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 I wish to sincerely thank the organizing committee for 
inviting me over to this conference. I am incredibly hum-
bled to be here to present the 11th Wepfer lecture. Sev-
eral years ago, I sat at this same European Stroke Confer-
ence and listened to the many distinguished Wepfer lec-
turers, some of whom are in this audience today; so it is 
really a tremendous honor and privilege to be here to de-
liver this lecture.

  I would not be here today if not for the outstanding 
mentorship that I have been fortunate to have over the 
years. It is critical for all of us to reflect on the importance 
of the mentor–mentee relationship. Mentorship has 
meant so much to me in my career and I am sure it is the 
same for many of your own careers. Dr. Phil Wolf, a prin-
cipal investigator from the Framingham Study, was my 
first mentor in medical school. I started working with him 
as a second year medical student and spent a summer in 
the basement of the Framingham Study offices sorting 
computer cards. He introduced me to neurology and ep-
idemiology and mentored me through my first publica-
tion on the outcomes of stroke and supported me as a first 
author  [1] . After graduating from medical school, I moved 
to New York City for neurology residency at the Neuro-
logical Institute at Columbia Presbyterian. There I met 
Dr. J.P. Mohr, who supported my career development 
early on as a resident, stroke fellow, assistant professor 
and up the ladder. I am incredibly grateful for all his sup-
port and for always encouraging me to ask important 
questions and challenge widely accepted concepts. I was 
also fortunate to be mentored by Dr. Allan Hauser who 
helped me with epidemiology even though his field was 
epidemiology of epilepsy. I am also indebted to my first 
chairman, Dr. Bud Rolland, who convinced me to stay in 
academics and Dr. Tim Pedley who encouraged me to get 
further formal training with a Master’s of Science in Epi-
demiology at the Mailman School of Public Health at 
 Columbia. Without mentorship many of us would not be 
here today. I hope all of you leave this conference and 
continue to mentor other young students, fellows and 
faculty to pursue careers in stroke research.

  I am also grateful to my collaborating team of investi-
gators. I may be the one up here giving this lecture, but I 
share this award with all of the colleagues with whom I 
have had the pleasure of working. Not all of them are on 
this slide, but many of them are shown including Mitch 
Elkind, Professor of Neurology at Columbia and the co-
principal investigator for the Northern Manhattan Study 
(NOMAS); Tatjana Rundek, who made the trek with me 
to the University of Miami as my Vice Chairman for Clin-
ical Translational Research; Clinton Wright, Scientific 

Director of our McKnight Brain Institute who is really the 
mover behind some of the work that I am going to pres-
ent today on brain health; and Marco Di Tullio, Professor 
of Medicine at Columbia and a cardiologist who has been 
a long-term collaborator. There are many other students, 
residents, fellows, faculty, and colleagues with whom I 
have had the privilege of working, including other 
 European colleagues who aren’t on this slide. I thank 
them for their support and helpful contributions along 
the way. Collaborations and teamwork are really the key 
ingredients to the success we have had in our programs.

  The title of my lecture is ‘Evolution from Stroke Risk 
Factors to Brain Health Determinants’ (for summary 
points panel, see end of this article). Although this is the 
24th European Stroke Conference, in the future this may 
evolve into the European Brain Health Conference. Some 
of the main concepts that I will amplify here are (1) tra-
ditional vascular risk factors are determinants of stroke, 
but brain health is also a determinant of stroke, and this 
will be an important concept to define more clearly as we 
think about the future; (2) factor combinations, as op-
posed to individual risk factors, are also incredibly impor-
tant as we identify individuals who are at risk; (3) risk is 
usually continuous and cumulative and there are impor-
tant precursor behavioral conditions that precede the ac-
tual risk factor; (4) sub-clinical vascular and brain mea-
sures are also determinants of brain health, and will en-
hance opportunities for us to detect and initiate treatment 
and prevention before one has a stroke or before one has 
a decrement in brain health; and (5) novel factors such as 
infectious burden and inflammatory markers are deter-
minants of not only stroke, but also brain health.

