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Abstract

Background and purpose: Early this century, the high risk strategy of primary stroke and
cardiovascular disease (CVD) prevention for individuals shifted away from identifying
(and treating, as appropriate) all at-risk individuals towards identifying and treating indi-
viduals who exceed arbitrary thresholds of absolute CVD risk. The public health impact
of this strategy is uncertain.

Methods: In our systematic scoping review, the electronic databases (Scopus, MEDLINE,
Embase, Google Scholar, Cochrane Library) were searched to identify and appraise publi-
cations related to primary CVD/stroke prevention strategies and their effectiveness pub-
lished in any language from January 1990 to August 2023.

Results: No published randomized controlled trial was found on the effectiveness of the
high CVD risk strategy for primary stroke/CVD prevention. Targeting high CVD risk indi-
viduals excludes a large proportion of the population from effective blood-pressure-low-
ering and lipid-lowering treatment and effective CVD prevention. There is also evidence
that blood pressure lowering and lipid lowering are beneficial irrespective of blood pres-

sure and cholesterol levels and irrespective of absolute CVD risk and that risk-stratified
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be revised.

KEYWORDS

INTRODUCTION

Evidence from the Global Burden of Disease studies suggests that
prevalent cases of total cardiovascular disease (CVD) (including
stroke) nearly doubled from 271 million in 1990 (95% uncertainty
interval 257-285 million) to 523 million in 2019 (95% uncertainty in-
terval 497-550million) [1]. Despite a consistent decline in age-stan-
dardized CVD (including stroke) mortality rates globally in the last
half of the 20th century [1], there has been a subsequent deceler-
ation in the decline, and now an overall flattening of the decline in
the past 5years [2]. Since 2010, age-standardized CVD mortality
rates have even increased in many locations (e.g., United States,
Mexico, UK) [1, 3], and there has been a significant increase in the
age-standardized incidence of stroke in young individuals (under 55)
in high-income countries [4, 5]. Globally, the age-standardized prev-
alence of high systolic blood pressure (SBP) [1], age-standardized
disability-adjusted life-years lost due to high fasting plasma glucose
[1], high body mass index [1] and age-standardized incidence and
prevalence of diabetes mellitus are also increasing [6]. These data
strongly suggest inadequate risk prediction and risk factor control
in the population, and particularly the younger population, that de-
mands innovative public health solutions [7].

Some 40years ago, the strengths and weaknesses of popula-
tion-wide and high risk strategies of CVD prevention were thor-
oughly delineated by Rose [8]. The population-wide approach
involved identifying (and treating, as appropriate) all at-risk individu-
als, whereas the high risk approach involved identifying and treating
individuals who exceeded arbitrary thresholds of predicted abso-
lute risk of CVD. The high CVD risk approach is valid and suitable
for selecting people at high risk of acute CVD and monitoring their
progress in CVD prevention, but whether it is also effective in pre-
venting CVD remains unknown. Rose considered both approaches
to be complementary, rather than mutually exclusive, emphasizing
that the fundamental limitation of the high risk CVD prevention
strategy was that it misses a large number of preventable CVD
cases [8]. Concurrently, there were—and remain—public health ex-
perts and senior epidemiologists opposing this strategy [9-14]. As
Capewell highlighted in 2008, the greatest harm arising from high
risk strategies is misleading professionals, planners and politicians

pharmacological management of blood pressure and lipids to only high CVD risk individu-
als leads to significant underuse of blood-pressure-lowering and lipid-lowering medica-
tions in individuals otherwise eligible for such treatment.

Conclusions: Primary stroke and CVD prevention needs to be done in all individuals
with increased risk of CVD/stroke. Pharmacological management of blood pressure and
blood cholesterol should not be solely based on the high CVD risk treatment thresholds.

International guidelines and global strategies for primary CVD/stroke prevention need to

cardiovascular disease, high risk strategy, prevention, stroke, trials

into thinking that by implementing the high risk strategy of CVD pre-
vention in practice they can tick the ‘mission accomplished’ box for
preventing CVD [9]. Capewell argued that screening for high risk in-
dividuals represents a costly and relatively ineffective strategy that
distracts from cheaper and more effective population-based policy
interventions which benefit the entire population [9].

Despite these concerns, the high risk strategy for CVD preven-
tion was soon recommended in several national [15-17] and inter-
national guidelines [18] whereby quantitative treatment thresholds,
based on an individual's predicted absolute CVD risk, were the key
determinants of the indication for pharmacological treatment of
raised blood pressure and raised blood cholesterol. Since 2000,
wider use of the high risk strategy of CVD prevention was advo-
cated and, in 2005, there was a call to use absolute CVD risk pre-
diction score thresholds routinely as the sole criteria for prescribing
blood-pressure-lowering and blood-lipid-lowering pharmacological
treatment [17]. Although supported by only observational and mod-
elling studies, this high CVD risk strategy was quickly adopted by
major international [19-24] and several national primary CVD pre-
vention guidelines [25-28], including the World Health Organization
(WHO) [29].

Twentyyears from the introduction of the high risk strategy for
stroke and CVD prevention into practice seems a sufficient time pe-
riod to identify and map the available evidence accumulated to date,
for and against the shift in the focus of primary stroke and CVD pre-
vention away from populations and towards individuals at high risk.
Specifically, in our systematic scoping review an attempt is made to
identify and appraise publications related to uptake, cost-effective-
ness, medical effectiveness, risk stratification strategies and treat-
ment thresholds of the high CVD risk strategy for primary stroke/
CVD prevention.

METHODS

Established guidelines for conducting a systematic scoping review
were followed [30]. Our literature search of Scopus, MEDLINE,
Embase, Google Scholar and the Cochrane Library databases to iden-
tify relevant articles published in any language from January 1990
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to August 2023 used the following search terms in title, abstract
or keywords: ‘cardiovascular disease’, ‘stroke’, ‘transient ischaemic
attack (TIA), ‘cerebrovascular’ or ‘CVD’ AND ‘primary prevention’,
‘high (CVD) risk’, ‘efficacy’, ‘effectiveness’, ‘efficiency’, ‘randomis(z)
ed controlled trial (RCTs), ‘cost’, ‘clinical trial’, ‘risk threshold(s)’,
‘stratification’, ‘screening’, ‘epidemiology’, ‘cohort studies’, ‘trend(s)’,
‘population-based’ or ‘burden’. The reference list of identified pivotal
articles was manually searched, and additional relevant publications
were retrieved for analysis. In selecting epidemiological studies pref-
erence was given to the Global Burden of Disease and population-
based studies. PRISMA guidelines [31] were followed for reporting
the literature search process (Figure 1). Of the total 13,789 publica-
tions initially identified, only 92 studies fulfilled the inclusion criteria

and were included in the review.

RESULTS

Cost-effectiveness and uptake of the high CVD risk
screening

Although it has long been argued that the benefits of population
CVD screening must be established through properly conducted tri-
als [32], to date no RCTs evaluating the cost-effectiveness of high
CVD risk screening have been found. The results of health economic
modelling studies over the last 20 years have been conflicting. Whilst
some microsimulation studies showed that universal screening for
CVD risk and treatment of people at high CVD risk are not the most
effective options for primary prevention of CVD overall compared

to population-wide strategies [10, 33], another modelling study sug-
gested that, with 100% detection (including previously undiagnosed
diabetes) and effective treatment of all individuals with high CVD
risk, it would be possible to save £61 billion and prevent 5.2 million
CVD cases over 25years [34]. Results of another modelling study
suggested that, even if high CVD risk screening systems were effec-
tive, and 100% of individuals in the population with a 10-year CVD
risk of 230% (6% of the population) were identified, and all of these
individuals were appropriately treated, the incidence of major CVD
would be reduced by, at most, 11% [35].

