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Introduction
Threats to brain health comprise a broad 
range of factors, and the conditions that 
ensue from poor brain health encompass 
multiple clinical outcomes, including stroke, 
dementia, vascular cognitive impairment 
(VCI), cognitive ageing, and vascular func-
tional impairment, which refers to a decline 
in the capability to perform activities of 
daily living, caused by vascular risk factors.1 
Diseases and conditions related to brain 
health remain major causes of morbidity and 
mortality, and have a substantial impact on 
global public health. Established modifiable 
vascular risk factors contribute to impaired 
brain health, and the various outcomes of 
poor brain health have overlapping diagnoses 
because of the shared association with vas-
cular factors. Modification of these vascular 
risk factors can be a cost-effective preventive 
strategy for improving brain health. This 
article addresses the burden of poor brain 
health and associated conditions, and dis-
cusses cardiovascular health (CVH) factors 

that contribute to brain health, gaps in our 
knowledge, and the need for effective preven-
tive interventions to improve brain health for 
the growing ageing populations worldwide.

Burden of poor brain health
Worldwide burden of stroke
The public health burden of stroke is large 
in every country, and in many countries 
the burden continues to grow. Worldwide, 
16.9  million new strokes occurred in 
2010, representing a 68% increase since 
1990.2 The number of stroke survivors has 
also increased by 84% since 1990, reach-
ing 33 million in 2010. Although stroke 
remains a leading cause of mortality world-
wide (number two in 2010), accounting for 
5.9 million deaths in 2010, mortality rates 
have substantially decreased in both high-
income and low-income countries.2 The 
global burden of stroke in 2010, represented 
as disability- adjusted life years (DALYs), was 
also substantial — 102 million years—making 
stroke the third leading  contributor to the 
worldwide burden of disability.2,3

Worldwide burden of dementia
In 2005, 24.3 million people worldwide 
were estimated to have dementia. With an 

estimated 4.6 million new cases yearly, the 
number of people with dementia has been 
predicted to double every 20 years, reach-
ing 81.1 million in 2040, with the major-
ity of the burden and a greater projected 
increase being observed in developing 
countries.4 Another study in 2006 esti-
mated that 26.6 million people worldwide 
were living with Alzheimer disease (AD), 
the leading cause of dementia—a figure that 
has been predicted to quadruple by 2050.5 
In 2003, the WHO concluded that among 
people aged 60 years and older, dementia 
contributed 11.2% of years lived with dis-
ability, a figure higher than that contributed 
by either stroke, cardiovascular disease, or 
any type of cancer.6 The financial impact 
of dementia is also substantial. In 2010, 
the worldwide costs of dementia were esti-
mated as US$604 billion, and this figure 
is predicted to increase by 85% by 2030.7 
Furthermore, the prevalence of VCI (any 
cognitive problem attributable to a vascu-
lar cause that does not meet the criteria for 
dementia [cognitive impairment that caused 
functional disability]) could be as high as 
3 million people in the USA alone, which 
would make the prevalence of VCI without 
dementia equal to that of dementia.8

From heart health to brain health
When considering aetiology, the broad 
concept of brain health has resulted in a 
conceptual shift from vascular risk factors 
to determinants of brain health. The factors 
that affect cardiovascular outcomes—
unhealthy diet with high intake of salt and 
sugar, low level of physical activity, obesity, 
high blood pressure, high cholesterol, 
and high fasting glucose—are the same that 
affect brain health. In order to lessen the 
burden of morbidity and mortality attribut-
able to poor brain health, we must identify 
the distinct and overlapping mechanisms 
involved and translate the findings into 
public health campaigns, similar to those 
created for cardiovascular outcomes.

Currently, there are no effective treat-
ment options for advanced stages of vascular 
damage, and the progress of dementia linked 
to vascular disease is insidious, under-
lining the importance of focusing inter-
vention efforts on early subclinical stages 
of declining brain health and elucidation 
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of determinants of clinical and subclinical 
brain health outcomes. To help improve 
overall brain health, the strides made in 
treatment and prevention of stroke must be 
realized for other vascular  morbidities, such 
as VCI.