  In the welcome address to ESC 2015, we heard from 
Dr. Michael Hennerici about the continued importance 
of stroke worldwide. Every country is affected by the in-
creasing public health burden due to stroke. In 2010, 16.8 
million new strokes occurred – 68% greater than in 1990 
with greater incidence rates in low- to middle-income 
countries  [2] . Moreover, 33 million people were living 
with stroke; more than double than what existed in 1990. 
Although incidence rates are lower in high-income coun-
tries, stroke prevalence is greater in high income than in 
low- to middle-income countries. Countries where peo-
ple have a longer life span have a much higher prevalence 
of stroke; however, life expectancy is also increasing in 
low- to middle-income countries and consequently re-
sults in an increase in the number of stroke cases. Stroke, 
however, is probably only the tip of the iceberg.

  Globally, we are seeing the aging patterns of our popu-
lation. The number of people aged over 65 will rise from 
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390 to 800 million by 2025 constituting nearly 10% of the 
population. The average life expectancy in 1995 was only 
65 years but by 2025 it is expected to reach 73 years. By 
the year 2025, no country on the planet will have a life 
expectancy of <50. As we consider these demographic 
predictions, we need to consider the impact of stroke and 
brain health in humans.

  The aging patterns of our populations will require us 
to evolve from control of stroke risk factors to consider-
ation of the determinants of a broader concept of brain 
health. Although many of us are neurologists, or even 
more specialized as vascular neurologists, perhaps in the 
future we will be considered by the public more as brain 
healthcare providers. The broader spectrum of brain 
health encompasses stroke, dementia, vascular cognitive 
impairment, cognitive aging, age-related memory loss, 
vascular functional impairment, and subclinical vascular 
diseases including white matter hyperintensities (WMHI), 
brain atrophy, silent brain infarctions, and cerebral mi-
crobleeds ( table  1 ). The importance of cognitive aging 
was just addressed in an Institute of Medicine Report 
 Entitled Cognitive Aging: Progress in Understanding and 
Opportunities for Action  [3] . The broader definition of 
brain health allows us to consider how vascular risk fac-
tors have evolved to brain health determinants.

  The term ‘risk factor’ was originally defined in 1961 by 
Dr. Bill Kannel, one of the leaders of the Framingham 
Heart Study, who I had the pleasure of knowing when I 
was a medical student  [4] . In his prescient article, he 
wrote: ‘since it has been established that coronary athero-
sclerosis is present for many years prior to the develop-
ment of symptomatic coronary heart disease, it seems ev-
ident that efforts at prevention must begin many years 
before the appearance of clinical CHD’. That was in 1961 
where he coined the term ‘factors of risk’. We all now ap-
preciate that these factors of risk or risk factors take years 
to develop. They do not happen overnight. In fact, Phil 
Wolf has stated: ‘there was nothing accidental about 

stroke’. The term ‘cerebrovascular accident’ is a  misnomer, 
since there is nothing accidental about its occurrence; 
rather it takes many years of risk to eventually develop 
into a stroke.

  Individuals advance over time from disease-free to the 
occurrence of sub-clinical disease to crossing that clinical 
threshold of developing symptoms. All too often, it is 
during that symptomatic stage that we get involved as 
physicians, sometimes too late to effectively prevent the 
occurrence of disease. Most individuals are born healthy, 
with or without a genetic predisposition for vascular dis-
ease, and subsequently develop induction behaviors that 
interact with sociocultural factors and lead to the devel-
opment of risk factors. In the primordial development of 
risk factors, the individual is still in the disease-free stage. 
Sub-clinical disease begins to develop when risk factors 
are inadequately controlled, whether it is small amounts 
of plaque in the carotid or other arterial vessels, subclini-
cal changes in myocardial function, or early changes in 
brain structure. The progression of subclinical disease 
can lead to an individual eventually crossing that clinical 
threshold. Therefore, most physicians, clinicians and 
healthcare providers are getting involved too late in the 
process. A patient may have already had a stroke, a TIA, 
or an MI, but then we are working at the end of the curve 
to reverse or alter progression of symptomatic disease. 
We should be thinking more broadly about focusing on 
the earlier stages of risk for stroke and brain health de-
cline. We have made amazing strides in treating and pre-
venting stroke and need to do the same for preventing 
other vascular morbidities including improving brain 
health.

