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I n arguably the most influential public health article ever
written, “Sick Individuals and Sick Populations,” Geoffrey

Rose1 described and appraised 2 mainstream strategies for
primary prevention of disease: (1) the “high-risk” strategy,
where the preventative strategy seeks to identify high-risk
susceptible individuals to offer them some individual

protection; and (2) the population “mass” strategy aimed to
reduce the mean level of the determinants of disease, and
thereby the incidence of disease, in the population as a whole.
He concluded that a “high-risk” strategy is needed only as
long as the underlying causes of incidence remain unknown or
uncontrollable, and the priority in primary prevention should
always be the discovery and control of the causes of
incidence to shift the whole distribution of exposure in a
favorable direction via a population strategy.

For the primary prevention of stroke and cardiovascular
disease (CVD), the value of population screening to identify
individuals at high risk of CVD was first publicly debated
almost 20 years later.2 Jackson et al,3 the proponents of the
high-risk strategies argued that the key for preventing CVD
is well-targeted treatment with safe, inexpensive and effec-
tive drugs for patients at high risk and that this approach is
more effective than population-wide interventions, such as
reducing salt intake and managing obesity.2,3 However, it
was argued by Capewell,4 the opponent of the high-risk
strategy, that the “high-risk” approach lacks effectiveness
and is associated with low uptake of the screening,
inaccuracy of the CVD risk scoring systems in estimating
an individual patient’s risk, low adherence to treatment,
medicalization of individuals, and high cost.2,4 He warned
that perhaps the greatest harm arising from the “high-risk”
strategies is misleading health professionals and politicians
into thinking they can tick the box “mission accomplished”
(screening completed) and the problem of CVD prevention is
solved. Therefore, the best strategy for preventing CVD is
policy interventions aimed at reducing key modifiable CVD
risk factors across whole populations.2 However, at the time
of the debate there was no robust evidence for or against
either of these strategies. As the global burden and cost of
stroke and CVD5,6 is increasing, it is timely and necessary to
critically review the current strategies of stroke and CVD
prevention in light of the available evidence to inform future
directions in primary stroke and CVD prevention (see
Tables 1 and 2 for “Aims of This Viewpoint” and “Search
and Selection Criteria”).
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Current Trends in Primary Prevention
Strategies
Over the past 2 decades, the advent of new and more
accurate CVD risk scoring systems7–11 has shifted focus from
population-wide prevention strategies to more medicalized
“high-risk” strategies.11 Despite the lack of robust evidence
for cost and medical effectiveness of the “high-risk” approach
in terms of the reduction of stroke and CVD incidence on a
population level,12,13 virtually all guidelines on CVD prevention
stress the importance of a total CVD risk-based screening
approach,14–19 and this strategy has become the focus of
public health policy in several countries, including New
Zealand,17 Australia,18 the United Kingdom,20 and China.21

The “high-risk” strategy is also advocated by the American
Heart Association (AHA) in the Million Heart Cardiovascular
Risk Reduction Programme,22 and the identification of
individuals at risk was emphasized as the focus of the
national primary CVD prevention strategy in 2010.23

In the United States, the AHA has emphasized both the
high-risk strategy and population or mass approach. For

example, the AHA has launched the Million Hearts Initiative
targeting improvement in both clinical preventative practice
and community prevention.24–26 The Million Hearts Initiative
represents a partnership with a number of organizations
including the US Centers for Disease Control and Prevention.
The key components of the initiative are to improve clinical
prevention by increasing appropriate aspirin use, hypertension
control and cholesterol control, reducing smoking, aligning
health information technology with key metrics across
healthcare systems, advocating for clinical innovations in
care, strengthening community prevention in the domains of
tobacco and smoking control at state and local levels,
supporting evidence-based interventions for preventative
control, and improving overall nutrition in the population.
Furthermore, the AHA has launched a Life’s Simple 7
community campaign to improve cardiovascular health by
educating the public on cardiovascular risks.27 Life’s Simple 7
includes rationale for a healthy cardiovascular lifestyle and
how to manage blood pressure, control cholesterol, and
reduce blood glucose; become more active and have a healthy
diet; lose weight; and stop smoking. Finally, the most recent
AHA guidance statements in 2018 and 2019 in relation to
CVD prevention are based on treatment decisions for the
individual patient according to cardiovascular risk estimation,
but also advocate for healthy lifestyle across the life course of
all individuals.28