However, in practice the uptake of high CVD risk screening pro-
grammes is low (about 17%-20%) even in high-income countries
(e.g., England, Australia, New Zealand) where such programmes
are virtually mandatory for health practitioners [36, 37], and their
implementation in practice is expensive (e.g., the total cost of the
basic Health Check of 1.5million people using QRISK2 in the UK
costs almost £31 million) [38]. For example, in Australia, even after
the introduction in 2019 of an $85.60 incentive for medical prac-
titioners for a dedicated CVD risk consultation that lasts at least
20 min, the total number of assessments for high CVD risk did not
change [36]. In addition, high CVD risk screening programmes re-
quire considerable efforts and cost from society [14] (and, in most
countries, from individuals) and are therefore unlikely to be widely
implemented in countries with limited resources. For example, in
England in 2015 the National Health Service (NHS) Health Checks
cost taxpayers £450 million a year [13] but could prevent only one
additional fatal CVD event every year for every 4762 (95% confi-
dence interval [Cl] 4167-5263) people who attend a Health Check
[39], raising a concern about the cost and cost-effectiveness of

Duplicates and articles not aimed

( at primary stroke/CVD prevention
L (n=13,570)

.5 Articles identified through Other sources (cross-check
§ database searching of reviews, guidelines)
£ (n=13,801) (n=107)
@
el

I

‘

Articles screened by title and abstract
for stroke/CVD risk (n=338)

Screening

( Not aimed specifically at stroke or
LCVD prevention, duplicates (n=171)

Articles screened by full text for high CVD risk (n=167)

Eligibility

( Not aimed at assessment of

CVD risk strategy (n=75)

[ 92 publications included in the review

Lﬁnancial or medical efficacy of high

FIGURE 1 PRISMA flowchart summarizing the literature screening process.
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the intervention [40]. A cost-neutral effect of incentivizing CVD
prevention by payment for CVD risk calculation, assessment and
reduction was recently shown in the Million Hearts Model trial in
the USA [41].

Although non-laboratory CVD risk screening tools such as the
non-laboratory INTERHEART risk score [42] and WHO CVD risk
charts [43] can be introduced by non-physician health workers, their
uptake and effectiveness in about half of the world's poorest pop-
ulations living on less than US$7.00 per person per day [44] is likely
to be very limited.

Medical effectiveness of the high CVD risk strategies

Whilst the WHO CVD risk charts [43] for risk-based CVD manage-
ment [45] could be used where feasible for targeting individuals with
high CVD risk, this strategy alone leaves the majority of people at
risk neglected (over 80% of all CVDs/stroke events occur in these
low CVD risk people) [46-49]. Although it was postulated that the
benefits of CVD risk-reducing interventions are proportional to the
estimated CVD risk [25], no robust evidence has been found for
medical effectiveness of targeted high CVD risk screening compared
to opportunistic/conventional screening for CVD risk. Although the
Million Hearts Model cluster RCT in the USA [41], which encouraged
and paid for CVD risk assessment and reduction, showed reduction
in first-time strokes and myocardial infarctions, the study did not di-
rectly test efficacy of the high CVD risk prevention strategy, did not
show effects on the primary outcome of CVD events or the outcome
of CVD events or CVD deaths amongst high risk beneficiaries alone,
and suffered from a number of significant limitations [50]. On top of
the limitations already acknowledged by the authors, the internal
validity of the trials was not high as a third of randomized clusters did
not provide CVD risk estimates, and only about half of beneficiaries
in the intervention group used the CVD screening tool. Moreover,
participating organizations volunteered for random assignment into
the model, although it is well known that organizations/participants
who enter such trials are likely to be motivated to succeed with or
without incentive, generally biasing results toward the null. Finally,
medication adherence was not assessed and changes in the preva-
lence of risk factors were not reported; therefore it remains unclear
why CVD incidence and mortality decreased in the incentivized
group but not in the control group. A recent WHO systematic re-
view of 14 large high-quality RCTs for reducing the burden of CVDs
(including stroke) clearly showed that population-level screening
programmes for CVD risk and CVD risk factors have had no impact
on lowering CVD morbidity and mortality in the general population
[51].

The Inter99 RCT (59,616 people aged 30-60years followed for
10years) [52] was specifically designed to determine the effects of
screening for CVD risk and risk factors and lifestyle counselling on
incidence of ischaemic heart disease (IHD) in the general popula-
tion. It found no significant difference between the intervention
and control groups in the risk of IHD (hazard ratio [HR] 1.03, 95%

Cl 0.94-1.13), stroke (HR 0.98; 95% Cl 0.87-1.11), combined IHD
and stroke (HR 1.01; 95% Cl 0.93-1.09) and total mortality (HR
1.0; 95% CI 0.91-1.09). However, the trial involved computer sim-
ulation techniques to reach a substantial level of CVD risk of the
study participants and a counselling intervention was not supported
by additional drug treatment; therefore the study results should be
interpreted with caution. A subsequent Cochrane meta-analysis
[53] of 15 RCTs comparing the effect of health checks (screening
for more than one disease or risk factors) with no health checks in
a total of 251,891 adults found there were no beneficial effects of
general health checks over 1-15years’ follow-up for total mortality
(risk ratio [RR] 1.00, 95% Cl 0.97-1.03; I>=0%), CVD mortality (RR
1.05, 95% Cl 0.94-1.16; I°=65%), ischaemic heart disease incidence
(RR 0.98, 95% Cl 0.94-1.03; I2:11%) or stroke incidence (RR 1.05,
95% Cl 0.95-1.17; l2=53%). However, the review was mainly based
on the old, heterogeneous studies that were prone to bias and was
focused on general health checks and not specifically on detection
of high CVD risk individuals.

Risk stratification management and
treatment thresholds

One of the major objectives of high CVD risk screening is to identify
individuals for blood-pressure-lowering and lipid-lowering pharma-
cological treatment based on an arbitrarily determined absolute CVD
risk threshold [54]. Before the introduction in 2021 of the WHO
guidelines [55] for pharmacological management of elevated blood
pressure, hypertension management was solely based on the CVD
risk threshold (e.g., 5-year absolute CVD risk 215%) [25]. Therefore,
people with hypertension (SBP 2140mmHg and/or diastolic blood
pressure 290 mmHg) who had a 5-year absolute CVD risk <15% were
exempted from receiving blood-lowering medication. However, el-
evated blood pressure is the single most important cause of stroke/
CVD burden worldwide [56], and isolated systolic hypertension is
observed in 32% of healthy adults [57], is highly prevalent in the el-
derly and is a major cause of mortality and morbidity [58]. According
to the PREDICT CVD risk calculator [59], people aged 60-80vyears
old with isolated SBP ranging from 140 to 184mmHg and no ad-
ditional risk factors have a 5-year CVD risk <15%. Implementation
of the high risk strategy would leave these people without effective
blood-pressure-lowering treatment.