  As J.P. Mohr mentioned in his introduction, we start-
ed the NOMAS about 23 years ago. Many students, resi-
dents, fellows, faculty and colleagues have worked on this 
study that continues even today. Originally we sought to 
define the incidence of stroke across various ethnic groups 
in the race and ethnically diverse population of Northern 
Manhattan  [5] . The study originated when I was at the 
Columbia University with NINDS grant support. When 
I packed my bags to move further south to warmer weath-
er as the Chairman of Neurology at the University of 
 Miami in 2007, the study was competitively renewed and 
continued. This success has been based on maintaining 
great teams in place across 2 universities and continuing 
to collaboratively work together as colleagues. NOMAS 
was originally designed as a stroke incidence study and 
population-based case-control study. After the first 
5-year grant cycle, the study was expanded and it evolved 
into a Framingham-like study design by enrolling a co-

Table 1.  Conditions that can be considered components of the 
brain health spectrum

Stroke
Dementia
Vascular cognitive impairment
Cognitive aging
Age-related memory loss
Vascular functional impairment
Subclinical brain and vascular disease
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hort of 3,298 people who were prospectively followed an-
nually originally for stroke, MI and vascular death. With 
each 5-year NINDS renewal, NOMAS evolved with new 
aims addressing traditional and novel vascular risk fac-
tors and measuring subclinical disease of the heart, carot-
ids, and brain. Magnetic resonance imaging (MRI) of the 
brain and neuropsychological testing was completed on 
nearly 1,300 members of the cohort. Consequently, as the 
cohort aged, the primary focus has shifted from stroke to 
cognition, cognitive decline, and dementia. Therefore, 
NOMAS has evolved from a stroke risk factor study to a 
brain health study.

  The conceptual framework of the study was to detect 
individual risk factors as it relates to clinical vascular 
events including stroke, MI and vascular deaths ( fig. 1 ). 
Our earlier investigations were heavily focused on sub-
clinical vascular measurements of the carotid. Dr.  Tatijana 
Rundek has worked on quantitating the effects of carotid 
plaque and IMT and other measures on a variety of out-
comes  [6–10] . Working with cardiology colleagues, we 
evaluated many cardiac echo determinants of stroke in-
cluding left ventricular mass, left atrial size, and patent 
foramen ovale  [11–16] . More recently, we have been eval-
uating the brain MRIs and cognition and cognitive de-
cline. Some of these associations have direct relationships 
with brain health, and some of them may have indirect 
relationships operating as intervening variables with tra-
ditional vascular risk factors.

  We have published on a number of traditional vascular 
risk factors with a focus on differences by race and ethnic-

ity. In the United States, Hispanics are one of the most 
rapidly growing ethnic groups. When NOMAS started 
there were only a few studies addressing the stroke and 
brain health risks for this ethnic group. We have ad-
dressed traditional risk factors, behavioral risk factors, 
and published twice on the protective effects of drinking 
alcohol in moderation that has been corroborated in oth-
er studies  [17–22] . Physical activity, obesity, and more 
recently, sleep and migraines have been addressed  [23–
26] . Although dietary factors was never really funded by 
the original study, we decided to collect the Block dietary 
food frequency questionnaires and published on a variety 
of dietary factors including the protective effects of the 
Mediterranean diet and the deleterious effect of diet soda 
 [27–29] . Social factors, metabolic factors, novel cardiac 
factors and inflammation and infection have also been 
studied  [30] .

  Besides individual risk factors, risk profiles that evalu-
ate multiple factors can have a predictive value. The 
Framingham risk profile is one of the most widely used 
risk schemes that dates back to the mid-1970s and includ-
ed serum cholesterol, blood pressure, a smoking history, 
electrocardiogram findings and glucose intolerance. 
 Kannel stated that this profile was ‘effective in identifying 
persons at risk for each of the specific diseases, coronary 
heart disease, atherothrombotic brain infarction, hyper-
tensive heart disease and intermittent claudication, even 
though the variables used have a different impact on each 
particular disease’  [31] . The individual quantitative ef-
fects may differ, but all of these risk factors either togeth-

Modifiable
vascular

risk factors:
Traditional RFs

Risk scores
Novel factors

Subclinical
vascular
disease

Carotid plaque, IMT, distensibility
Cardiac echo: LVMass, LAsize
and aortic athero

Clinical
vascular events

stroke
MI

vascular death

Cognitive
decline

Subclinical
brain disease:
White matter

Hyperintensities
Silent infarcts

Cerebral microbleeds
Perivascular spaces

Dolichoectasia
Presumed causal pathways

Association pathways  Fig. 1.  Conceptual framework for the 
Northern Manhattan Study. 
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er or individually increase the risk of vascular disease. The 
important concept of a risk profile has continued to this 
day as we seek to refine this original construct.

