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TOP 10 TAKE-HOME MESSAGES

From birth to old age, every person should have
access to and regular visits with a primary care
health professional to identify and achieve oppor-
tunities to promote brain health.

Screening for and addressing adverse social
determinants of health are important in the
approach to prevention of incident stroke. This
updated guideline includes an orientation to social
determinants of health, acknowledging its impact
on access to care and treatment of stroke risk fac-
tors. Therefore, screening for social determinants
of health is recommended in care settings where
at-risk stroke patients may be evaluated, with the
acknowledgment that evidence-based interven-
tions to address adverse social determinants of
health are evolving.

The Mediterranean diet is a dietary pattern that
has been shown to reduce the risk of stroke,
especially when supplemented with nuts and olive
oil. However, low-fat diets have had little impact on
reducing the risk. This guideline recommends that
adults with no prior cardiovascular disease and
those with high or intermediate risk adhere to the
Mediterranean diet.

Physical activity is essential for cardiovascular
health and stroke risk reduction. This guideline
includes a summary of high-quality data showing
that prolonged sedentary behavior during wak-
ing hours is associated with an increased risk of
stroke. Therefore, we provide a new recommen-
dation for screening for sedentary behavior and
counseling patients to avoid being sedentary, as
well as a call for new studies of interventions to
disrupt sedentary behavior. This is in addition to
the recommendation to engage in regular moder-
ate to vigorous physical activity.

Glucagon-like protein-1 receptor agonists have
been shown to be effective not only for improv-
ing management of type 2 diabetes but also for
weight loss and lowering the risk of cardiovascular
disease and stroke. On the basis of these robust
data, we provide a new recommendation for the
use of these drugs in patients with diabetes and
high cardiovascular risk or established cardiovas-
cular disease.
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6. Blood pressure management is critical for stroke
prevention. Randomized controlled trials have
demonstrated that treatment with 1 antihyper-
tensive medication is effective for reaching the
blood pressure goal in only *30% of participants
and that the majority of participants achieved
the goal with 2 or 3 medications. Therefore, >2
antihypertensive medications are recommended
for primary stroke prevention in most patients
who require pharmacological treatment of
hypertension.

7. Antiplatelet therapy is recommended for patients
with antiphospholipid syndrome or systemic lupus
erythematosus without a history of stroke or
unprovoked venous thromboembolism to prevent
stroke. Patients with antiphospholipid syndrome
who have had a prior unprovoked venous throm-
bosis likely benefit from vitamin K antagonist
therapy (target international normalized ratio, 2-3)
over direct oral anticoagulants.

8. Prevention of pregnancy-related stroke can
be achieved primarily through management of
hypertension. Treatment of verified systolic blood
pressure 2160 mmHg or diastolic blood pres-
sure 2110 mmHg during pregnancy and within
6 weeks postpartum is recommended to reduce
the risk of fatal maternal intracerebral hemor-
rhage. In addition, adverse pregnancy outcomes
are common and are associated with chronic
hypertension and an elevated stroke risk later
in life. Therefore, screening for these pregnancy
outcomes is recommended to evaluate for and
manage vascular risk factors, and a screening
tool is included to assist with screening in clini-
cal practice.

9. Endometriosis, premature ovarian failure (before
40 years of age), and early-onset menopause
(before 45 years of age) are all associated with
an increased risk for stroke. Therefore, screen-
ing for all 3 of these conditions is a reasonable
step in the evaluation and management of vas-
cular risk factors in these individuals to reduce
stroke risk.

10. Understanding transgender health is essential
to truly inclusive clinical practice. Transgender
women taking estrogens for gender affirmation
have been identified as having an increased risk
of stroke. Therefore, evaluation and modification
of risk factors could be beneficial for stroke risk
reduction in this population.

PREAMBLE

Since 1990, the American Heart Association (AHA)/
American Stroke Association (ASA) has translated
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scientific evidence into clinical practice guidelines with
recommendations to improve cerebrovascular health.
These guidelines, which are based on systematic meth-
ods to evaluate and classify evidence, provide a foun-
dation for the delivery of quality cerebrovascular care.
The AHA/ASA sponsors the development and publica-
tion of clinical practice guidelines without commercial
support, and members volunteer their time to the writing
and review efforts.

Clinical practice guidelines for stroke provide rec-
ommendations applicable to patients with or at risk
of developing cerebrovascular disease. The focus is
on medical practice in the United States, but many
aspects are relevant to patients throughout the world.
Although it must be acknowledged that guidelines
may be used to inform regulatory or payer decisions,
the core intent is to improve quality of care and align
with patients’ interests. Guidelines are intended to
define practices meeting the needs of patients in
most but not all circumstances and should not replace
clinical judgment; furthermore, the recommendations
set forth should be considered in the context of indi-
vidual patient values, preferences, and associated
conditions.

The AHA/ASA strives to ensure that guideline
writing groups contain requisite expertise and are
representative of the broader medical community by
selecting experts from a broad array of backgrounds,
representing different sexes, races, ethnicities, intel-
lectual perspectives, geographic regions, and scopes of
clinical practice, and by inviting organizations and pro-
fessional societies with related interests and expertise
to participate as endorsers. The AHA/ASA has rigor-
ous policies and methods for development of guide-
lines that limit bias and prevent improper influence.
The complete policy on relationships with industry and
other entities can be found at https://professional.
heart.org/-/media/phd-files/guidelines-and-state-
ments/policies-devolopment/aha-asa-disclosure-
rwi-policy-5118.pdf?la=en.

Beginning in 2017, numerous modifications to the
AHA/ASA guidelines have been implemented to make
guidelines shorter and enhance user friendliness. Guide-
lines are written and presented in a modular knowledge
chunk format; each chunk includes a table of recom-
mendations, a brief synopsis, recommendation-specific
supportive text, and, when appropriate, flow diagrams or
additional tables. Other modifications to the guidelines
include the addition of Knowledge Gaps and Future
Research segments in some sections and a web guide-
line supplement (Data Supplement) for useful but non-
critical tables and figures.

Jose Romano, MD, FAHA
Chair, AHA Stroke Council Scientific
Statement Oversight Committee
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1. INTRODUCTION

Adults in the United States can control their risk for
stroke by optimizing a few behaviors and taking advan-
tage of evidence-based preventive care. These simple
behaviors and care strategies are included in the AHA's
Life's Essential 8, which serves as an educational tool to
help everyone know how to stay healthy and prevent all
forms of cardiovascular disease (CVD).! The 8 strategies
are as follows: eat better, be more active, quit tobacco,
get healthy sleep, manage weight, control cholesterol,
manage blood sugar, and manage blood pressure (BP).

To move Americans toward a stroke-free life, however,
we first need to bridge the gap between the present state
of control for stroke risk factors among US residents
(including Life's Essential 8; see Section 4) and the control
that we could achieve with better implementation of avail-
able, proven care strategies. Often called the prevention
gap,? this phenomenon exists for behavioral risk factors
(eg, low physical activity, poor diet quality, inadequate sleep
duration), risk factors that respond to pharmacotherapy
(eg, high BP, dyslipidemia, diabetes, and atrial fibrillation
[AF]), and the most complex risk factors that are typically
managed with combination behavior change and pharma-
cology (eg, cigarette smoking and high body weight).

Closing the prevention gap is of enormous conse-
quence to US residents. Each year, 600000 residents
have a first stroke and 200000 have a recurrent event.?
Nearly 160000 will die because of stroke, making it the
fifth leading cause of death®* The incidence and mor-
tality of stroke disproportionately affect individuals who
face adverse socioeconomic circumstances compared
with individuals in more favorable circumstances. This is
manifest in higher stroke rates and greater risk burden
among individuals with economic instability, lower edu-
cation, residence in stressed neighborhoods, and resi-
dence in states that make up the US Stroke Belt.>7 Thus,
stroke incidence and mortality may be correlated with
health inequities in the United States.

Stroke is also a leading cause of adult-onset disability;
among individuals who survive 6 months, almost half are
dependent in at least 1 activity of daily living.? Beyond
physical dependence and disability, stroke and the cumu-
lative brain injury that results from recurrent events lead
to cognitive decline® With better implementation of
known strategies for risk factor control, more than half of
stroke events could be prevented, along with the associ-
ated disability and cognitive decline.’®"" Over time, this
would be expected to lower the proportion of US adults
living with brain injury related to stroke, which is currently
estimated to be 7% among adults 260 years of age.'?

Clinicians have a leading role to play in closing the
prevention gap, which is to deliver preventive care to
individual patients; most of this should occur in pediatric
and adult primary care practices, but it will sometimes
occur in subspecialty practices such as cardiology, neu-
rology, obstetrics, gynecology, and vascular surgery. The
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*2024 Guideline for the Primary Prevention of Stroke” is
written primarily for clinicians at the front line of stroke
prevention. It provides recommendations to guide their
care efforts and explanations to help them appraise the
rationale behind each. However, clinicians cannot do this
work alone. Thus, this guideline can be a reference for
health system leaders, public policy officials, and govern-
ment policymakers who partner with clinicians to help
everyone live a stroke-free life.

1.1. Methodology and Evidence Review

The recommendations listed in this guideline are, when-
ever possible, evidence based and supported by exten-
sive evidence review. A search for literature derived
from research principally involving human subjects;
published in English since the last primary prevention
guideline in 2014; and indexed in MEDLINE, PubMed,
Cochrane Library, and other selected databases relevant
to this guideline was conducted between April 2023 and
December 2023. (Additional studies and articles pub-
lished between January 2024 and March 2024 were
added later when appropriate.) The Data Supplement
contains the final evidence tables summarizing the evi-
dence used by the guideline writing group to formulate
recommendations. In addition, the guideline writing group
reviewed documents related to subject matter previously
published by the AHA/ASA (Supplemental Table 1). Ref-
erences selected and published in the present document
are representative and not all inclusive.

Each topic area was assigned a primary writer and a
primary and sometimes secondary reviewer. These assign-
ments were based on the areas of expertise of the mem-
bers of the guideline writing group and their lack of any
relationships with industry related to the section material.
All recommendations were fully reviewed and discussed
among the full group to allow diverse perspectives and
considerations for this guideline. Recommendations were
then voted on, and a modified Delphi process was used to
reach consensus. Guideline writing group members who
had relationships with industry that were relevant to cer-
tain recommendations were recused from voting on those
particular recommendations. All recommendations in this
guideline were agreed to by between 95% and 100% of
the voting guideline writing group members.

1.2. Organization of the Guideline Writing Group

The 2024 Primary Prevention of Stroke Guideline Writing
Group (writing group) consisted of vascular neurologists,
internists, cardiologists, a nurse scientist, a fellow-in-
training, and 2 lay/patient representatives. The writing
group included representatives from the AHA/ASA, the
American Academy of Neurology, the American College
of Obstetricians and Gynecologists, the Preventive Car-
diovascular Nurses Association, and the Society for Vas-
cular Surgery. Appendix 1 of this document lists writing
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group members’ comprehensive relationships with indus-
try and other entities. On March 17, 2024, a writing group
member disclosed having taken a full-time employment
with a pharmaceutical industry. As per our RWI policy,
the industry employment precluded the member from
continuing to serve on the guideline. The member was
removed from the writing group and the manuscript was
reviewed and approved by the guideline writing group.

1.3. Document Review and Approval

This document was reviewed by the AHA Stroke Coun-
cil Scientific Statement Oversight Committee; the AHA
Science Advisory and Coordinating Committee; the
AHA Executive Committee; reviewers from the Ameri-
can Academy of Neurology, American College of Obste-
tricians and Gynecologists, Preventive Cardiovascular
Nurses Association, and Society for Vascular Surgery;
and 33 individual content reviewers. Appendix 2 lists
reviewers' comprehensive disclosure information.

1.4. Scope of the Guideline

The scope of the present guideline is for clinicians who
treat at an individual level, but we recognize that multilevel
national strategies for public health are also required to
promote and facilitate healthy lifestyles and to reduce
environmental, socioeconomic, and educational factors
that increase the risk of stroke. This 2024 guideline par-
allels the 2014 AHA/ASA “Guidelines for the Primary

2024 Guideline for the Primary Prevention of Stroke

Prevention of Stroke"'® in addressing both ischemic and
hemorrhagic strokes. We do this because of the overlap
of risk factors and preventive strategies, differences in
clinical practice, differences in how stroke presents in
patient groups (eg, pregnancy), and treatment-related
adverse effects that are different for hemorrhagic and
ischemic strokes. The aim of the present guideline is to
provide clinicians with evidence-based recommenda-
tions for prevention of the first stroke.

Many guidelines have been published in the past
several years that are focused specifically on the man-
agement of common stroke risk factors. Therefore, this
guideline will not cover the following topics:

« AF (covered in the 2019 American College of
Cardiology [ACC]/AHA AF focused update)';

+ Congenital heart disease (covered in the 2018
ACC/AHA guideline)'®;

* Valvular heart disease (covered in the 2020 ACC/
AHA guideline)'s;

* Prevention of stroke in the setting of acute coronary
syndromes (covered in the 2014 ACC/AHA guideline
for non—ST-segment—elevation myocardial infarction
[MI], and the 2017 ACC/AHA clinical performance
measures for ST-segment—elevation MI and non—ST-
segment—elevation MI)'"'8;

* Subarachnoid hemorrhage (covered in the 2023
AHA/ASA guideline)'?;

* Pediatric stroke, except as it pertains to sickle cell dis-
ease (SCD)%;

/ ADVERSE SOCIAL I
DETERMINANTS OF HEALTH

Poor access to care

Socioeconomic
disadvantage

INADEQUATE MANAGEMENT
OF COMMON RISKFACTORS

Undiagnosed risk factors
Untreated risk factors
Best practices not followed
Lack of shared decision-making
Health system barriers

De-emphasis of lifestyle
factors (Life's essential 8)

~

s A

COMMONLY
UNRECOGNIZED
RISK-ENHANCING FACTORS

Lipoprotein(a)
J CADASIL

Neighborhood disadvantage

Lack of social and
community support

Poor access to education

KRucism and discrimination

ELEVATED
STROKE
RISK

Thrombophilias

Endometriosis
Early menopause

Complications of pregnancy

Figure 1. Elements associated with elevated stroke risk.

CADASIL indicates cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy.
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+ Secondary prevention of stroke (covered in the 2021
AHA/ASA guideline)?';

+ Cerebral venous thrombosis (covered in the 2024
AHA scientific statement)?22%; and

+ Pathways for the implementation and dissemination
of guideline recommendations in clinical practice.

This guideline is organized into topics that are inclu-
sive of primary prevention of stroke across the life span
of adults. When the topics overlap with the 2014 guide-
line, studies and clinical trials published since 2014 have
been summarized to underpin the current recommenda-
tions. There are 6 clinical sections:

1. Patient assessment;

2. Life's Essential 8';

3. Atherosclerotic and nonatherosclerotic risk factors
(eg, migraine);

4. Special populations, including trans health (a first
for stroke primary prevention), SCD (the excep-
tion for including the pediatric population), genetic
stroke syndromes, coagulation and inflammatory
disorders, substance use, and sex-specific risk
factors (pregnancy and pregnancy complications,
endometriosis, hormonal contraception, meno-
pause, and exogenous testosterone use);

5. Heart disease, specifically atrial cardiopathy and
left ventricular dysfunction; and

6. Antiplatelet use for primary prevention.

Table 1. Applying the American College of Cardiology/American Heart Association Class of Recommendation and Level of
Evidence to Clinical Strategies, Interventions, Treatments, or Diagnostic Testing in Patient Care (Updated May 2019)

CLASS (STRENGTH) OF RECOMMENDATION

CLASS 2a (MODERATE) Benefit >> Risk

Suggested phrases for writing recommendations:
e |s reasonable
e (Can be useful/effective/beneficial
o Comparative-Effectiveness Phrasest:
— Treatment/strategy A is probably recommended/indicated in
preference to treatment B
— It is reasonable to choose treatment A over treatment B

LEVEL (QUALITY) OF EVIDENCE+

LEVEL C-LD

LEVEL C-EO

(Limited Data)
* Randomized or nonrandomized observational or registry studies with
limitations of design or execution

* Meta-analyses of such studies
o Physiological or mechanistic studies in human subjects

(Expert Opinion)

e Consensus of expert opinion based on clinical experience

COR and LOE are determined independently @any COR may be paired with any LOE).

A recommendation with LOE C does not imply that the recommendation is weak. Many
important clinical questions addressed in guidelines do not lend themselves to clinical
trials. Aithough RCTs are unavailable, there may be a very clear clinical consensus that a
particular test or therapy is useful or effective.

*

The outcome or result of the intervention should be specified (an improved clinical
outcome or increased diagnostic accuracy or incremental prognostic information).

—+

For comparative-effectiveness recommendations (COR 1 and 2a; LOE A and B only),
studies that support the use of comparator verbs should involve direct comparisons
of the treatments or strategies being evaluated.

++

The method of assessing quality is evolving, including the application of stan-
dardized, widely-used, and preferably validated evidence grading tools; and for
systematic reviews, the incorporation of an Evidence Review Committee.

COR indicates Class of Recommendation; EQ, expert opinion; LD, limited data; LOE, Level
of Evidence; NR, nonrandomized; R, randomized; and RCT, randomized controlled trial.

Stroke. 2024,565:¢344-e424. DOI: 10.1161/STR.0000000000000475
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The current guideline includes recommendations for
screening for stroke risk factors in the primary care set-
ting in the Patient Assessment section, which incorpo-
rates social determinants of health (SDOH), a highly
influential group of nonmedical factors that affect car-
diovascular and stroke risk and prevention.?* In addition,
in lieu of certain nonmodifiable risks such as age and
genetic factors, we focused on prevention across the life
span. The genetic factors that currently have treatments
available that could potentially alter the risk of stroke also
were the focus of this guideline. The modifiable risk fac-
tors are now organized and summarized according to a
powerful new measure of cardiovascular health, Life's
Essential 8, which is a pattern of treatment targets and
behaviors that can affect the risk of stroke.” To reflect
the stroke risk that increases with age, we included
atherosclerotic risk factors, specifically asymptomatic
carotid disease, asymptomatic small-vessel disease
(SVD)/cerebral infarcts, and nonatherosclerotic risk that
includes migraine.

Another modification to this update is the inclusion
of special populations, or individuals with potentially
enhanced risk (Figure 1) that may occur across the life
span but affects primarily young and middle-aged adults.
Hypertensive disorders of pregnancy (HDP) and other
pregnancy complications associated with stroke during
and later in life were described in the 2014 AHA/ASA
“Guidelines for the Prevention of Stroke in Women,”?® but
the recommendations in this current guideline are guided
by the vast amount of literature published since 2014.
Other sex-specific topics that have yet to be covered in
other stroke prevention guidelines include endometriosis,
menopause, and testosterone use. Trans health is also
extremely important to discuss because these individuals
are marginalized in some societies and may be skeptical
of medical care but could have unique risks for stroke.

We also discuss the evidence behind anticoagula-
tion and cardiomyopathy, as well as anticoagulation for
the primary prevention of stroke. The final section of the
guideline is an update of antiplatelet use for primary pre-
vention of stroke.

