different
effects on cognitive outcomes in late life. Studies suggest that
midlife and late-life central obesity increases the risk of cogni-
tive impairment but that high late-life obesity (as assessed by
BMI) may be protective.”'~” Further study is needed to clarify
these risk relationships, which may be explained away, at least
in part, by reverse causation.

Hypertension is another risk factor with an influence on
cognition and dementia that may depend on age, severity, and
cumulative time of exposure. Several population-based stud-
ies have found that midlife hypertension or high systolic BP
is associated with cognitiveidysfunction.and decline®-* and
dementia.®>™ A J- or U-shaped association between systolic
BP and cognitive decline has also been suggested in old age.”
Inconsistencies in these associations may reflect the timing
of exposure measurement relative to the age of study sub-
jects, reverse causation, potential survivor bias, and the pos-
sibility of either'a cumulative effect or more specific window
of opportunity-for the exposure to exert a deleterious effect
during the life course. The CARDIA study (Coronary Artery
Risk Development in Young Adults), for example, showed that
cumulative systolic and diastolic BPs and fasting glucose were
consistently associated with worse cognition.?” The reader is
referred to additional informative studies that detail the effect
of various BP metrics in young adults on cognitive function
in midlife.**-%

Prospective observational studies have generally found a
positive association between physical activity and cognitive
health outcomes. A meta-analysis of these studies concluded
that physically active adults had a 35% lower risk of cognitive
decline (relative risk, 0.65; 95% confidence interval, 0.55-0.76)
compared with those who were physically inactive.” In another
recent systematic review, 21 of 24 prospective studies showed
a positive association between physical activity and cognitive
outcomes.**

A number of intervention studies have reported a ben-
efit of physical activity and exercise on cognition. For
example, in a randomized trial, older women assigned
to aerobic exercise for 4 months had better performance
on cognitive tasks than women randomized to strength
and flexibility training or no exercise.” Other interven-
tional studies have often, but not always, found benefi-
cial effects of aerobic exercise on cognition.”®* Several
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meta-analyses!®-12 have reported modest positive effect
sizes for the exercise-cognition relationship. Some studies
have shown larger benefits on executive tasks than other
cognitive domains.?7:9%:102.103

Finally, 2 other factors merit mention. Atrial fibrillation
is an important risk in that it is causally linked to stroke and
subclinical stroke, is increased by certain cardiovascular risks,
is associated with cognitive impairment, and is modifiable or
preventable.'®'% In addition, a number of studies have sug-
gested that various aspects of sleep (eg, short or long sleep
duration, excessive daytime sleepiness, greater number of
night awakenings) may be associated with poorer cognition or
cognitive decline.'”''! Because the findings have been incon-
sistent, additional studies are needed to determine whether
and which sleep characteristics are causal in relation to cogni-
tive impairment.

AHA’s Life’s Simple 7

A recent study examined the association between overall
cardiovascular health defined by AHA’s Life’s Simple 7 in
early life to midlife and cognition in midlife. The authors
investigated 7 components of cardiovascular health (BMI,
diet, smoking status, physical activity, total cholesterol,
BP, and fasting glucose) and reported that having a greater
number of cardiovascular health metrics at ideal levels in
early life was associated with better cognition in midlife.'"
Furthermore, in another study, cumulative exposure to car-
diovascular risk factors from early to middle adulthood,
especially above recommended guideline levels, has been
associated with worse cognition in midlife. In REGARDS
(Reasons for Geographic and Racial Differences in Stroke),
a US national study of 17761 blacks and whites'>45 years
of age and followed up for an average of 4 years, those with
intermediate or high cardiovascular health defined by AHA’s
Life’s Simple 7 had a significantly lower incidence of cogni-
tive impairment compared with those with low indexes of
cardiovascular health.”

Other Factors

Education and literacy are well-established predictors of later-
life cognitive function.!"*'5 This protective effect may be
mediated by higher socioeconomic conditions that influence
health behaviors and lifestyle choices, as well as improved
access to health care and quality health care.'® Higher socio-
economic conditions also provide more opportunities for
cognitive enrichment through more complex occupational
exposure. Aside from education level, quality of education
in early life, which is known to vary greatly by geographic
region,'”!'"® also contributes to cognitive outcomes later in
life. Regional disparities in cognitive decline have been shown
to be similar to regional disparities in stroke mortality; resi-
dents of the Stroke Belt in the southeastern United States had
greater adjusted odds of incident cognitive impairment than
non-Stroke Belt residents,'"” suggesting shared risk factors for
these 2 outcomes. Less is known about other geographic and
environmental factors that may contribute to vascular health.
Air pollution is the factor that has been studied the most, but
the results have not been consistent. Thus, air pollution was
not included as a metric for optimal brain health in this AHA
statement.'2-122
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Rationale for Incorporation of the Ability to
Monitor, Measure, and Modify as a Consideration
for Defining Metrics of Brain Health and the
Distinction Between Metrics and Outcomes

To efficiently translate knowledge into action and to achieve
the desired goal of optimal brain health, practitioners, indi-
viduals, and policy makers should be provided with metrics
that are measurable, modifiable, and easily monitored. For
instance, although age and genetic factors are among the sub-
stantial determinants of brain health, they are not modifiable
and thus not well suited as metrics. To achieve the highest
possible gain, metrics for optimal brain health should meet
the following requirements: have a strong basis of evidence
for affecting brain health; be measurable by simple methods
that are broadly available and can be performed at reasonable
cost; have a sufficient basis of evidence that modifying the
metric will result in improved brain health; be applicable to
all subsets of the population; and have face validity to ensure
acceptance by relevant parties and can be acted on by indi-
viduals, practitioners, and policy makers. For instance, pub-
lic health messages about a diet rich in fruits, vegetables, and
fiber-rich whole grains is better suited for health communica-
tion, translation, and action by practitioners, policy makers,
and individuals than details on specific nutrients, which may
be difficult to communicate and monitor.