Uncertain Value of “High-Risk” Strategies
The value of screening for high-risk CVD (“high-risk” strategy)
to reduce incidence of stroke and CVD on a population level
has been questioned for several reasons.4,25,26

First, by definition, the “high-risk” strategy leaves out the
people with low and moderate CVD risk who ultimately make
up 80% of all stroke and heart attacks.29,30 Therefore, the
majority of the population at large, who contribute the
majority of future incident CVD events, are not prioritized for
recognition, education, and other prevention interventions.

Second, labeling people as “low risk” may give them false
reassurance that they are protected from stroke and heart
attack, which may compromise their motivation to control
their risk factors. This is particularly so for young people with
high levels of risk factors and a high relative risk of stroke and
CVD that requires at least intensive lifestyle advice, but in
whom risk scores predict them to be at low absolute risk
because of their age. Furthermore, clinicians often seek
thresholds to trigger certain interventions. This concept is at
odds with the fact that risk is a continuum, particularly for risk
factors such as blood pressure and cholesterol, and there is
no threshold at which certain interventions are automati-
cally indicated. Therefore, it has been suggested that in

Table 1. Aims of This Viewpoint

• To outline a history of primary stroke and cardiovascular disease
(CVD) prevention strategies development

• To outline advantages and disadvantages of “high-risk” and
population-wide primary stroke prevention strategies

• To describe current trends in primary stroke prevention

• To provide evidence of effects of primary stroke and CVD “high-risk”
and population-wide prevention strategies on stroke and CVD
incidence and/or mortality

• To suggest priorities and funding sources for primary stroke and CVD
prevention strategies

• To suggest future directions in primary stroke and CVD prevention
strategies and research

Table 2. Search and Selection Criteria

We also searched MEDLINE, Embase, Google Scholar, and the Cochrane
Library, as well as the internet (using Google and other search engines),
for primary stroke and CVD prevention research published between
January 1970 and September 2019 using the following key words in
title or abstract: “stroke,” “cerebrovascular disease,” “isch(a)emic
heart disease,” or “cardiovascular disease” AND “prevention,” “cost,”
“guidelines,” “tax or taxation,” “trial,” “incidence,” “prevalence,”
“mortality,” “burden,” or “outcomes.” We concentrated on randomized
controlled trials and population-based studies. Additionally, we
manually searched the reference lists of relevant publications and
consulted with experts in stroke, CVD, and other relevant stakeholders,
to complement the electronic searches.
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communicating absolute CVD risk, categorization of people
into low, moderate (mild), and high risk should be aban-
doned.31

Third, with the exception of smoking, most behavioral risk
factors that contribute a large proportion of stroke and CVD
burden (unhealthy diet, sedentary lifestyle, and excessive
alcohol intake),32,33 are not included in the CVD risk screening
systems. Independent genetic factors, which increase the risk
of incident stroke by about one third,34 are also not included
in CVD screening systems. Therefore, the ability of the CVD
screening to detect, control, and monitor important lifestyle
factors for stroke and CVD prevention is limited. However, it is
acknowledged that risk prediction may improve in the future
with multimodal strategies that include new technologies
such as machine learning (which can construct mathematical
functions via automated analyses of large training data sets
and create models that may more accurately predict risk of
stroke and CVD),35–37 although a recent systematic review
showed no evidence of superior performance of machine
learning over well-established logistic regression for clinical
prediction models.38

Fourth, a microsimulation study39 evaluating CVD screen-
ing to reduce burden from CVD reported that universal
screening seems less effective than population-wide
approaches in reducing CVD incidence, and emphasized that
further research is needed to identify the best mix of
population-wide and risk-targeted CVD strategies to maximize
cost effectiveness and minimize inequalities.