In the process of developing this guideline, the writ-
ing group reviewed prior published AHA/ASA guidelines
and scientific statements, listed in Supplemental Table 1.
These are resources for readers and reduce the need for
repetition of existing guideline recommendations.

1.5. Class of Recommendations and Level of
Evidence

Recommendations are designated with both a Class of
Recommendation (COR) and a Level of Evidence (LOE).
The COR indicates the strength of recommendation,
encompassing the estimated magnitude and certainty of
benefit in proportion to risk. The LOE rates the quality of
scientific evidence supporting the intervention based on
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the type, quantity, and consistency of data from clinical
trials and other sources (Table 1).

1.6. Abbreviations

Abbreviation Meaning

ACC American College of Cardiology

ACCORD Action to Control Cardiovascular Risk in
Diabetes

ACS asymptomatic carotid artery stenosis

ACST Asymptomatic Carotid Surgery Trial

AF atrial fibrillation

AHA American Heart Association

aPL antiphospholipid antibody

APO adverse pregnancy outcome

APS antiphospholipid syndrome

ASA American Stroke Association

ASPREE Aspirin in Reducing Events in the Elderly

BMI body mass index

BP blood pressure

CADASIL cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy

CEA carotid endarterectomy

CHC combined hormonal contraceptive

COR Class of Recommendation

CPAP continuous positive airway pressure

CRCT chronic red cell transfusion

CREST 2 Carotid Revascularization and Medical
Management for Asymptomatic Carotid Ste-
nosis Trial

CSVD cerebral small-vessel disease

CVD cardiovascular disease

DASH Dietary Approaches to Stop Hypertension

DBP diastolic blood pressure

e-cigarette electronic cigarette

ERT enzyme replacement therapy

GLP-1 glucagon-like protein-1

HDP hypertensive disorders of pregnancy

HHT hemorrhagic telangiectasia

HOPE-3 Heart Outcomes Prevention Evaluation—-3

HR hazard ratio

HT hormone therapy

ICH intracerebral hemorrhage

JPPP Japanese Primary Prevention Project

LDL low-density lipoprotein

LDL-C low-density lipoprotein cholesterol

LOE Level of Evidence

Ml myocardial infarction

MRI magnetic resonance imaging

OSA obstructive sleep apnea

PAVM pulmonary arteriovenous malformation

PCSK9 proprotein convertase subtilisin/kexin 9

PD periodontal disease

PFO patent foramen ovale

RCT randomized controlled trial

SBP systolic blood pressure

Stroke. 2024:55:344-e424.
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Table 2. Supplemental Guidance on Level of Evidence

Abbreviation Meaning
SCD sickle cell disease Level (quality) of
SCI silent cerebral infarct/infarction evidence Outcome Type LOE
SDOH social determinants of health >1 High-quality RCT Primary
SLE systemic lupus erythematosus Meta-analyses of such Secondary prespecified
(i
SPRINT Systolic Blood Pressure Intervention Trial studies Secondary post hoc (full group)
STOP Stroke Prevention Trial in Sickle Cell Anemia Secondary post hoc (subgroup)
SVD small-vessel disease >1 Moderate-quality Primary
TCD transcranial Doppler RCTs Secondary prespecified
TIA transient ischemic attack Meta-analyses of such Secondary post hoc (full group) | C-LD
studies
TRAVERSE Testosterone Replacement Therapy for Secondary post hoc (subgroup) | C-LD#
Assessment of Long-Term Vascular Events P group
and Efficacy Response in Hypogonadal Men 21 Nonrandomized, Primary
USPSTF US Preventive Services Task Force obsg-rvahonal, or r_eglstry Secondary prespecified
studies (prospective)
VKA vitamin K antagonist -
g Meta-analyses of such Secondary post hoc (full group) | C-LD
WARCEF Warfarin Versus Aspirin in Reduced Cardiac studies Secondary post hoc (subgroup) | C-LD
Ejection Fraction
— Randomized or nonran- Primary C-LD
we aist ereumference domized studies with Secondary prespecified C-LD
WHR waist-to-hip ratio limitations of design/ 'y presp
execution Secondary post hoc (full group) | C-LD/C-EO
Secondary post hoc (subgroup) | C-LD/C-EO
2 G EN ERAL CONCE PTS LOE indicates Level of Evidence; and RCT, randomized controlled trial.

2.1. Evaluation of Evidence for Primary Stroke
Prevention

Eligible studies included the following broadly defined
populations:

* The general population of adults without estab-
lished CVD;

* A population of adults with CVD but without a his-
tory of stroke or transient ischemic attack (TIA);
and

* A population of adults with CVD, including stroke
or TIA.

If guideline section authors cited data from a study
that included patients with stroke, no more than 50%
of participants could have a history of stroke. Section
authors and reviewers were instructed to follow general
guidelines provided for assigning COR and LOE to rec-
ommendations (Section 1.5). Additional guidance was
provided to guideline section authors on how to assign
LOE for studies in which primary evidence was derived
from secondary analyses (prespecified or post hoc) and
subgroup analyses (Table 2). Study populations and
characteristics that were included for this guideline evi-
dence review can be found in Table 3.

2.2. Emphasis on Groups With Elevated Stroke
Risk

Certain patient populations have elevated risk for stroke.
In these populations, elevated risk can be related to
genetic factors in the case of inherited conditions, bio-
logical factors related to sex-specific risks or hormones,
social factors that relate to health care access or other
SDOH, or a combination of these factors (Figure 2).
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*Option to assign C-LD.
tOption not to use because of weakness of data.
$Based on whether results inform a recommendation.

In this guideline, we introduce several new sections
to highlight populations at higher risk for stroke and,
in some cases, populations who may be less likely to
receive routine screening for common vascular risk
factors despite their elevated risk. For several of these
populations, high-quality clinical trial data testing the
effect of risk factor control on stroke risk do not exist.
The lack of data to guide management for these patient
populations is largely related to the following:

* Lack of inclusion in stroke clinical trials;

* Clinical trial feasibility given low prevalence; and

* Failure to identify populations as important

subgroups.

We highlight research gaps for these higher-risk popu-
lations to encourage research that can be used to guide
clinical management in the future. We acknowledge that
there are many other populations with elevated stroke risk
related to SDOH, including access to care, geographic
location, educational attainment, economic stability, and
structural racism. Because many of these underlying driv-
ers of inequities operate at societal and systemic levels,

Table 3. Study Populations and Characteristics Included for
Primary Prevention Evidence Review

Study populations Characteristics

1. General population without CVD Primary prevention

2. Population with CVD and no stroke Primary prevention

3. Population with CVD and stroke >50% without stroke is primary

prevention

CVD indicates cardiovascular disease.
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SOCIAL FACTORS
e Access to care

e Systemic
discrimination

e Historical exclusion
from research

e Provider bias

e Stigma

e Trust in health care
systems

BIOLOGICAL FACTORS
e Pregnancy/adverse
pregnancy outcomes

e Hormonal contraceptives

¢ Inflammatory disorders
e Early menopause
e Endometriosis

GENETIC FACTORS

o Sickle cell disease

e Inherited
thrombophilias

o CADASIL

Figure 2. Selected genetic, biological, and social factors affecting stroke risk.
CADASIL indicates cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy.

they are not within the scope of this guideline, and we do
not include recommendations for them here. However, in
mentioning these drivers of inequities, we aim to high-
light the critical need for future research to understand
mechanisms by which they influence risk so that we can
develop evidence-based interventions to target them.

2.3. Social Determinants of Health

SDOH are nonmedical factors, including education,
economic stability, health care access, neighborhood of
residence, experiences of racism, and others, that con-
tribute to inequities in care, health, and health care out-
comes.®#®% Adverse SDOH relate directly to primary
stroke prevention because they contribute to the higher
prevalence of risk factors among groups at risk for dis-
parities, can decrease access to health care for screen-
ing and management of stroke risk factors, and impair
the ability to engage in behaviors and lifestyle changes
that promote reduction of stroke risk.26-3846 At a societal
level, historical discrimination, structural racism, and other
present-day and historical biases not only have influenced
the differential distribution of adverse SDOH across
population groups but also have contributed to research
access and inclusion and thus underrepresentation in
research for populations at risk for health disparities.?647-49
Therefore, the data needed to make research-informed
recommendations for specific populations are limited."°

Patient-level SDOH include health care access, health
literacy, food security, and housing security, all of which
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influence the likelihood of developing and controlling
vascular risk factors?® Evidence-based approaches for
addressing patient-level adverse SDOH include ensuring
that patient education is provided at the appropriate edu-
cational levels and language®'®? and building trust to be
able to re-educate a patient who has health beliefs that
are based on misinformation.2-27%%-%2 Other approaches
involve advocating for patients, choosing the most effica-
cious and cost-effective medications, connecting patients
to resources that help address health-related social needs
such as food and housing insecurity, referring patients to
programs that support lifestyle change,*'%3% and con-
necting patients with programs that help defray health
care costs.”” Last, this writing group acknowledges that
social factors operating above the individual level influ-
ence CVD and stroke prevention; however, address-
ing these societal factors is beyond the scope of this
guideline and is the topic of other documents and AHA
StatementS.Q4’96’36'37’40'56’57

3. PATIENT ASSESSMENT

Recommendations for Patient Assessment

Recommendations

1. Inindividuals 40-79 years of age, estimation of
risk for atherosclerotic CVD (ie, nonfatal MI, non-
fatal stroke, and fatal CVD) every 1 to 5 years is
beneficial to guide decisions on treatments and
lifestyle recommendations that may reduce risk
for stroke.®

Stroke. 2024;565:¢344-e424. DOI: 10.1161/STR.0000000000000475
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Recommendations for Patient Assessment (Continued)
Recommendations

2. Inindividuals with AF, calculation of the CHA,DS,-
VASc score is recommended to guide decisions
on prescription of oral anticoagulation to reduce
risk for stroke.>®

3. Inindividuals >18 years of age, periodic screening
for modifiable behaviors and medical conditions
that increase stroke risk is recommended to
reduce risk for stroke.®%°'

4. Inindividuals >18 years of age, periodic screening
for SDOH (eg, food insecurity, lack of transporta-
tion) is beneficial to identify additional factors that
contribute to stroke risk.3°6276%

Synopsis

Prevention of stroke in office-based care begins by
meeting with patients to identify behaviors and condi-
tions that place them at risk. Prevention should begin
early in life because unidentified and unmanaged risk
causes damage to arteries, the brain, and the heart
years before disease is manifest. The most common
treatable behaviors and conditions that increase risk
are the AHA's Life's Essential 8," but others include AF
and substance use disorders.®® Talking with patients
will identify modifiable behaviors (eg, cigarette smok-
ing, physical inactivity, sleep problems, and poor-
quality diet) and social, environmental, or economic
factors that contribute to risk or affect remediation
(Table 4). Physical findings that should prompt offers
of treatment include high weight and high BP. Findings
on testing include dyslipidemia and hyperglycemia.
Estimation of 10-year risk for atherosclerotic CVD,
as described in a special report by the ACC/AHA,"
can inform shared decision-making. Screening and
risk remediation are usually achieved in the context
of regular primary care. For women, their obstetrician-
gynecologist may be this source of primary care;
obstetrical complications (ie, preeclampsia) are asso-
ciated with pregnancy-related stroke and risk for
hypertension later in life.

Recommendation-Specific Supporting Text

1. Animportant application for stroke risk classifica-
tion is to support primary prevention decision-
making on initiation of antiplatelet therapy and
therapy to lower BP or cholesterol. The relative
risk (RR) reduction for these therapies is similar
in patients at high and low risk for first stroke.
The absolute risk reduction, however, is higher
for those at higher risk. This means that fewer
patients at high risk need to be treated to pre-
vent a stroke compared with patients at low risk.
Therefore, patients with higher absolute risk
reduction may be more willing to incur the risk and
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inconvenience of preventive therapy than those
at lower risk. Both the US Preventive Services
Task Force (USPSTF) and the AHA endorse
risk assessment for decision-making in primary
prevention.t”%877 Clinicians use risk prediction
instruments that estimate risk for atherosclerotic
CVD broadly rather than cerebrovascular disease
alone for 3 reasons: (1) Risk factors and preven-
tive therapy overlap for these 2 diseases; (2) the
broader instruments perform as well as stroke-
specific instruments for stroke risk®; and (3) in
patient-centered care, both diseases are impor-
tant. Among instruments,5”""""° the Pooled Cohort
Equation is widely used in the United States.?88°
However, the AHA has developed new equations,
the Predicting Risk of CVD Events equations,
that are expected to replace the Pooled Cohort
Equation.”

Risk prediction instruments can facilitate patient-
centered, preventive stroke care. The right instru-
ment, however, needs to be selected for the
right patient, and the resulting risk estimates
need thoughtful interpretation and application.
Prediction instruments are commonly applied to
2 groups of patients to guide stroke prevention
therapy: those with nonvalvular AF and those with
or without AF who are at risk for arterial disease.
The CHA,DS,-VASc score is recommended by
the AHA to inform risk-based anticoagulation
of patients with nonvalvular AF of any dura-
tion."%® However, the CHA DS -VASc instrument
is imperfect in that risk of stroke varies among
populations with the same score. For this rea-
son, the AHA recommends that a patient’s risk
estimate may also consider other factors related
to stroke risk such as burden of AF. With this
understanding, oral anticoagulation is recom-
mended for patients with an annual stroke risk
>2% (generally a CHA DS, -VASC score of >2 in
men or =3 in women).'*%2 Our recommendation
to apply the CHA,DS-VASc score for assess-
ment of patients with AF is consistent with other
AHA guidelines.??83 These guidelines also recog-
nize that risk estimation is just one factor in the
decision for anticoagulation in patients with non-
valvular AF. Another is bleeding risk.8* We agree
with the ACC and AHA that treatment decisions
should be individualized in the context of shared
decision-making.®

Several modifiable behaviors and medical con-
ditions have been associated with increased
stroke risk in observational research. Except for
AF, no high-quality randomized trials have tested
the effect of screening for these behaviors and
conditions on stroke risk. Our recommendation
to screen for modifiable behaviors and medical
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Table 4. Key Conditions Affecting Stroke Risk and Screening Methods to Classify Them as Emphasized in This Guideline for
Primary Prevention of Stroke

Risk condition

Screening method

Comment

BP

Office measurement

Elevated office measures should be confirmed with home or ambulatory monitoring per AHA guidance on
BP classification.®”

Cigarette smoking Interview Direct questioning helps classify individuals as never, past, or current cigarette smokers. It will identify
whether a patient is ready to quit, which would be the clinician’s cue to offer treatment options.

Diabetes Blood test Most convenient tests include fasting blood glucose and hemoglobin Atc.

Diet quality Interview Direct questioning of patients can help determine whether their current eating pattern emphasizes healthy
foods and minimizes less healthy foods.®® Instruments for clinical use include the Mediterranean Diet
Adherence Screener and the Mediterranean Eating Pattern for Americans tool.697°

Dyslipidemia Blood test Current guidelines offer nonfasting testing as convenient for patients with validity similar to that of fasting
testing for key lipid fractions.

Overweight Office measurement BMI is the most common measure of weight health, but additional measures of central adiposity such as

the WC may refine risk.

Physical inactivity

Interview

Direct inquiry can be used to determine whether a patient is meeting US Department of Health and
Human Services guidelines for physical activity. Formal questionnaires are not accurate for clinical use.

SDOH

Interview/questionnaire

SDOH include employment status, household income, education, food insecurity, health care access,
housing, access to transportation, neighborhood and built environment, and internet access. Screening
instruments are available.”

Sleep disorder

Questionnaire

Clinicians can ask patients about sleep hours. Questionnaires include the Epworth Sleepiness Index,
Berlin Questionnaire, and Pittsburgh Sleep Quality index.”

Substance use disorders

Interview/questionnaire

Direct questioning or use of validated instruments can identify individuals with substance use disorders
related to stroke risk (ie, alcohol, cocaine, intravenous drug injection).

AHA indicates American Heart Association; BMI, body mass index; BPF, blood pressure; SDOH, social determinants of health; and WC, waist circumference.

conditions is based on (1) randomized trials that
demonstrate the benefit of treating risk factors,
however identified, to reduce risk for stroke; (2)
trials that demonstrate the benefits of treating
risk factors to reduce the factors themselves;
and (3) nonrandomized studies. In subsequent
sections of this guideline that deal with specific
behaviors and conditions, we summarize the evi-
dence behind screening recommendations. For
convenience, Table 4 lists modifiable behaviors
or medical conditions for which we recommend
screening. Some of these risk factors are asso-
ciated. For example, hypertension, obesity, and
obstructive sleep apnea (OSA) are risk factors
for AF; modifying them could reduce risk for
AF8 Table 4 also includes a recommendation
to screen for SDOH, discussed in the Synopsis.
One consequence of few screening trials is that
the optimal screening interval is uncertain. The
USPSTF recommends screening for hyperten-
sion yearly for adults >40 years of age and every
3 to b5 years for adults 18 to 39 years of age.5
The AHA recommends screening for traditional
risk factors every 4 to 6 years in adults 20 to
79 years of age.®' More frequent screening for
modifiable behaviors and medical conditions may
be warranted after a person is found to have bor-
derline values on initial or subsequent testing.

Economic, environmental, and social factors mod-
ify risk for atherosclerotic CVD®? and stroke

December 2024

specifically.3%6%%5  Together, these nonclini-
cal and nonbiological factors are referred to as
SDOH.?" They include fundamental factors such
as exposure to structural racism, income, wealth,
employment opportunity, and educational attain-
ment; intermediate factors such as neighborhood
safety, social environment (including isolation),
and access to care; and proximate factors such
as access to transportation, access to communi-
cation technology, and health literacy. The result
of exposure to adverse SDOH is decreased
detection and control of stroke risk.?® In a recent
scientific statement,?® the AHA pointed out that
fundamental causes are best addressed by
policy and social movements. Intermediate and
proximate factors can be addressed by local and
individual interventions. At the clinic level, these
include assistance with housing, food access,
transportation to medical care, special efforts
to build trust with health care professionals,
health education, and assistance with medica-
tion adherence. No trials have tested the effect
of screening for SDOH on stroke incidence, but
we recommend screening for actionable deter-
minants (eg, transportation, health knowledge,
access to healthy food, health insurance, hous-
ing, transportation, communication technology,
access to safe walking space) as a logical pre-
requisite to helping patients overcome barriers to
control of their stroke risk.

Stroke. 2024;565:¢344-e424. DOI: 10.1161/STR.0000000000000475
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Knowledge Gaps and Future Research

* Validation and testing of various tools to screen for
SDOH are needed.

+ Testing of strategies is needed to address SDOH as
an approach to decreasing stroke risk.

* Development of improved instruments to predict risk
of stroke alone is needed. These might include poly-
genic risk scoring to capture the familial aspect of
risk.