  In NOMAS we set out to create our own global vascu-
lar risk score (GVRS) to predict stroke, MI and vascular 
death among a multi-ethnic cohort and started with the 
Framingham factors  [32] . One of the important differ-
ences in the NOMAS GVRS compared to the original 
Framingham Score is the use of continuous measures. If 
you think about blood pressure, weight, waist circumfer-
ence, body mass index, and other risk factors, many of 
these are continuous variables instead of categorical mea-
sures. As clinicians, we often find it easier to create these 
categories for convenience. If somebody has a blood pres-
sure of 140/90, they are classified as definitely hyperten-
sive and if they are 139/89 they are not. Some of these 
conventions are done to help us as clinicians make easy 
decisions on the course of treatment to be followed and 
are frequently easier for the public to understand. Most 
of these measures, however, are continuous. If you exam-
ine the epidemiological data, it is very clear that there is 
usually an incrementally increasing risk with increasing 
levels of these factors. Therefore, in building our NOMAS 
GVRS, for example, we used systolic and diastolic blood 
pressure and fasting blood sugar as continuous measure-
ments to provide the full precision of these measures 
across the whole spectrum. The Framingham profile did 
not include any behavioral factors. In our NOMAS GVRS, 
we included waist circumference, physical activity, and 
moderate alcohol consumption as important modifiable 
behavioral factors.

  Other multi-factorial risk models have been used to 
predict stroke and cardiovascular risk. In 2010 the 
 American Heart Association launched a campaign to de-
fine ideal cardiovascular health as Life’s Simple 7  [33] . 
The presence of these 7 factors would define ideal cardio-
vascular health: (1) never smoked or quit >1 year ago; (2) 
body mass index <25 kg/m 2 ; (3) physical activity of at 
least 150 min (moderate intensity) or 75 min (vigorous 
intensity) each week; (4) 4–5 key components of a healthy 
diet consistent with current AHA guidelines; (5) total 
cholesterol of <200 mg/dl; (6) blood pressure below 
120/80 mm Hg; and (7) fasting blood glucose <100 mg/
dl. The key components for diet were: (1) fruits and veg-
etables:  ≥ 4.5 cups per day; (2) fish (preferably oily):  ≥ 2 
(3.5-oz servings) per week; (3) fiber-rich whole grains (1.1 
g fiber per 10 g carbohydrate):  ≥ 3 (1-oz-equivalent serv-
ings) per day; (4) sodium: <1,500 mg per day; and (5) 
sugar sweetened beverages:  ≤ 450 kcal (36-oz) per week. 
Currently, <0.5% of the US population meets all 7 metrics 

for ideal cardiovascular health. The AHA’s aggressive 
goal is to shift the US population by 20% by 2020 to ideal 
cardiovascular health.

  When we looked at the prevalence of ideal cardiovas-
cular health in NOMAS, nobody had all 7 ideal health 
factors, and only 0.5% had 6 factors  [34] . When using 4 
or more ideal factors as a category, we noted some sex 
disparities with only 15.3% of women and 25% of men 
meeting this threshold. Ideal cardiovascular health is in-
adequate throughout the United States as well as many 
other countries. As many lower to middle income coun-
tries develop, we may see even less ideal health in the fu-
ture with increasing BP, diabetes, obesity, smoking, and 
less physical activity.

  In NOMAS, we evaluated the relationship between 
baseline ideal cardiovascular health and the incidence of 
MI, stroke, and vascular death in our prospective cohort 
over 10 years of follow-up. Subjects with the greatest 
number of ideal factors had the least incidence of com-
bined outcomes, while those with the least number of ide-
al factors had the greatest incidence of stroke, MI or vas-
cular death. The trend was clear across the separate out-
comes of MI, stroke and vascular death. Therefore, 
multiple lines of evidence have shown us that more ideal 
cardiovascular health is associated with decreasing risk of 
vascular disease  [35–38] . What is also apparent when you 
look at ideal health is not just the effects of control of 
blood pressure, cholesterol, and glucose that are often 
treated with medications, but also the impact of increas-
ing number of ideal behavioral factors. For any increase 
in the number of ideal health behaviors, we saw a reduc-
tion in the risk of stroke, MI and vascular death even 
among those with three of the ideal health factors of blood 
pressure, cholesterol and blood sugar ( fig. 2 ). Health be-
haviors, such as physical activity, smoking, BMI and diet, 
are often not emphasized enough in our patient encoun-
ters. Diet is one of the most important reasons why the 
US population is so far off the ideal health spectrum.