Criteria for metrics to achieye optimal brain health (eg, abil-
ity to monitor, measure, and modify) are to be distinguished
from outcomes such as cognitive function, stroke, and dementia.
The latter outcomes are/stronglyinfluenced by metrics that act as
antecedents for optimal brain health and serve as ongoing indi-
cators for brain health and the potential for maintenance of opti-
mal brain health. Outcomes should meet the following criteria:
be clearly attributable to brain health, have a documented impact
on quality of life, and be measurable by simple methods. The
primary outcome should be a robust measure consisting of items
that are easy to assess (eg absence of both stroke and demen-
tia). However, additional metrics to define secondary outcomes,
including both clinical (eg, cognitive decline) and neuroimaging
(eg, brain infarcts) outcomes, are needed.

Metrics for Defining Optimal Brain Health:
AHA’s Life’s Simple 7

The health-related behaviors and health factors listed below have
been chosen as metrics to define optimal brain health. These fac-
tors are derived from AHA’s Life’s Simple 7.° Available evidence
from study of AHA'’s Life’s Simple 7 indicates that these factors
play arole in the preservation of cognition and can be measured,
modified, and monitored.”>''? These factors have been reviewed
in the Risk Factors section above, and other study information
on the factors is found elsewhere for nonsmoking status,*!2*124
physical activity,***12-12 BMI <25 kg/m?,"1?13 healthy diet
consistent with current guidelines,* untreated BP <120/<80
mmHg,** untreated total cholesterol <200 mg/dL,>$¢13+142 and
fasting blood glucose <100 mg/dL.*123124

Health-Related Behaviors®
1. Nonsmoking status
2. Physical activity at goal levels
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3. BMI <25 kg/m?
4. Healthy diet consistent with current guidelines

Health-Related Factors

5. Untreated BP <120/<80 mm Hg

6. Untreated total cholesterol <200 mg/dL

7. Fasting blood glucose <100 mg/dL
Of note, the thresholds for definition of ideal levels of BP,
glucose, and cholesterol are consistent with current guidelines
and expert recommendations.’

Other Factors
Besides AHA’s Life’s Simple 7, a number of additional fac-
tors have an established impact on brain health either by influ-
encing stroke or dementia risk or by independent mechanisms.
Examples include but are not limited to atrial fibrillation, which
can be prevented or efficiently monitored and treated to prevent
cardioembolism; low cardiac output, leading to hypoperfusion
dementia; acute or chronic brain diseases distinct from stroke or
neurodegeneration; and head injury, which can in part be influ-
enced by behavior. Although the importance of these factors with
respect to optimal brain health is acknowledged, AHA’s Life’s
Simple 7 was chosen to be the backbone of the definition of the
metrics because of their relevance on individual and population
levels, life-course perspective, and fit with the ability to monitor,
measure, and modify, and because they further affect other estab-
lished risk factors for brain health, including atrial fibrillation.
The relationship between education or social engagement
across the life span and brain health is complex. For instance,
education may affect brain health by enhancing the capacity
to compensate for the effects of brain pathology on brain func-
tion (eg, cognitive reserve). A potential benefit of intérven-
tions to enhance social or cognitive lifestyle has thus far not
convincingly been demonstrated. Nevertheless, this remains
an important area for further investigation. A more detailed
appraisal of other factors beyond AHA’s Life’s Simple 7 will
be the focus of future brain health publications.

Primary and Secondary Outcomes for Brain
Health and Monitoring

Outcomes for brain health can be broadly classified into 3 catego-
ries: clinical diagnoses coded in International Classification of
Diseases, 10th Revision (eg, stroke or dementia); competencies
across the domains of thinking, moving, or feeling; and metrics
of brain structure or function as assessed by instrumental investi-
gations (eg, brain imaging). The last category includes subclinical
injury on brain imaging (eg, presence or volume of MRI-defined
white matter hyperintensities, covert infarcts, microbleeds, and
microstructural change [quantifiable by diffusion tensor imag-
ing]), molecular markers (eg, amyloid measured by positron
emission tomography or cerebrospinal fluid analysis), and both
structural and functional connectivity, as assessed by diffusion
tensor imaging and functional MRI, respectively.!+3!44

On a population level, International Classification of
Diseases, 10th Revision—coded clinical diagnoses are more
practical to assess than competencies or metrics of brain
structure. In addition, surveillance of certain outcomes such
as stroke, dementia, and mortality from these causes is more

Table 1. Primary and Secondary Outcomes for Brain Health
Monitoring

Primary outcomes
Stroke

Dementia

Secondary outcomes

Transient ischemic attack

Subjective or mild cognitive impairment

reliable than the surveillance of milder clinical disease expres-
sions such as transient ischemic attack (defined as a transient
focal neurological deficit of vascular cause) or subjective cog-
nitive impairment. Hence, defining stroke and dementia as the
primary outcomes of interest and transient ischemic attack
and subjective or mild cognitive impairment as secondary out-
comes seems most logical given that the secondary outcomes
correlate with less severe clinical expressions, competencies,
and manifestations of brain dysfunction. Primary and second-
ary outcomes for brain health monitoring are listed in Table 1.