4, MANAGEMENT OF HEALTH BEHAVIORS
AND HEALTH FACTORS FOR PRIMARY
PREVENTION OF STROKE: LIFE’S
ESSENTIAL 8

Section 4 focuses on the components of cardiovas-
cular health, or Life's Essential 8 (Figure 3). This tool
includes a foundation of primordial and primary lifestyle,
health factors, and health behaviors with a wealth of
epidemiological data and clinical trials to support their
association with not only stroke and CVD but also car-
diovascular health. In addition, this tool includes health
and well-being factors important for maintaining or
improving cardiovascular health. Important contextual
factors include psychological well-being and SDOH.
The 8 components include healthy diet, physical activ-
ity, healthy weight, healthy sleep, avoidance of tobacco
products, and healthy levels of blood lipids, blood glu-
cose, and BP'!

ssentia

a

Figure 3. Life’s Essential 8.
From Lloyd-Jones et al." Used with permission. Copyright 2022
American Heart Association, Inc.
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4.1. Diet Quality

COR LOE Recommendations

1. In adults without prior CVD and who are at high
or intermediate CVD risk, a Mediterranean diet
is recommended to reduce the risk of incident
stroke.®687

2. In adults who are >60 years of age and have
uncontrolled BP (systolic BP [SBP] =140 mmHg
if taking antihypertensive medication or 2160
2a mmHg if not), compared with using 100% sodium
chloride, salt substitution (75% sodium chloride
and 25% potassium chloride) is reasonable to
reduce the risk of incident stroke.®®

3. In adults, folic acid supplementation and B-
complex (folic acid, B,,, B) vitamins supplementa-
tion for reducing the risk of stroke are not well
established.®-"

2b

4. In adults without prior CVD, long-chain fatty
acids are not effective for reducing the risk of
stroke 8991796

5. In adults, vitamin C, vitamin E, selenium, anti-
oxidants, calcium, calcium with vitamin D, and
multivitamin supplementation are not effective for
reducing the risk of stroke.89-0197-9¢

Synopsis

Diet ranges from individual nutrients to broader dietary
patterns, which contribute to broader human health. In
the 2014 AHA/ASA guideline for the primary prevention
of stroke,'® there were few randomized trials examining
the effect of dietary interventions on the risk of stroke.
Subsequently, multiple randomized controlled trials
(RCTs) have been published investigating whether spe-
cific dietary interventions reduce the risk of CVD events,
including stroke. Here, we focus only on individual RCTs
and systematic reviews and meta-analyses of RCTs that
included stroke as an end point. Mediterranean diet and
sodium substitution with potassium were beneficial for
stroke reduction. Some benefits were seen with folic
acid and B-complex vitamins. No evidence of a benefit
was observed when the following supplements were
added to a diet: long-chain fatty acids, vitamin C, vita-
min E, selenium, antioxidants, calcium without vitamin
D, calcium with vitamin D, and multivitamins. Limitations
included lack of stratified analyses by primary and sec-
ondary CVD prevention groups. Furthermore, most of the
trials were not powered for examining differences in inci-
dent stroke. We also examined the RCT evidence on the
following: reducing fat intake and supplementing with
vitamin B, B-carotene, or vitamin B, (niacin). Because
of specific limitations of these trials (Table 5), specific
recommendations were not included. Last, although the
DASH (Dietary Approaches to Stop Hypertension) diet
has been shown to lower BR'%? we found no RCTs that
examined the effect of the DASH diet on stroke. There-
fore, no specific recommendations were included.
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Table 5. Summary of the RCT Evidence for the Effects of
Miscellaneous Dietary Interventions on Stroke Risk

Diet intervention | Summary of the evidence

Reduced fat intake | Systematic reviews and meta-analyses (n=2) showed

that reducing fat did not reduce the risk of stroke, but
the evidence was very low quality.®"'°° A systematic
review and meta-analysis showed no effect on stroke
using moderate- to high-quality evidence, but this
study did not stratify the analyses by primary and
secondary CVD prevention.?” One RCT showed that
reducing fat may increase stroke among postmeno-
pausal women without CVD and without hyperten-
sion, but multiple testing may have been an issue.'’

Vitamin B,
supplementation

A systematic review and meta-analysis showed that
vitamin By alone did not reduce the risk of stroke, but
the evidence was very low

quality.®!

[-Carotene
supplementation

A systematic review and meta-analysis showed

that B-carotene increased the risk of stroke, but the
evidence was low quality.?® Another systematic review
and meta-analysis indicated that 3-carotene had

no effect on stroke risk, but the evidence was low
quality.®!

Vitamin B, (niacin) | A systematic review and meta-analysis showed that
supplementation

vitamin B, did not reduce the risk of stroke using
moderate-quality evidence.®® This study also showed
that vitamin B, may increase the risk of all-cause
mortality (RR, 1.10 [95% CI, 1.00-1.20]; £=0.05).
Another

systematic review and meta-analysis showed that
vitamin B, did not reduce the risk of stroke according
to low-quality evidence and had

no effect on all-cause mortality (RR, 1.04 [95% ClI,
0.94-1.16]) according to very low-quality evidence.®'

CVD indicates cardiovascular disease; RCT, randomized controlled trial; and
RR, relative risk.

Recommendation-Specific Supporting Text

1.

e356

In a systematic review and network meta-analysis
of RCTs, Mediterranean dietary programs were
superior to minimal intervention for the prevention
of stroke for individuals at intermediate CVD risk
(5%—10% b-year cardiovascular event risk) and
high CVD risk (20%-30% 5-year cardiovascular
event risk) according to moderate-certainty evi-
dence from 12 trials: pooled risk difference —7 per
1000 (95% Cl,—11to—1)and —16 per 1000 (95%
Cl, =25 to —3), respectively®” Subgroup analyses
revealed that results did not vary according to the
presence of CVD at baseline. The Mediterranean-
style eating pattern has been endorsed by the AHA
as part of Life's Essential 8.

In an RCT of 20995 adult men and women from
rural China who had a history of stroke or were
>60 years of age and had uncontrolled BP (SBP
>140 mmHg if receiving antihypertensive medi-
cation or 2160 mmHg if not), the use of a salt
substitute (75% sodium chloride and 25% potas-
sium chloride) compared with the use of regular
salt (100% sodium chloride) reduced the risk of
stroke.®® Among the 5732 participants without
stroke at baseline, the rate ratio for stroke was

December 2024
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0.78 (95% ClI, 0.63—-0.98). The use of the salt
substitute was not associated with any serious
adverse effects. However, because potassium
levels were not measured in this trial, caution
is warranted for individuals taking a potassium-
sparing diuretic or a potassium supplement
and those who have known kidney disease.
Furthermore, the implementation of salt substitu-
tion with potassium may be difficult in countries
where sodium is already added to processed food.
Implementation would require food processing to
be changed at the factory level.

In a systematic review of meta-analyses and
single RCTs, B-complex vitamins (defined as a
combination of 2 or more of the following: vita-
min B,, folic acid, vitamin B,,) reduced the risk
of stroke in 9 of 12 trials.®® The pooled rate ratio
from the 12 trials was 0.90 (95% ClI, 0.81-1.00;
P=0.04) based on moderate-quality evidence.
These results confirmed an earlier systematic
review of meta-analyses and single RCTs.®" The
studies included populations who were healthy
and those with medical comorbidities such as
end-stage renal disease, suspected or prevalent
coronary artery disease, and prevalent CVD risk
factors. None of the systematic reviews included
the proportion of patients who were vitamin defi-
cient, nor did they present results solely for the
primary prevention of stroke.

REDUCE-IT (Reduction of Cardiovascular Events
With Icosapent Ethyl-Intervention Trial)'® was a
randomized trial of 8179 individuals with estab-
lished CVD or with diabetes and other risk factors
who had been receiving statins and had a fasting
triglyceride level of 135 to 499 mg/dL and a low-
density lipoprotein (LDL) level of 41 to 100 mg/dL.
Compared with placebo, icosapent ethyl, a highly
purified form of eicosapentaenoic acid ethyl ester,
which some investigators do not consider to be a
dietary supplement®’ reduced the primary com-
posite end point of cardiovascular death, nonfatal
MI, nonfatal stroke, coronary revascularization, or
unstable angina (hazard ratio [HR], 0.756 [95% CI,
0.68-0.83]). Although there was a reduction in
stroke (HR, 0.72 [95% CI, 0.65-0.93]), the study
did not report stroke outcomes among participants
without baseline CVD. Meta-analyses have dem-
onstrated that long-chain fatty acids do not reduce
the risk of stroke according to moderate-quality®>°2
or low- or very low—quality®'®3°® evidence. Another
meta-analysis reported that long-chain fatty acids
do not reduce the risk of stroke, with 6 of the 7
identified trials identified as good quality.®® Study
quality was not described in another systematic
review and meta-analysis, which showed that long-
chain fatty acids do not reduce the risk of stroke.

Stroke. 2024;565:¢344-e424. DOI: 10.1161/STR.0000000000000475
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In 3 meta-analyses, there was no effect on stroke in
primary prevention CVD studies.?~%

5. In 1 RCT, 14641 male US physicians initially >50
years of age were enrolled and randomized to
multivitamins (Centrum Silver) or placebo. Of the
14641 participants, 754 (5.1%) had a history of
CVD at baseline. At a median of 11.2 years of
follow-up, multivitamins did not reduce the risk
of stroke, including among those without CVD at
baseline.®® In another RCT of 1708 individuals >50
years of age who were >6 weeks after an M|, mul-
tivitamins (a 28-component high-dose multivitamin
and multimineral mixture) did not reduce the risk of
stroke compared with placebo.?® Of the study pop-
ulation, 17% and 18% were female in the multivi-
tamin and placebo arms, respectively. Systematic
reviews and meta-analyses, which included these
2 studies, described the evidence examining stroke
risk as very low quality.®%9

Knowledge Gaps and Future Research

Most of the RCT evidence did not stratify the analyses
by primary and secondary CVD prevention groups. Most
of the individual trials were not powered for examining
differences in incident stroke. Future research should
examine the following:

* Whether sodium substitution with potassium reduces
the risk of incident stroke in the United States,
where processed food products are common;

» Whether folic acid or B-complex vitamins reduce the
risk of incident stroke;

* The effect of icosapent ethyl on incident stroke
among those without baseline CVD;

* The effect of saturated fat reduction on the risk of
incident stroke;

* The effect of the DASH diet on the risk of incident
stroke;

* The challenges of adherence to a recommended
diet in socioeconomically oppressed communities;

* How patients with conditions that affect dietary
intake should be counseled on nutrition; and

* The impact of plant-based diets on primary stroke
prevention.

4.2. Physical Activity

Recommendations for Physical Activity

COR LOE Recommendations

Screening intervention

1. In adults, screening for physical activity is recom-
mended as part of a comprehensive effort to
estimate stroke risk.'047107

1 C-EO
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Recommendations for Physical Activity (Continued)

COR LOE Recommendations

Other interventions

2. In adults, counseling patients to engage in at least
150 minutes of moderate-intensity physical
activity, 75 minutes of vigorous-intensity
physical activity, or an equivalent combination
per week is recommended to reduce the risk of
Stroke.108—1 1"

1 C-LD

3. In adults, counseling to avoid excessive time
spent in sedentary behavior (characterized by low-
energy expenditure while sitting, reclining, or lying
while awake) is recommended to reduce the risk
of stroke.''?71®

1 C-LD

Synopsis

Observational research demonstrates an associa-
tion between more physical activity and lower risk
for coronary artery disease, stroke, and all-cause
mortality.""*116=12" The association is curvilinear, and ben-
efits become apparent even with low durations of nonoc-
cupational physical activity.'09120122128129 Ag an example,
arecent meta-analysis of nonoccupational physical activ-
ity revealed that the benefit of physical activity in terms
of total CVD incidence, including stroke, improved more
as activity durations rose from 1 to 1560 min/wk than for
increments above that'®® (although benefits did continue
to improve with higher doses of activity). These data
support the idea that any physical activity is better than
none.'?® The mechanism for the benefit of aerobic (and
isometric physical activity) on risk for ASCVD includes
improvements in BP, lipids, inflammatory markers, insulin
resistance, endothelial function, and weight.'08109130-133
Because physical activity is associated with reduced risk
for stroke, coronary artery disease, diabetes, and other
conditions, the US Department of Health and Human
Services (2018) and other organizations recommend
that adults achieve at least 150 minutes of moderate-
intensity physical activity (eg, brisk walking), at least 75
minutes of vigorous-intensity activity (eg, running or jog-
ging), or an equivalent combination.'®#'3® Although these
targets are widely accepted, newer data as discussed
previously suggest that even light physical activity can
be of benefit to those who may be unable or reluctant
to participate in moderate to vigorous physical activity.
Although achieving targets for physical activity, avoid-
ance of excessive sedentary behavior may further reduce
risk for vascular disease, obesity, hypertension, and dia-
betes.'04115186-138 Not surprisingly, the AHA includes
physical activity in Life's Essential 8." Health care profes-
sionals can help their patients reach targets for physical
activity by screening and classifying their activity levels
and counseling those in need to help them reach their
targets.
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Recommendation-Specific Supporting Text

1.

e358

The US Centers for Disease Control and Prevention
estimates that only x20% of US adults meet the
2018 guidelines for aerobic activity (ie, at least
150 minutes of moderate activity, 75 minutes of
vigorous activity, or an equivalent combination) and
engage in strength training at least 2 d/wk.'® To
identify patients who need help becoming more
active, health care professionals can obtain data
from self-report or wearable activity monitors
such as pedometers.'®" A recent systemic review
identified 4 self-report questionnaires that scored
highest on an objective rating scale, including the
O-item Rapid Assessment of Physical Activity
and the 2-question Exercise Vital Sign (“On aver-
age, how many days per week do you engage
in moderate to strenuous exercise [like a brisk
walk]?" and “On average, how many minutes do
you engage in exercise at this level?”).105131140 |n
a large, single health system, implementation of
Exercise Vital Sign surveys was associated with
greater clinical documentation of physical activity
participation rates, physician counseling on physi-
cal activity, more lifestyle-related referrals, and
modest reductions in body weight and hemoglo-
bin A1c.'®2 Wearable activity monitors are best at
measuring step count; although this metric can be
a useful measure of walking, it does not inform
adherence to the US Department of Health and
Human Services guideline for moderate and vigor-
ous physical activity, misses some aerobic activ-
ity (eg, swimming, cycling), and does not reflect
strength training.'®' In addition, monitors vary in
accuracy." No method for classifying physical
activity is perfectly accurate,'?'2-1%* and no unbi-
ased research shows that screening and classifi-
cation lead to sustained physical activity change
in individual patients or reduced stroke incidence.
Despite these shortcomings in classification and
effectiveness research, we recommend screening
on the rationale that it can identify individuals with
low activity who may benefit from counseling.

The AHA and the USPSTF recommend that
health care professionals offer or refer adults for
counseling to promote physical activity.'3"145.146
The target for physical aerobic activity accord-
ing to these organizations and the World Health
Organization™® is at least 150 minutes of
moderate-intensity, at least 75 minutes of vigorous-
intensity physical activity, or some equivalent of
moderate and vigorous activity each week. In
addition, most organizations recommend regu-
lar strength training, usually 22 d/wk. A system-
atic review conducted for the USPSTF reported
that, on average, behavioral counseling increased

December 2024

2024 Guideline for the Primary Prevention of Stroke

physical activity by 33 min/wk among adults with-
out CVD risk factors.® Individuals assigned to a
physical activity intervention were more likely to
meet physical activity recommendations at 6
to 12 months compared with individuals assigned
to control interventions (pooled odds ratio [OR],
1.41[95% Cl, 1.18-1.67]). Evidence-based meth-
ods to promote physical activity include repeated,
individual counseling (minimum, 3-5 sessions)
or group meetings based on models of behavior
change that typically involve goal setting, moni-
toring, problem-solving, and feedback.0111.147-149
There is evidence that wearable activity track-
ers, as a primary or secondary intervention, may
improve participation in physical activity.®® When
physicians cannot provide intensive counseling
themselves, brief counseling followed by referral
to an exercise coach may be effective.10111.151,162
Most studies of interventions to improve physical
activity have had short durations; studies with lon-
ger follow-up (eg, >1 year) show that treatment
effects commonly do not persist without ongo-
ing coaching.'®2'%® The USPSTF recommends
offering or referring adults with cardiovascular
risk factors for behavioral counseling to promote
physical activity (Grade B recommendation from
the USPSTF)."#®

Sedentary behavior has been associated with a
statistically significant increased risk for CVDs,
including stroke in several''®™* but not all
studies.”® In a recent systematic review and
meta-analysis, stroke risk began to increase in
a nearly linear pattern after 3.7 h/d sedentary
behavior. Above 6.5 h/d, risk of stroke increased
6% for each additional hour. Above 11 h/d, risk
increased by 21% for each hour.'™ The associa-
tion of sedentary behavior and risk for stroke may
be modified by physical activity. As an example,
in 1 study, nonoccupational sedentary behav-
ior (=8 hours) was significantly associated with
increased stroke risk only in individuals with
low physical activity.”” Other researchers have
reported a similar effect modification by physical
activity level.®'% One meta-analysis, however,
reported that greater time in sedentary behavior
was associated with higher risk for CVD mortality
even in individuals in the more-than-low levels of
physical activity, suggesting that physical activ-
ity and sedentary behavior may have independent
effects.’’?'1%1%7 No unbiased research has tested
the effect of interventions to reduce sedentary
time on stroke risk. Our recommendation is based
on epidemiological associations that suggest a
benefit of reducing sedentary time and the low
harm of acting on this data.

Stroke. 2024;565:¢344-e424. DOI: 10.1161/STR.0000000000000475



$20T ‘0€ JoquioAaoN uo Aq S1o0°'sjeurnofeye//:dny woiy papeojumo(]

Bushnell et al

Knowledge Gaps and Future Research

* Further research would help to confirm that physi-
cal activity modifies the effect of sedentary behavior
and to further test whether physical activity and sed-
entary behavior have independent effects on stroke
risk or whether they are simply colinear variables.

* There is a great need for both public health and
clinical interventions that are effective for helping
individuals reduce time in sedentary behavior and
increase time in moderate-to-vigorous physical
activity.