In addition, categorizing people into low and moderate CVD
risk may give them a false reassurance that they are protected from
stroke/CVD, thus attenuating any motivation to control their risk
factors [60]. There is also evidence that existing CVD risk score es-
timates perform poorly in the developing countries and may lead to
misclassification of individuals who do and do not require treatments
[61,62]. For example, a 45-year-old man who smokes cigarettes, is
physically inactive and has usual blood pressure of 140/90mmHg
has a 10-year absolute CVD risk of 2.4%-2.5% (according to the
ACC/AHA ASCVD and QRISK®2-2014 algorithms) and a 5-year ab-
solute CVD risk of 1.3% (according to the PREDICT algorithm). This
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FIGURE 2 Optimal shift in the distribution of stroke and cardiovascular disease (CVD) risks that could be achieved with the adaptation

of the recommended changes in stroke/CVD prevention strategies from high CVD risk prevention strategy to motivational mass prevention
strategies in all individuals with elevated risk of stroke/CVD, regardless of the level of risk (e.g., eHealth, polypill and task-shifting in stroke/
CVD prevention/screening to health workers/volunteers) and wider implementation of population-wide prevention strategies. (Modified
from Feigin et al. [97] and Owolabi et al. [56], with permission.) Areas shaded in brown show a theoretically possible proportion of the
population that could benefit from (a) high CVD risk prevention strategy (at best 11% stroke/CVD risk reduction) and (b) a motivational mass
individual risk prevention strategy regardless of the CVD risk level (e.g., use of mobile applications to reduce lifestyle and other risks, polypill
and task-shifting), additional 40% reduction in stroke/CVD incidence and population-wide prevention strategies, plus 30% stroke/CVD
incidence reduction in addition to the motivational mass individual risk prevention strategy regardless of the level of increased CVD risk.

individual is categorized as having a low risk of CVD and, according
to the existing absolute CVD risk guidelines [63], would not be of-
fered a pharmacological treatment for hypertension.

Although initial justification for the high risk strategy was that
applying absolute CVD risk treatment thresholds (considered a
combined effect of various risk factors) would allow more indi-
viduals with raised blood pressure and raised blood cholesterol to
receive blood-pressure- and lipid-lowering treatment than treat-
ment based just on the raised level of these risk factors [54], the
evidence to date showed the opposite. Indeed, in a recent (2022)
large (n=3,337,314) cross-sectional study of 45-74-year-old adults
in Australia [64], 41% of individuals with low CVD risk and blood
pressure above 140/90mmHg were not managed with antihyper-
tensive medications. Yet, this group of people, aged 45-74 with
low to moderate CVD risk, constitutes >80% of the population

[25,46-49,65,66] and accounts for a substantial proportion (up to
90%) of CVD events [8,67,68]. Screening for those at high CVD risk
and targeting risk-stratified pharmacological management of blood
pressure and lipids to only high CVD risk individuals is also likely to
exacerbate socio-economic inequalities in CVD prevention [10]. A
significant underuse of statins for lipid-lowering therapy in Europe
[69] due to the introduction of the updated SCORE2 10-year CVD
risk prediction algorithm [70] has called for revisiting 10-year risk
to guide statin therapy or even stopping use of 10-year predicted
CVD risk as the main starting point for statin recommendations for
improving identification of people eligible for statins in primary CVD
prevention [71].

Previous meta-analyses of RCTs (2012 and 2014) provided evi-
dence that the absolute benefits of blood-pressure- and lipid-lower-
ing drugs are largely determined by patient's predicted pre-treatment
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CHANGING ROOM

FIGURE 3 Time to dress the Emperor
of Medicine—Prevention.
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e The uptake of high CVD risk screening programmes is low (about 17-20%) even in high-income
e There is no robust evidence for medical effectiveness of targeted high CVD risk screening
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they are protected from stroke/CVD, thus attenuating any motivation to control their risk

e Primary stroke and CVD prevention needs to be done in all individuals with increased risk of
e Pharmacological management of blood pressure and blood cholesterol should not be solely

e International guidelines and global strategies for primary CVD/stroke prevention need to be

vascular risk [72,73]. However, a more recent meta-analysis (2021)
of individual participants' data (hn=358,707) from 51 randomized
clinical trials [74] convincingly showed a beneficial effect of phar-
macological blood-pressure-lowering treatment across a wide range
of ages with no evidence to suggest that the relative risk reductions
for prevention of major CVD events (including stroke) vary by base-
line systolic or diastolic blood pressure levels, down to less than
120/70mmHg. A strong beneficial effect of blood-pressure- and
lipid-lowering treatment regardless of the baseline level of blood
pressure or lipids was also demonstrated in the large (12,705 study
participants with intermediate CVD risk) multicentre HOPE-3 trial
[75] and subsequent meta-analysis of this and two other large RCTs
(TIPS-3 [76] and Polylran [77]), with a total of 18,162 participants
[78]. Evidence from these studies supports lowering blood pressure
and cholesterol for primary CVD prevention, irrespective of blood

pressure and cholesterol levels and irrespective of the level of abso-
lute CVD risk [79].

DISCUSSION

Our scoping review shows that evidence to support the high CVD
risk prevention strategy remains lacking and does not meet WHO
criteria for resource-effective CVD prevention strategies to be im-
plemented in practice, namely (1) a substantial effect on health, (2)
strong evidence for cost-effectiveness, (3) feasibility of implementa-
tion in settings with different levels of resources and (4) political and
financial feasibility for scale-up [11,80]. However, despite the uncer-
tainties and lack of robust evidence of the efficacy of the high risk
strategy it has continued to prevail and large resources and efforts
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are spent on the implementation of this strategy, improving accu-
racy of the prediction algorithm, re-calibrating it for different popu-
lations and refining (actually reducing) the treatment thresholds for
blood-pressure- and lipid-lowering pharmacological treatments. It is
believed that all these activities are only justified if there is robust
evidence of the effectiveness of the high CVD risk prevention strat-
egy in the first place. This is the fundamental principal of evidence-
based medicine.

Whilst the WHO CVD risk charts [43] for risk-based CVD man-
agement [45] could be used where feasible for targeting individuals
with high CVD risk and applying blood-pressure- and lipid-lower-
ing treatment thresholds for primary prevention for an identified
minority, this strategy alone leaves the majority of people at risk
neglected, as 80% of all CVDs/stroke events occur in these people
[46-49]. High CVD screening does squeeze primary prevention re-
sources and bring false reassurance to low and moderate CVD risk
individuals, which is opposite to early warning and timely preventa-
tive intervention.

To be effective, stroke/CVD prevention should be focused on
population-wide strategies (such as addressing poverty, socio-eco-
nomic inequalities and reducing exposure to various environmental,
metabolic and lifestyle risk factors in the whole population). Such
strategies should be enhanced by culturally appropriate motivational
strategies on the individual level to include all people at increased
level of CVD risk [11] using simple to use, validated screening tools
for community people and health professionals that would not only
allow estimation of the risk but also provide evidence-based per-
son-centred preventative recommendations and motivate people to
control their risk factors [81-84]. Assessment of the effectiveness
of such strategies should be based on changes in the incidence of
stroke/CVD in the population [85]. Providing estimates of the life-
time risk and years lived free of total CVD [86,87] as a motivational
tool to control risk factors in individuals with low and medium CVD
may also be helpful. In addition, task shifting in primary stroke/
CVD prevention to health workers/volunteers or nurses (nurse ed-
ucators), and use of affordable polypill containing fixed doses of
blood-pressure-lowering and blood-lipid-lowering medications with
or without aspirin in adults at intermediate CVD risk are also rec-
ommended (Figure 2) [88]. Should these evidence-based preventive
stroke/CVD strategies be freely accessible and supported by univer-
sal health coverage [89], this could allow about a 40%-70% increase
in the efficiency of stroke reduction on the individual and population
level, respectively [90-94], compared to a high CVD risk prevention
strategy [56]. Governments should allocate a fixed proportion of an-
nual health funding for prevention of stroke/CVD, which could come
from taxation on tobacco, salt, sugar and alcohol [95].