Maintenance of Brain Health

Evidence for Maintenance of Brain Health
There is robust observational epidemiological evidence asso-
ciating young adult and midlife vascular risk factors with later
development of cognitive.impairment:;However, the random-
ized clinical trials (RCTs) investigating the effect of vascular
risk factor modification on the prevention of cognitive decline
have not shown consistent results (Table 2). Observational epi-
demiological-study-shows that individuals with hypertension
treated to-a BP <120/<80 mm Hg have less risk of stroke and
cardiovascular events, but that risk is not as low as those the
risk for those 'who have maintained untreated BP <120/<80
mmHg." Thus, primordial prevention may be a powerful
means to prevent key primary and secondary cardiovascular
outcomes because once risk factors are present, one may not be
able to optimally reduce stroke and cardiovascular disease risk.
There is some suggestion for clinical benefit from BP con-
trol or multidomain interventions, including vascular risk modi-
fication combined with lifestyle and behavioral interventions'
(Table 2). For example, in the placebo-controlled Syst-Eur study
(Systolic Hypertension in Europe), a BP reduction of 8.3/3.8
mmHg was associated with a marginally significant drop in the
risk of dementia of 50% at 2 years (P<0.05)." However, several
additional randomized trials failed to show a beneficial effect of
BP reduction on cognition. 4614151154 Thyg, while BP lowering
has been shown to substantially reduce the risk of stroke, in indi-
viduals with elevation of BP, BP lowering in a clinical trial setting
has not been shown conclusively to preserve cognitive function.
Data from longitudinal observational studies indicate
that different cardiovascular and lifestyle-related factors
such as diabetes mellitus, dyslipidemia, anthropometric
measures, and smoking, among others, may influence the
trajectory of cognitive health. Encouraging results have
been observed in some, but not all,” RCTs targeting some of
these conditions. In the PREDIMED study (Prevencién con
Dieta Mediterranea), for example, participants randomized
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Table 2. Summary of Trial Data on Maintenance of Cognitive Function
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Age at
Inclusion
Study n (mean), y Follow-Up, y Intervention Cognitive Outcome Results
Syst-Eur trial'*® 2418 >60 (69.9) 2 Nitrendipine=enalapril+ Dementia (DSM-IIl, Revised, Active treatment was
hydrochlorothiazide to reduce criteria) and Mini-Mental State | associated with a lower
systolic BP by at least 20 mmHg Examination incidence of dementia by
to reach a value <150 mmHg 50% (P=0.05)
ONTARGET"* 22629 =55 (66) 4.6 Ramipril vs telmisartan vs a Mini-Mental State Examination | No effect of treatment
combination of both drugs on cognition
TRANSCEND'#6 5231 >55 (67) Telmisartan vs placebo Mini-Mental State Examination | No effect of treatment on
cognition
HYVET™ 3336 >80 (84) 2.2 Indapamide=perindopril vs Dementia (DSM-IV criteria) No effect of treatment
placebo and Mini-Mental State on dementia
Examination
SCOPE™8 4694 70-89 (76) 3.7 Candesartan vs placebo Mini-Mental State Examination No effect of treatment
on cognition
PROFESS™* 20332 =55 (66) 24 2x2 Factorial allocation Mini-Mental State Examination | No effect of treatment
Aspirin+extended-release on cognition
dipyridamole vs clopidogrel
Telmisartan vs placebo
PROGRESS'™® 6105 No set age 39 Perindoprilxindapamide vs Dementia (DSM-/V criteria) and | Active treatment reduced
criteria (64) placebo Mini-Mental State Examination | cognitive decline by 19%
(P=0.01) but had no
effect on dementia
SHEP'®! 4736 >60 (72) 5 Chlorthalidone+atenolol vs Short-Comprehensive No effect of treatment
placebo Assessment and:Referral on cognition
evaluation
ACCORD-MIND™? | 2977 No set age 3.3 Diabetic patients randomized to Digit Symbol Substitution Test No effect of intensive
criteria (62) systolic BP.<120.vs. <140 mm Hg blood pressure and
and to fibrate vs placebo fibrate treatment on
cognition
HOPE-3'%3 1626 Cognition 5.6 2x2 Factorial.allocation Digit Symbol Substitution Test | No effect of treatment
assessed in ) on cognition
e Rosuvastatin vs placebo and
individuals >70 -
candesartan+hydrochlorothiazide
only (74)
vs placebo
SPS3™ 2916 No set age 3 2x2 Factorial allocation Cognitive Abilities Screening No effect of treatment
criteria (63) Aspirin vs clopidogrel; systolic BP Instrument on cognition
<130 vs 130-149 mmHg
preDIVA™eS 3526 70-78 (75) 6.7 Usual care vs multidomain Dementia (DSM-IV criteria) No effect on dementia
intervention (smoking habits,
diet, physical activity, weight,
BP, diabetes mellitus, and
dyslipidemia)
FINGER'® 2654 60-77 (69) 2 Usual care vs multidomain Neuropsychological test battery | Multidomain intervention
intervention (diet, physical reduced mean zscore at
exercise, cognitive training, and 2y from 0.20+0.02 to
intensive vascular risk factor 0.16+0.51 (P=0.03)
monitoring)
MAPT'* 1680 =60 (75) 3 Usual care vs multidomain Free and Cued Selective No effect of treatment on

intervention (cognitive training,
diet, nutrition advice, and 3
preventive consultations+omega
3 polyunsaturated fatty acids)