4.3. Weight and Obesity

Recommendations for Weight and Obesity
COR LOE

Screening intervention

1. In adults >18 years of age, screening for over-
1 weight and obesity is recommended to inform the
risk of stroke, 8162

Other intervention

Recommendations

2. In patients with class Il obesity (35-39.9 kg/m?)
or greater, bariatric surgical procedures to pro-
mote weight loss may be considered to reduce
the risk of stroke.'6%167

2b C-LD

Synopsis

The public health importance of obesity is undeniable,
and the prevalence has increased from 30.5% in 1999 to
2000 to >42% of the US population in 2017 to 2018.'%®
It is estimated that by 2030, almost 1 in 2 adults (48.9%)
in the United States will have obesity. Obesity, as defined
by body mass index (BMI), may be overestimated or
underestimated by this measure because it fails to dis-
tinguish the contribution of fat mass from fat-free mass
(ie, muscle mass) to overall weight. Other measures of
abdominal obesity (Table 6) also predict cardiovascular
risk, including stroke, independently of BMI.'%%6" The
AHA therefore recommends annual measurement of
waist circumference (WC) in addition to BMI, especially in
non-White race and ethnicities, to improve cardiovascular
risk assessment.'™ Consequences of obesity (eg, hyper-
tension, inflammation, dyslipidemia, hyperglycemia) medi-
ate most of the association between obesity and CVD
and stroke."™ """ Intensive lifestyle interventions (Look
AHEAD trial [Action for Health in Diabetes] for patients
with diabetes) produced modest weight loss and reduced
WC compared with controls, but the effect was not sus-
tained, and there was no benefit in CVD prevention.'
However, recent meta-analyses provide strong evidence
that pharmacological treatments for diabetes that lower
both blood glucose and weight (ie, glucagon-like pep-
tide receptor agonists) and bariatric surgery procedures
in individuals with class Il or Ill obesity, with and without

Stroke. 2024,565:¢344-e424. DOI: 10.1161/STR.0000000000000475

2024 Guideline for the Primary Prevention of Stroke

diabetes, are associated with a reduced risk of cardiovas-
cular events, including stroke, in selected patients. 67179180

Recommendation-Specific Supporting Text

1. BMI is associated with an increased risk of stroke
globally.'8'~"8¢ For each 5 kg/m? increment of BM|,
stroke risk increases by 10%, as shown in a meta-
analysis of 44 prospective cohort studies, >4 mil-
lion participants, and >100000 cases of incident
stroke.'®® WC, waist-to-hip ratio (WHR), and waist-
to-height ratio have been associated with incident
stroke independently of BMI.1%8-160183 WHR was
associated with stroke in the Northern Manhattan
Study after adjustment for BMI and other stroke
risk factors (OR, 3.0 [95% CI, 1.8—4.8], fourth ver-
sus first quartile). Men with WHR >0.93 cm had
a 3.8-fold (95% CI, 1.8-5.0) and women with
WHR >0.86 c¢cm had a 2.5-fold (95% ClI, 1.6—4.0)
increased risk of stroke, with similar magnitude in
White individuals, Black individuals, and Hispanic
individuals.’®? For waist-to-height ratio, a meta-
analysis of 7 studies showed that this measure
was associated with an RR of 1.65 (95% Cl, 1.37—
1.76) for ischemic stroke and trended toward sig-
nificance with intracerebral hemorrhage (ICH; RR,
1.30 [95% CI, 0.99-1.73]) when the highest and
lowest quartiles were compared. The same meta-
analysis showed that for a 10-cm higher WC, the
relative stroke risk was 10% higher; for a 0.1-unit
increase in WHR, the risk was 16% higher; and
for a 0.05-unit increase in waist-to-height ratio, the
risk was 13% higher.'®" Therefore, screening for
and recognizing obesity and adiposity are impor-
tant first steps in the evaluation of stroke risk in
primary care.

2. Bariatric surgery such as gastric bypass or sleeve
gastrectomy can lead to significant weight loss
in patients with obesity. Although not all studies
have been shown to reduce the risk of incident
stroke,'®"1%% several high-quality nonrandomized
studies do show reduced risk. An observational
cohort study of 2287 patients with obesity who
received bariatric surgery compared with controls
with obesity showed that the risk of cerebrovascu-
lar disease (including ischemic stroke, hemorrhagic
stroke, and carotid interventions) was reduced by
33% (HR, 0.67 [95% ClI, 0.48-0.94]; P=0.02).'¢3
A retrospective propensity score—matched cohort
of patients with severe obesity (BMI >35 kg/m?
with comorbidities or BMI >40 kg/m?) showed a
lower risk of cerebrovascular events in the surgi-
cal compared with the matched nonsurgical group
(HR, 0.162 [95% Cl, 0.073-0.360])."%* A prospec-
tive cohort study of 2010 patients with obesity with
bariatric surgery compared with 2037 matched
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Table 6. Anthropometric Measures of Obesity and Associated Stroke Risk

Obesity measure | Measurement technique

Obesity criteria and classification

Stroke risk

BMI Weight (kg)/height (m?) Class I: 30-34.9 kg/m? Each 5-unit increase in
Class Il: 35—-39.9 kg/m? BMI=10% increased stroke
Class Ill: 240 kg/m? risk."®

wcC* Measured at midpoint between lower Women For each 10-cm higher WC, RR

the iliac crest

margin of the least palpable rib and top of

>80 cm: increased cardiometabolic risk

>88 cm: substantially increased cardiometabolic risk
Men

>94 cmt: increased cardiometabolic risk

>102 cm: substantially increased cardiometabolic risk'®

is higher by 10% on average.'®"

and HDL-C

WHR* WC (cm)/hip circumference (cm) Women 0.1-unit increase in WHR=16%
measured around the widest portion of >0.85 cm: substantially increased cardiometabolic risk RR of stroke'®!
the buttocks Men
>0.90 cm: substantially increased cardiometabolic risk'”
WHtR* Waist circumference (cm)/height (m) No available data 0.05-unit increase in
WHtR=13% RR of stroke'®'
WWI* Waist circumference (cm)/v weight (kg) No available data Stroke OR, 1.62 (95% ClI,
1.06-2.48) in highest versus
lowest WWI quartile'”!
VAI* Calculated from WC, BMI, triglycerides, No available data Stroke HR, 1.45 (95% CI,

1.15-1.75) in highest versus
lowest VAI quartile'”

BMl indicates body mass index; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; OR, odds ratio; RR, relative risk; VAI, visceral adiposity index; WC, waist
circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; and WWI, weight-adjusted waist index.

*Measures specific to abdominal obesity.
tSouth Asian/Chinese/Japanese cutoff for men: >90 cm.

nonsurgical controls reported a 34% decrease
in total stroke events (adjusted HR, 0.66 [95%
Cl, 0.49-0.90]; P=0.008)."%® One meta-analysis
reported significant reductions in relative odds
of stroke, a 51% relative reduction in cumulative
odds of stroke (4 studies; OR, 0.49 [95% ClI, 0.32—
0.75]),'® and another reported a 36% relative
reduction in stroke (14 studies; OR, 0.64 [95% CI,
0.53-0.77]; P<0.001).'%" The meta-analyses are
therefore consistent in showing a benefit in stroke
reduction.

Knowledge Gaps and Future Research

* Medications for both diabetes and obesity such
as the glucagon-like protein-1 (GLP-1) receptor
agonists, dual GLP-1 receptor agonists/glucose-
dependent insulinotropic polypeptide agonist, and
combination GLP-1 receptor agonists/long-acting
amylin analog and sodium-glucose cotransporter-2
inhibitors, as well as new multitarget drugs dem-
onstrating dramatic weight loss in phase Il tri-
als, should be tested in trials and other research
to determine their safety and efficacy for primary
stroke prevention.

* Visceral adiposity index is a measure of abdominal
adipose volume, calculated from WC, BMI, and tri-
glyceride and high-density lipoprotein cholesterol
levels with some adjustments that differ between
men and women. This has been associated with
incident stroke in China but should be assessed

e360 December 2024

in other studies in diverse populations. Further
research is needed before it is incorporated into
clinical practice.

+ Additional studies of bariatric surgery with or with-
out GLP-1 receptor agonists and sodium-glucose
cotransporter-2 inhibitors and new derivatives to
maintain weight loss are needed to determine the
best strategy to lower cardiovascular risk, including
stroke.

4.4. Sleep

Recommendations for Sleep

COR LOE Recommendations

Screening intervention

26 1. The effectiveness of screening adults for OSA to
prevent stroke is unclear.'"

Other intervention

2. In patients with OSA, continuous positive airway
pressure (CPAP) might be reasonable to reduce
the risk of stroke.'92719¢

2b C-LD

Synopsis

More than 30% of middle-aged men and 15% of middle-
aged women in North America have OSA.'® The preva-
lence of OSA has increased substantially as a result of
the obesity epidemic.'®® Recurrent episodes of obstruc-
tion of the upper airway during sleep, resulting in paused
(apnea) or shallow (hypopnea) breathing, characterize
OSA.'®6 Health care professionals diagnose OSA using
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the apnea-hypopnea index, which measures the num-
ber of obstructive respiratory events (apneas, hypop-
neas, or respiratory effort-related arousals) per hour
of sleep.’” An apnea-hypopnea index of 25 events
per hour diagnoses OSA, and an increasing apnea-
hypopnea index indicates higher OSA severity.'?
An apnea-hypopnea index of 15 events per hour of
sleep defines moderate to severe OSA.' OSA is an
independent risk factor for stroke.'®®'9® OSA also
increases stroke risk through its indirect effects
on hypertension.2®® CPAP effectively reduces day-
time sleepiness and improves the quality of life of
people with moderate to severe OSA2°" CPAP also
reduces BP levels over the short term.2°" CPAP is
more effective than mandibular advancement devices
in reducing apnea and hypopnea and improving sleep
efficiency and oxygen levels in people with moderate-
to-severe apnea.®' Direct evidence of the effect of
CPAP on stroke risk reduction is lacking.

Recommendation-Specific Supporting Text

1. Direct evidence that screening for OSA reduces
stroke risk is lacking. A 2022 review of the evi-
dence on screening for OSA included 86 studies,
and none addressed whether screening for OSA in
adults improves health outcomes.™' No study com-
pared OSA screening with no screening directly.®"
The authors and the USPSTF concluded that the
evidence is insufficient to recommend screening
for OSA in the general population of adults with
no signs or symptoms of OSA.'®' They noted that
none of the screening instruments for OSA (eg,
the Berlin Questionnaire, STOP-BANG [Snoring,
Tiredness during daytime, Observed apnea, high
blood Pressure-BMI, Age, Neck circumference,
Gender] questionnaire, Epworth Sleepiness Scale)
have been adequately validated in general popula-
tions such as people in primary care settings.

2. Nonrandomized observational studies suggest
CPAP treatment might reduce stroke risk in
patients with OSA. A meta-analysis of 4 cohort
studies including 2681 participants with or without
stroke suggested that CPAP treatment for OSA
was associated with lower stroke risk (pooled OR,
0.69 [95% ClI, 0.35-0.99]; P=0.047) with mod-
est heterogeneity across studies (P=219%).'%
In a separate meta-analysis of 3 cohort studies
including 912 participants, CPAP treatment was
associated with lower stroke risk (RR, 0.27 [95%
Cl, 0.14-0.53]; P<0.001); however, 1 RCT and 2
studies using administrative data did not reproduce
this result.'®® A propensity score—matched analy-
sis from the SAVE (Sleep Apnea Cardiovascular
Endpoints) trial showed that patients who were
adherent to CPAP therapy had a lower stroke risk
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than those in the usual-care arm (HR, 0.56 [95%
Cl, 0.32-1.00]; P=0.05'%*). Despite this observa-
tional evidence, individual and aggregated RCTs
have not shown that CPAP treatment for OSA
reduces stroke. For example, a meta-analysis of
9 RCTs including 4698 participants found that
CPAP treatment did not reduce stroke risk (pooled
OR, 0.94 [95% CI, 0.70-1.24]; P=0.64) with no
evidence of heterogeneity across trials (P=0%)."%
Most trials enrolled participants with stroke or CVD.

Knowledge Gaps and Future Research

* There are no clinical trial data on the effect of inter-
ventions for other sleep disorders on stroke risk. In
particular, health care professionals and patients
need clinical trial evidence on the impact of inter-
ventions optimizing sleep duration (7-9 hours of
sleep daily) to reduce stroke risk.

* Clinical trial evidence that CPAP or mandibular
advancement devices for OSA reduce stroke risk is
lacking. Most CPAP and mandibular advancement
device trials included middle-aged men who were
overweight or obese and had moderate-to-severe
OSA. Trials in women, in younger and older adults,
and in those with normal weight or mild OSA are
needed.

* OSA trials of participants free of CVD, including
stroke, are needed. Such trials will need a larger
sample size, longer duration, or both compared with
the trials of participants with CVD to have sufficient
stroke events and to determine the efficacy of OSA
on stroke risk. Most trials of mandibular advance-
ment devices were <12 weeks and did not measure
stroke events. More extended studies of the effect
of the devices on stroke are needed.

* Adherence to CPAP treatment is challenging for
patients with OSA. The minimum duration of CPAP
use (hours per night) required to reduce stroke risk
is unclear.

4.5. Blood Sugar

Recommendations for Blood Sugar

COR LOE Recommendations

Screening intervention

1. In asymptomatic adults >18 years of age who
have overweight, obesity, or atherosclerotic CVD,
screening for prediabetes and diabetes is recom-
mended to inform stroke risk.202-204

1 C-LD

Other interventions

. In patients with diabetes and high
cardiovascular risk or established CVD and
hemoglobin A1c >7%, treatment with a GLP-1
receptor agonist is effective to reduce the risk
Of StrokeIWSO‘?OFJ-QOS
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Recommendations for Blood Sugar (Continued)

Recommendations

3. In patients with type 1 diabetes or diabetes,
intensive glycemic control (targeting a hemo-
globin Alc <6.5%) is not beneficial for stroke
prevention, 209218

Synopsis

More than 37 million people of all ages have diabe-
tes (11.3% of the US population), of whom 8.5 million
people (23%) are undiagnosed.?'® Diabetes accounts
for >95% of diabetes cases. Another 96 million adults
>18 years of age have prediabetes (38% of the adult
US population).2'® Although diabetes usually devel-
ops in adults 245 years of age, diabetes increasingly
occurs in younger adults (18-44 years of age) as a
result of the obesity epidemic.?'™?'® Health care pro-
fessionals diagnose diabetes using hemoglobin Alc
level, fasting plasma glucose level, an oral glucose
tolerance test (Table 7), or a random blood glucose of
>200 mg/dL with symptoms,2°* with hemoglobin Alc
preferred. Diabetes, prediabetes, and type 1 diabetes
are independent risk factors for stroke.?'®?2° In adults
with diabetes, higher cumulative hyperglycemia lev-
els are associated with higher stroke risk, with a 12%
higher stroke risk per 1% hemoglobin A1c increase.?®
Lifestyle interventions (most involving >360 minutes
of contact) for people with obesity or overweight with
prediabetes are associated with lower diabetes inci-
dence.®® For example, participants in the Diabetes
Prevention Program were asked to participate in 16
sessions during the first 24 weeks (the “core curricu-
lum”) in which they were trained in behavior modifica-
tion, flexible approaches to improve diet and exercise,
and emphasis on self-esteem, empowerment, and
social support. Good evidence shows that metformin
is associated with a lower diabetes incidence.?®® Thia-
zolidinediones and a-glucosidase also reduce diabetes
risk but are less well tolerated.?®® Direct evidence of
the effect of these interventions and diabetes preven-
tion on stroke risk reduction is lacking.

Recommendation-Specific Supporting Text

1. Direct evidence that screening for diabetes or
prediabetes in asymptomatic adults or those with

Table 7. Methods and Ranges of Diabetes Diagnosis

Fasting plasma | 2-h Plasma glucose
Hemoglobin | glucose level, from oral glucose
Result Aiclevel, % | mg/dL tolerance test, mg/dL
Normal <6.7 <100 <140
Prediabetes | 5.7-6.4 100-125 140-199
Diabetes >6.5 >126 >200
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unrecognized diabetes symptoms reduces stroke
risk is lacking. A 2021 review of the evidence on
screening for diabetes or prediabetes found inad-
equate direct evidence that screening for diabetes
or prediabetes leads to improvements in mortality
or cardiovascular morbidity2°> No trials assessed
initial screening with hemoglobin Alc or fasting
glucose, and none assessed screening for predia-
betes.”*® However, the authors and the USPSTF
recommend screening for diabetes and predia-
betes in adults 35 to 70 years of age who have
overweight or obesity on the basis of evidence that
interventions for newly diagnosed diabetes and
prediabetes have net health benefits?*? but they
do not provide screening intervals. The American
Diabetes Association recommends screening for
diabetes or prediabetes for all adults >35 years of
age at a minimum of 3-year intervals.?®* They also
recommend considering screening for diabetes or
prediabetes in asymptomatic adults of any age with
overweight or obesity and another risk factor: high-
risk race or ethnicity (eg, African American, Latino,
Native American, Asian American, Pacific Islander),
CVD, hypertension, high-density lipoprotein choles-
terol level <35 mg/dL, triglyceride level >250 mg/dL,
polycystic ovary syndrome, physical inactivity, and
insulin  resistance—associated conditions  (eg,
severe obesity, acanthosis nigricans).?%

2. Individual and aggregated RCTs have demonstrated
that GLP-1 receptor agonists reduce stroke risk.
SUSTAIN-6 (Trial to Evaluate Cardiovascular and
Other Long-Term Outcomes With Semaglutide in
Subjects With Diabetes) showed that semaglutide
reduced stroke risk more than placebo (event rate,
1.6% versus 2.7%; HR, 0.61 [95% CI, 0.38-0.99];
P=0.04) in patients with diabetes.?® An explor-
atory analysis of the REWIND trial (Researching
Cardiovascular Events With a Weekly Incretin in
Diabetes) suggested that dulaglutide might reduce
ischemic stroke in patients with diabetes (HR, 0.75
[95% Cl, 0.569-0.94]; P=0.01).°® A meta-analysis
of 12 RCTs involving 20867 patients found that
GLP-1 receptor agonist use compared with pla-
cebo/active comparator in adults with diabetes
was associated with lower stroke risk (RR, 0.73
[95% CI, 0.60-0.89]; /<0.01) with no evidence of
heterogeneity across trials (P=0%).'®® Most trials
enrolled patients with a hemoglobin Alc of >7%
and CVD or high cardiovascular risk. Individual
and aggregated RCTs have not established that
sodium-glucose cotransporter-2 inhibitors reduce
stroke risk.2" A post hoc trial analysis suggested
that sotagliflozin might reduce stroke risk more
than placebo (HR, 0.66 [95% CI, 0.48-091]; P
value not provided) in patients with diabetes and
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chronic kidney disease.?®® Confirmatory trials are
needed.

3. RCTs have not demonstrated that intensive gly-
cemic control (targeting hemoglobin Alc <6.5%)
reduces stroke risk more than looser glycemic
control (targeting hemoglobin A1c of 7%-8%) in
patients with type 1 or type 2 diabetes?%21* A
review of the evidence on intensive compared with
conventional glycemic targets in patients with type
1 diabetes, including 12 trials and 2230 patients,
found low-quality evidence for stroke with small
numbers of the outcome?' The authors con-
cluded that the evidence of the effect of inten-
sive glycemic control on stroke was insufficient.?™
Furthermore, tight glycemic control increases
treatment burden, costs, and side-effect risks and
might cause patient harm (eg, severe hypoglyce-
mia).2'"21% In summary, for individuals with diabe-
tes, both the potential benefit of more intensive
control (eg, to hemoglobin Alc <6.5%) for pre-
vention of microvascular disease and the poten-
tial risk of hypoglycemia should be considered in
decision-making.

Knowledge Gaps and Future Research

* Health care professionals and patients need more
evidence on the effect of screening for diabetes
or prediabetes on stroke risk, particularly in racial
groups with higher risk of diabetes and stroke than
White people.

+ The optimal ages and frequency of screening for
diabetes or prediabetes are unclear. Research is
needed to better understand the optimal frequency
and ages of screening.

» Referring patients with prediabetes to effective
interventions (lifestyle or metformin) to prevent
stroke has uncertain benefits.

* Health care professionals and patients need clinical
trial evidence on the effects of lifestyle interventions
and medical treatments for screen-detected predia-
betes and diabetes on stroke over long follow-up
periods, particularly in racial and ethnic groups with
high diabetes and stroke risk.