Our key messages are presented in the panel. Evidence to
date strongly suggests that pharmacological management of
blood pressure and blood cholesterol should not be based solely
on high CVD risk treatment thresholds, and systematic popu-
lation-level screening programmes for CVD risk and CVD risk
factors are not medically effective and cost-effective [51]. As
high risk CVD management strategies were initially endorsed

by the WHO Member States as the mainstream strategy for pri-
mary CVD (including stroke) prevention on the individual level,
only WHO Member States may alter/modify these strategies.
Therefore, the WHO Member States are being called to initiate
the process. The first step in responding to the accumulated ev-
idence about high risk management treatment thresholds has
recently been made by the WHO with the publication of new
guidelines for the pharmacological treatment of hypertension in
adults [55] in which criteria for blood-pressure-lowering treat-
ment are not solely based on the absolute CVD risk threshold.
Recent (2023) inclusion of polypill for stroke/CVD prevention in
the WHO list of essential medicines is another important step in
the right direction [96]. It is now time to complete the proper ‘ev-
idence-based’ dressing of the Emperor of Medicine—Prevention
and revise national and international guidelines and global strate-
gies for stroke/CVD prevention on the individual and population
levels (Figure 3).

AUTHOR CONTRIBUTIONS

Valery L. Feigin: Conceptualization; writing - original draft;
writing - review and editing; methodology; formal analysis; re-
sources. Sheila C. Martins: Conceptualization; writing - review
and editing; conceptualization; methodology. Michael Brainin:
Conceptualization; writing - review and editing. Bo Norrving:
Conceptualization; writing - review and editing. Saltanat
Kamenova: Conceptualization; writing - review and editing.
Azhar Giniyat: Conceptualization; writing - review and editing.
Aida Kondybayeva: Conceptualization; writing - review and ed-
iting. Daulet K. Aldyngurov: Conceptualization; writing - review
and editing. Magripa Bapayeva: Conceptualization; writing - re-
view and editing. Murat Zhanuzakov: Conceptualization; writing
- review and editing. Graeme J. Hankey: Conceptualization; meth-
odology; formal analysis; resources; writing - review and editing.
Sheila C. Martins: Conceptualization; writing - review and editing;
conceptualization; methodology.

FUNDING INFORMATION

None.

CONFLICT OF INTEREST STATEMENT
The authors declare no competing interests.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from

the corresponding author upon reasonable request.

ORCID
Valery L. Feigin "= https://orcid.org/0000-0002-6372-1740
Michael Brainin "= https://orcid.org/0000-0001-8363-4962
REFERENCES

1. Roth GA, Mensah GA, Johnson CO, et al. Global burden of car-
diovascular diseases and risk factors, 1990-2019: update from


https://orcid.org/0000-0002-6372-1740
https://orcid.org/0000-0002-6372-1740
https://orcid.org/0000-0001-8363-4962
https://orcid.org/0000-0001-8363-4962

8 of 10

FEIGIN ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

the GBD 2019 study. J Am Coll Cardiol. 2020;76:2982-3021.
doi:10.1016/j.jacc.2020.11.010

Roth GA, Mensah GA, Johnson CO, et al. Global burden of car-
diovascular diseases and risk factors, 1990-2019: update from
the GBD 2019 study. J Am Coll Cardiol. 2020;76:2982-3021.
doi:10.1016/j.jacc.2020.11.010

Vaughan AS, Ritchey MD, Hannan J, Kramer MR, Casper M.
Widespread recent increases in county-level heart disease
mortality across age groups. Ann Epidemiol. 2017;27:796-800.
doi:10.1016/j.annepidem.2017.10.012

Scott CA, Li L, Rothwell PM. Diverging temporal trends in stroke
incidence in younger vs older people: a systematic review and
meta-analysis. JAMA Neurol. 2022;79:1036-1048. do0i:10.1001/
jamaneurol.2022.1520

Wright JS, Wall HK, Ritchey MD. Million Hearts 2022: small
steps are needed for cardiovascular disease prevention. JAMA.
2018;320:1857-1858. doi:10.1001/jama.2018.13326

Lin X, Xu Y, Pan X, et al. Global, regional, and national burden
and trend of diabetes in 195 countries and territories: an anal-
ysis from 1990 to 2025. Sci Rep. 2020;10:14790. doi:10.1038/
s41598-020-71908-9

Roth GA, Mensah GA, Fuster V. The global burden of cardiovas-
cular diseases and risks. J Am Coll Cardiol. 2020;76:2980-2981.
doi:10.1016/j.jacc.2020.11.021

Rose G. Sick individuals and sick populations. Int J Epidemiol.
1985;14:32-38.

Capewell S. Will screening individuals at high risk of cardiovas-
cular events deliver large benefits? No. BMJ. 2008;337:a1395.
doi:10.1136/bmj.a1395

Wallach-Kildemoes H, Diderichsen F, Krasnik A, Lange T, Andersen
M. Is the high-risk strategy to prevent cardiovascular disease equi-
table? A pharmacoepidemiological cohort study. BMC Public Health.
2012;12:610. doi:10.1186/1471-2458-12-610

Schwalm JD, McKee M, Huffman MD, Yusuf S. Resource effective
strategies to prevent and treat cardiovascular disease. Circulation.
2016;133:742-755. doi:10.1161/circulationaha.115.008721
Chiolero A, Paradis G, Paccaud F. The pseudo-high-risk prevention
strategy. Int J Epidemiol. 2015;44:1469-1473.

Capewell S, McCartney M, Holland W. Invited debate: NHS Health
Checks—a naked emperor? J Public Health. 2015;37:187-192.
doi:10.1093/pubmed/fdv063

Yusuf S, Pinto FJ. The polypill: from concept and evidence to
implementation. Lancet. 2022;400:1661-1663. doi:10.1016/
S0140-6736(22)01847-5

Ramsay LE, Williams B, Johnston GD, et al. British Hypertension
Society guidelines for hypertension management 1999: summary.
BMJ. 1999;319:630-635. doi:10.1136/bmj.319.7210.630

British Cardiac Society, British Hyperlipidaemia Association, British
Hypertension Society, British Diabetic Association. Joint British
recommendations on prevention of coronary heart disease in
clinical practice: summary. BMJ. 2000;320:705-708. doi:10.1136/
bmj.320.7236.705

Jackson R, Barham P, Bills J, et al. Management of raised blood pres-
sure in New Zealand: a discussion document. BMJ. 1993;307:107-
110. d0i:10.1136/bm;j.307.6896.107

Wood D, De Backer G, Faergeman O, Graham |, Mancia G, Pyorala
K. Prevention of coronary heart disease in clinical practice: recom-
mendations of the Second Joint Task Force of European and other
Societies on Coronary Prevention. Atherosclerosis. 1998;140:199-
270. d0i:10.1016/s0021-9150(98)90209-x

Graham |, Atar D, Borch-Johnsen K, et al. European guidelines on
cardiovascular disease prevention in clinical practice: executive
summary: Fourth Joint Task Force of the European Society of
Cardiology and other Societies on cardiovascular disease preven-
tion in clinical practice (constituted by representatives of nine soci-
eties and by invited experts). Eur Heart J. 2007;28:2375-2414.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Genest J, McPherson R, Frohlich J, et al. 2009 Canadian
Cardiovascular Society/Canadian Guidelines for the diagnosis
and treatment of dyslipidemia and prevention of cardiovascu-
lar disease in the adult—2009 recommendations. Can J Cardiol.
2009;25:567-579.