Fifth, CVD screening programs require considerable efforts
and cost from society and individuals and are unlikely to be
widely implemented in countries with limited resources unless
they are effective or linked to existing effective programs.29 In
some regions, such as Latin America, such “high-risk”
strategies are not used.40

Sixth, there is no evidence that screening programs by
themselves are effective in preventing stroke and CVD events.
The Inter99 (Intervention 1999) randomized controlled trial
(59 616 people aged 30 to 60 years followed for 10 years)13

was specifically designed to determine effects of screening
for CVD risk and risk factors and lifestyle counseling on
incidence of ischemic heart disease in the general population
and found no significant difference between the intervention
and control groups in the risk of ischemic heart disease
(hazard ratio, 1.03, 95% CI, 0.94–1.13), stroke ( hazard ratio,
0.98; 95% CI, 0.87–1.11), combined ischemic heart disease
and stroke ( hazard ratio, 1.01; 95% CI, 0.93–1.09), and total
mortality ( hazard ratio, 1.0; 95% CI, 0.91–1.09). A subse-
quent Cochrane meta-analysis12 of 15 randomized controlled
trials comparing the effect of health checks (screening for >1
disease or risk factor) with no health checks in a total of
251 891 adults found there were no beneficial effects of
general health checks over 1 to 15 years’ follow-up for total

mortality (risk ratio, 1.00; 95% CI, 0.97–1.03; I2=0%), CVD
mortality (risk ratio, 1.05; 95% CI, 0.94–1.16; I2=65%),
ischemic heart disease incidence ( risk ratio, 0.98; 95% CI,
0.94–1.03; I2=11%), or stroke incidence ( risk ratio, 1.05; 95%
CI, 0.95–1.17; I2=53%).

These data suggest that health checks with systematic
CVD screening and counseling are not, in isolation, effective
in practice. However, supplementing risk factor screening
with behavioral counseling and pharmacological treatment as
appropriate, and linkage to community programs has been
shown to lower CVD risk over the next year by 10% in 31.8%
(95% CI, 26.9%–36.6%) of individuals at moderate baseline
risk and by 25% in 47.9% (95% CI, 41.2%–54.6%) of individual
at high baseline risk, as predicted by the Framingham Risk
Score.20

Seventh, even if CVD screening systems are effective and
identify all individuals in the population with a 10-year CVD
risk of ≥30% (6% of the population), and all of these individuals
are appropriately treated, the incidence of major CVD is
estimated to be reduced by, at most, 11%.41

Finally, since many of the underlying causes of stroke and
CVD are well established, identifiable, and controllable,42–44

according to Rose,1 there is not a major role for the “high-
risk” strategy for primary prevention of stroke and CVD, but
more a complementary role to the more powerful population
strategy.

We are not advocating that screening for CVD risk be
abandoned but that the “high-risk” approach should not be
the prime focus of public health policy for primary stroke
and CVD prevention. It should be used as an adjunct to the
population-wide strategies and primarily for early detection
of established risk factors,45 objective monitoring of pro-
gress of individuals in controlling their risk of CVD, and for
determining thresholds for the pharmacological management
and its intensity at the physician and individual level (eg,
blood pressure and lipid-lowering medicines, aspirin).46–50 In
addition, to be widely used, such screening should be simple
and inexpensive. For example, integrating screening for
hypertension into routine medical examinations and related
coverage by health insurance was recently recommended as
a potentially cost-effective tool for CVD prevention in
Vietnam.51 Although recently there were concerns raised
as to the low applicability of the thresholds for pharmaco-
logical treatments in resource-poor countries,52 there is a
danger of medicalization instead of focusing on lifestyle risk
factor control.53 Health resources are too scarce to waste
on proven ineffective and expensive screening strategies
(that are not coupled with appropriate intervention) and,
given the already huge and increasing stroke and CVD
burden,6 the importance of the use of effective population-
wide primary stroke and CVD prevention strategies cannot
be underestimated.
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In several countries, there are ongoing or intermittent
media campaigns educating people about stroke and heart
disease recognition for secondary stroke prevention, partic-
ularly stroke signs and symptoms that necessitate calling
emergency services (eg, Face, Arm, Speech, Time [F.A.S.T.])
There is compelling evidence that F.A.S.T. campaigns result in
increased ambulance dispatches and public stroke aware-
ness, at least in the short term.54,55 Importantly, the medical
attention was sought by a bystander in nearly 90% of cases,
suggesting the importance of mass-media public education
rather than focused programs in high-risk groups for stroke.56