Risks to heart and brain health
Using data from the racially and ethni-
cally diverse population-based Northern 
Manhattan Study (NOMAS), we have identi-
fied risk factors for stroke and vascular- 
related mortality. Important predictors in 
the diverse adult urban population include 
diabetes and insulin resistance,9 metabolic 
syndrome,10 hypertension,11 obesity,12 
inflammation and infectious burden,13 
sleep,14 migraine,15 high level of adiponec-
tin,16 chronic kidney disease,17 and carotid 
atherosclerosis.18 Behavioural protective 
factors include moderate alcohol con-
sumption,19,20 engagement in moderate to 
heavy physical activity,21 adherence to a 
Mediterranean-style diet,22 and low sodium 
consumption.23 These risk factors have also 
been shown to be important predictors of 
stroke in other populations globally.24–27 
In addition to individual risk factors, com-
posite measures of vascular factors, includ-
ing the Framingham Cardiovascular 
Risk Score, the Framingham Stroke Risk 
Profile Score, and the NOMAS Global 
Vascular Risk Score, have been examined in 
relation to stroke risk in NOMAS and other 
 population-based longitudinal studies.28,29

Shared modifiable risk factors
Many predictors of stroke are now acknowl-
edged as potential modifiable risk factors 
for cognitive impairment, dementia, and 
specific types of dementia, such as AD. The 
Institute of Medicine reviewed the current 
literature on cognitive ageing, and identi-
fied preventive strategies including promo-
tion of physical activity and management 
of cardiovascular disease risk factors (such 
as hypertension, diabetes and smoking).30 
Vascular-related factors that have been 
associ ated with impaired cognitive perfor-
mance in previous studies include meta-
bolic syndrome, smoking, obesity, physical 
inactiv ity, poor diet, no alcohol consump-
tion, elevated blood pressure, lipid and 
glucose levels, and insulin resistance.31–43 
These variables have been associated with 
performance on neuro cognitive assess-
ments in cross- sectional studies, as well as 
with decline in performance over time in 
longitudinal studies. The NOMAS investiga-
tors have examined the associ ations between 
metabolic syndrome and its individual com-
ponents, and overall cognition and specific 
cognitive domains.44,45 The Atherosclerosis 
Risk in Communities Study (ARIC) is a large 
longitudinal study of black and white adults 
from four communities in the USA who were 
aged 47-70 years at the first neuro psycho-
logical assessment. In ARIC, diabetes and 
hypertension, as well as a history of stroke, 
predicted cognitive decline.36,46,47 Therefore, 
evidence is growing that metabolic syndrome 

and its components, which are traditional 
vascular risk factors, affect not only stroke 
risk but also cognitive function, thereby 
 reinforcing the ‘brain health’ construct.

Towards ideal cardiovascular health
In addition to the Framingham Risk Score 
for cardiovascular disease, other risk models, 
using a combination of risk factors, have 
been created to predict stroke and cardio-
vascular risk. In 2010, the American Heart 
Association (AHA) set a goal to improve car-
diovascular health and reduce mortality in all 
Americans by 20% in 10 years. In this cam-
paign, the AHA defined ideal CVH on the 
basis of seven key health factors (Figure 1).48 
In NOMAS, a significant graded relation-
ship was observed between the number of 
ideal CVH metrics and cardio vascular risk 
overall, and for stroke and myocardial infarc-
tion separately.49 This association was similar 
for white, black and Hispanic participants.