Reminding test, 10 Mini-Mental
State Examination orientation
items, Digit Symbol Substitution
Test, and Category Naming Test

cognition

(Continued)
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Table 2. Continued
Age at
Inclusion
Study n (mean), y Follow-Up, y Intervention Cognitive Outcome Results
PREDIMED'5® 334 Men: 55-80 4.1 Mediterranean diet supplemented | Mini-Mental State Examination, | Improvement in cognition
Women: 60-80 with extravirgin olive oil vs Rey Auditory Verbal Learning
67) Mediterranean diet supplemented Test, Animals Semantic
with mixed nuts versus Fluency, Digit Span Subtest
control diet from the Wechsler Adult
Intelligence Scale, Verbal Paired
Associates from the Wechsler
Memory Scale, and the Color
Trails Test
LIFE®® 1635 70-79 and 2 Moderate-intensity physical Digit Symbol Coding, Wechsler | Among sedentary adults,
80-89 activity program vs educational Adult Intelligence Scale, and a moderate-intensity
workshops and upper-extremity Hopkins Verbal Learning Test physical activity program
stretching vs a health education
program did not improve
global or domain-specific
cognitive function

ACCORD-MIND indicates Action to Control Cardiovascular Risk in Diabetes; BP, blood pressure; DSM, Diagnostic and Statistical Manual of Mental Disorders,
FINGER, Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability; HOPE-3, Heart Outcomes Prevention Evaluation-3; HYVET,
Hypertension in the Very Elderly Trial; LIFE, Life Interventions and Independence for Elders; MAPT, Multidomain Alzheimer Preventive Trial; ONTARGET, Ongoing
Telmisartan Alone and in Combination With Ramipril Global Endpoint Trial; PREDIMED, Prevencion con Dieta Mediterranea; preDIVA, Prevention of Dementia by
Intensive Vascular Care; PROFESS, Prevention Regimen for Effectively Avoiding Second Strokes; PROGRESS, Perindopril Protection Against Recurrent Stroke
Study; SCOPE, Study on Cognition and Prognosis in the Elderly; SHEP, Systolic Hypertension in the Elderly Program; SPS3, Secondary Prevention of Small
Subcortical Strokes Trial; Syst-Eur, Systolic Hypertension in Europe; and TRANSCEND, Telmisartan Randomized Assessment Study in ACE Intolerant Subjects

With Cardiovascular Disease.

to a Mediterranean diet had modestly better cognition at 4
years."’® In the FINGER study (Finnish Geriatric Intervention
Study to Prevent Cognitive Impairment and Disability), par-
ticipants randomized to a multidomain intervention,.includ-
ing coaching for vascular risk reduction, exercise, cognitive
training, and adherence to a Meditefranean diet, had mod-
estly better cognitive performance at 2'years, with improve-
ments in executive functions and processing speed but not
episodic memory. !>

On the other hand, several trials have had neutral results
for maintenance of cognition>!%" (Table 2). The neutral
results or modest beneficial effect on cognition in these stud-
ies might be explained by administration of the interven-
tion too late in the disease time course, limited follow-up
and thus inadequate statistical power, poor sustainability of
healthy lifestyle changes, and relatively small differences in
the baseline and longitudinal management of vascular risk
factors in the placebo or control groups compared with active
or intensive treatment because the control participants were
already adhering well to standard care. In addition, none of
the trials showed that dementia was prevented; even the posi-
tive trials showed only modest improvements in cognitive
performance on neuropsychological tests of unclear signifi-
cance for daily functioning and quality of life. Although the
clinical trials showed that implementing a long-term multi-
domain lifestyle intervention was feasible and in some cases
improved cognition, the applicability and cost-effectiveness
of such labor-intensive interventions (ie, often requiring a
lifestyle coach, nutritionist, and supervised exercise ses-
sions) in the general population are unclear. Thus, additional
studies are needed, especially in younger age groups, with

the inclusion of sensitive ‘indicators oftrajectories of cogni-
tive function and vascular function.

Summary:of Previous Guidance for Maintenance of
Cognitive Vitality From the AHA/ASA and Other
Organizations

Although- the -RCT evidence to prevent cognitive decline
and dementia is still incomplete and evolving, the observa-
tional epidemiological evidence for modifiable risk factors is
substantial. This evidence has been previously reviewed by
several national organizations, along with guidance on how
to translate this information into strategies to improve brain
health.

In 2011, the AHA/ASA released a scientific statement on
vascular contributions to cognitive impairment and dementia,
reviewing clinical considerations for diagnosis and manage-
ment of symptomatic patients and prospects for the prevention
of vascular cognitive impairment and AD.* The statement did
not recommend changes to the current management of cardio-
vascular risk factors to prevent dementia; however, it should
be noted that the statement was released before the publication
of the FINGER, LIFE (Life Interventions and Independence
for Elders), and PREDIMED trials. The only Class I rec-
ommendation was, “In people at risk for vascular cognitive
impairment, treatment of hypertension is recommended.” A
more contemporary scientific statement found inconclusive
evidence that BP control preserves cognition in the population
at-large.” Another scientific statement found insufficient evi-
dence on how to prevent or treat silent cerebrovascular disease
(including silent strokes) detected on neuroimaging, which
has been associated with increased risk of future dementia.'*?
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The Alzheimer’s Association has summarized previous
systematic reviews and meta-analyses, consensus state-
ments, and selected articles on modifiable risk factors for
cognitive decline and dementia.'®® The writing committee
concluded that the evidence was sufficiently strong to sup-
port promotion of physical activity, management of vascular
risk factors, healthy eating, and lifelong learning and cogni-
tive training. The Alzheimer’s Association website lists “10
Ways to Love Your Brain,” consisting of advice to increase
physical activity, pursue lifelong learning, cease smoking,
manage cardiovascular risk, protect against brain injury,
eat a healthy diet, get adequate sleep, take care of mental
health, stay socially engaged, and partake in challenging
mental activities.'®!