While the extensive 5-year F.A.S.T.-based public campaign in
England cost $13.6 million and resulted in increased number
of patients with major stroke who sought medical attention
within 3 hours (odds ratio, 2.56; 95% CI, 1.11–5.90), it failed
to improve the use of emergency medical services by people
with transient ischemic attack and minor stroke (odds ratio,
0.79; 95% CI, 0.50–1.23).57 The authors called for campaigns
that are tailored to transient and less severe symptoms.
However, in a recent review of 30 studies on public stroke
education, such campaigns were shown to be costly, and their
efficacy was either limited (in terms of improving stroke
outcomes) or not present.55 These results are in line with a
systematic review of 11 studies examining effectiveness of
the F.A.S.T. public campaign that showed that such cam-
paigns may raise awareness of signs of stroke but have
limited impact on behavior.58 It was also shown that stroke
education of children at schools has proven feasible and
efficient in the United States and Japan.55 Given the
uncertainty about the long-term sustainability of stroke
awareness knowledge and cost-effectiveness of F.A.S.T.
public campaigns, especially for people with transient
ischemic attack and minor stroke, further research into this
important area of stroke education is needed. Clearly, primary
and secondary stroke/CVD prevention campaigns should be
viewed as complementary activities, with the priority given to
primary stroke/CVD actions.

Resetting Priorities Toward a Population-Wide
Strategy for Preventing Stroke and CVD
From the public health perspective, the best ultimate measure
of effectiveness of the primary stroke and CVD prevention
interventions is incidence, both in absolute (number of new
people affected by the stroke and/or acute myocardial
infarction) and relative (rate per 100 000 per year) terms,59,60

while prevalence of stroke/CVD risk factors in the population
and global CVD/stroke risk estimates are important interme-
diate measures of the effectiveness.61 There is sufficient
consistent, although modest, evidence of the effectiveness of
population-wide strategies to reduce the burden from stroke

and CVD in the United States,62 Sweden,63 Finland,64,65 and
Japan66 to call for a review and resetting of priorities toward
the population-wide strategy for preventing stroke and CVD.
Modeling studies suggest that any intervention that achieves
even a modest population-wide reduction in any major CVD
risk factor would produce a net cost saving, as well as
improving health.67 An 80% reduction in CVD among the
working-age population has been observed over 40 years in
Finland concurrent with population-wide changes in lifestyle
and environment.68

The population-wide approach for primary stroke and CVD
prevention with the emphasis on elimination of artificial trans-
fat, dietary sodium reduction, and effective treatment of
elevated blood pressure was recently emphasized in the World
Health Organization Global Hearts Initiatives69 and CVD
initiative “Resolve.”70 Another important evidence-based,
feasible, and cost-effective strategy to prevent stroke and
CVD, with the focus on population-wide prevention, is the
World Health Organization “best-buy” interventions.69,71

Among 36 studies (608 940 participants), 19 reported on
the effectiveness of tobacco-related best buys, presenting
good evidence for group interventions in reducing tobacco
use but weaker evidence for interventions targeting individ-
uals. There were fewer studies on smoking bans, warning
labels, and mass media campaigns, and no studies on taxes or
marketing restrictions. Fourteen of thebest buy interventions
did not have any good evidence for effectiveness in low- to
middle-income countries. Observational evidence from the
Nurses’ Health Study (71 243 women and 43 685 men free
of CVD and cancer at baseline) suggested that controlling 5
lifestyle risk factors (smoking, physical activity, diet, alcohol
consumption, weight) could reduce the risk of stroke by 47%
(95% CI, 18–69) in women and by 35% (95% CI, 7–58) in
men.72,73

Further population-based observational evidence from the
UK Biobank Study of 306 473 adults who were followed for a
median of 7.1 years suggest that adherence to a healthy
lifestyle (nonsmoker, healthy diet, body mass index <30 kg/
m2, and regular physical exercise) could reduce the risk of
stroke by up two thirds compared with an unfavorable lifestyle
independent of genetic risk.34

A modeling study has estimated that a 30% reduction in
population-wide sodium intake (World Health Organization
recommended modest reduction) over 10 years could reduce
the incidence of ischemic heart disease, ischemic stroke, and
hemorrhagic stroke by about 7.3%, 7%, and 9.4%, respec-
tively.74 Applying these estimates to the Global Burden of
Disease 2017 data,75 it can be estimated that, globally, even
this modest level of sodium intake reduction could annually
prevent 776 500 cases of ischemic heart disease (95%
uncertainty interval, 698 840–860 990), 541 660 cases of
ischemic stroke (95% uncertainty interval, 486 580–
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607 430), and 394 800 cases of hemorrhagic stroke (95%
uncertainty interval, 358 820–432 450).