+ Optimal hyperglycemia control (ie, hemoglobin A1c
levels) to lower stroke risk in people with type 1 or
type 2 diabetes is unclear. Most trials of medication
treatments included middle-aged men, White people
or Asian people, and participants with CVD or high
CVD risk. Trials in women; people who are African
American, Latino, Native American, or Pacific
Islander; younger and older adults; and participants
free of CVD are needed.

* In primary prevention, the majority of participants
in GLP1 receptor agonist trials had prevalent CVD
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(including stroke). Although diabetes is rarely iso-
lated, more longitudinal research is needed to better
understand the primary prevention impact of these
and other diabetes drugs on stroke.

4.6. Blood Pressure

Recommendations for Blood Pressure

COR LOE

Recommendations

Screening intervention

1. In adults 218 years of age, screening for hyper-
tension is recommended to identify individuals at
increased risk for stroke and eligible for antihy-
pertensive treatment.??'

C-LD

Other interventions

2. In adults with stage 2 hypertension or stage 1
hypertension with a higher risk for atherosclerotic
CVD, lifestyle improvement and antihypertensive
drug treatment to a SBP/diastolic BP (DBP)
<130/80 mmHg are recommended to prevent
Stroke.QQQfQQQ

3. In adults with hypertension, thiazide and thiazide-
like diuretics, calcium channel blockers,
angiotensin-converting enzyme inhibitors, and
angiotensin receptor blockers are recommended
as initial antihypertensive drug therapies to pre-
vent stroke,68230-232

4. In most adults with hypertension, antihypertensive
drug treatment incorporating >2 antihypertensive
medications is indicated to achieve the BP control
necessary to prevent stroke,224229234-237

Synopsis

Cohort and electronic records linkage studies docu-
ment a strong, continuous, and progressive associa-
tion between BP, especially SBPF, and risk of ischemic
and hemorrhagic stroke.?3%23% At any level of BP, CVD
risk can vary >30-fold.?*® BP-related absolute risk
is usually higher at older age when high BP is often
accompanied by other CVD risk factors, whereas the
RR is usually higher in younger adults who often pres-
ent with high BP as an isolated risk factor.2®® In addi-
tion to stroke, high BP is associated with other CVD
complications, kidney disease, cognitive impairment,
and dementia.?*’ Hypertension is customarily desig-
nated as the level of usual BP, accurately measured, at
which antihypertensive medications are recommended
in addition to BP-lowering lifestyle change interven-
tions; it is therefore useful for treatment decisions. The
ACC/AHA BP guideline defines stage 1 hypertension
as an SBP of 130 to 139 mmHg or DBP of 80 to 89
mmHg and stage 2 hypertension as an SBP 2140
mmHg or DBP >90 mmHg.%® In addition, hyperten-
sion is diagnosed when use of antihypertensive medi-
cation is reported. Approximately 46% of US adults
have hypertension.®®
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Recommendation-Specific Supporting Text

1.

e364

Only a few studies have assessed the value of
screening for hypertension to facilitate stroke pre-
vention. One cluster RCT randomized 39 commu-
nities in Canada to a program of pharmacy-based
screening and education or no intervention.??!
Participants were volunteers who responded to
direct solicitation, advertising, or referral from a
health care professional. The intervention con-
sisted of 3-hour weekday BP measurement, CVD
risk factor assessment, and educational sessions
held concurrently in all 20 intervention communi-
ties during a 10-week period in 2006. Participants
received pharmacy-based BP screenings with an
automated instrument and completed a standard-
ized risk profile. The primary outcome was rela-
tive change in the mean annual rate of hospital
admissions for acute MI, congestive heart failure,
or stroke in the cluster populations. After 1 year
of follow-up, the intervention arm had 3.02 fewer
annual hospital admissions for CVD per 1000 indi-
viduals compared with the control group (rate ratio,
0.91 [95% ClI, 0.86-0.97]; P<0.01). For a stroke-
specific outcome, the rate ratio was 0.99 (95% ClI,
0.88-1.12; P=0.89). Design features of this and
other screening RCTs do not permit accurate esti-
mation of the effect of screening for hypertension
to prevent stroke in individuals. However, compel-
ling data linking hypertension to stroke risk and
compelling data on treatment effect were consid-
ered when this recommendation was crafted. The
2021 USPSTF recommended annual screening
for adults 240 years of age and those at increased
risk for hypertension.

Abundant high-quality RCTs?22-22422% gnd system-
atic reviews/meta-analyses?°2? support this
recommendation for primary (and secondary) pre-
vention of stroke. Individual primary prevention—
oriented RCTs include a 2-arm cluster-designed
community health care worker—led implementation
trial conducted in rural China,??? which resulted in an
SBP/DBP treatment group difference of 23.1/9.9
mmHg and a stroke (secondary outcome) HR of
0.66 (95% CI, 0.60-0.73). More traditional 2-arm
RCTs include an early trial from the United States
with a b-year SBP/DBP difference of 12/4 mmHg
and a stroke (primary outcome) HR of 0.64 (95%
Cl, 0.60-0.82) and a more recent RCT from China
with an SBP/DBP difference of 9.3/2.8 mmHg
and a stroke (secondary outcome) HR of 0.67
(95% Cl, 0.47-0.97).22322° The ACCORD BP trial
(Action to Control Cardiovascular Risk in Diabetes),
which was restricted to adults with diabetes, yielded
a stroke (secondary outcome) HR of 0.569 (95% ClI,
0.39-0.89).22* Individual participant data,??® group
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data,??® and network meta-analyses??” have dem-
onstrated a stroke benefit of more compared with
less intensive antihypertensive treatment, including
an SBP <130 mmHg versus higher BP treatment
targets benefit. A network meta-analysis restricted
to adults with type 2 diabetes also demonstrated
significant stroke reductions in those randomized
to more versus less intensive antihypertensive
treatment, including an HR for an achieved SBP of
130 to 134 mmHg versus 140 to 144 mmHg of
0.76 (95% Cl, 0.564-0.99).2%

In a meta-analysis of first-step treatments, diuretic,
B-blocker, calcium channel blocker, angiotensin-
converting enzyme inhibitor, and angiotensin
receptor blocker agents were more effective than
placebo for prevention of stroke.?*? In subsequent
meta-analyses, first-step antihypertensive therapy
with B-blockers was shown to be inferior to diuretic,
calcium channel blocker, angiotensin-converting
enzyme inhibitor, or angiotensin receptor blocker
therapy, and calcium channel blocker treatment
was the most consistently beneficial for preven-
tion of stroke.?®%3'! In the most scientifically rigor-
ous RCT comparison of first-step antihypertensive
medications, there was no superiority for preven-
tion of stroke (secondary outcome) in those ran-
domized to the calcium channel blocker amlodipine
or the angiotensin-converting enzyme inhibitor
lisinopril compared with the thiazide-type diuretic
chlorthalidone.?®? Chlorthalidone was superior for
the prevention of heart failure, especially compared
with amlodipine. The ACC/AHA BP guideline rec-
ommends the use of diuretics, calcium channel
blockers, angiotensin-converting enzyme inhibitors,
and angiotensin receptor blockers for first-step
antihypertensive drug therapy.®®

RCTs and surveys document the need for >2
antihypertensive medications in most adults with
hypertension who require BP-lowering therapy.
In trials that have used an SBP/DBP target of
<140/90 mm Hg, the average number of antihyper-
tensive medications required has been ~2.229234235
In ALLHAT (Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial), the
SBP/DBP <140/90 mmHg goal was achieved in
only 29.6% of the participants treated with drug
monotherapy.?®® The corresponding percentages
for BP goal achievement with up to 2, 3, and 4
antihypertensive medications were 54.2%, 65.6%,
and 70.4%, respectively. For the trials with an SBP
target <120 mmHg, the average number of anti-
hypertensive drugs required has been ~3.2242% A
National Health and Nutrition Examination Survey
2013 to 2016 report documented treatment with
1,2, 3, or 4 antihypertensive medications in 40.1%,
38.4%, 16.6%, and 4.3% of US adults, respectively,
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and 22 antihypertensive medications were being
used in almost 60%.2"

Knowledge Gaps and Future Research

» It is intuitive to screen for hypertension to initi-
ate treatment in those at a higher risk for stroke.
However, no data exist to guide clinicians on BP
screening frequency or interval for effective primary
prevention of stroke. Future research should inves-
tigate the frequency and interval of hypertension
screening for prevention of stroke based on sex,
race and ethnicity, and risk of stroke.

« SPRINT (Systolic Blood Pressure Intervention
Trial) and post-hoc analyses of the ACCORD BP
trial have reported a CVD prevention benefit and,
in the case of the ACCORD BP trial, a stroke (sec-
ondary outcome) prevention benefit for treatment
to an SBP target <120 mmHg compared with
<140 mm Hg. Ongoing SPRINT-like trials in Brazil
and China are using the same SBP treatment
targets as the SPRINT and ACCORD BP trial.
Experience in these and other trials will be helpful
in confirming and quantifying the potential for an
incremental stroke primary prevention benefit with
an SBP target <120 mmHg compared with <140
mm Hg.

* Third-generation (3-blockers such as carvedilol and
nebivolol are highly cardio-selective and result in
vasodilation in addition to P1-receptor blockade.
RCT meta-analysis indicates that third-generation
[-blockers reduce central BP more than the earlier
nonvasodilating second-generation 3-blockers such
as atenolol and metoprolol. RCTs with sufficient
power to recognize stroke differences are needed
to resolve the role of third-generation B-blockers for
first-step treatment of hypertension in adults without
a compelling indication for selection of a 3-blocker.

* Additional RCTs are needed to compare the effec-
tiveness for stroke prevention of a policy of initial
combination pill with a policy of sequential or stepped
addition of separate antihypertensive agents.

* Antihypertensive  drugs  with  complementary
mechanisms of action are recommended for ini-
tial combination drug therapy. The ACCOMPLISH
RCT (Avoiding Cardiovascular Events Through
Combination Therapy in Patients Living with Systolic
Hypertension) investigators reported that initial
benazepril plus amlodipine was superior to benaz-
epril plus hydrochlorothiazide for a CVD composite
outcome (HR, 0.80 [95% Cl, 0.72-0.90]). However,
the stroke difference was nonsignificant (HR, 0.84
[95% ClI, 0.65—-1.08]). In addition, the choice and
dosage of the diuretic used have been criticized.
Additional single-pill combination antihypertensive
drug therapy comparisons are needed.
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4.7 Lipids

Recommendations for Lipids

Recommendations

1. In adults who qualify for treatment with lipid-
lowering therapy according to the 2019 ACC/
AHA guideline on the primary prevention of CVD
(eg, 20-75 years of age with LDL cholesterol
[LDL-C] level >190 mg/dL [>4.9 mmol/L],
10-year ASCVD risk >20%, or 10-year ASCVD
risk >7.5%—<20% plus >1 risk enhancers), treat-
ment with a statin is recommended to reduce the
risk of a first stroke 243244

2. In adults without CVD who qualify for treatment
with lipid-lowering therapy, according to the 2019
ACC/AHA guideline on the primary prevention of
CVD (eg, 20-75 years of age with LDL-C level
>190 mg/dL [>4.9 mmol/L], 10-year ASCVD
risk >20%, or 10-year ASCVD risk >7.5%-<20%
plus 21 risk enhancers), who cannot reach goals
or cannot tolerate other therapies such as statins,
the benefit of treatment with alirocumab or evo-
locumab compared with other active lipid-lowering
therapy for the reduction of the risk of a first
stroke is uncertain.?*

3. In adults who do not tolerate statin therapy and
who have LDL-C >100 mg/dL and elevated car-
diovascular risk, treatment with bempedoic acid to
reduce the risk of a first stroke is not well estab-
lished.?*6

4. In adults with moderate or low intake of long-chain
omega-3 fatty acid, supplementation is not recom-
mended to reduce the risk of a first stroke.*?

Synopsis

The relationship between cholesterol and lipid subclasses
and risk for first stroke is complex, partly because stroke
can occur through several mechanisms in addition to ath-
erosclerosis. There are no primary prevention lipid man-
agement treatment trials with stroke as the primary end
point, although stroke is a secondary end point or part
of a composite primary end point for several studies (eg,
ASCOT LLA [Anglo-Scandinavian Cardiovascular Out-
comes Trial-Lipid Lowering Arm]?4” HOPE-3 [Heart Out-
comes Prevention Evaluation—3]248). Nonetheless, these
studies were neither designed nor powered to detect an
independent effect on stroke reduction. Although lipid
management strategies to prevent a first stroke need to
be considered in the context of lowering the risk of other
forms of atherosclerotic vascular disease, meta-analyses
are consistent with a reduction in the risk of a first stroke
with lipid-lowering therapies in populations at risk.2
Comprehensive, US evidence-based recommendations
guiding the approach to lipid management for the pre-
vention of atherosclerotic vascular disease, incorporating
stroke, have been published™7524¢ and supplemented by
an expert consensus document?*' Recommendations
related to lipid management from the 2019 ACC/AHA
guideline on the primary prevention of CVD?*° are also
applicable to prevention of a first stroke and are sup-
ported by multiple meta-analyses.?43244252253 Wjithin the
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context of general atherosclerotic vascular disease risk
reduction,?*® the present recommendations are focused
on stroke prevention. Lifestyle and other interventions
that may also affect lipids are reviewed elsewhere in this
guideline. There has also been concern about low lev-
els of LDL-C lead to an increased risk of hemorrhagic
stroke. However, recent clinical trials and a meta-analysis
provide no evidence that statins increase the risk of hem-
orrhagic stroke in a primary prevention population.?**

Recommendation-Specific Supporting Text

1. According to 2 meta-analyses, statin therapy
reduces the risk for first stroke in adults who qual-
ify for lipid-lowering therapy (Table 8) and are at
high cardiovascular risk (risk ratio, 0.78 [95% CI,
0.68-0.89]; 10 trials, n=40295;*° RR, 0.81 [95%
Cl, 0.75-0.87]; 24 trials, n=165972).2* A sec-
ondary analysis of data from the HOPE-3 trial, a
2x2 factorial study of antihypertensives and rosu-
vastatin 10 mg in patients with vascular risk fac-
tors and no CVD, also found that treatment with
a statin was associated with an overall reduction
in stroke (HR, 0.70 [95% CI, 0.52-0.95]).24¢ The
reduction in stroke with statin treatment in those at
high cardiovascular risk can be included in patient
discussions related to the overall benefit of statins
for lowering their risk of vascular events.

2. Effective management of hyperlipidemia in adults
includes potent proprotein convertase subtilisin/
kexin 9 (PCSK9) inhibitors to reach treatment
goals. No trials of PCSK9 inhibitors have been
designed to test their effect in primary prevention
of stroke. A meta-analysis compared the effects of
PCSKQ inhibitors with placebo or active treatment
(ie, statins, ezetimibe, or both) for the prevention of
adverse vascular outcomes.?*® The study combined

Table 8. Qualifications for Treatment With Lipid Therapy

Risk enhancer Included conditions

Family history of premature ASCVD

Primary hypercholesterolemia

Metabolic syndrome

Chronic kidney disease

Chronic inflammatory conditions Psoriasis, rheumatoid arthritis, lupus
erythematosus, HIV/AIDS

High-risk race or ethnicity South Asian ancestry

Lipids/biomarkers associated with Primary hypertriglyceridemia,
increased ASCVD risk elevated high-sensitivity C-reactive
protein, elevated lipoprotein(a),
elevated apolipoprotein B,
ankle-brachial index <0.9

Conditions specific to women For example, preeclampsia,
premature menopause

ASCVD indicates atherosclerotic cardiovascular disease.
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data from trials of patients with and without CVD,
including stroke; no separate analysis was done to
test the effect of PCSK9 inhibitors on first stroke.
There were no statistically significant treatment
effects of alirocumab compared with another active
lipid treatment on risk for any stroke (an analysis
of evolucumab versus active therapy for stroke
prevention was not provided).?*> Both alirocumab
and evolocumab were effective in preventing
any stroke compared with placebo.2* The meta-
analysis did not report the effect of PCSK9 inhibi-
tors in primary prevention populations separately.
In summary, the effects of PCSK9 inhibitors for pri-
mary stroke prevention are uncertain.

The CLEAR Outcomes trial (Cholesterol Lowering
via Bempedoic Acid, an ACL-Inhibiting Regimen)
assessed the effect of bempedoic acid on cardio-
vascular outcomes for statin-intolerant individuals.
Patients were eligible if they were statin intolerant
and had LDL-C >100 mg/dL and elevated car-
diovascular risk based on an elevated Reynolds
risk score, a coronary artery calcium score >400
Agatston units, or presence of either type 1 or 2
diabetes in women >65 years of age or men >60
years of age. In a prespecified subgroup analysis of
the 4206 primary prevention participants, although
the point estimate favored treatment, the benefit of
bempedoic acid for the reduction of a first stroke
was not clear (HR, 0.76 [95% ClI, 0.46—1.26]).246
Participants had a mean age of 679 years; 59%
were female; >90% identified as White; and >80%
identified as non-Hispanic. The trial was not pow-
ered to detect an independent effect on stroke,
which was a secondary outcome.?*¢

There is no evidence that supplementation with
long-chain omega-3 fatty acid in adults taking mod-
erate or low amounts of long-chain omega-3 fatty
acids reduces the risk of a first stroke as shown by
1 meta-analysis (RR, 0.98 [95% Cl, 0.9-1.07]).°?

Knowledge Gaps and Future Research

Stroke.

There are no prospective, randomized, primary pre-
vention trials of lipid management in which stroke is
a primary end point. Because it is unlikely that such
trials will be conducted in the future, trials might
stratify enrollment according to the level of stroke
risk to allow more robust assessments of therapies
on stroke-related outcomes.

Additional studies are needed to determine whether
lipid-lowering therapies are similarly effective and
have similar risks across racial and ethnic groups
and in men and women.

Additional studies of PCSK9 inhibitors and bem-
pedoic acid are needed to establish whether these
therapies reduce the risk of a first stroke.