World Health Organization. Prevention of cardiovascular disease:
guidelines for assessment and management of total cardiovascular risk.
World Health Organization; 2007. http://www.who.int/iris/han-
dle/10665/43685. Accessed May 3, 2019.

Piepoli MF, Hoes AW, Agewall S, et al. 2016 European Guidelines
on Cardiovascular Disease Prevention in Clinical Practice: The Sixth
Joint Task Force of the European Society of Cardiology and Other
Societies on Cardiovascular Disease Prevention in Clinical Practice
(constituted by representatives of 10 societies and by invited ex-
perts) Developed with the special contribution of the European
Association for Cardiovascular Prevention and Rehabilitation
(EACPR). Eur Heart J. 2016;37:2315-2381. doi:10.1093/eurheartj/
ehw106

Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA
Guideline on the primary prevention of cardiovascular dis-
ease: executive summary: a report of the American College of
Cardiology/American Heart Association task force on clinical
practice guidelines. Circulation. 2019;140:e563-e595. doi:10.1161/
CIR.0000000000000677

Visseren FLJ, Mach F, Smulders YM, et al. 2021 ESC guidelines
on cardiovascular disease prevention in clinical practice: devel-
oped by the Task Force for cardiovascular disease prevention in
clinical practice with representatives of the European Society of
Cardiology and 12 medical societies with the special contribution
of the European Association of Preventive Cardiology (EAPC). Eur
Heart J. 2021;42:3227-3337. doi:10.1093/eurheartj/ehab484
Ministry of Health. Cardiovascular Disease Risk Assessment and
Management for Primary Care. Ministry of Health; 2018. https://
www.health.govt.nz/publication/cardiovascular-disease-risk-asses
sment-and-management-primary-care. Accessed April 26, 2019.
National Health and Medical Research Council of Australia.
Guidelines for the Management of Absolute Cardiovascular Disease
Risk. https://www.heartfoundation.org.au/images/uploads/publi
cations/Absolute-CVD-Risk-Full-Guidelines.pdf. Accessed May 3,
2019. National Health and Medical Research Council of Australia;
2012.

NICE Guideline. Cardiovascular disease: risk assessment and re-
duction, including lipid modification. 2014. https://www.nice.org.
uk/guidance/cg181/resources/cardiovascular-disease-risk-asses
sment-and-reduction-including-lipid-modification-pdf-35109
807660997 Accessed April 26, 2019.

Wu S, Wu B, Liu M, et al. Stroke in China: advances and challenges
in epidemiology, prevention, and management. Lancet Neurol.
2019;18:394-405. doi:10.1016/51474-4422(18)30500-3

World Health Organization. Cardiovascular disease prevention and
control. Translating evidence into action. 2005. https://apps.who.
int/iris/bitstream/handle/10665/43235/9241593253_eng.pdf;
jsessionid=34FDE4B7469FED286AAB34FABCEDFA62?seque
nce=1. Accessed April 9, 2023.

Peters MDJ, Godfrey CM, Khalil H, Mclnerney P, Parker D, Soares
CB. Guidance for conducting systematic scoping reviews. JBI Evid
Implement. 2015;13:13-146.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 state-
ment: an updated guideline for reporting systematic reviews. J Clin
Epidemiol. 2021;134:178-189. doi:10.1016/j.jclinepi.2021.03.001
Rouse A, Adab P. Is population coronary heart disease risk screen-
ing justified? A discussion of the National Service Framework
for coronary heart disease (standard 4). Br J f Gen Pract.
2001;51:834-837.

Kypridemos C, Allen K, Hickey GL, et al. Cardiovascular screening
to reduce the burden from cardiovascular disease: microsimulation


https://doi.org//10.1016/j.jacc.2020.11.010
https://doi.org//10.1016/j.jacc.2020.11.010
https://doi.org//10.1016/j.annepidem.2017.10.012
https://doi.org//10.1001/jamaneurol.2022.1520
https://doi.org//10.1001/jamaneurol.2022.1520
https://doi.org//10.1001/jama.2018.13326
https://doi.org//10.1038/s41598-020-71908-9
https://doi.org//10.1038/s41598-020-71908-9
https://doi.org//10.1016/j.jacc.2020.11.021
https://doi.org//10.1136/bmj.a1395
https://doi.org//10.1186/1471-2458-12-610
https://doi.org//10.1161/circulationaha.115.008721
https://doi.org//10.1093/pubmed/fdv063
https://doi.org//10.1016/S0140-6736(22)01847-5
https://doi.org//10.1016/S0140-6736(22)01847-5
https://doi.org//10.1136/bmj.319.7210.630
https://doi.org//10.1136/bmj.320.7236.705
https://doi.org//10.1136/bmj.320.7236.705
https://doi.org//10.1136/bmj.307.6896.107
https://doi.org//10.1016/s0021-9150(98)90209-x
http://www.who.int/iris/handle/10665/43685
http://www.who.int/iris/handle/10665/43685
https://doi.org//10.1093/eurheartj/ehw106
https://doi.org//10.1093/eurheartj/ehw106
https://doi.org//10.1161/CIR.0000000000000677
https://doi.org//10.1161/CIR.0000000000000677
https://doi.org//10.1093/eurheartj/ehab484
https://www.health.govt.nz/publication/cardiovascular-disease-risk-assessment-and-management-primary-care
https://www.health.govt.nz/publication/cardiovascular-disease-risk-assessment-and-management-primary-care
https://www.health.govt.nz/publication/cardiovascular-disease-risk-assessment-and-management-primary-care
https://www.heartfoundation.org.au/images/uploads/publications/Absolute-CVD-Risk-Full-Guidelines.pdf
https://www.heartfoundation.org.au/images/uploads/publications/Absolute-CVD-Risk-Full-Guidelines.pdf
https://www.nice.org.uk/guidance/cg181/resources/cardiovascular-disease-risk-assessment-and-reduction-including-lipid-modification-pdf-35109807660997
https://www.nice.org.uk/guidance/cg181/resources/cardiovascular-disease-risk-assessment-and-reduction-including-lipid-modification-pdf-35109807660997
https://www.nice.org.uk/guidance/cg181/resources/cardiovascular-disease-risk-assessment-and-reduction-including-lipid-modification-pdf-35109807660997
https://www.nice.org.uk/guidance/cg181/resources/cardiovascular-disease-risk-assessment-and-reduction-including-lipid-modification-pdf-35109807660997
https://doi.org//10.1016/S1474-4422(18)30500-3
https://apps.who.int/iris/bitstream/handle/10665/43235/9241593253_eng.pdf;jsessionid=34FDE4B7469FED286AAB34FABCEDFA62?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/43235/9241593253_eng.pdf;jsessionid=34FDE4B7469FED286AAB34FABCEDFA62?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/43235/9241593253_eng.pdf;jsessionid=34FDE4B7469FED286AAB34FABCEDFA62?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/43235/9241593253_eng.pdf;jsessionid=34FDE4B7469FED286AAB34FABCEDFA62?sequence=1
https://doi.org//10.1016/j.jclinepi.2021.03.001

LESSONS FROM HIGH CVD RISK PREVENTION STRATEGY

9 of 10

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

study to quantify policy options. BMJ. 2016;353:i12793. d0i:10.1136/
bmj.i2793

Chloe T, Alan B, Edward G, et al. What are the cost-savings
and health benefits of improving detection and management
for six high cardiovascular risk conditions in England? An eco-
nomic evaluation. BMJ Open. 2020;10:e037486. doi:10.1136/
bmjopen-2020-037486

Emberson J, Whincup P, Morris R, Walker M, Ebrahim S. Evaluating
the impact of population and high-risk strategies for the primary
prevention of cardiovascular disease. Eur Heart J. 2004;25:484-
491. doi:10.1016/j.ehj.2003.11.012

Chapman N, Otahal P, Bonner C, Nelson M, Sharman J. Uptake of
the Australian Heart Health Check before and after the COVID-19
pandemic outbreak. Aust J Gen Pract. 2023;52:226-233.