The increasing number of stroke cases throughout the
world, particularly in low-income countries, demands that we
review our strategies and opportunities for optimal stroke
prevention.60,61 Geoffrey Rose always maintained the
population and high-risk approaches to prevention are not
mutually exclusive but rather are complementary. We agree,
but we are concerned that there has been a relative
underutilization of population-wide prevention strategies and
increasing focus on “high-risk” prevention strategies and that
this imbalance may underpin suboptimal primary stroke and
CVD prevention.31

Funding of Primary Prevention
To be sustainable, primary stroke and CVD prevention
strategies should not only be effective but sufficiently funded.
Organization for Economic Cooperation and Development
countries allocate <3% of their health spending on average to
public health and prevention activities, and a large proportion
of this funding (about 44%) is spent on less cost-effective

measures, such as healthy-conditions monitoring, including
CVD screenings.76 Just in England, annual costs of universal
screening of 40- to 74-year-old adults for the risk of
developing a chronic condition such as heart disease, stroke,
kidney disease, type 2 diabetes mellitus, or dementia (NHS
Health Check) amount to 165 million GBP.77 A recent
microsimulation study to estimate the potential impact of
this universal screening for primary prevention of CVD
showed its inferiority compared with alternative strategies,
which incorporate population-wide approaches.39 In our
opinion, a much greater proportion of public health funds,
or access to other funds, is required to implement effective
population-wide strategies of prevention, minimize inequality
in targets for prevention, and provide universal health
coverage. However, the question is where to get additional
funds for primary stroke and CVD prevention?

As taxation on tobacco, salt, sugar, and alcohol is one of
the most efficient ways to reduce their consumption and
promote healthy behaviors78 (with the associated benefits for
CVD and overall health at the population level)78–81 and
generate significant revenues for governments,78 we believe
these revenues can and should be reinvested back into the

Figure. Theoretical models of causal pathways and benefits of population-wide primary stroke and CVD prevention strategies for preventing
other noncommunicable diseases. CVD indicates cardiovascular diseases.
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public health sector and health research to improve the health
of the taxpayers, including appropriate funding of primary
prevention strategies for stroke, CVD, and other major
noncommunicable diseases. Such uses of the tax revenue
would also be important to ensure public acceptability of
these taxes.82,83 It was also suggested that organizations
committed to CVD control in high-income countries could
provide some funding for resource-poor countries to help
them with the development and implementation of primary
prevention strategies.84 The properly implemented primary
prevention interventions will, in turn, generate significant
additional cost savings from preventing diseases, which can
be further used for improving well-being of the population and
various social programs. Unique political, social, and financial
circumstances in a given country or region may require
scaling of the population approach to successfully meet such
challenges in the domain of prevention.

Conclusions
Priority in the stroke and CVD primary prevention strategies
should be given to the reduction of exposure to CVD risk
factors of the whole population across the life course,
regardless of the CVD risk, with the focus on behavioral and
lifestyle risk factors (including tobacco use, unhealthy diet
[excessive salt and sugar intake, lack of fruits and vegetables],
physical inactivity, and the harmful use of alcohol), thus
allowing an integrative approach that also targets other major
noncommunicable diseases, such as dementia, diabetes
mellitus, cancer, and pulmonary diseases.31 This is because
nearly everyone is at lifetime risk of developing these
diseases. This cluster of diseases and risk factors was
prioritized by the World Health Organization and its Global
Action Plan on noncommunicable diseases,85 and was also
included in the 2011 United Nations Noncommunicable
Disease Declaration, and the United Nations Post-2015
Sustainable Development Goals.86 Focusing on the “high-risk
group” alone will be addressing just the tip of the iceberg
(Figure). Therefore, a multisectoral total population approach
is recommended as the priority.