2024;65:344-e424. DOI: 10.1161/STR.0000000000000475



$20T ‘0€ JoquioaoN uo Aq S0 sjeurnofeye//:dny woiy papeojumo(

Bushnell et al

2024 Guideline for the Primary Prevention of Stroke

4.8. Tobacco Use

Recommendations for Tobacco Use

Screening intervention

1. In all patients, screening for cigarette smoking,
use of other forms of tobacco, use of electronic
nicotine delivery systems such as electronic ciga-
rettes (e-cigarettes) and vapes, and environmental
tobacco smoke exposure (secondhand smoke
exposure) is effective to inform stroke risk and
target cessation interventions.?54-27

Prevention intervention

2. For patients who are nonusers of tobacco
products, continued complete abstention from
cigarette smoking, in addition to other tobacco
products and electronic nicotine delivery systems,
and avoidance of exposure to environmental
tobacco smoke (secondhand smoke exposure)
are recommended to avoid the associated
increased risk of stroke,264265257-265266-270

Cessation intervention

3. For patients who are active cigarette smokers,
smoking cessation pharmacotherapy delivered
along with behavioral counseling is recommended,
in preference to behavioral counseling alone, to
facilitate smoking cessation.?”'=2""

4. For patients who are active cigarette smokers and
users of other tobacco products (eg, electronic
nicotine delivery systems), assistance with

cessation is recommended to reduce the risk of
Stroke.260,271,2787286

5. For patients who are active cigarette smokers
encountered in the hospital setting, providing
smoking cessation pharmacotherapy along with
behavioral counseling as the default treatment
(“opt-out”), in preference to providing such treat-
ment only for patients expressing a willingness to
quit smoking (“opt-in”), can be beneficial to facili-
tate short-term smoking cessation and to increase
engagement in smoking cessation treatment. 267288

6. For patients who are active cigarette smokers, the
long-term health benefits of using e-cigarettes in
place of nicotine replacement therapy to facilitate
cigarette smoking cessation are not well estab-
|ished'289—’291

Synopsis

Tobacco use is a major modifiable risk factor for stroke
worldwide. The prevalence of current smoking var-
ies across the globe, with some regions facing current
smoking rates as high as 50%.2% In the United States,
the rate of cigarette smoking has declined to an all-time
low of 11.5%, but smoking rates exceed 20% in parts
of the Southeast, including many states in the Stroke
Belt, where stroke mortality is highest?*® The use of
other forms of tobacco and related products such as e-
cigarettes is increasingly common as well.?** Tobacco
use is responsible for 18% of stroke deaths and disability
worldwide according to estimates from the Global Burden
of Disease collaborators.2®® A large body of epidemiolog-
ical data demonstrate a robust association of cigarette
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smoking and environmental smoke exposure with stroke
risk, with emerging data revealing similar risks for other
tobacco and related products.?54255257-263:265-267269.279
Most smokers are interested in smoking cessation, and
~b0% of smokers in the United States report having tried
to quit in the past year.?*® However, ~40% of smokers
report not having received counseling to quit smoking,
and medications to assist with smoking cessation are
underused.?®® Therefore, these primary stroke prevention
recommendations center around screening for, treating
of, and preventing the use of and exposure to tobacco
and related products, apart from policy-level interven-
tions, for which there is also ample evidence?%"-3%

Recommendation-Specific Supporting Text

1. Cigarette smoking is associated with stroke regard-
less of age, %" sex, 21723 race,%5?™ and smok-
ing intensity.2%92¢% A contemporary meta-analysis
showed that although there is heterogeneity, ciga-
rette smoking is associated with ischemic stroke
(RR, 2.17 [95% CI, 2.06-2.28)), ICH (RR, 1.77
[95% CI, 1.60-1.95]), and subarachnoid hemor-
rhage (RR, 3.46 [95% Cl, 3.15-3.80]).2* Mendelian
randomization studies support causality for isch-
emic stroke and subarachnoid hemorrhage.?°6264 In
addition, an updated meta-analysis found that envi-
ronmental tobacco smoke exposure was associated
with an increased risk of stroke (RR, 1.23 [95%
Cl, 1.16-1.31]).%" New data pertain to additional
tobacco and related products. Water pipe smoking
was associated with an increased odds of ischemic
stroke in 2 case-control studies, with a stronger
association among active cigarette smokers.265269
Smokeless (oral) tobacco use was associated with
stroke in a meta-analysis even after the exclusion
of studies that did not adjust for cigarette smoking
(RR, 1.18 [95% Cl, 1.04—1.32]).256 The association
of sole e-cigarette use with stroke (OR, 1.13 [95%
Cl,0.99-1.29]) in a meta-analysis was inconclusive,
with the confounding effect of combustible tobacco
smoking noted.?%"2%8 Moreover, these e-cigarette
data do not reflect the long-term risk of stroke
incurred by transitioning from sole e-cigarette use
to combustible cigarette use and dual use.?6827

2. The preponderance of data demonstrating an asso-
ciation of cigarette smoking with stroke support
discouraging smoking initiation among nonsmok-
ers.254255289-263279 The data on stroke risk attribut-
able to water pipe smoking, smokeless tobacco,
and electronic nicotine delivery systems such as e-
cigarettes remain comparatively limited 297258266:266269
However, users of such products frequently also
use combustible cigarettes, and there is a clear
association of sole e-cigarette use with higher odds
of subsequent combustible smoking initiation. 268269
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Therefore, initiation of water pipe smoking, smoke-
less tobacco use, and use of electronic nicotine
delivery systems such as e-cigarettes should also
be discouraged among nonsmokers.

No randomized trials have compared individual
smoking cessation strategies specifically for the
outcome of stroke risk reduction. However, epi-
demiological analyses show that former smokers
have a reduced risk of stroke compared with active
smokers; smoking cessation is associated with a
reduction in stroke risk.26927827 For active smokers,
high-quality data from meta-analyses of random-
ized trials demonstrate that a range of counseling
and advice interventions are effective for increas-
ing smoking cessation compared with no or minimal
interventions 271280281284 Tynically, in studies included
in the meta-analysis, the intervention consisted
of repeated contact by telephone or face-to-face
contact outside of routine clinical care,?®° but even
brief interventions have been shown to be effective,
including a 30-second physician intervention.?®
Thus, at minimum, counseling and advice should
be provided to all smokers to increase the odds of
smoking cessation, consistent with USPSTF recom-
mendations.®** Water pipe, smokeless tobacco, and
e-cigarette use is variably associated with stroke
risk, and users of such products frequently have
concomitant and future combustible cigarette use.
Therefore, patients using these products may also
benefit from counseling interventions, for which
there is variable, low-certainty evidence supporting
the use of face-to-face, telephone-based, and text
message—based interventions 282283286

Smoking cessation pharmacotherapy combined
with behavioral counseling is superior to behav-
ioral interventions alone. Pharmacotherapy options
include varenicline, bupropion, and nicotine
replacement therapy. In RCTs?™? and in large meta-
analyses?™2™277 yse of pharmacotherapy was
associated with a substantial increase in smoking
cessation compared with behavioral interventions
alone. In a comparison of pharmacotherapy options,
varenicline was found to be superior to bupropion
(RR, 1.36[95% Cl, 1.25—1.49]) and nicotine replace-
ment monotherapy (RR, 1.25 [95% CI, 1.14-1.37])
for achieving smoking abstinence.?” However, com-
bination nicotine replacement therapy (fast acting
plus transdermal) is superior to monotherapy (RR,
1.27 [95% Cl, 1.17-1.37]),2® with evidence sug-
gesting that varenicline and combination nicotine
replacement therapy are similar in efficacy (RR, 1.02
[95% CI, 0.87-1.20]).2° These data are reflected in
the USPSTF recommendation to initiate pharma-
cotherapy in combination with behavioral interven-
tions for smoking cessation.®** However, behavioral
support added to pharmacotherapy increases quit
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rates modestly?”"; the unavailability of specialized
behavioral counseling does not necessarily preclude
initiation of pharmacotherapy. In addition, a recent
trial found that varenicline was superior to behav-
ioral interventions alone among light smokers (<10
cigarettes/d), demonstrating that pharmacotherapy
should be used even among light smokers, which
constitute 65% of Black Americans who smoke.?”
Recent research has investigated strategies to
increase implementation of smoking cessation
interventions. The “opt-out” approach is based on
the concept that changing the default treatment
may affect engagement in smoking cessation. In
a randomized trial of 1000 smokers encountered
in the hospital, delivery of an opt-out intervention
to all patients was compared with the standard
‘opt-in” approach whereby patients reporting will-
ingness to attempt smoking cessation were pro-
vided interventions.?®” For both groups, intervention
components included pharmacotherapy provision
before discharge and up to 4 postdischarge tele-
phone counseling visits. The opt-out intervention
was associated with greater smoking cessation at 1
month (Bayesian posterior probability, 0.97) but not
at 6 months (Bayesian posterior probability, 0.57).
Patients in the opt-out group were approximately
twice as likely to be engaged in smoking cessation
after discharge, as reflected by smoking cessa-
tion medication and telephone counseling use. In
an observational study, implementation of opt-out
smoking cessation programs at the hospital level
was feasible, and patients who received opt-out
bedside interventions were more likely to use smok-
ing cessation medications and quit at 1 month.2¢®
Consistent with these and other data, the American
Thoracic Society clinical practice guideline recom-
mends varenicline initiation even in smokers not
immediately ready to quit3%®

. According to a continuously updated systematic

review and meta-analysis, there was high cer-
tainty based on 6 RCTs with 2378 participants that
smoking cessation rates were higher in people ran-
domized to nicotine e-cigarettes than in those ran-
domized to nicotine replacement therapy (RR, 1.63
[95% CI, 1.30-2.04]).%%° A key trial randomized
886 smokers in the UK National Health Service to
nicotine replacement therapy, including combina-
tion therapy, compared with e-cigarettes, with both
groups receiving behavioral counseling support.?®©
The 1-year abstinence rate was 18.0% in the
e-cigarette group compared with 9.9% in the nico-
tine replacement group (RR, 1.83 [95% CI, 1.30-
2.58]). However, among participants with 1-year
smoking abstinence, 80% in the e-cigarette group
had continued use of e-cigarettes, whereas only
9% in the nicotine replacement therapy group had
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continued use of nicotine replacement. Although
e-cigarettes may increase smoking cessation, the
long-term health implications are unclear because
there are no data on the long-term implications
of e-cigarette use for stroke risk and other health
outcomes?® and because switching to e-cigarettes
may not, in the long term, prevent relapse to ciga-
rette smoking or dual use.®®!

Knowledge Gaps and Future Research

* Longitudinal studies are required to understand the
long-term clinical cerebrovascular implications of
e-cigarette use.

» Longitudinal studies are needed to understand the
long-term impact of e-cigarette use on dual use and
transitioning to use of combustible cigarettes.

» Future smoking cessation intervention studies
should seek to identify pragmatic smoking cessation
interventions that leverage both behavioral counsel-
ing and pharmacotherapy.

* Future studies should identify effective strategies to
facilitate cessation of other tobacco products and
use of electronic nicotine delivery systems such as
e-cigarettes and vapes.

* Implementation studies should elucidate strategies
for increasing delivery of effective smoking cessa-
tion strategies across various practice environments,
resource settings, and patient populations.

5. ATHEROSCLEROTIC AND
NONATHEROSCLEROTIC RISK FACTORS

5.1. Asymptomatic Carotid Artery Stenosis

Recommendations for Asymptomatic Carotid Artery Stenosis

Recommendations

Screening intervention

1. In the asymptomatic population, routine screen-
ing for carotid artery stenosis is not recom-
mended to reduce the risk of stroke.®%530

Other interventions

2. In patients with asymptomatic carotid artery
stenosis (ACS) >70%, shared decision-making
between the patient and the health care team
to decide between the 2 courses of treatment
(carotid revascularization or medical manage-
ment) is recommended to determine the best
method of reducing stroke risk.

3. In patients with asymptomatic atherosclerotic
carotid artery stenosis, medical treatment with
statin can be beneficial to reduce the risk of
stroke. 308311

4. In patients with asymptomatic atherosclerotic
carotid artery stenosis >70% and low periopera-
tive risk, the use of carotid revascularization, in
addition to intensive medical therapy, may be
reasonable to reduce the risk of stroke.309312-814
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Recommendations for Asymptomatic Carotid Artery Stenosis

(Continued)

Recommendations

5. In patients with ACS >560%, annual carotid
duplex ultrasound every 6 to 12 months might be
reasonable to assess progression of disease and
subsequent increased risk of stroke 208315-318

6. In patients with asymptomatic atherosclerotic
carotid artery stenosis and high perioperative
risk, the effectiveness of carotid revascular-
ization to reduce risk of stroke is not estab-
|i5hed.314‘319‘320

Synopsis

Atherosclerotic extracranial carotid artery stenosis and its
association with increased risk of stroke have been exten-
sively described. With limited large-scale data on asymp-
tomatic vertebral artery stenosis and stroke prevention,
we cannot develop comprehensive, evidence-based rec-
ommendations; hence, our focus is on the management
of ACS. Numerous large clinical trials have supported
that carotid revascularization in appropriately selected
patients with asymptomatic carotid stenosis results in
an RR reduction of stroke compared with medical man-
agement. However, contemporary medical management
has improved, and subsequent trials have tried to answer
whether optimal medical management and surgical treat-
ment for asymptomatic atherosclerotic artery stenosis
may be equivalent3%°%12-314 The quest to determine the
best way to reduce the risk of stroke in asymptomatic
patients has sparked much debate; however, we continue
to have the same pressing question: Is carotid revascu-
larization as effective as contemporary medical manage-
ment in reducing the risk of stroke in patients with ACS?
Prior guidelines have addressed this controversial topic,
encountering similar findings.®! There is an ongoing need
to improve the selection of asymptomatic patients who
would benefit from carotid artery revascularization with
the advent of contemporary medical treatment. CREST
2 (Carotid Revascularization and Medical Management
for Asymptomatic Carotid Stenosis Trial) is underway and
will, we hope, provide clarity on some of these questions.
Our recommendations reflect the latest evidence-based
knowledge to guide management strategies for patients
with ACS and mitigating the risk of stroke.

Recommendation-Specific Supporting Text

1. Present data strongly recommend against screen-
ing the general population for ACSZ2'9322 The
reasoning stems from multiple factors: effects of
false-positive results, inadequate direct evidence
that screening for ACS leads to reduction in stroke
or death, and the likelihood of small to moderate
harms of screening for treatment of ACS316328 A
carotid bruit can reflect an underlying stenosis;
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however, sensitivity for detecting itis low. In NOMAS
(Northern Manhattan Study), auscultation had a
sensitivity of 56% and a positive predictive value of
25%. Some consideration must be given to specific
high-risk asymptomatic populations such as those
with atherosclerotic risk factors. Prior guidelines
have proposed that screening of highly selected
populations might be of benefit3%324325 QOther
reports have analyzed and identified patients at
high risk of >b60% carotid artery stenosis; risk fac-
tors identified were hypertension, current tobacco
use, coronary artery disease, or first-degree family
member with a history of stroke.326327
Multidisciplinary decision-making plays a pivotal
role in identifying the best course of management
for asymptomatic carotid stenosis. With evolving
medical management and growing options for
surgical interventions, the health care team must
carefully weigh the risks and benefits associated
with each approach to effectively mitigate the risk
of stroke. Although it is crucial for all patients to
receive optimal medical management, it is essential
to identify the subset of patients who remain at high
risk of stroke despite optimal medical treatment.
Despite trials supporting both revascularization and
emerging evidence for best medical therapy, a con-
sensus is still lacking. This is precisely why shared
decision-making assumes paramount importance
in advocating for the best course of treatment. By
involving patients in the decision-making process,
empowering them with a sense of agency over
their health, enabling them to actively participate
in making informed choices that align with their
unique circumstances, a collaborative approach
draws on the expertise of specialists dedicated to
reducing the risk of stroke in patients with asymp-
tomatic stenosis; this collaborative effort ensures
a comprehensive evaluation and patient-centered
care.

Most people in this population are already on statin
therapy for other diagnoses; however, in those who
are not, initiation of statin therapy provides stroke
risk reduction. In a meta-analysis of 14 random-
ized trials of statins, there was a >15% decrease
in the rate of stroke for every 10% reduction in
serum LDL-C2' In the MESA study (Multi-Ethnic
Study of Atherosclerosis), carotid plaque lipid core
detected by magnetic resonance imaging (MRI)
was strongly associated with total cholesterol.#?¢ In
the Framingham Heart Study, the relative increased
risk of carotid artery stenosis was 10% for every
10 mg/dL increase in total cholesterol3 In ACST
(Asymptomatic Carotid Surgery Trial), there was
an absolute stroke risk reduction attributed to
lipid-lowering therapy in patients undergoing
carotid endarterectomy (CEA) for carotid stenosis
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(>70%).%"® Others have reported that the annual
risk of ACS is lower than reported in CEA trials,
presumably because of improved medical ther-
apy.3'" High-intensity statin therapy is appropriate
for patients with ACS, regardless of revasculariza-
tion. All patients with carotid artery atherosclerosis
must be treated with optimal medical treatment
and risk factor modification.”® No large, random-
ized trials have directly analyzed the effects of
statin therapy in asymptomatic patients; however,
the indirect evidence supports the use of statins
for stroke risk reduction, as detailed in Section 4.7
Lipids.

. This is a highly debated topic. Over the past 2

decades, medical management has evolved from
when ACAS (Asymptomatic Carotid Atherosclerosis
Study) highlighted the benefits of CEA in stroke
risk reduction®"? ACST-1 underscored the merits
of carotid revascularization (CEA or transfemo-
ral stenting) for net B-year risk stroke reduction
benefit for patients undergoing immediate com-
pared with deferred surgery'® However, <40% of
patients received statins, which is not consistent
with current practices or recommendations. A 10-
year analysis showed 4.5% absolute risk reduction
for CEA compared with medical therapy alone.3%
Although it was stopped prematurely; the SPACE-2
trial (Stent-Protected Angioplasty in Asymptomatic
Carotid Artery Stenosis versus Endarterectomy:
Two Two-Arm Clinical Trials) did not show clear
superiority of carotid revascularization over medi-
cal therapy alone in patients with >70% to 99% of
asymptomatic carotid stenosis.®'* With more inter-
ventional options to treat carotid stenosis, compar-
ative studies became essential to determine their
role in stroke risk reduction.33°% CREST 1 was
the first large prospective randomized trial compar-
ing stenting and endarterectomy. When revascular-
ization was considered, CEA and carotid stenting
had similar rates of perioperative stroke, M, death,
and subsequent ipsilateral stroke.?*® Notably, there
was an interaction between age and intervention,
with better outcomes from coronary artery stenting
for patients <70 years of age and better outcomes
from CEA for patients >70 years of age. Likewise,
transcarotid artery revascularization is a newer
technique for carotid revascularization and could
be considered on an individual basis. These trials
showed greater effects for men than women.3?
Without a large clinical trial directly comparing
revascularization with contemporary medical man-
agement, a definitive conclusion on whether there
is benefit from carotid revascularization in asymp-
tomatic patients remains elusive. Results from the
anticipated CREST 2 could provide much-needed
clarity on this contentious subject.
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5. Duplex ultrasound, the method of choice for

screening patients with known atherosclerotic
carotid artery stenosis, has the lowest cost/risk.
Both the severity of carotid stenosis and the pro-
gression of disease are associated with increased
risk of stroke2™® A systematic review and meta-
analysis stratifying by degree of stenosis showed
that stroke risk increased according to the progres-
sion of stenosis. Ipsilateral stroke risk was highly
dependent on degree of stenosis: <6% after 5
years for moderate stenosis and 15% with severe
stenosis.?'® Other studies support the association
of stenosis severity and progression with indepen-
dent stroke risk and adverse outcomes in high-risk
cardiovascular patients.?'83343% The association of
ipsilateral neurological events with the yearly rate
of change in luminal narrowing was highly statis-
tically significant (P<0.001) for patients who had
progression of >2 categories in 1 year, considered
to be at high risk of ipsilateral ischemic event rela-
tive to nonprogressors.2'” Independent predictors
of progression are male sex, high creatinine, not
taking lipid-lowering therapy, less severe low grade
of stenosis, and increased plaque area?'® Once
patients have been diagnosed with >60% carotid
stenosis, annual follow-up with carotid duplex may
be reasonable to identify the progression of steno-
sis and subsequent risk of stroke.