Cardiovascular health and cognition
A few studies have addressed the number of 
ideal CVH factors, as defined by the AHA, in 
relation to cognition. The Coronary Artery 
and Risk Development in Young Adults 
study is a multisite, population-based study 
of black and white individuals in the USA 
with 25 years of follow-up.50 Participants 
(n = 2,932) were aged 18-30 years at base-
line, and underwent cognitive screening at 
the final (25-years) follow-up assessment, as 
well as screening for cardiovascular health 
metrics at baseline and at year 7 and year 25 
follow-up assessments. Results from this 
study suggested that number of ideal CVH 
factors in young adulthood and middle-age 
was associated with midlife performance 
on psychomotor speed, executive func-
tion, and verbal memory, corroborating 
the notion that brain health is important at 
all ages. Blood pressure and smoking were 
independent predictors of all three domains, 
and BMI, blood glucose levels and physical 
activity related to performance on executive 
function and psychomotor speed.50

In a cross-sectional analysis of a sample of 
972 participants from the Maine–Syracuse 
Longitudinal Study, a study of adults who 
originally lived in central New York at the 
study’s inception in 1974,51 the number 
of ideal CVH factors was associ ated with 
better performance across several neuro-
psychological domains. In this study, 
ideal status in smoking, physical activ-
ity, BMI, blood glucose and blood pres-
sure was positively associated with global 
cognitive performance.

Blood pressure
<120/80 mm Hg

Healthy diet: 4–5 key components
of a healthy diet consistent
with current AHA guidelines
■ Suf�cient daily intake of fruits
 and vegetables (≥4.5 cups;
 equivalent of >1 l,
 usually referred to as
 ‘5 portions per day’)
■ Two or more 100 g servings
 of �sh per week
■ Three or more servings of
 �bre-rich whole grains per day
■ <1,500 mg sodium per day
■ ≤450 kcal sugar-sweetened
 beverages a week
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Never smoked
or quit >1 year ago

Total cholesterol
<200 mg/dl (<5 mmol/l)

Fasting blood glucose
<100 mg/dl (<5.6 mmol/l)

Weekly physical activity of at least
■ 150 min (moderate intensity) or
■ 75 min (vigorous intensity)

BMI <25 kg/m3

Figure 1 | The ideal cardiovascular health factors. According to the AHA, ideal cardiovascular 
health comprises the following attributes: no smoking, sufficient level of physical activity, not 
overweight, healthy diet with limited intake of sodium and sugar, and healthy levels of blood 
cholesterol, blood pressure and fasting glucose. Abbreviation: AHA, American Heart Association.
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The NOMAS study (Gardener et al., 
unpublished work) addresses ideal CVH in 
relation to neuropsychological assessments 
of language, executive function, memory 
and processing speed. On the basis of the 
initial cognitive assessment, an association 
was observed between the number of ideal 
CVH factors and processing speed perfor-
mance. Moreover, among the participants 
with good baseline cognitive function—
defined as a Mini-Mental State Examination 
(MMSE) score <17 for those with less than 
8 years of education, and a MMSE score 
<24 among those with eight or more years 
of education—those with the fewest ideal 
CVH factors showed the greatest declines in 
processing speed (Figure 2), executive func-
tion and episodic memory over an average 
time span of 6 years.

The Framingham Stroke Risk Profile has 
also been examined in relation to cognition, 
and was found to be associated with execu-
tive function in Framingham Offspring 
Study participants. The diabetes compo-
nent of the score was a driving factor for 
impairment of executive function.52 The 
Framingham Risk Score—in particular, 
the diabetes and smoking components—
has been linked to cognitive impairment.53 
Data from the Reasons for Geographic and 
Racial Differences in Stroke study, a longi-
tudinal population-based cohort of African 
American and white adults age 45 years 
and older in the USA, also showed that The 
Framingham Risk Score Profile was associ-
ated with incident cognitive impairment.54 
Data from 7,830 participants of the British 
Whitehall II Cohort, a prospective UK cohort 
study involving adults aged 35–55 years at 
baseline who underwent a series of cognitive 
assessments starting 12 years later, showed 
that both the Framingham general cardiovas-
cular disease risk score and the Framingham 
stroke risk score were related to decline in 
reasoning, verbal fluency, vocabulary and 
global  cognition, but not in memory.55