In 2015, the Institute of Medicine commissioned a
report on cognitive aging.'®? For individuals and families,
the report recommended being physically active, manag-
ing cardiovascular risk factors, discussing health condi-
tions and medications that might influence cognition with
a healthcare professional, being socially and intellectu-
ally engaged, getting adequate sleep, taking steps to avoid
delirium if hospitalized, and carefully evaluating products
advertised to improve cognition. For society, key recommen-
dations included increasing research on preserving cogni-
tive function, ensuring appropriate policies and guidelines
for products that affect cognitive function, developing core
competencies and curricula in cognitive aging distinct from
dementia for health professionals, and expanding commu-
nity services to meet the needs of older adults and their fami-
lies with respect to cognitive health.

Recommendations for Maintenance of Optimal
Brain Health

Considering the emerging evidence that now justifies a defi-
nition of optimal brain health, prudent actions are warranted
to maintain optimal brain health throughout the life span.
Thus, this statement endorses the recommendations from the
Institute of Medicine and Alzheimer’s Association as means
to maintain brain health.!'®*'®> In addition, for primordial,
primary, and recurrent stroke prevention and its relationship
to brain health, we recommend following AHA/ASA guid-
ance*>124142,143,163-167 (gee also Table 3).

Decades of efforts to reduce stroke and cardiovascular risks
by the AHA/ASA and other health organizations and, more
recently, to promote cardiovascular health are likely to have
already contributed to the declining incidence of dementia.'”
These efforts should be additionally leveraged for the pro-
motion of optimal brain health. This should include not only
prevention of stroke but also treatment of stroke to improve
outcomes, including poststroke cognitive impairment.

Addressing cardiovascular and stroke risk is a large
part of maintaining optimal brain health, but not the only
part. Addressing the many factors that may promote cogni-
tive reserve, including such factors as access to education,
meaningful interpersonal and community social engage-
ment, and access to mental health care, is also likely to be
a useful strategy. Active engagement by not only healthcare
practitioners but also policymakers at all levels of govern-
ment is needed.

Defining Optimal Brain Health in Adults ell

Table 3. Recommendations for Promotion and Maintenance
of Optimal Brain Health

Individual's®

Check health status with AHA’s Life’s Simple 7 (http://www.heart.org)

Remain physically active

Eat a healthy diet; evidence suggests that a Mediterranean-style diet
preserves cognitive function better than a low-fat diet

Address vascular risk factors, if present, with a primary care practitioner

Pursue cognitively stimulating and rewarding activities

Address mental health concerns with a primary care practitioner or
specialist as needed

Healthcare practitioners

Apply primordial and primary preventive care for cardiovascular disease
and stroke according to AHA/ASA guidelines®'2+142.163.164

Diagnose and treat symptomatic stroke according to AHA/ASA
guidelines'65-"67

Administer brief screens to monitor cognitive status

Health systems

Support patients by providing access to preventive care and lifestyle
modification

Support good-quality care for stroke'® and for primary prevention of
cardiovascular disease'”

Public health, health policy, private sector®'®®

Disseminate knowledge of potentially modifiable risk factors for
cognitive decline and dementia

Provide tools and resources to maintain healthy lifestyles such as the
AHA Healthy for Good program'!

Provide opportunities for stimulating cognitive, physical, and social
activities

Maintain a healthy environment, including neighborhoods that promote
cognitive and physical activity

Fund research on risk factors for cognitive decline and dementia and
how to intervene to reduce risk

AHA indicates American Heart Association; and ASA, American Stroke
Association.

Maintaining optimal brain health requires actions by
individuals, healthcare practitioners, public health organiza-
tions, policy makers, and the private sector. An overview of
approaches to promoting optimal brain health is provided in
Table 3 and categorized by target stakeholder.

Discussion
The main aim of this AHA/ASA advisory is to provide an ini-
tial definition of optimal brain health and guidance on how to
maintain brain health. Our definition of optimal brain health
emphasizes the importance of a favorable or ideal cardiovas-
cular risk profile. Such a risk profile earlier in life is associated
with compression of morbidity and mortality. This has been
shown in a recent publication from the CHA (Chicago Heart
Association Detection Project in Industry). CHA included a
cohort of men and women employed in 1967 to 1973 who
were 90% white, 44 years of age on average at baseline, and
followed up for 40 years. Overall, those CHA cohort members
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who had a favorable health profile in midlife had prolonged
survival by =4 years and postponed onset of all-cause and car-
diovascular mortality of 7 years.!” In addition, all morbidities
were reduced, compression of morbidity was observed both
absolutely and relatively, and there were lower cumulative
and annual healthcare costs during the Medicare-eligibility
life span in older ages for those with favorable cardiovascular
health profiles in midlife.!”? Although cognition was not the
primary focus of this publication, several other study results
support the belief that favorable cardiovascular health earlier
in life leads to maintenance of cognitive vitality.®!7+

Although healthy lifestyle, advances in overall medical
care, and favorable socioeconomic profile might compress
major morbidities of later life, they may be influenced by the
age at which the subjects are studied and the time in life when
preventives are administered, as suggested by the results of
a Chinese longevity study of the oldest old.!” In this study,
there was compression of activities of daily living disability,
but life-span extension was associated with expansion of dis-
ability of physical and cognitive functioning because there
were more frail elderly who survived health problems.'”