  Besides predicting lower risks of stroke, MI and vascu-
lar death, it is reasonable to presume that ideal cardiovas-
cular health is a determinant of brain health. We have 
new unpublished data from NOMAS on the relationship 
of neuropsychological assessments of language, executive 
function, memory and processing speed and how they 
relate to ideal cardiovascular health. Using the baseline 
cognitive assessment, processing speed significantly var-
ied with the number of ideal factors. The more ideal 
health, the better the subject scored for processing speed. 
Among those with good baseline cognitive function, cog-
nitive declines for executive function, episodic memory, 

D
ow

nl
oa

de
d 

by
: 

U
ni

ve
rs

ity
 o

f M
ia

m
i, 

M
ill

er
 S

ch
oo

l o
f M

ed
ic

in
e 

   
   

  
12

9.
17

1.
15

0.
13

6 
- 

5/
5/

20
16

 5
:0

5:
34

 P
M



 Evolution from Stroke Risk Factors to 
Brain Health Determinants 

 Cerebrovasc Dis 2015;40 :102–113
DOI: 10.1159/000437285

107

and processing speed were found among those with the 
least numbers of ideal factors. Therefore, ideal cardiovas-
cular health is a predictor of stroke, MI, and vascular 
death, as well as measures of cognition and cognitive de-
cline. This is not just indicative of vascular cognitive im-
pairment; rather this is cognition measured on neuropsy-
chological testing in a community sample.

  Recently, we also demonstrated a relationship between 
functional decline and ideal cardiovascular health  [39, 
40] . We classified this decrement in the Barthel Activities 
of Daily Living score with decreasing number of ideal fac-
tors as ‘vascular functional impairment’. The subjects 
with greater number of ideal factors had less functional 
decline. Even if you accounted for any vascular events, 
there were still functional decrements in those with less 
ideal health. This adds functional impairment to our 
broader concept of brain health beyond stroke.

  Besides multiple risk factor scores and ideal cardiovas-
cular health, the construct of the metabolic syndrome is 
another example of a multiple risk factor determined 
condition that is designed to classify someone much ear-
lier than they are diagnosed with diabetes. To be classified 
as having metabolic syndrome, one has to have 3 or more 
of these conditions: (1) borderline low HDL-C (M <40 
mg/dl, F <50 mg/dl); (2) triglycerides that are borderline 
elevated (triglyceride >150 mg/dl); (3) a blood pressure 
that is borderline elevated (BP >130/85 or HTN history); 

(4) a mildly elevated fasting blood glucose (blood sugar 
>110 mg/dl); and (5) a borderline elevated waist circum-
ference (waist M >108 cm, F >88 cm). In NOMAS we have 
been able to show that the presence of metabolic syn-
drome increased the risk of stroke with a hazards ratio of 
1.5 and had an etiologic fraction of 42%, which is the por-
tion of strokes in our population that may be attributed 
to the metabolic syndrome  [41] . Each of the individual 
components is also important, so you can break things 
down by individual risk factors or you can evaluate the 
combined risk associated with a constellation of risk fac-
tors. If you consider the combined approach, which is 
probably more typical in our clinics, we actually have 
multiple factors working in concert. Metabolic syndrome, 
comparable to the multiple risk factor models, is another 
example of the importance of the concept of vascular risk 
clusters as predictors of stroke.

  Just as with ideal cardiovascular health in NOMAS, we 
have been able to model associations between metabolic 
syndrome, the individual components, overall cognition 
and specific cognitive domains  [42, 43] . Metabolic risk 
measured by metabolic syndrome loads on to our overall 
cognitive function score with a very negative coefficient. 
We also evaluated the individual components of meta-
bolic syndrome and observed that the obesity component 
was associated with psychomotor function, lipids affected 
language, fasting glucose affected psychomotor function, 

  Fig. 2.  Numbers of ideal health factors and 
behaviors and incidence of MI, stroke or 
vascular death in the NOMAS (adapted 
from Circulation 2012;   125:   2975–2984). 
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and blood pressure had associations with language, ex-
ecutive function, and psychomotor speed. This data sug-
gest that metabolic syndrome and the components have 
an impact on, not only stroke, but also cognitive function, 
and adds to the brain health construct.