MRI measures of brain health
Importance of subclinical markers
Subclinical brain infarcts (SBIs), cerebral 
microbleeds (CMBs) and white matter 
hyperintensities (WMHs) are all signs of 
cerebrovascular damage, and can be consid-
ered to be markers of impaired brain health. 
These markers were associated with the clini-
cal outcomes stroke and dementia in some 
studies, although more research is needed to 
confirme their predictive power. These brain 
health measures are quantified using MRI, 
and have the potential to provide valuable 

information to clinicians about the risk of 
stroke and dementia, as well as motivating 
the aggressive targeting of modifiable risk 
factors. However, much work needs to be 
done to better understand their implications. 
For example, the quantity and volume of 
lesions that is both necessary and sufficient 
to impair brain health has yet to be deter-
mined. In addition, the constantly evolving 
technology determines what can be detected; 
for example, data suggest that more micro-
bleeds and MRI-defined microinfarcts are 
detected on 7 T than on 3 T MRI.56,57 Many 
of the traditional and novel predictors of 
stroke and dementia have also been associ-
ated with subclinical brain markers of vas-
cular damage, including SBIs, white matter 
burden, brain atrophy, and CMBs.58–61

The effects of subclinical markers of 
cerebrovascular damage on cognition are 
strongly influenced by prior IQ, for which 
education is often used as a proxy, as are—
by extension—life experiences that provide 
a measure of cognitive reserve.62,63 Most 
observational studies have only indirect 
measures of premorbid IQ to assess associ-
ations between later-life cognition and brain 
health. However, lower IQ in youth (at age 
11 years) has been linked to increased 
WMHs in old age in at least one cohort 
study,64 highlighting the complexity of the 
relationship between WMHs and cognition.

Subclinical brain infarcts
SBIs are clinically ‘silent’ brain infarcts that 
can be detected on MRI, for example, as 
a fluid-filled round or ovoid cavity often 
representing a ‘lacune of presumed vas-
cular origin’, or—as seen with thrombo-
embolism—as a wedge-shaped lesion.65,66 
The cause of SBIs is poorly understood, 
but they are likely to represent ischaemic 
damage caused by occlusion of small or large 
vessels.65 Many SBIs have been attributed to 
small vessel disease resulting from chronic 
exposure to vascular risk factors such as 
hypertension, but embolism from large vessel 
atherosclerosis or the heart can also occlude 
these vessels and lead to infarcts of various 
sizes. Whether superficial MRI lesions cor-
respond to pathological lesions that contain 
embolic material is unclear, but one study 
detected embolic material on postmortem 
pathological analysis in half of patients with 
subclinical  superficial infarcts.66

Pre va lence  es t imates  of  SBIs  in 
population- based MRI studies have ranged 
from 8–28%.67 However, SBI prevalence 
varies by age, with more SBIs detected in 
older populations. For example, infarcts 
were detected in 31% of participants in the 
Washington Heights Inwood Aging Project 
(WHICAP), which has a lower age limit of 
65 years, whereas in the NOMAS sample 
of the same community but with a lower age 
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Figure 2 | Cardiovascular health factors correlate with cognitive processing speed. Number of 
ideal cardiovascular health factors is depicted in relation to decline in processing speed over 
time (higher z-score indicates better performance and less decline) in the Northern Manhattan 
Study. Processing speed was assessed with the Grooved Pegboard Test (nondominant hand), 
the Colour Trails Test Form 1, and the Visual–Motor Integration test.101 The z-scores for the 
processing speed domain were calculated by averaging construct-relevant z-transformed test 
scores. Composite scores for the change in performance over time were calculated using 
regression-based reliable change indices of the corresponding individual test, adjusting for age, 
education years, and the time interval between the two tests.
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limit of 50 years, the prevalence was about 
17%.68 The prevalence of SBIs also depends 
on the criteria used to define them. Many 
studies only included lesions with a dia-
meter of ≥3 mm, but a recent analysis from 
the ARIC study found that <3 mm lesions 
were also associated with incident stroke and 
mortality.69 The prevalence of these lesions 
was about 5%, though the authors note that 
some apparent SBIs could be perivascular 
spaces or infarctions and that both are likely  
to be manifestations of small vessel disease.69 
One of the few community-based autopsy 
studies found macroinfarcts (≥3 mm) in 
34% and  microinfarcts (<3 mm) in 28% 
of individuals.70