Modifiable cardiovascular risks are prevalent worldwide, may
occur across the age continuum, and are associated with adverse
consequences later in life.!*17® Furthermore, cardiovascular mor-
tality, including ischemic heart disease and stroke, may vary sub-
stantially on the basis of geographic variation.'”” Atherosclerosis,
a manifestation of nonfavorable cardiovascular health, however,
may not be inevitable. Recently, it has been shown that a for-
ager-horticulturalist population, the South American Tsimane of
Bolivia, who have few coronary artery disease risk factors, have
the lowest reported levels of coronary artery disease of any popu-
lation,'” suggesting the value of primordial prevention:

Furthermore, the development of vascular arterial stiff-
ness, a measure of vascular aging, may not be inevitable.'”
In the Framingham study, lower age, female sex, lowerBMI,
use of lipid-lowering drugs, and absence of diabetes mellitus
in a cross-sectional study were associated with healthy vas-
cular aging. In addition, for every 1-unit higher AHA’s Life’s
Simple 7 score (ie, 1 more factor or behavior at ideal levels),
there was a 1.55-fold age- and sex-adjusted odds of healthy
vascular aging. This observational study provides support
for prevention strategies focused on modifiable health fac-
tors and behaviors to prevent or delay vascular aging and
risk of cardiovascular disease and possibly other health con-
sequences associated with aging such as cognitive impair-
ment.'” This approach may apply to elderly populations.

Prevention of cognitive impairment and dementia may be
viewed as a lifelong process predicated on a number of ante-
cedent factors, with cardiovascular risks playing an impor-
tant role.!"> The promotion of healthy living across the life
span may allow one to avoid adverse health outcomes such
as multimorbidity, including cognitive impairment and other
health-related adverse outcomes or events.”'*%!8! In addition,
favorable cardiovascular health may be associated with lower
healthcare expenditures and resource use.'®?

In this advisory, AHA’s Life’s Simple 7 was chosen
as the metric to define optimal brain health. AHA’s Life’s
Simple 7 consists of 4 ideal health behaviors (physical
activity at goal levels, healthy diet consistent with current

guideline recommendations, nonsmoking, and BMI <25
kg/m?) and 3 ideal health factors (untreated total choles-
terol <200 mg/dL, fasting blood glucose <100 mg/dL, and
untreated BP <120/<80 mm Hg).” These factors have been
shown to improve the health trajectory.”!® In addition,
AHA’s Life’s Simple 7 has been linked to successful cogni-
tive health?>*+%>!2 and is an ideal starting point for defining
optimal brain health because it is easy to measure, monitor,
and modify. Additional study to test the influence of AHA’s
Life’s Simple 7 on brain health among different racial and eth-
nic groups, men and women, and people from different age
groups across the life continuum is needed.

Beyond the metrics to initially define optimal brain health,
primary and secondary outcomes for brain health have been iden-
tified in this advisory. On the basis of practical considerations, 2
main primary outcomes, stroke and dementia, and 2 main sec-
ondary outcomes, transient ischemic attack and subjective or
mild cognitive impairment, have been designated. Metrics of
brain structure and function such as subclinical injury detected
on brain imaging (eg, presence or volume of MRI-defined
white matter hyperintensities, covert infarcts, microbleeds, and
microscopic injury [quantifiable by diffusion tensor imaging]),
molecular markers (eg, amyloid measured by positron emission
tomography or cerebrospinal fluid analysis), and those of struc-
tural and functional connectivity, as assessed by diffusion tensor
imaging and functional MRI, are important factors for future con-
sideration as the definition of optimal brain health evolves.

Finally, the availablerRCT: and-observational epidemio-
logical data were reviewed; to.proyide guidance on the main-
tenance.of cognitive health. Although the RCT evidence to
prevent cognitive decline and dementia is incomplete but
evolving, the—observational epidemiological evidence for
modifiable risk factors was judged to be substantially in favor
of modifying key cardiovascular risks. Thus, application of
the Institute of Medicine and Alzheimer’s Association guid-
ance for the maintenance of cognitive vitality, which includes
both cardiovascular risk factor modification and other strate-
gies,'®1%2 and primordial, primary, and secondary stroke pre-
vention recommendations from the AHA/ASA as they relate
to brain health has been recommended.*124142.143.163-167

The definition of optimal brain health and its maintenance
chosen for this advisory has limitations. We acknowledge the
complexity of defining optimal brain health for adults and that
a broader definition of optimal brain health is possible when
taking into account the various stages of the life continuum
spanning from conception to old age and consequent environ-
mental, lifestyle, and genetic exposures. For example, there
is a limited but increasing body of knowledge on the impor-
tance of childhood exposures affecting cognition in later life.'®
Furthermore, intrauterine and early-life exposures may play
important roles in neurocognitive development, as may stress
in early life. Therefore, we anticipate that future publications
from the AHA/ASA brain health writing group will expand the
definition of optimal brain health and incorporate factors of
interest from, for example, earlier in life. In addition, there were
inherent limitations of availability of variables of interest such
as those based on demographic and race-ethnic composition of
the available RCTs and observational epidemiological studies
that were reviewed. Such limitations suggest the need for study
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of individuals representing groups disproportionately affected
by cardiovascular health disparities and those from early stages
of life such as childhood.