  Evaluating measures of sub-clinical disease provides 
another opportunity for earlier detection and initiation of 
treatments and prevention measures. The concept can 
also be illustrated by the iceberg analogy. Above the sur-
face, we are getting involved when the individual already 
has clinical symptoms such as a stroke. Beneath the sur-
face, sub-clinical measurements will hopefully help us de-
tect people earlier and treat them and intervene before 
they have their event.

  In NOMAS, we have evaluated a number of these sub-
clinical measurements and conditions. For carotid dis-
ease, it is not just carotid stenosis, but carotid plaque and 
IMT that are very important in detecting risks. Atrial fi-
brillation (AF), we know is an undeniable risk factor for 
stroke, but what about sub-clinical AF, left atrial size, and 
p-wave terminal velocity? We know about heart failure as 
a stroke risk factor, especially when it becomes clinically 
symptomatic, but left ventricular ejection fractions (EFs) 
that are mild or global longitudinal strain (GLS) may also 
be risk factors. Among our cerebrovascular measures, 
white matter disease, silent brain infarcts (SBI), small 
perivascular spaces (SPVS), and dolichoectasia may be 
risk determinants. The earlier we measure and detect 
these conditions, the more opportunities we may have to 
alter that eventual progression to stroke and vascular cog-
nitive impairment.

  Dr. Tatjana Rundek has helped tremendously direct 
many of our carotid studies in NOMAS regarding steno-
sis, IMT and plaque. She was able to demonstrate that a 
small amount of carotid plaque that would not get our 
interventionalists or surgeons too excited, was predictive 
of vascular events. In the NOMAS population, a plaque 
thickness of 1.8 mm was the 75th percentile; consequent-
ly, 25% of the cohort had more than 1.8 mm of plaque  [6] . 
This amount of carotid plaque was found to be a very im-
portant, independent determinant of stroke and vascular 
death even after fully adjusting for all the other vascular 
risk factors. Having a very small amount of plaque in the 
carotid that can be detected by ultrasound is a risk deter-
minant of stroke and cardiovascular death and provides 
an opportunity for earlier detection.

  Having worked with cardiology colleagues in  NOMAS, 
we have evaluated and published information on many 
other cardiac abnormalities as predictors of stroke in-
cluding patent foramen ovale, atrial septal defect, aortic 

arch atheroma, LV EF, and have studied multiple sub-
clinical measures such as atrial volumes by cardiac echo, 
GLS on echo, p-wave terminal velocity in V1 by EKG, and 
subclinical AF. These subclinical cardiac measurements, 
similar to the carotid, could allow early detection and 
identification of risk.

  One innovative subclinical cardiac measure that we 
have recently evaluated is GLS that is calculated from 
echocardiographic measurements of the shortening of 
the myocardial fibers. The goal of this type of measure-
ment is to more finely classify individuals who would 
usually be considered normal by traditional EF classifica-
tions. We can categorize subjects into 3 groups: (1) left 
ventricular systolic dysfunction for those with LV EF 
<50%; (2) left ventricular systolic dysfunction by abnor-
mal GLS with LV EF >50%; and (3) normal – normal GLS 
and LV EF >50%. Dr. Russo has been able to show that 
despite an LV EF >50%, this GLS-defined intermediate 
category has an elevated risk of stroke, MI and vascular 
death (HR 2.15, 1.09–4.23)  [44] . In the NOMAS sample, 
only 4% had an EF <50%, while the prevalence of systolic 
dysfunction increased to almost 15% if you use GLS cat-
egorizations. Besides an increased risk of stroke, MI, and 
vascular death, we have also found correlations between 
the SBI and GLS subgroups  [45] . Those with LV SD by 
GLS had a greater prevalence of SBI, as well as a greater 
white matter hyper-intensity volume. This is yet another 
example of quantitative subclinical measurements defin-
ing new subgroups of increased risk of stroke, as well as a 
brain health determinant.