As in stroke, hypertension is probably 
the most important predictor of SBIs, and the 
importance of hypertension as a risk factor 
has also been confirmed for the smaller 
(<3 mm) lesions.51 Other factors, such as 
diet, could also be involved. In WHICAP, 
adherence to a Mediterranean-style diet 
was inversely associated with SBI presence 
in a dose-dependent manner.68 Smoking is 
also an important and under-recognized 
risk factor for small vessel disease features, 
both in CADASIL71 and sporadic small 
vessel disease.72

White matter hyperintensities
WMHs are areas of high signal intensity 
that appear bright on T2-weighted and 
fluid-attenuated inversion recovery MRI 
sequences (Figure 3). Pathological studies 
suggest that increased interstitial water due 
to small vessel leakage leads to regions of 
demyelination in the white matter.73–75

WMH burden increases with age, and 
is often indicative of chronic small vessel 
damage. Epidemiological studies have 
shown associations between increased 
WMH burden and various modifiable risk 
factors, including hypertension, smoking, 
diabetes mellitus, obesity, dyslipidaemia, and 

poor adherence to a Mediterranean-style 
diet. The Framingham Stroke Risk Profile 
Score was also predictive of WMH burden.59 
Greater WMH burden has been shown to 
predict incident stroke and dementia, as well 
as death,76 but these lesions also affect cogni-
tive abilities and brain health among indi-
viduals without dementia and are, therefore, 
a potential prevention target for the much 
larger group of older adults with dementia 
risk factors.77,78 NOMAS participants had a 
very low estimated prevalence of cognitive 
impairment overall, but those participants 
who had a greater burden of WMH were 
more likely to have poor cognitive function 
and greater cognitive decline, as evaluated 
by the Telephone Interview for Cognitive 
State (TICS).79

Cerebral microbleeds
CMBs are small, round, hypointense lesions 
that are visible on T2* gradient-recalled 
echo MRI sequences, and correspond to 
foci of haemosiderin-laden macrophages 
from prior extravasation of red blood cells. 
Population-based studies have provided 
CMB prevalence estimates ranging from 
3-27%.80–84 A CMB prevalence of 9% was 
found in the Framingham Heart Study.82 
CMBs have been linked to stroke and 
dementia.85,86 Hypertension is the primary 
vascular risk factor associated with CMBs. 
CMBs in lobar regions are associated with 
cerebral amyloid angiopathy and hyper-
tension, whereas deep CMBs are more 
often related to hypertensive vasculopathy.60 
Other MRI measures that could be linked to 
stroke, dementia and impaired brain health 
include dolichoectasia and dilated intra-
cranial vessels, cortical and lobar atrophy, 
and ventricular enlargement.87,88

Filling in the knowledge gaps
The Institute of Medicine has stressed 
the importance of research aimed at 

understanding how to better prevent age-
related cognitive decline (defined as distinct 
from disease processes such as AD).

Infection burden and inflammation
An important avenue of ongoing brain 
health research is the role of infections and 
inflammation in brain health. In several 
studies, inflammatory markers, such as 
high-sensitivity C-reactive protein and 
IL-6, have been associated with the risk 
of stroke89–92 and dementia.93,94 It has been 
hypothesized that inflammation caused by 
multiple chronic infections could interact 
with alterations in host immune networks, 
resulting in a greater likelihood of stroke. 
The NOMAS investigators have created an 
infectious burden index (IBI) consisting of a 
multiplicity of chronic infection exposures, 
including cytomegalovirus, Chlamydia 
pneumoniae, Helicobacter pylori, herpes 
simplex, and other common infectious 
agents.13 In the NOMAS cohort, the IBI was 
associated with subsequent vascular disease, 
including stroke and vascular-related death, 
and cognitive status and outcomes, as meas-
ured by the MMSE and the TICS.95,96 Most 
recently, the NOMAS IBI was shown to be 
inversely associated with performance on 
specific cognitive domains from neuro-
psycho logical assessments: the IBI was 
related to individual subscores of execu-
tive function, semantic memory, episodic 
memory, and processing speed, as well as 
decline in episodic memory and executive 
function over time.97