Future Directions and the AHA Strategic

Impact Goal

The AHA/ASA has set a Strategic Impact Goal by the year
2020 to improve the cardiovascular health of Americans by
20% while reducing deaths from cardiovascular diseases and
stroke by 20%.° The AHA/ASA 1is promoting cardiovascu-
lar health through application of Life’s Simple 7. As part of
the effort to promote cardiovascular health, the AHA/ASA
is adding brain health to its overall strategic initiatives. Brain

Defining Optimal Brain Health in Adults el3

health is an important component of successful aging and one
in which cardiovascular risks seem to play a key role. The
main purpose of this document is to serve as the first step in
defining optimal brain health and how to maintain it. Future
work will serve to refine the definition, metrics, and strategies
to maintain cognitive vitality.
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Systematic Review: Supplement to Defining Brain Health

Objective: To systematically search the literature to identify potentially modifiable risk factors for
age-related cognitive decline and incident cognitive impairment in the general population. The
results of the searches are intended to aid the writing committee for “Defining Optimal Brain
Health”, by complementing the targeted searches and expert knowledge of the committee
members.

Background: We used the outline of “Defining Optimal Brain Health” (March 28, 2017 version) as the
source document to plan the search methods. Because cognitive ability is (arguably) the most
important function of a healthy brain, we devised search methods to identify risk factors for
cognitive impairment or decline. To provide reasonable limits on the scope of the searches, we
considered but ultimately rejected searches for other brain health outcomes such as cognitive-
related activities of daily living, patient/participant reported outcomes of cognitive-related quality of
life, and mental health outcomes such as mood disorders.

Methods:

Overview: For this review, we operationalized the concept of “brain health” as preserving cognitive
function and the absence of cognitive disorders (all-cause mild cognitive impairment or synonyms,
or dementia). To improve the quality of returned articles, we only included longitudinal studies
reporting incident or progressive cognitive impairment, excluding cross-sectional studies.
Longitudinal studies are expected to be less vulnerable to the possibility of reverse causality.

We sought information on a broad range of exposures, including the risk factors related to the
American Heart Associations “Life’s Simple 7” as well as potentially modifiable exposures (defined
below in Selection Criteria).

Selection Criteria: We included cohort studies that examined the relationships between potentially
modifiable risk factors and either incident cognitive disorders (such as dementia or mild cognitive
impairment) or longitudinal measures of cognitive decline (Table 1, Selection Criteria). We excluded
exposures that we deemed non-modifiable, biologically implausible, intermediate physiological
markers of other processes, highly vulnerable confounding, or for which there was randomized
controlled trial (RCT) evidence that the modifying the exposure was either ineffective or produced
harm (Table 2). We included prior systematic reviews.

L http://www.heart.org/HEARTORG/Conditions/My-Life-Check---Lifes-Simple-
7_UCM_471453_Article.jsp#.WVIHN4jyvic



Table 1. Selection Criteria

Inclusion criteria

Exclusion criteria

Describes relationship between a potentially modifiable exposure and
an outcome as defined below.
e Exposure: Potentially modifiable exposure, as defined in Table 2.
e Qutcome: Change over time on neuropsychological testing or
cognitive screening test (e.g. Folstein MiniMental State Exam), or
incident dementia or mild cognitive impairment (including similar
constructs as defined by the study authors, including cognitively
impaired not dementia).
Design: Either cohort study or systematic review of other relevant
studies. Exposure must have been measured prior to the outcome,
with longitudinal follow-up of at least one year.
Population-based or community-based sampling.
Published in the English language.

Study sample is not a population-based or community-based study,
e.g. sampling from a hospital or a clinic.

Disease-based study sample with neurological or psychiatric disorder.
Cross-sectional study design.

Fewer than 100 participants.

Outcomes in pediatric populations (<18). (Note: pediatric/in utero
exposures allowed, if cognition/cognitive disorders or decline were
assessed in adult life).

Study not in human subjects.

Non-English language.

Publication date prior to January 1, 1980.




Table 1. Classification of Included vs. Excluded Exposure Categories

Relevant and Included

Potentially modifiable

Not modifiable or not
easily modifiable

Considered Not Relevant, and Not Included

Likely confounded or biased

Intermediate
physiological markers
unlikely to be causally
related

Modifiable but RCT evidence
fails to support effect on
cognition

Cholesterol

Hypertension/blood pressure

History of stroke

Diabetes

Kidney disease

Chronic obstructive pulmonary
disease

Heart failure

Coronary artery disease

Tooth loss, periodontitis
Sleep-disordered breathing, sleep
duration

Hearing loss

Vision loss

Physical activity
Exercise

Depression

Anxiety

Smoking

Alcohol use
Recreational drug use
Education

Social participation

Age

Sex

Markers of inflammation (e.g. C-
reactive protein, interleukin-6)
Apolipoprotein E genotpye
Other genetic polymorphisms
Heart rate variability

Pulse pressure

Evidence of past infectious
burden (e.g. herpes simplex
virus)

Specific antihypertensive choices
(e.g. angiotensin receptor blocker,
calcium channel blockers)

Other prescription medications
proposed to have off-target
benefits or harms: proton pump
inhibitors

Carotid intima-media
thickness

Subclinical atherosclerosis

Heart rate

Frailty
Walking speed
Anemia

Red cell membrane fluidity
Bone mineral density

Estrogen

Hormone replacement therapy




Cognitive activities
Personality traits

Built environment
Occupation

Dietary choices
Mediterranean diet
Caffeine

Vitamin intake

Vitamin and mineral levels
Omega-3 fatty acids, micronutrients
Homocysteine

Thyroid hormone levels
Insulin levels or resistance
Body mass index, weight, waist-to-
hip ratio