  Atrial fibrillation is a well-recognized stroke risk fac-
tor, but is likely to be heralded by some precursor condi-
tions. In preliminary studies, we have found the LV SD by 
GLS may be a predictor of the incidence of atrial fibrilla-
tion. There may be other abnormalities, including abnor-
malities in the left atrium that can increase the risk of 
stroke without atrial fibrillation, which has been catego-
rized as an ‘atrial cardiopathy’ by Kamel et al.  [46] . Using 
stored EKGs in NOMAS, we have been able to measure 
what is called p-wave terminal force in V1 – duration X 
amplitude (depth) of the negative part of the p-wave in 
V1. This measurement has been found to be associated 
with the risk of AF  [47] . Moreover, we have recently dem-
onstrated that this may be an independent ischemic 
stroke risk factor even after adjusting for AF. The risk of 
cryptogenic and cardioembolic stroke was increased 
among those with an abnormal p-wave terminal force in 
V1, more so than a non-cardioembolic stroke. This de-
scribes yet another example of some subclinical measure-
ment that may be a novel risk factor for stroke.
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  Brain MRI has also allowed us to characterize sub-clin-
ical vascular brain injuries such as WMHI and SBI and 
evaluate them as stroke risk factors and brain health de-
terminants. They are frequently found on MRIs especial-
ly in older individuals. Dr. Clinton Wright has led our 
efforts to measure these among 1,300 NOMAS subjects 
 [48–50] . Our own data and that of others have demon-
strated that SBI and WMHI are stroke risk factors. We 
have quantitated the volume of WMHI and treated it as a 
continuous variable rather than a categorical variable. 
The NOMAS GVRS was significantly related to the vol-
ume of WMHI, as well as total cranial volume and ven-
tricular volume suggesting that cerebal atrophy is also re-
lated to the burden of vascular risk. Those subjects with a 
worse GVRS had more cortical atrophy, greater ventricu-
lar volume, and an increased volume of WMHI ( fig. 3 ). 
All of these brain MRI measures may be subclinical cor-
relates of vascular disease and these subclinical measures 
can be readily identified, categorized and quantitated.

  WMHI is associated with vascular risk factors and has 
been correlated with cognitive impairment and decline. 
Those subjects with the worst white matter scores have 
the greatest likelihood of worse cognitive function and 
cognitive decline  [51] . Using our annual telephone inter-
view for cognitive state (TICS) data, we have demonstrat-
ed that declines in TICS are greater among those subjects 
with increased WMHI.

  SBI have been identified as a risk factor for stroke in a 
number of cohorts  [52] . We recently showed NOMAS 
data at the American Academy of Neurology that dem-
onstrates that the presence of an SBI independently in-
creased the risk of a subsequent clinical infarct even after 

adjusting for other vascular risk factors. Subclinical brain 
measurements are another example of the evolution from 
stroke risk factors to brain health determinants that can 
be used to quantitate brain health including stroke and 
cognitive aging.

  Some other brain MRI measures that Jose Gutierrez 
has been evaluating include dolichoectesia (DE) and 
SPVS  [53] . He has been able to show that DE measured 
quantitatively in the NOMAS population has important 
vascular determinants. SPVS that are measured on MRI 
have been labeled as incidental findings. In NOMAS, 
SPVS were significantly increased among those who had 
more vascular risk factors  [54] . The next questions are 
whether DE and SPVS also increase stroke risk, as well as 
cognitive decline.

  In NOMAS, we have also addressed other novel deter-
minants of stroke risk and brain health. Mitch Elkind has 
lead our efforts regarding chronic infection and inflamma-
tion. Originally he and others questioned whether there 
could be a stroke bug explaining some atherosclerotic 
strokes  [55] . It is more likely that the impact of multiple 
chronic infections could be related to increased inflamma-
tory burden and interact with alterations in host immune 
networks to lead to a greater likelihood of stroke. He has 
developed the concept of ‘infectious burden’ and created 
an infectious burden index (IBI) consisting of a multiplic-
ity of chronic infection exposures including CMV,  Chla-
mydia pneumoniae ,  H. pylori , HSV and other common in-
fectious agents  [56] . The IBI was created in our NOMAS 
cohort and then related to subsequent vascular disease and 
cognitive outcomes  [57] . We have shown that those who 
have a greater IBI have a significantly elevated relative risk 

  Fig. 3.  Relationship between NOMAS 
GVRS and subclinical brain measures (ad-
justed beta coefficients as percentage of 
TCV adjusted for socioeconomic status 
and disease history by GVRS quartiles with 
1st quartile as reference group). 
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of stroke, as well as MI and vascular death. Moreover, we 
have been able to show that the IBI also has a significant 
relationship with cognitive status measured by the Mini-
Mental State Exam and the TICS  [58] . Just as our global 
vascular risk model and number of ideal cardiovascular 
health metrics are correlated with cognition, so is the IBI. 
Using our serial neuropsychological assessments, we have 
also shown that IBI is related to individual subscores of ex-
ecutive function, language, memory, and processing speed, 
and that IBI is related to cognitive decline across memory 
and executive function cognitive domains ( fig. 4 ).