Directions for future research
In addition to observational studies, future 
research into brain health must include 
randomized clinical trials. In particular, 
these trials should focus on modifiable 
factors, including physical activity, diet, 
blood pressure and lipid management, in 
relation to the clinical outcomes stroke and 
AD, as well as subclinical markers such as 
WMH burden.

Worldwide opportunities
Noncommunicable diseases (NCDs), com-
prising cardiovascular diseases (including 
stroke), cancer, chronic lung diseases and 
diabetes, are the leading causes of death and 
disability worldwide. Moreover, it is clear 
that NCDs share many determinants. In 
2011, the United Nations (UN) conducted 
a high-level meeting and unanimously 
adopted a political declaration on the pre-
vention and control of NCDs.98 The WHO 
adopted a global monitoring framework for 
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Figure 3 | Examples of WMHs as seen on MRI. a | WMHs (white areas near ventricles), as seen 
using axial fluid-attenuated inversion recovery (FLAIR) imaging. b | The same WMHs segmented 
with computer software to quantify the volume of affected tissue (labelled in red) on a sagittal 
slice, and c | with a 3D projection of the WMHs (blue) above an axial slice. Abbreviation: WMHs, 
white-matter hyperintensities.
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NCDs and set multiple targets, including an 
overall goal to reduce premature mortality 
from NCDs by 25% by 2025. Goals com-
prising target levels for multiple risk factors, 
and metrics to measure the performance 
of interventions provided by health-care 
systems were enumerated, and included 
reductions in blood pressure, smoking, 
alcohol, sodium consumption and physi-
cal inactivity, and halting the rise in obesity 
and diabetes. Social determinants of health, 
lifestyle modification, and access to medi-
cations to control risk factors need to be 
addressed through multisectorial strategies 
across the lifespan to meet these goals.99

Although stroke featured within the rubric 
of cardiovascular diseases, dementia and 
cognition were not specifically mentioned 
in the earliest documents. Subsequently, the 
increasing recognition that NCD risk deter-
minants are also related to dementia has led 
to a variety of meetings and calls for inclu-
sion of dementia within the framework of 
NCDs. Moreover, improved classifications 
and definitions of disease in the WHO 
International Classification of Diseases 
(ICD) have been proposed that more clearly 
delineate cerebrovascular disease, includ-
ing vascular cognitive disorders. The UN is 
now embarking on global adoption of the 
post-2015 Sustainable Development Goals, 
which feature general health, NCDs and 
mental health.100 An early draft includes a 
call for a one-third reduction in premature 
mortality from NCDs by 2030, through pre-
vention and treatment, and promotion of 
mental health and well-being. Brain health, 
including the impact of stroke and demen-
tia, can be addressed and improved with any 
incremental gains in these NCD goals. The 
global opportunities to address brain health 
have never been better, with the recognition 
of the benefits of alignment in approaches to 
reduce and control shared risk determinants.

Conclusions
In conclusion, we need a paradigm shift in 
our preventive health focus to the broader 
concept of promoting brain health, encom-
passing stroke and dementia, as well as VCI, 
functional impairment, and age-related cog-
nitive decline. The threats to brain health 
are substantial, and the public health and 
financial consequences of inaction are too 
substantial to ignore. Shared vascular risk 
factors and subclinical mediators provide 
cost-effective opportunities to detect, track, 
modify and prevent disease. Interventions 
to improve heart health will greatly benefit 
brain health. The ageing of the population 

and the shifting demographics underscore 
the need for continued aggressive efforts 
to target traditional and emerging vascu-
lar risk factors, with the goal of improving 
brain health globally.
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