Lead, aluminum

Pesticides

Air pollution
Electromagnetic radiation
Benzodiazepine use
Anticholinergic drug use




Search

Potentially relevant studies were identified using a Medline search conducted in the Ovid
environment on April 1, 2017 (search strategy included as Appendix 1). The search strategy was
intended to sensitively capture studies of the epidemiology of specific neurodegenerative disorders
as well as of unspecified cognitive impairment using a broad array of inclusionary MeSH headings.
Exclusionary MeSH headings were specified for specific disorders unrelated to neurodegenerative
diseases (e.g. demyelinating diseases) and for reliably coded study characteristics (e.g. animal
subjects).

Review

Search results were transferred to Covidence (Veritas Health Innovation Ltd, Melbourne, Australia)
for team review. Each study title and abstract was screened for relevance by one of three authors
(CZ, SVG, ES).

Potentially relevant studies were moved forward to a second review stage where they were
subsequently assessed by a second reviewer, and a final determination of eligibility was made.
Discrepancies on eligibility were resolved by consensus.

A single reviewer sorted studies according to whether they assessed any of Life’s Simple 7 as an
exposure, assessed other exposures, or were systematic reviews. For an article to be considered
relevant for a specific exposure category, the abstract must have noted that the exposure was
studied as an independent variable of interest. Exposures described as covariates only were not
included.

Results

The literature search identified 33,925 articles. After initial review by a single reviewer, intended to
value sensitivity (i.e. inclusion of as many potentially relevant articles as possible), 2,009 articles
remained. After 2" review and consensus, 1,121 articles were deemed relevant (Figure). The 1,121
eligible studies, sorted by exposure category, were provided to Writing Committee members.

Medline Search April 1,2017
33,925 articles identified

Single
Reviewer

31,916
excluded

A 4
[ 2,009 Potentially Relevant ]

Second
Pl  Reviewer
v 889 excluded

[ 1,120 Relevant Articles ]
Hand search
1 article

[ Final: 1,121 Relevant Articles ]




Appendix 1. Search strategy

1. exp Alzheimer Disease/

2. exp Dementia, Vascular/

3. Dementia/

4. exp Lewy Body Disease/

5. mild cognitive.mp. [mp=title, abstract, original title, name of substance word,
subject heading word, keyword heading word, protocol supplementary concept word,
rare disease supplementary concept word, unique identifier, synonyms]

6. MCl.mp. [mp-=title, abstract, original title, name of substance word, subject heading
word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms]

7. exp Risk Factors/

8. exp Epidemiology/

9. exp Cohort Studies/

10.1or2o0or3ordor6

11.70r80r9

12.10and 11

13. exp Cognitive Dysfunction/

14. Cognition Disorders/

15. exp Neuropsychological Tests/

16. exp Executive Function/

17. memory disorders/ or amnesia/

18.13or14or150r 16 0or 17

19.18 and 11

20. exp Alzheimer Disease/dh, ep, et, pc [Diet Therapy, Epidemiology, Etiology,
Prevention & Control]

21. exp Lewy Body Disease/ep, et, pc [Epidemiology, Etiology, Prevention & Control]
22. exp Dementia, Vascular/dh, ep, et, pc [Diet Therapy, Epidemiology, Etiology,
Prevention & Control]

23. Dementia/dh, ep, et, pc [Diet Therapy, Epidemiology, Etiology, Prevention &
Control]

24. Cognition Disorders/dh, ep, et, pc [Diet Therapy, Epidemiology, Etiology,
Prevention & Control]

25. Cognitive Dysfunction/dh, ep, et, pc [Diet Therapy, Epidemiology, Etiology,
Prevention & Control]

26. Memory Disorders/dh, ep, et, pc [Diet Therapy, Epidemiology, Etiology,
Prevention & Control]

27. Amnesia/dh, ep, et, pc [Diet Therapy, Epidemiology, Etiology, Prevention &
Control]

28.24 or 25 or 26 or 27

29. exp Pathology/

30. Animals/

31. exp Adult/

32.290r 30

33.200r210r22o0r23

34.120r33



35.34 and 32

36. 34 not 35

37.36and 31

38.190r 28

39.38and 32

40. 38 not 39

41.40o0r 37

42. exp Child/

43. mental disorders/ or exp "bipolar and related disorders"/ or exp "disruptive,
impulse control, and conduct disorders"/ or exp dissociative disorders/ or exp
elimination disorders/ or exp "feeding and eating disorders"/ or exp
neurodevelopmental disorders/ or exp neurotic disorders/ or exp paraphilic
disorders/ or exp personality disorders/ or exp "schizophrenia spectrum and other
psychotic disorders"/ or exp sexual dysfunctions, psychological/ or exp somatoform
disorders/ or exp "trauma and stressor related disorders"/

44, exp "autoimmune diseases of the nervous system"/ or exp autonomic nervous
system diseases/ or exp chronobiology disorders/ or exp cranial nerve diseases/ or
exp demyelinating diseases/ or exp nervous system malformations/ or exp nervous
system neoplasms/ or exp neurocutaneous syndromes/ or exp neuromuscular
diseases/ or exp neurotoxicity syndromes/ or exp restless legs syndrome/ or exp
trauma, nervous system/

45.42 or43 or44

46. 41 and 45

47.41 not 46

48. limit 47 to (abstracts and english language)