Much has been reported on the benefit of carotid
intervention for asymptomatic patients to reduce
the risk of stroke, particularly in the population
considered at high risk. This has been detailed in
several studies. High-risk patients are those with
the following characteristics: decreased life expec-
tancy of 3 to b years, cardiovascular comorbidities
(clinically significant cardiac disease, recent M|,
congestive heart failure, ejection fraction <30%,
abnormal stress test, or need for coronary artery
bypass graft), severe pulmonary disease, and peri-
operative stroke/death rates >3%039%319820 Within
this high-risk population, the 3-year outcome from
the SAPPHIRE study (Stenting and Angioplasty
With Protection in Patients at High Risk for
Endarterectomy) revealed that patients undergoing
carotid artery stenting had a notably higher death
rate (20.0%) than stroke rate (10.1%). This brings
up questions about the efficacy of reducing the
risk of stroke in this high-risk cohort. In addition,
there was no medically treated control group, and
the complication rates in both treatment arms were
high enough to raise questions about the benefit
of either intervention over medical therapy alone.®'
In this vulnerable group of patients, careful con-
sideration for management strategies has to be
discussed in a multidisciplinary setting, and shared
decision-making is recommended.
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Knowledge Gaps and Future Research

Medical and interventional treatment for the treatment of
ACS to reduce the risk of stroke has evolved significantly
within the past 2 decades. Despite ongoing efforts by
multiple societies, the asymptomatic patient with carotid
stenosis continues to be a point of debate. We are aware
that given the advancement in medical management,
carotid revascularization may not be necessary in the
future to prevent the risk of stroke. However, these ques-
tions are still unanswered:

* The efficacy of best medical management alone
compared with carotid revascularization to reduce
risk of stroke in patients with asymptomatic ath-
erosclerotic carotid artery stenosis >70% should be
assessed.

* The role of carotid revascularization in patients
considered high-risk surgical candidates should be
defined. Guidance should be developed to identify
this vulnerable group of patients and include shared
decision-making to optimize stroke risk reduction.

* Enhanced imaging modalities could provide detailed
insights into plaque morphology, stability, and risk
of rupture, which may ultimately play a role in risk
stratification to aid decision-making on carotid inter-
ventions and medical management. Identification of
patients with asymptomatic stenosis at high risk of
stroke is an important priority.

+ Sex-specific studies evaluating the efficacy and out-
comes of carotid revascularization to reduce risk of
stroke in women with asymptomatic atherosclerotic
carotid artery stenosis are needed.

» Early evidence suggests that transcarotid artery
revascularization might have a role in the treatment
of patients with ACS who fulfill specific criteria.
However, no RCT data exist comparing its outcomes
with either transfemoral carotid stenting or CEA.
There is a pressing need for more comprehensive
evidence and validated data to thoroughly under-
stand the long-term advantages and potential risks
associated with the broader adoption of this surgi-
cal technique. Long-term trials to establish a clear
understanding of its efficacy, safety, and overall
impact on patient outcomes for ACS are still needed.

 Ultimately, shared decision-making is paramount in
determining the best treatment approach for ACS,
including carotid revascularization with CEA, stent-
ing (transfemoral/transcarotid artery revasculariza-
tion), or contemporary medical management.

+ Currently, there are no validated tools to precisely
determine the optimal frequency of carotid duplex
surveillance for patients exhibiting a more severe
degree of stenosis or rapid progression of ste-
nosis or presenting with high-risk carotid plaque
characteristics. There is a critical need for addi-
tional research aimed at pinpointing which patient
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groups would benefit from more frequent surveil-
lance beyond standard annual monitoring. This will
ensure tailored, evidence-based care strategies that
can potentially enhance patient outcomes by closely
monitoring and effectively managing the progres-
sion of carotid stenosis.

* Addressing the seemingly contradictory notions
that carotid revascularization might be reasonable
for some patients with ACS yet screening of the
general population is not recommended requires
a nuanced understanding of high-risk population,
risk/benefit ratios, individual patient considerations,
and the evolving landscape of medical evidence.

5.2. Asymptomatic Cerebral SVD, Including
Silent Cerebral Infarcts

Recommendations for Asymptomatic Cerebral SVD, Including
Silent Cerebral Infarcts

Recommendations

1. In adults with asymptomatic cerebral SVD
(CSVD), including silent infarcts, assessment and
management of risk factors (eg, hypertension,
dyslipidemia, tobacco use, and diabetes) are
recommended to reduce stroke risk. 326341

2. In adults with silent cerebral infarcts (SCls)
who do not have an indication for statin therapy
according to the 2019 ACC/AHA guideline (eg,
20-75 years of age with LDL-C level >190
mg/dL [>4.9 mmol/L], 10-year ASCVD risk
>20%, or 10-year ASCVD risk >7.56%-<20% plus
>1 more risk enhancers), use of low-dose statin
therapy might be considered to reduce the risk of
ischemic stroke.342-34

3. In adults with SCI, the benefit of antiplatelet
therapy to reduce the risk of ischemic stroke is
uncertain. 346847

Synopsis

CSVD is one of the most frequently encountered con-
ditions in neurology. CSVD is defined radiographi-
cally by the presence of white matter hyperintensities,
recent small subcortical infarct, lacune of presumed
vascular origin, cerebral microbleeds, enlarged perivas-
cular spaces, and cerebral atrophy.3*8%4 There are mul-
tiple CSVD subtypes, including the most common form
related to arteriosclerosis or hypertensive arteriopa-
thy.359381 Other forms of CSVD include cerebral amyloid
angiopathy, genetic syndromes such as cerebral auto-
somal dominant arteriopathy with subcortical infarcts
and leukoencephalopathy (CADASIL), and immune-
mediated and infection-mediated subtypes.®*°3®" CSVD
may remain asymptomatic for many years before clini-
cal manifestations of ischemic and hemorrhagic stroke,
cognitive impairment, gait impairment, or psychiatric dis-
turbances become apparent?340:341:850852358 MR| studies
obtained for other clinical indications may incidentally
reveal radiographic findings of CSVD. Clinicians may
therefore be faced with decisions about how to manage
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these patients in the absence of apparent CSVD clini-
cal manifestations. In this section, we examine literature
and trials that address the primary prevention of stroke in
individuals with asymptomatic CSVD, including SCI. More
than 90% of silent infarcts are subcortical; therefore,
these recommendations do not apply to individuals with
silent cortical infarcts that are less likely to be related to
CSVD. We focus on the most common subtype of CSVD;
recommendations for other specific CSVD subtypes are
covered elsewhere in the guideline.

Recommendation-Specific Supporting Text

1. Observational studies and meta-analyses have
revealed multiple risk factors for CSVD, CSVD
disease progression, and risk for subsequent
stroke 3967341384 Modifiable risk factors for CSVD
include hypertension, diabetes, tobacco use (smok-
ing), dyslipidemia, OSA, and other factors such
as excessive dietary salt intake with inconsistent
data.36839354=857 Given the relationship between
these risk factors and stroke risk in the general
population and elevated stroke risk in individuals
with asymptomatic CSVD, incidental identification
of the described radiographic CSVD should prompt
clinicians to identify and manage common vascular
risk factors to reduce the risk of stroke.

2. SCls (majority subcortical) are more common than
acute ischemic stroke, with an estimated adult prev-
alence of 10% to 20%.3%%8 Limited studies have
investigated the role of statin therapy for the reduc-
tion of stroke risk in individuals with CSVD, including
silent subcortical infarcts. Some trials support the
role of statin therapy in lowering the risk of CSVD
progression compared with placebo; however, the
impact on stroke risk was not evaluated.34-34° |n 1
study, investigators used data from a prospective
population-based cohort study and a randomized,
double-blind placebo-controlled clinical trial to deter-
mine the impact of low-dose statin therapy on CSVD
progression in adults >75 years of age.®*? For both
the cohort and clinical trial groups, the risk of CVSD
progression (primary outcome) was significantly
lower with statin treatment without an increase in
cerebral microbleeds. For both the cohort study and
the clinical trial, the risk of incident stroke was sig-
nificantly lower in the statin group compared with
the nonstatin group (HR, 0.60 [95% Cl, 0.37-0.97];
and HR, 066 [95% ClI, 0.37-0.84], respectively).
Although this study demonstrates the potential for
benefit, study design (specific population, stroke as
secondary outcome) may affect the reproducibility
and generalizability of findings.

3. Given the benefit of antiplatelet therapy in clinical
ischemic stroke clinicians may be inclined to treat
patients with subcortical infarcts identified inci-
dentally with aspirin or other antiplatelet therapy.®’
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Research to inform this practice is limited, and con-
temporary practice guidelines are equivocal.3%83%
In SILENCE (Longitudinal Study on Low-Dose
Aspirin Versus Placebo Administration in  Silent
Brain Infarcts), investigators randomized 83 partici-
pants 245 years of age with silent infarcts to aspirin
compared with placebo and followed them up for
4 years3%® The primary outcome was a composite
of silent brain infarcts, clinical ischemic stroke and
TIA. The aspirin group had 2 events and the pla-
cebo group had 9 events at follow-up (P=0.10). The
small sample size was a major limitation of this study.
Although this study is not sufficient to support or
refute the practice of using antiplatelet therapy for
management of silent brain infarcts, the high preva-
lence of CSVD in the older population and evidence
of increased harm with aspirin for primary preven-
tion in populations at risk for CSVD suggest the need
for increased caution and consideration of patient-
specific risk and benefits.293¢" More data are needed
to determine which groups, if any, would benefit from
antiplatelet therapy to reduce the risk of ischemic
stroke in the setting of incidentally identified subcor-
tical brain infarcts.

Knowledge Gaps and Future Research

* Clinical tools are needed to calculate patient-
specific risk of ischemic or hemorrhagic stroke in
the presence of asymptomatic CSVD, including
silent subcortical infarcts.

* Although limited data suggest the benefit of BP
lowering for the progression of radiographic CSVD,
more data are needed to determine the contribution
of BP lowering to stroke risk reduction.

» There remains unclear benefit of statin therapy
(including for specific populations) to reduce the risk
of stroke in the presence of asymptomatic CSVD is
still unclear.

» There remains unclear benefit of antiplatelet ther-
apy (including for specific populations) to decrease
the risk of stroke in the presence of asymptomatic
CSVD and SCI.

* It is unclear whether the presence of cerebral
microbleeds should alter the management of other
specific risk factors (eg, AF) to balance benefit for
ischemic risk reduction with risk of hemorrhagic
stroke; this requires further study.

5.3. Migraine

Recommendations for Migraine

COR LOE Recommendations
1. In adults 18 to 64 years of age with migraine with
or without aura, evaluation and modification of
1 C-LD vascular risk factors are recommended to address

the elevated risk of stroke in this patient
population.®62-269
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Recommendations for Migraine (Continued)

COR LOE Recommendations
2. In adults with migraine with aura who desire
contraception, progestin-only or nonhormonal
1 C-LD forms are recommended to avoid the increased
risk of ischemic stroke associated with combined
hormonal contraception.270-%72
Synopsis

Migraine is a recurrent headache disorder characterized
by moderate to severe headache lasting hours to days,
with typical associated features such as unilaterality,
aggravation with activity, photophobia, phonophobia, and
nausea.®” Migraine affects 14.4% of individuals and is a
leading cause of disability worldwide.*™3" Migraine dis-
proportionately affects women 15 to 49 years pf age with
a prevalence between 20% and 30%.5™ An association
between migraine, particularly migraine with aura, and
stroke risk has consistently been identified in observa-
tional studies.®6279%° This association is stronger for isch-
emic stroke than for hemorrhagic stroke®? and is more
evident in young women.®% Vascular risk factors are com-
mon in patients with migraine and contribute to excess
stroke risk.366%68369  The mechanistic links between
migraine and stroke are not well understood. Migraine
can directly cause stroke in rare instances (migrainous
infarction)®™ and is associated with a higher prevalence
of white matter hyperintensities and cerebellar infarct-like
lesions,®™ especially in the posterior circulation.®”” Use of
combined hormonal contraception in those with migraine
with aura is associated with increased risk for ischemic
stroke.®™ Migraine with aura is associated with patent
foramen ovale (PFO),*™ but a benefit of PFO closure for
primary stroke prevention in patients with migraine has not
been demonstrated despite the association between PFO
and risk of both migraine and stroke. There is a dearth of
high-quality evidence to guide stroke prevention in patients
with migraine, and many areas of uncertainty remain.3™

Recommendation-Specific Supporting Text

1. Four recent systematic reviews and meta-analyses
including a combined total of 49 observational
studies (28 cohort studies, 21 case-control studies)
showed a consistent association between migraine
and stroke, with RRs ranging from 1.3 to 1.6 for
any stroke, %2764 up to 1.7 for ischemic stroke3
and up to 1.5 for hemorrhagic stroke.*® Migraine
with aura confers higher risk for ischemic stroke
with a pooled RR of 2.17 (95% ClI, 1.78-2.64).3¢2
Cardiovascular risk factors are prevalent in patients
with migraine, even at younger ages. A study using
insurance claims data from 1.2 million US adults
with migraine 18 to 64 years of age found that 18%
of them were considered to be at either medium
or high risk of vascular events according to comor-
bidities.?®® Incidence rates of ischemic stroke were
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3-fold higher in the medium-risk compared with the
low-risk group and >16-fold higher in the high-risk
compared with the low-risk group.?®® Migraine prev-
alence peaks in the fourth decade of life,*™ an age
when standard risk calculators may underestimate
cardiovascular risk. Thus, although no randomized
trials have specifically investigated vascular risk
factor modification for primary stroke prevention
in individuals with migraine, particular attention to
vascular risk factor screening and modification is
recommended in these patients.

A systematic review of 12 observational studies
found a consistent association between migraine,
combined hormonal contraceptive (CHC) use, and
ischemic stroke with an absolute risk of 36.9 per
100000 in women 20 to 44 years with migraine
with aura who used CHC compared with 2.5 per
100000 in women with neither migraine nor
CHC use®"" Increased risk was also seen in those
with migraine without aura. Studies were highly
heterogeneous in terms of estrogen dose, report-
ing of aura, and covariates included, with especially
low agreement between studies of migraine with-
out aura. A 2020 systematic review of 4 case-
control studies including 12256 women included
only studies of low-dose CHC and found a con-
sistent association of migraine and low-dose CHC
use with ischemic stroke, albeit with high hetero-
geneity between studies.®” In a case-control study
of US female patients taking low-dose CHC (1884
cases, 75636 controls), those with migraine with
aura who took CHC had 6-fold higher risk of isch-
emic stroke compared with those without either
risk factor3™ Among those with migraine without
aura, use of low-dose CHC did not increase stroke
risk.3 No increased risk of stroke has been iden-
tified in individuals with migraine using progestin-
only forms of contraception.®°
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* Determining whether preventive treatment of
migraine to reduce attack frequency and intensity
reduces stroke risk in individuals with migraine; and

* Determining whether specific subgroups among
those with migraine (eg, those with brainstem aura
or persistent aura, pregnant patients, those with
other vascular risk factors such as AF and female-
specific factors, patients with antiphospholipid anti-
bodies [aPLs]) would benefit from treatment with
antiplatelets, anticoagulants, statins, or other medi-
cations aimed at primary stroke prevention.

6. SPECIFIC POPULATIONS
6.1. Sickle Cell Disease

COR LOE Recommendations

Screening intervention

1. In children 2 to 16 years of age with SCD (Hb SS
or Hb S-beta®-thalassemia), transcranial Doppler
(TCD) screening at a frequency based on the
highest mean flow velocity in the terminal portion
of the internal carotid or the proximal portion of
the middle cerebral artery is recommended.®'-%84

Other interventions

2. In children 2 to 16 years of age with SCD at
elevated risk per TCD measurements, regularly
scheduled transfusion therapy (target reduction
of hemoglobin S <30%) is effective for reducing
stroke risk, 362983

3. In children 2 to 16 years of age and young adults
with Hb SS or Hb S-beta®-thalassemia, an MRI of
the brain without sedation should be performed as
soon as possible to evaluate for SCl and to deter-
mine the need for chronic red cell transfusions
(CRCTs) for stroke prevention.8538

4. In children 2 to 16 years of age with SCD whose
TCD velocities revert to normal, continued transfu-
sion therapy can be beneficial to reduce the risk
of stroke

5. In children 2 to 16 years of age with SCD and
normalized mean flow velocities and no intra-
cranial stenosis, transition from transfusion to

Knowledge Gaps and Future Research

Despite the large number of observational studies inves-
tigating the association between migraine and stroke,
multiple areas of uncertainty remain in optimal stroke
prevention in individuals with migraine. Priorities for
future research should include the following:

* Determining whether migraine is associated with

hydroxyurea therapy can be considered to prevent
stroke.®®

6. In children 2 to 16 years of age with SCD at high
risk for stroke (TCD mean flow velocities >200
cm/s) but without intracranial stenosis who are
unable to continue or cannot be treated with
periodic red cell transfusion, hydroxyurea or bone
marrow transplantation may be reasonable to
prevent stroke.387-390

increased stroke risk in those prescribed estrogen-
based therapy for reasons other than contraception
such as gender-affirming hormone therapy (HT) or
menopausal HT and what estradiol dose is consid-
ered safe for these indications;

Determining the relationship among PFO, migraine
with aura, and cryptogenic ischemic stroke, includ-
ing RCTs to test whether specific primary prevention
therapy is warranted in this population;

December 2024

Synopsis

SCD, estimated to occur in 1 in 365 African American
individuals,®®" is caused by an abnormal hemoglobin
-chain occurring through autosomal-recessive genetic
transmission. SCD includes all patients who have 1
copy of the sickle B-globin allele, along with a second
altered P-globin allele. The second B-globin allele may
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also carry the sickle mutation (Hb SS), a B-thalassemia
mutation (resulting in sickle beta®-thalassemia), or the
hemoglobin C mutation (resulting in Hb SC disease),
among others. Clinically, SCD causes chronic anemia or
acute vaso-occlusive crises, most commonly manifesting
as painful episodes. Complications include acute chest
syndrome, pulmonary hypertension, bacterial infections,
and organ infarctions, especially stroke. In addition, SCD
may be complicated by the development of moyamoya
syndrome, an intracranial angiopathy defined by steno-
occlusion of terminal portion of internal carotid artery and
development of collateral vessels. Other SCD effects
include cognitive deficits related to SCI and otherwise
asymptomatic white matter hyperintensities.3%2%% An
estimated 11% of patients with homozygous SCD have
an overt stroke by 20 years of age®*** and many more
have SCls®" demonstrated only with brain MRI. TCD
ultrasound identifies those at high risk of stroke, allowing
evidence-based decisions about optimal primary stroke
prevention.®81%82 |t is not clear whether the high velocities
in and of themselves increase stroke risk or if they are a
noncausative marker of high stroke risk; nonetheless, the
association is well established.