  What about the future? Our future plans in NOMAS 
are to expand beyond infectious burden and address in-
flammatory burden. We are planning to look at a variety 
of other inflammatory markers and use network analyses 
to evaluate networks of inflammatory and immune mark-
ers working within a constellation of host factors togeth-
er to influence stroke risk, vascular disease, as well as 
brain health.

  The broader concept of brain health provides an ex-
panded opportunity to address modifiable factors to im-
prove outcomes for our patients beyond stroke. I look 
forward to attending future European Brain Health Con-
ferences where the research aspects related to determi-
nants of stroke, cognition, and functional status can be 
discussed. GVRSs, ideal cardiovascular health, and sub-
clinical vascular measures of the carotid and cardiac func-
tion of the left ventricle and atrium are all related to vari-
ous brain health outcomes. Subclinical brain measures 
such as WMHI and silent infarcts, and even SPVS may be 
important determinants of brain health. Novel indices of 

infectious burden also show associations with brain 
health that we are still trying to tease apart. How these 
relationships unfold within the background of a genetic 
framework are still unanswered questions. Our genetic 
architecture likely has some role in susceptibility and in-
teracts with many of these environmental determinants 
to alter our individual risk of stroke and other brain health 
outcomes. Perhaps instead of stroke risk scores or GVRSs, 
we will be creating a future brain health index ( fig. 5 ). I 
think this provides us with an opportunity to think more 
broadly about prevention.

  Tackling the growing burden of non-communicable 
diseases is a new global goal. The UN and WHO have 
made a political proclamation of aiming for a 25% reduc-
tion in premature mortality from non-communicable 
disease, including cardiovascular diseases, stroke, cancer, 
diabetes, and chronic lung diseases, by 2025. Most of the 
international targets for 2025 are still on the traditional 
health factors – many factors that have been defined by 
ideal cardiovascular health, including smoking, physical 
activity, alcohol, sodium, blood pressure and diabetes. 
We still have great challenges in effectively modifying be-
haviors and controlling these health factors, let alone 
tackling any of the novel risk factors that we are still trying 
to define in Northern Manhattan. The future is going to 
mean looking further beyond stroke and mortality, and 
require thinking more broadly about brain health, cogni-
tion and functional decline.

  In closing, the future burden of stroke and impaired 
brain health is grave and is likely to increase when you 
think about the aging trends of our populations across 

  Fig. 5.  Brain health determinants. 
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  Fig. 4.  Relationship between the IBI and baseline cognitive status 
and cognitive declines across selected domains in the NOMAS. 
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A Summary points
(1) Traditional vascular risk factors are determinants of stroke, 

but also brain health, and this will become increasingly 
important as our populations age.

(2) Risk factor combinations, as opposed to individual risk 
factors, are useful to help identify individuals who are at 
risk for threats to their brain health.

(3) Risk is usually continuous and cumulative and there are 
important precursor behavioral or lifestyle conditions that 
precede the actual risk factor.

(4) Sub-clinical vascular and brain measures are determinants 
of brain health, and will enhance opportunities for us to 
detect and initiate treatments and prevention before one has 
a stroke or before one has a decrement in brain health.

(5) Novel factors such as infectious burden and inflammatory 
markers are determinants of not only stroke, but also brain 
health.

B Brain health determinants
Traditional factors
(1) Lifestyle factors

– Smoking, physical activity, excess alcohol use, obesity, 
and diet

(2) Conditions
– Hypertension, diabetes, hypercholesterolemia
– Cardiac disease, atrial fibrillation

Subclinical measurements
(1) Carotid

– Carotid plaque, intima-media thickness
(2) Cardiac

– Subclinical AF, left atrial size, p-wave terminal velocity
EF, GLS, left ventricular mass

(3) Brain
– White matter hyperintensities
– SBI
– SPVS
– Dolichoectasia
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