Artac M, Dalton AR, Majeed A, Car J, Huckvale K, Millett C. Uptake
of the NHS Health Check programme in an urban setting. Fam
Pract. 2013;30:426-435. doi:10.1093/fampra/cmt002

Dalton ARH, Soljak M, Samarasundera E, Millett C, Majeed A.
Prevalence of cardiovascular disease risk amongst the population
eligible for the NHS Health Check Programme. Eur J Prev Cardiol.
2013;20:142-150. doi:10.1177/1741826711428797

Chang KC, Lee JT, Vamos EP, et al. Impact of the National Health
Service Health Check on cardiovascular disease risk: a differ-
ence-in-differences matchinganalysis. CMAJ.2016;188:E228-e238.
doi:10.1503/cmaj.151201

O'Dowd A. MPs call for review of NHS health checks. BMJ.
2014;349:g6498. doi:10.1136/bmj.g6498

Blue L, Kranker K, Markovitz AR, et al. Effects of the Million Hearts
Model on myocardial infarctions, strokes, and Medicare spending: a
randomized clinical trial. JAMA. 2023;330:1437-1447. doi:10.1001/
jama.2023.19597

Philip J, Salim Y, Shun FL, et al. Prognostic validation of a non-lab-
oratory and a laboratory based cardiovascular disease risk score
in multiple regions of the world. Heart. 2018;104:581-587.
doi:10.1136/heartjnl-2017-311609

Kaptoge S, Pennells L, De Bacquer D, et al. World Health
Organization cardiovascular disease risk charts: revised mod-
els to estimate risk in 21 global regions. Lancet Glob Health.
2019;7:€1332-e1345. doi:10.1016/52214-109X(19)30318-3

World Bank Blogs. Half of the global population lives on less than
US$6.85 per person per day. https://blogs.worldbank.org/devel
opmenttalk/half-global-population-lives-less-us685-person-day.
Accessed 16 April 2023.

World Health Organization. HEARTS. Technical package for car-
diovascular disease management in primary health care. Risk-based
CVD management. WHO, Geneva. https://apps.who.int/iris/bitst
ream/handle/10665/333221/9789240001367-eng.pdf Accessed
December 20, 2021.

Banks E, Crouch SR, Korda RJ, et al. Absolute risk of cardiovascu-
lar disease events, and blood pressure- and lipid-lowering ther-
apy in Australia. Med J Aust. 2016;204:320-328. doi:10.5694/
mjal5.01004

Islam JY, Zaman MM, Moniruzzaman M, Ara Shakoor S, Hossain A.
Estimation of total cardiovascular risk using the 2019 WHO CVD
prediction charts and comparison of population-level costs based
on alternative drug therapy guidelines: a population-based study of
adults in Bangladesh. BMJ Open. 2020;10:e035842. doi:10.1136/
bmjopen-2019-035842

Welsh J, Korda RJ, Joshy G, Banks E. Primary absolute cardiovascu-
lar disease risk and prevention in relation to psychological distress
in the Australian population: a nationally representative cross-sec-
tional study. Frontiers in Public Health. 2019;7:126. doi:10.3389/
fpubh.2019.00126

Robson J, Dostal |, Sheikh A, et al. The NHS Health Check in England:
an evaluation of the first 4years. BMJ Open. 2016;6:e008840.
doi:10.1136/bmjopen-2015-008840

50.

51.

52.

583.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Tajeu GS, Joynt Maddox K, Brewer LC. Million Hearts cardiovas-
cular disease risk reduction model. JAMA. 2023;330:1430-1432.
doi:10.1001/jama.2023.16096

Eriksen CU, Rotar O, Toft U, Jgrgensen T. What is the effectiveness
of systematic population-level screening programmes for reducing the
burden of cardiovascular diseases? Copenhagen: WHO Regional
Office for Europe 2021 (WHO Health Evidence Network (HEN)
Evidence Synthesis Report 71) https://www.who.int/europe/publi
cations/i/item/9789289055376. Accessed September 10, 2023.
Jargensen T, Jacobsen RK, Toft U, Aadahl M, Glimer C, Pisinger C.
Effect of screening and lifestyle counselling on incidence of isch-
aemic heart disease in general population: Inter99 randomised trial.
BMJ (Online). 2014;348:g3617. doi:10.1136/bmj.g3617

Krogsbgll LT, Jgrgensen KJ, Gatzsche PC. General health checks in
adults for reducing morbidity and mortality from disease. Cochrane
Database Syst Rev. 2019;1(1):CD009009. doi:10.1002/14651858.
CD009009.pub3

Jackson R, Lawes CMM, Bennett DA, Milne RJ, Rodgers A.
Treatment with drugs to lower blood pressure and blood choles-
terol based on an individual's absolute cardiovascular risk. Lancet.
2005;365:434-441.

Guideline for the pharmacological treatment of hypertension in adults.
World Health Organization; 2021. Licence: CC BY-NC-SA 3.0 IGO
https://apps.who.int/iris/bitstream/handle/10665/344424/97892
40033986-eng.pdf. Accessed October 10, 2022.

Owolabi MO, Thrift AG, Mahal A, et al. Primary stroke prevention
worldwide: translating evidence into action. Lancet Public Health.
2022;7:e74-e85. doi:10.1016/52468-2667(21)00230-9

lacobucci G. Adults at lowest risk are most likely to have undiag-
nosed hypertension, data show. BMJ. 2023;381:p976. doi:10.1136/
bmj.p976

Bavishi C, Goel S, Messerli FH. Isolated systolic hypertension: an up-
date after SPRINT. Am J Med. 2016;129:1251-1258. doi:10.1016/j.
amjmed.2016.08.032

The Absolute CVD Risk/Benefit Calculator. https://cvdcalculator.
com/ Accessed April 17, 2023.

Feigin VL, Brainin M, Norrving B, et al. What is the best mix of
population-wide and high-risk targeted strategies of primary
stroke and cardiovascular disease prevention? J Am Heart Assoc.
2020;9:e014494. doi:10.1161/JAHA.119.014494

Chamnan P, Aekplakorn W. Cardiovascular risk assessment in de-
veloping world. In: Kumar A, ed. Recent Trends in Cardiovascular
Risks. IntechOpen; 2017.