While advocating that the pendulum now has swung back
toward population-wide prevention strategies, we emphasize
that optimal stroke and CVD prevention requires a comple-
mentary 2-tiered population-based and high-risk approach,
whereby measures and education about behavioral risk
factors (diet, physical activity, alcohol and tobacco avoidance)
are applied to the general population, and simple, inexpensive
screening for a history of vascular disease and presence of
modifiable vascular risk factors (particularly hypertension and
smoking) is undertaken to identify those requiring the addition
of prophylactic drug therapy to reinforced lifestyle and
behavioral interventions (Table 3). Concurrently, global

population exposure to improved social and environmental
factors, including reduced exposure to air pollution, remain a
priority for all. We agree with Kypridemos et al39 that further
research is required to determine the best mix of population-
wide and high-risk targeted strategies for primary stroke and
CVD prevention.

The last but not least important aspect of primary stroke/
CVD prevention strategies is the evaluation of their effective-
ness. Limiting criteria for evaluation of such strategies to just
frequency estimates (eg, incidence, prevalence, mortality
rates) is misleading, as it does not provide any information

Table 3. Overview and Summary of Policy Implications of this
Viewpoint

Evidence of effectiveness of “high-risk” and population-wide strategies

• No randomized controlled trial evidence to support effectiveness of
multifactorial “high-risk” strategies for reducing stroke and CVD
incidence and mortality

• Growing body of observational evidence to support medical and cost
effectiveness of population-wide strategies for reducing stroke and
CVD incidence and mortality

• Uncertainty concerning the best balance of population-wide and
“high-risk” CVD strategies

Policy implications

• Policy makers and politicians should prioritize population-wide
strategies for primary stroke and CVD prevention

• As taxation on tobacco, salt, sugar, and alcohol is one of the most
effective ways to reduce their consumption and promote healthy
behaviors (with the associated benefits for CVD and overall health at
the population level) and generate significant revenues for govern-
ments. These revenues can and should be re-invested back into the
public health sector and health research to improve health of the
taxpayers, including appropriate funding of primary prevention
strategies for stroke, CVD, and other major noncommunicable
diseases

• While measures and education about behavioral risk factors (diet,
physical activity, alcohol, and tobacco avoidance) need to be applied
to the general population, a simple, inexpensive screening for a
history of vascular disease and presence of modifiable vascular risk
factors (particularly smoking, obesity, and facilitated access to
measurement of blood pressure and identification of hypertension)
should be undertaken to reinforce lifestyle and behavioral interven-
tions and identify those requiring the additional benefits of
prophylactic drug therapies

• Global population exposure to improved social and environmental
factors, including reduced exposure to air pollution should remain a
priority for stroke and CVD prevention

• Evaluation of the effectiveness of the proposed preventative
strategies should include monitoring of the prevalence of stroke/CVD
risk factors, stroke/CVD frequency (incidence and prevalence),
functional (eg, physical and mental impairment) and vital outcomes in
both rates (eg, per 100 000 per year) and absolute numbers

• Further research is needed to identify the best balance of population-
wide and risk targeted CVD strategies to maximize cost effectiveness
and minimize inequalities
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about the real-life impact of the diseases on the health system
and society. If we look at the Global Burden of Disease
estimates for stroke and CVD, their age-adjusted incidence,
prevalence, mortality, and disability-adjusted life-years lost
rates have been declining over the past 30 years in almost
every country of the world (except some low- to middle-
income countries), but the absolute number of people who
develop, die from, or remain disabled from these disorders
over the same period of time has increased dramatically,44,87–89

largely due to population growth and aging90 as well as
unfavorable trends in the prevalence of some risk factors.33,44

These are exactly the people who require medical attention and
access to health resources. Therefore, from a public health
perspective, the absolute number of people to care for is far
more important for healthcare planning and resource allocation
than their rates. However, monitoring rates allows determination
of the changes in the risk of these disorders and their outcomes
while age-adjusted rates allow comparisons between different
localities and populations. Therefore, the proposed preventative
strategies should include monitoring of the prevalence of
stroke/CVD risk factors, stroke/CVD frequency (incidence and
prevalence), functional (eg, physical and mental impairment), and
vital outcomes in both rates (eg, per 100 000 per year) and
absolute numbers.
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