Hosein A, Stoute V, Chadee S, Singh NR. Evaluating cardiovas-
cular disease (CVD) risk scores for participants with known CVD
and non-CVD in a multiracial/ethnic Caribbean sample. PeerJ.
2020;8:€8232. d0i:10.7717/peerj.8232

Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/AAPA/
ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the
prevention, detection, evaluation, and management of high blood
pressure in adults. A Report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice Guidelines.
2018;71:e127-e248. doi:10.1016/j.jacc.2017.11.006

Roseleur J, Gonzalez-Chica DA, Karnon J, Stocks NP. Predicted
cardiovascular disease risk and prescribing of antihypertensive
therapy among patients with hypertension in Australia using
Medicinelnsight. J Hum Hypertens. 2023;37:370-378. doi:10.1038/
s41371-022-00691-z

leuan J, Konstantinos EM, Jesus M, Nicholas O-G, George K, Julian
PH. Risk classification in primary prevention of CVD according to
QRISK2 and JBS3 ‘heart age’, and prevalence of elevated high-sen-
sitivity C reactive protein in the UK cohort of the EURIKA study.
Open Heart. 2018;5:e000849. doi:10.1136/openhrt-2018-000849
Robson J, Dostal |, Sheikh A, et al. The NHS Health Check in England:
an evaluation of the first 4years. BMJ Open. 2016;6:e008840.
doi:10.1136/bmjopen-2015-008840


https://doi.org//10.1136/bmj.i2793
https://doi.org//10.1136/bmj.i2793
https://doi.org//10.1136/bmjopen-2020-037486
https://doi.org//10.1136/bmjopen-2020-037486
https://doi.org//10.1016/j.ehj.2003.11.012
https://doi.org//10.1093/fampra/cmt002
https://doi.org//10.1177/1741826711428797
https://doi.org//10.1503/cmaj.151201
https://doi.org//10.1136/bmj.g6498
https://doi.org//10.1001/jama.2023.19597
https://doi.org//10.1001/jama.2023.19597
https://doi.org//10.1136/heartjnl-2017-311609
https://doi.org//10.1016/S2214-109X(19)30318-3
https://blogs.worldbank.org/developmenttalk/half-global-population-lives-less-us685-person-day
https://blogs.worldbank.org/developmenttalk/half-global-population-lives-less-us685-person-day
https://apps.who.int/iris/bitstream/handle/10665/333221/9789240001367-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/333221/9789240001367-eng.pdf
https://doi.org//10.5694/mja15.01004
https://doi.org//10.5694/mja15.01004
https://doi.org//10.1136/bmjopen-2019-035842
https://doi.org//10.1136/bmjopen-2019-035842
https://doi.org//10.3389/fpubh.2019.00126
https://doi.org//10.3389/fpubh.2019.00126
https://doi.org//10.1136/bmjopen-2015-008840
https://doi.org//10.1001/jama.2023.16096
https://www.who.int/europe/publications/i/item/9789289055376
https://www.who.int/europe/publications/i/item/9789289055376
https://doi.org//10.1136/bmj.g3617
https://doi.org//10.1002/14651858.CD009009.pub3
https://doi.org//10.1002/14651858.CD009009.pub3
https://apps.who.int/iris/bitstream/handle/10665/344424/9789240033986-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/344424/9789240033986-eng.pdf
https://doi.org//10.1016/s2468-2667(21)00230-9
https://doi.org//10.1136/bmj.p976
https://doi.org//10.1136/bmj.p976
https://doi.org//10.1016/j.amjmed.2016.08.032
https://doi.org//10.1016/j.amjmed.2016.08.032
https://cvdcalculator.com/
https://cvdcalculator.com/
https://doi.org//10.1161/JAHA.119.014494
https://doi.org//10.7717/peerj.8232
https://doi.org//10.1016/j.jacc.2017.11.006
https://doi.org//10.1038/s41371-022-00691-z
https://doi.org//10.1038/s41371-022-00691-z
https://doi.org//10.1136/openhrt-2018-000849
https://doi.org//10.1136/bmjopen-2015-008840

10 of 10

FEIGIN ET AL.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Brindle P, Emberson J, Lampe F, et al. Predictive accuracy of the
Framingham coronary risk score in British men: prospective cohort
study. Br Med J. 2003;327:1267-1270.

Vasan RS, Sullivan LM, Wilson PW, et al. Relative impor-
tance of borderline and elevated levels of coronary heart
disease risk factors. Ann Intern Med. 2005;142:393-402.
doi:10.7326/0003-4819-142-6-200503150-00005%m
Mortensen MB, Tybjaerg-Hansen A, Nordestgaard BG. Statin eligi-
bility for primary prevention of cardiovascular disease according to
2021 European prevention guidelines compared with other inter-
national guidelines. JAMA Cardiol. 2022;7:836-843. d0i:10.1001/
jamacardio.2022.1876

SCORE2 Working Group and ESC Cardiovascular Risk
Collaboration. SCORE2 risk prediction algorithms: new models to
estimate 10-year risk of cardiovascular disease in Europe. Eur Heart
J.2021;42:2439-2454. doi:10.1093/eurheartj/ehab309

Navar AM, Fonarow GC, Pencina MJ. Time to revisit using 10-
year risk to guide statin therapy. JAMA Cardiol. 2022;7:785-786.
doi:10.1001/jamacardio.2022.1883

Blood Pressure Lowering Treatment Trialists' Collaboration. Blood
pressure-lowering treatment based on cardiovascular risk: a me-
ta-analysis of individual patient data. Lancet. 2014;384:591-598.
doi:10.1016/s0140-6736(14)61212-5

Mihaylova B, Emberson J, Blackwell L, et al. The effects of low-
ering LDL cholesterol with statin therapy in people at low risk
of vascular disease: meta-analysis of individual data from 27
randomised trials. Lancet. 2012;380:581-590. doi:10.1016/
s0140-6736(12)60367-5

Rahimi K, Bidel Z, Nazarzadeh M, et al. Age-stratified and
blood-pressure-stratified effects of blood-pressure-lowering phar-
macotherapy for the prevention of cardiovascular disease and
death: an individual participant-level data meta-analysis. Lancet.
2021;398:1053-1064. doi:10.1016/S0140-6736(21)01921-8

Yusuf S, Lonn E, Pais P, et al. Blood-pressure and cholesterol low-
ering in persons without cardiovascular disease. N Engl J Med.
2016;374:2032-2043. doi:10.1056/NEJM0a1600177

Yusuf S, Joseph P, Dans A, et al. Polypill with or without as-
pirin in persons without cardiovascular disease. N Engl J Med.
2020;384:216-228. doi:10.1056/NEJM0a2028220

Roshandel G, Khoshnia M, Poustchi H, et al. Effectiveness of
polypill for primary and secondary prevention of cardiovascular
diseases (Polylran): a pragmatic, cluster-randomised trial. Lancet.
2019;394:672-683. d0i:10.1016/50140-6736(19)31791-X

Joseph P, Roshandel G, Gao P, et al. Fixed-dose combination thera-
pies with and without aspirin for primary prevention of cardiovas-
cular disease: an individual participant data meta-analysis. Lancet.
2021;398:1133-1146. doi:10.1016/50140-6736(21)01827-4
Brainin M, Grisold W, Hankey GJ, Norrving B, Feigin VL. Time
to revise primary prevention guidelines for stroke and cardio-
vascular disease. Lancet Neurol. 2022;21:686-687. doi:10.1016/
S1474-4422(22)00264-2

Beaglehole R, Bonita R, Horton R, et al. Priority actions for the
non-communicable disease crisis. Lancet. 2011;377:1438-1447.
doi:10.1016/50140-6736(11)60393-0

Feigin VL, Owolabi M, Hankey GJ, Pandian J, Martins SC.
Digital health in primordial and primary stroke prevention: a
systematic review. Stroke. 2022;53:1008-1019. doi:10.1161/
STROKEAHA.121.036400

Feigin VL, Krishnamurthi R, Merkin A, Nair B, Kravchenko M,
Jalili-Moghaddam S. Digital solutions for primary stroke and car-
diovascular disease prevention: a mass individual and public
health approach. Lancet Reg Health West Pac. 2022;29:100511.
doi:10.1016/j.lanwpc.2022.100511

Brainin M, Sliwa K. WSO and WHF joint position statement on
population-wide prevention strategies. Lancet. 2020;396:533-534.
doi:10.1016/50140-6736(20)31752-9

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

A Global Coalition for Circulatory Health Position Paper. The road
to UHC: why integration of circulatory health interventions in pri-
mary care is essential. https://world-heart-federation.org/resou
rce/the-road-to-uhc-why-integration-of-circulatory-health-inter
ventions-in-primary-care-is-essential/. Accessed June 22, 2023.
Feigin VL, Owolabi MO. Pragmatic solutions to reduce the global
burden of stroke: a World Stroke Organization-Lancet Neurology
Commission. Lancet Neurol. doi:10.1016/51474-4422(23)00277-6
Wilkins JT, Ning H, Berry J, Zhao L, Dyer AR, Lloyd-Jones DM.
Lifetime risk and years lived free of total cardiovascular disease.
JAMA. 2012;308:1795-1801. doi:10.1001/jama.2012.14312

Berry JD, Dyer A, Cai X, etal. Lifetimerisks of cardiovascular disease.
N Engl J Med. 2012;366:321-329. doi:10.1056/NEJM0a1012848
Brainin M, Feigin V, Martins S, et al. Cut stroke in half: polypill
for primary prevention in stroke. Int J Stroke. 2018;13:633-647.
doi:10.1177/1747493018761190

NCD Alliance. Acting on Stroke and NCDs: Preventing and
Responding to Stroke to Work towards Universal Health Coverage.
https://ncdalliance.org/resources/acting-on-stroke-and-ncds-
preventing-and-responding-to-stroke-to-work-towards-universal-
health-coverage. Accessed August 29, 2023.

Brainin M, Feigin V, Bath PM, et al. Multi-level community interven-
tions for primary stroke prevention: a conceptual approach by the
World Stroke Organization. Int J Stroke. 2019;14:818-825.

Chiuve SE, Rexrode KM, Spiegelman D, Logroscino G, Manson
JE, Rimm EB. Primary prevention of stroke by healthy lifestyle.
Circulation. 2008;118:947-954.

Gorelick PB. Primary prevention of stroke: impact of healthy life-
style. Circulation. 2008;118:904-906.

O'Donnell MJ, Chin SL, Rangarajan S, et al. Global and regional ef-
fects of potentially modifiable risk factors associated with acute
stroke in 32 countries (INTERSTROKE): a case-control study.
Lancet. 2016;388:761-775. doi:10.1016/s0140-6736(16)30506-2
Feigin VL, Stark BA, Johnson CO, et al. Global, regional, and na-
tional burden of stroke and its risk factors, 1990-2019: a system-
atic analysis for the Global Burden of Disease Study 2019. Lancet
Neurol. 2021;20:795-820. doi:10.1016/51474-4422(21)00252-0
Feigin Valery L, Brainin M, Norrving B, et al. What is the best mix
of population-wide and high-risk targeted strategies of primary
stroke and cardiovascular disease prevention? J Am Heart Assoc.
2020;9:e014494. doi:10.1161/JAHA.119.014494

Web Annex A. World Health Organization Model List of Essential
Medicines - 23rd List, 2023. In: The selection and use of es-
sential medicines 2023: Executive summary of the report of
the 24th WHO Expert Committee on the Selection and Use of
Essential Medicines, 24-28 April 2023. Geneva: World Health
Organization; 2023 (WHO/MHP/HPS/EML/2023.02). Licence:
CC BYNC-SA 3.0 IGO. chrome-extension://efaidnbmnnnibp-
cajpcglclefindmkaj/https://apps.who.int/iris/bitstream/han-
dle/10665/371090/WHO-MHP-HPS-EML-2023.02-eng.pdf.
Accessed August 28, 2023.

Feigin VL, Norrving B, Mensah GA. Primary prevention of cardio-
vascular disease through population-wide motivational strategies:
insights from using smartphones in stroke prevention. BMJ Global
Health. 2017;2:e000306. doi:10.1136/bmijgh-2017-000306

How to cite this article: Feigin VL, Martins SC, Brainin M, et al.
Twenty years on from the introduction of the high risk
strategy for stroke and cardiovascular disease prevention: a
systematic scoping review. Eur J Neurol. 2024;31:€16157.
doi:10.1111/ene.16157



https://doi.org//10.7326/0003-4819-142-6-200503150-00005%m
https://doi.org//10.1001/jamacardio.2022.1876
https://doi.org//10.1001/jamacardio.2022.1876
https://doi.org//10.1093/eurheartj/ehab309
https://doi.org//10.1001/jamacardio.2022.1883
https://doi.org//10.1016/s0140-6736(14)61212-5
https://doi.org//10.1016/s0140-6736(12)60367-5
https://doi.org//10.1016/s0140-6736(12)60367-5
https://doi.org//10.1016/S0140-6736(21)01921-8
https://doi.org//10.1056/NEJMoa1600177
https://doi.org//10.1056/NEJMoa2028220
https://doi.org//10.1016/S0140-6736(19)31791-X
https://doi.org//10.1016/S0140-6736(21)01827-4
https://doi.org//10.1016/S1474-4422(22)00264-2
https://doi.org//10.1016/S1474-4422(22)00264-2
https://doi.org//10.1016/S0140-6736(11)60393-0
https://doi.org//10.1161/STROKEAHA.121.036400
https://doi.org//10.1161/STROKEAHA.121.036400
https://doi.org//10.1016/j.lanwpc.2022.100511
https://doi.org//10.1016/S0140-6736(20)31752-9
https://world-heart-federation.org/resource/the-road-to-uhc-why-integration-of-circulatory-health-interventions-in-primary-care-is-essential/
https://world-heart-federation.org/resource/the-road-to-uhc-why-integration-of-circulatory-health-interventions-in-primary-care-is-essential/
https://world-heart-federation.org/resource/the-road-to-uhc-why-integration-of-circulatory-health-interventions-in-primary-care-is-essential/
https://doi.org//10.1016/S1474-4422(23)00277-6
https://doi.org//10.1001/jama.2012.14312
https://doi.org//10.1056/NEJMoa1012848
https://doi.org//10.1177/1747493018761190
https://ncdalliance.org/resources/acting-on-stroke-and-ncds-preventing-and-responding-to-stroke-to-work-towards-universal-health-coverage
https://ncdalliance.org/resources/acting-on-stroke-and-ncds-preventing-and-responding-to-stroke-to-work-towards-universal-health-coverage
https://ncdalliance.org/resources/acting-on-stroke-and-ncds-preventing-and-responding-to-stroke-to-work-towards-universal-health-coverage
https://doi.org//10.1016/s0140-6736(16)30506-2
https://doi.org//10.1016/S1474-4422(21)00252-0
https://doi.org//10.1161/JAHA.119.014494
https://apps.who.int/iris/bitstream/handle/10665/371090/WHO-MHP-HPS-EML-2023.02-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/371090/WHO-MHP-HPS-EML-2023.02-eng.pdf
https://doi.org//10.1136/bmjgh-2017-000306
https://doi.org/10.1111/ene.16157

	Twenty years on from the introduction of the high risk strategy for stroke and cardiovascular disease prevention: a systematic scoping review
	Abstract
	INTRODUCTION
	METHODS
	RESULTS
	Cost-effectiveness and uptake of the high CVD risk screening
	Medical effectiveness of the high CVD risk strategies
	Risk stratification management and treatment thresholds

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