Recommendation-Specific Supporting Text

1. Elevated TCD blood flow velocities are a strong pre-
dictor of stroke risk.?®" In a study of 315 patients who
were 3 to 18 years of age with SCD followed up for
a mean of 64.4 months, the incidence of stroke in
those with nonimaging time-averaged mean of the
maximum velocities <170 cm/s was 2%, with veloc-
ities 170 to 200 cm/s was 7%, and with veloci-
ties >200 cm/s was 40%.38"32 |n 209 children in
the STOP-1 and -2 trials (Stroke Prevention Trial
in Sickle Cell Anemia), there were 20 strokes, and
the last TCD examination before the stroke showed
abnormal velocities in all cases3®3% TCD has
become part of usual care to evaluate stroke risk in
children 2 to 16 years of age with SCD. The utility
of TCD screening for patients >16 years of age has
not been established.3*® Notably, abnormally low
TCD velocities (eg, <60 to 70 cm/s) in any major
vessel may indicate cerebral vasculopathy and war-
rants additional workup. As shown in Table 9, earlier
RCTs implemented broader flow-velocity paradigms
with 3 categories, with more recent guidelines®%63%7
now implementing 4 categories when considering
TCD re-evaluation timing. As outlined, TCD should
be repeated at an interval based on the highest
flow velocity in the terminal internal carotid artery or
proximal middle cerebral artery.

2. CRCTs for patients 2 to 16 years of age with high-
risk TCD is the mainstay of usual care. In STOP-1,
130 children with SCD (mean age, 8 years) and
high-risk TCD (velocity >200 cm/s in 2 repeated

Stroke. 2024,565:¢344-e424. DOI: 10.1161/STR.0000000000000475

2024 Guideline for the Primary Prevention of Stroke

studies) were randomized to CRCT with a goal
hemoglobin S of <30% of total hemoglobin or to
observation/standard care.®¥2%2 The trial was ter-
minated prematurely at a mean follow-up of 20
months because of a marked reduction in strokes
in the prophylactic CRCT group (1 stroke in the
transfusion arm [2%)] versus 10 strokes and 1 ICH
in the observation arm [16%)]).

SCls are the most common neurologic injury in
SCD, occurring in 39% of children (by 18 years
of age)*®' and 53% of adults.*®? Patients with SCI
are at increased risk for recurrent SCI, overt stroke,
and cognitive impairment.*® In the SIT Trial (Silent
Cerebral Infarct Transfusion), 196 children without
high-risk TCD velocities who were found to have
SCI on brain MRI were randomized to CRCT or
observation. Over a median follow-up of 3 years,
CRCT led to a 58% RR reduction of stroke and
new/enlarged SCls.3% Because this is substantially
less than the 92% RR reduction with CRCT seen
in STOR3 the decision to pursue CRCT for chil-
dren with SCI remains individualized as a result of
the significant risks associated with CRCT. Young
children may not remain stationary for brain MRI.
Sedating agents should be avoided because of the
risk of vaso-occlusive complications (eg, through
hypoxia/respiratory ~ depression). Therefore, it
is advisable to wait until a child is developmen-
tally appropriate before obtaining an unsedated
brain MRI. It is important to note that TCD and
MRI studies are often discordant in patients with
SCD?3#; therefore, MRI should be done in addition
to TCD and should not supplant it as a screening
mechanism.

Once a patient has initiated a prophylactic trans-
fusion program, in most cases, this should usually
continue indefinitely through 16 years of age with
a reduced need for periodic TCD screening. This
position is supported by data from the STOP-2
trial, in which children with SCD who had a high
risk of stroke according to TCD measurements
and who had received transfusions for 230 months
with normalization of TCD readings were random-
ized to continue transfusion or not.** Children with
severe stenotic lesions on cerebral magnetic reso-
nance angiography were excluded. The study was
stopped early because of safety concerns after 79
children of a planned enroliment of 100 under-
went randomization. Among the 41 children in the
transfusion-halted group, high-risk TCD velocities
redeveloped in 14 patients and stroke occurred
in 2 others within a meantSD of 4.56+2.6 months
(range, 2.1-10.1 months) of the last transfusion.
Neither stroke nor reversion to high risk of stroke
Doppler results occurred in the 38 children who
continued to receive transfusions.
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Table 9. Mean Flow Velocity Timing Paradigms for TCD
Reevaluation and Candidacy for Exchange Transfusion

3 Mean flow velocity categories
(used/tested in RCTs)3'-38¢

4 Mean flow velocity categories
(some organizations now use
these)*oe2*7

<170 cm/s

Repeat annually <170 cm/s Repeat annually

170-199 cm/s

Repeat in 1-6 mo | 170-184 cm/s | Repeat in 3—6 mo

185-199 cm/s | Repeat in 1-3 mo

>200 cm/s

Repeat in 1-2 wk | >200 cm/s Repeat in 1-2 wk

TCD velocities from the STOP trial (Stroke Prevention Trial in Sickle Cell Ane-
mia) used dedicated Doppler (nonimaging TCDs) as opposed to TCD imaging.
Several smaller studies have shown that TCD imaging velocities were generally
lower than dedicated Doppler TCD velocities for the same arterial segment.26-4°
The American Society of Hematology guidelines recommend using the STOP
criterion of 2200 time average mean of the maximum velocity for dedicated Dop-
pler versus =185 time average mean of the maximum time for TCD imaging
as the thresholds for treatment*® Clinicians should consider the use of lower
velocities when using TCD imaging screening and must document the type of
TCD used for screening®*® RCT indicates randomized controlled trial; and TCD,
transcranial Doppler.

5.
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Although CRCT is optimal, evidence indicates that
hydroxyurea can be used in patients with normalized
velocities and no stenosis posttransfusion therapy.”
In the Créteil newborn cohort, 45 patients with SCD
whose TCD velocities normalized on CRCT were
switched to hydroxyurea and followed up with quar-
terly TCDs for a mean of 3.4 years. Reversion to
abnormal TCD velocities on hydroxyurea occurred
in 13 of 45 patients (289%); transfusion was
quickly reinitiated in these patients. No patient devel-
oped stroke or SCI while on hydroxyurea® In the
TWITCH trial (TCD With Transfusions Changing to
Hydroxyurea), 121 children with SCD on CRCT (1-
year minimum) with continued abnormal TCD flow
velocities (200 cm/s) but no severe vasculopathy
were randomized to continue transfusions (n=61)
or transition to hydroxyurea after 1 year of CRCT
(n=60).%88 The primary end point was the 24-month
TCD velocity; however, at the first scheduled
interim analysis, noninferiority was demonstrated
(P=8.82x10719), and the study was terminated early.
Iron burden (ie, ferritin), an established side effect of
CRCT, was also beneficially decreased (P<0.001).
Ideally, transition to hydroxyurea should occur after
transfusion therapy for the longest possible interval
and with transfusion continued during escalation to
the maximum tolerated dose of hydroxyurea.

Not all patients with SCD at risk for stroke will have
access to or will be able to tolerate indefinite CRCT.
The recent trials of children with SCD in Nigeria
(SPRING [Stroke Prevention Trial in Nigeria]) and
in Tanzania (SPHERE [Stroke Prevention With
Hydroxyurea Enabled Through Research and
Education]) demonstrated that, in such situations,
daily hydroxyurea is an effective alternative for pri-
mary stroke prevention.%893% |n both studies, TCD
velocities decreased after initiation of hydroxyurea,

December 2024

2024 Guideline for the Primary Prevention of Stroke

and the stroke incidence rate was comparable to
historical controls. The BABY HUG trial (Pediatric
Hydroxyurea Phase Il Clinical Trial)*** and SCATE
trial (Sparing Conversion to Abnormal TCD)*® fur-
ther suggest that hydroxyurea may mitigate rises in
TCD velocities in low-risk children. In the Cre Créteil
newborn cohort®" 24 patients with SCD who had
normalized velocities and no stenosis posttrans-
fusion therapy were treated with bone marrow
transplantation from a genoidentical sibling donor.
During the mean posttransplantation follow-up of
3.5 years (range, 0.3—11.0 years), no patient expe-
rienced a stroke or an SCI. Additional supporting
data for bone marrow transplantation are derived
from a study in which 67 children with elevated TCD
velocities were treated with sibling-donor bone mar-
row transplantation or standard care (CRCT with
the option to switch to hydroxyurea after the first
year).*%® Follow-up at 3 years showed no strokes or
deaths in either group, no differences in cognitive
performance, fewer SCls, and a greater reduction
in TCD velocities with bone marrow transplantation.

Knowledge Gaps and Future Research

Stroke.

Although TCD can be used to identify children who
are at high risk of stroke and would benefit from
transfusion therapy, improved prediction algorithms
incorporating additional parameters such as anterior
cerebral artery velocity, blood biomarkers, genetic
variations, and nocturnal oxygen saturation should
be developed and evaluated.

Studies evaluating how antithrombotics, antihyper-
tensive agents, and statins may influence primary
stroke prevention in SCD are lacking.

Most studies for primary (and secondary) stroke
prevention in SCD were conducted in pediatric pop-
ulations. Hence, a knowledge gap exists concerning
whether transfusion or hydroxyurea recommenda-
tions in the pediatric population remain appropriate
in the adult SCD population.

As seen in STOP-2, even those whose risk of stroke
decreases with transfusion therapy on the basis of
TCD criteria have an =50% probability of revert-
ing to high-risk TCD velocities or having a stroke
if transfusion therapy is discontinued. Hydroxyurea
may be an appropriate maintenance therapy. Further
studies on optimal dosing and duration are required.
Although there is some benefit of long-term trans-
fusion therapy for children with SCI, the number
needed to treat to see reduction of strokes is large,
and the risk and cost of regular transfusions are
high. Investigation of patient and SCI characteristics
that portend the highest risk of stroke may help to
determine which patients are most likely to benefit
from long-term transfusions. Studies evaluating MR
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frequency in pediatric and adult populations are
lacking.

* The role of newer therapies for SCD, including
voxelotor, crizanlizumab, and L-glutamine, in stroke
prevention warrants further investigation.

* RCTs for primary stroke prevention studies in adults
with SCD and within specific populations (eg, preg-
nancy) are lacking.

» Sickle cell trait has been inconsistently associated
with ischemic stroke, although hypercoagulability
and chronic kidney disease, among other factors,
may modify this risk; additional studies are warranted.

* Moyamoya vasculopathy as a late complication of
SCD requires further study.

* The US Food and Drug Administration recently
approved exagamglogene autotemcel and lovo-
tibeglogene autotemcel, the first gene therapies for
the treatment of SCD in patients 212 years of age.
Studies to determine their effects on stroke risk are
required.

6.2. Genetic Stroke Syndromes

Recommendations for Genetic Stroke Syndromes

COR LOE Recommendations
1. In patients with CADASIL, counseling on smok-
1 c-LD ing cessation and treatment of hypertension and

other vascular risk factors are beneficial to reduce
the risk of incident stroke.*07-412

2. In adults with hereditary hemorrhagic telangiecta-
sia (HHT), screening for pulmonary arteriovenous
2a malformations (PAVMs) is reasonable to identify
the need for multidisciplinary evaluation to man-
age stroke risk.4137421

3. In patients with Fabry disease, the effectiveness
of enzyme replacement therapy (ERT) to reduce
the risk of stroke is not well established.*?2-427

2b C-LD

Synopsis

The role of genetics in stroke pathogenesis is increasingly
recognized. Monogenetic conditions are the most well
understood. These include Fabry disease, CADASIL, HHT,
and type IV collagen (COL4A 1/2) mutations, among others
(Table 10). Although each individual genetic condition is
rare, stroke risk in some can be modified with prophylactic
therapy, and a diagnosis can aid in prognostic discussions,
limit unnecessary testing, and facilitate natural history
studies. Several factors, including rarity of each individual
disorder, make high-quality studies of stroke prevention in
these disorders challenging. Because genetic conditions
typically affect multiple organs and systems, many of the
high-quality randomized controlled studies report compos-
ite outcomes, limiting data on stroke-specific outcomes.
In addition, variable expression inherent in many of these
genetic disorders makes uniform recommendations for
stroke prevention challenging.
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Recommendation-Specific Supporting Text

1. CADASIL is an inherited CSVD caused by muta-
tions in the NOTCHS gene. Although there is no
cure, epidemiological data suggest that stroke risk
in CADASIL is associated with modifiable stroke
risk factors. Prospective cohort studies had dem-
onstrated that hypertension, active cigarette smok-
ing, and total pack-years of exposure are each
associated with increased stroke risk in patients
with CADASIL.#074% Smoking may also be associ-
ated with earlier onset of stroke or TIA#1® A large
prospective cohort study of 973 NOTCHS3 carriers
showed that cardiovascular risk burden was asso-
ciated with increased risk for stroke.*®® Together,
these data suggest indirectly that cardiovascu-
lar risk factor control may decrease stroke risk in
patients with CADASIL. However, no randomized
trials have evaluated the effect of vascular risk fac-
tor modification on stroke risk in individuals with
CADASIL. Despite the lack of high-quality data on
the effect of interventions such as BP control and
smoking cessation, these measures are nonethe-
less recommended, at minimum to mitigate their
deleterious effects on atherosclerotic vascular
disease, which likely compounds stroke risk in
those with CADASIL.*'2 Preventive therapies of
proven benefit in other patients with stroke, includ-
ing antiplatelet agents, have not been shown to
affect the incidence of stroke in individuals with
CADASIL #1412

2. HHT is an autosomal dominant vascular dyspla-
sia that typically manifests as epistaxis, telangi-
ectasias, and vascular malformations of the brain,
lungs, and liver. PAVMs are present in nearly half
of patients with HHT and are associated with
embolic complications, including ischemic stroke
and brain abscesses. In a cross-sectional study of
108 patients with HHT, those with PAVM had more
total embolic complications and more stroke/TIA,
with a 7-fold increased odds for embolic events in
an adjusted model.*'3 In a multivariate analysis of
a retrospective cohort study of 363 patients with
HHT, PAVMs were independently associated with
SCL4™ In a cross-sectional study of 75 individuals
with PAVMs, those with multiple PAVMs had greater
odds of having stroke compared with those with a
single PAVM.#15 Data from observational research
have demonstrated an association between PAVM
embolization and reduced rate of stroke, but the
findings have not been confirmed in clinical tri-
als. 4167421 Therefore, a multidisciplinary team with
HHT expertise, consisting of at minimum specialists
in pulmonology, interventional radiology, and neurol-
ogy/neurosurgery, should weigh the risks and ben-
efits of intervention for patients with PAVMs.

December 2024  e377

SINITIaIng anv
SINIINILVLS TVIINITD



CLINICAL STATEMENTS
AND GUIDELINES

$20T ‘0€ JoquioAaoN uo Aq S1o0°'sjeurnofeye//:dny woiy papeojumo(]

Bushnell et al

Table 10. Genetic Stroke Syndromes

2024 Guideline for the Primary Prevention of Stroke

X chromosome

matter abnormali-
ties, dolichoectatic
vessels

peripheral neuropathy,
cardiomyopathy, renal
failure, angiokeratomas,
corneal dystrophy

Genetic stroke Nonstroke

syndrome Inheritance | Gene affected | Stroke features manifestations Estimated prevalence

Fabry disease X-linked Alpha- Young stroke Vertigo, hearing impair- Prevalence estimates of classic Fabry disease

(OMIM 301500) galatosidase (typically posterior ment, tinnitus, cognitive | vary widely, ranging from 1:17000-1:117 000 in
(GLA] gene on | circulation), white disturbances, small fiber | males.*?*4?° Newborn screening studies suggest a

higher prevalence of likely pathogenic Fabry-causing
mutations of 1:3100-1:8454, although most
detected cases are predicted to be late onset.*30-432

(OMIM 264800)

streaks and “peau
d'orange,’ peripheral arte-
rial disease, renal artery
stenosis

Deficiency of adenos- | Autosomal ADA2 gene Recurrent ischemic Recurrent fevers, livedo Prevalence is estimated to be 1:222 000
ine deaminase 2 recessive strokes or hemor- racemosa, bone marrow | individuals.***
(OMIM 607575) rhagic strokes failure, immunodeficiency
CADASIL Autosomal | NOTCH3 Lacunar strokes typi- | Migraine with aura, Classic phenotype in 1:20000—1:50 000.43%-4%8
(OMIM 125310) dominant (chromosome | cally presenting in the | dementia, pseudobulbar | However, cysteine-altering NOTCH3 mutations may
19) 6th decade, cerebral | affect occur in as many as 1:300-1:450 people world-
microhemorrhages wide, but the phenotype varies substantially.*3°44°
CARASIL Autosomal HTRA1 Small-vessel strokes, | Premature alopecia, Extremely rare; prevalence estimates unavailable
(OMIM 600142) recessive with onset around the | dementia, spondylosis
3rd decade
Familial CCMs Autosomal cCcMm1 CCM-related hemor- | Seizures, focal neurologic | Prevalence calculated at 1:3300-1:3800, although
(OMIM 116860; dominant (KRITT), rhage deficits symptomatic cases occur in 1:5400-1:620044'
603284; 603285) CCM2 (malcav-
ernin), CCM3
(PDCD10)
COL4A1/2-related Autosomal COL4A1 or SVD, intracranial Myopathy, renal disease, | Extremely rare, although likely underdiagnosed;
disorders dominant COL4A2 hemorrhages, micro- | eye defects, cardiac prevalence estimates unavailable
(OMIM 120130; (although (procollagen hemorrhages, and arrhythmias
120090) many de type IV) aneurysms
novo)
HHT Autosomal ENG (HHTT), | Ischemic strokes Epistaxis, telangiectasias, | Prevalence estimates range from 1:5000—
(OMIM 187300; dominant ACVRL1 (overt and silent) due | pulmonary and hepatic 1:10000%42-445
600376; 175050) (HHT?2), to paradoxical emboli | AVMs
SMAD4 through PAVM; hem-
(JPHT) orrhagic stroke due
to brain AVM/vascular
malformations
Retinal vasculopathy | Autosomal TREX 1 SVD Retinopathy, migraine, Extremely rare; prevalence estimates unavailable
with cerebral dominant seizures, cognitive
leukodystrophy/ decline, psychiatric
hereditary endothe- disturbances, renal and
liopathy, retinopathy, hepatic dysfunction
nephropathy, and
stroke
(OMIM 192315)
Mitochondrial Maternal Mitochondrial Metabolic stroke Seizures, dementia, Prevalence of 3243A>G mutation is likely 1:5500—
encephalopathy, lactic DNA before 40 y of age migraines, short stature, | 1:6000 individuals,**®#4” but prevalence estimates
acidosis, and stroke- hearing loss, vomiting as high as 1:400 and as low as 1:550000 have
like episodes been reported in different populations and different
(OMIM 540000) ascertainment methods*4844°
Ehlers-Danlos Autosomal COL3AT1 Arterial dissection Thin skin, ecchymoses, Prevalence estimates between 1:100000 and
syndrome type IV dominant visceral organ rupture 1:2500004%°
(vascular type)
(OMIM 130050)
Homocystinuria Autosomal | Cystathionine | SVD Intellectual disability, Prevalence estimates vary widely, depending on
(OMIM 236250) recessive B-synthase ectopia lentis, osteopo- method of ascertainment, and vary from 1:6400-
(CBS) rosis 1:300 000451453
Pseudoxanthoma Autosomal | ABCC6 Large- and small- Skin lesions, ocular find- | Estimated prevalence 1:25000-1:100 000454456
elasticum recessive artery disease ings, including angioid

AVM indicates arteriovenous malformation; CADASIL, cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy; CARASIL, cere-
bral autosomal recessive arteriopathy with subcortical infarcts and leukoencephalopathy; CCM, cerebral cavernous malformation; HHT, hereditary hemorrhagic telangi-
ectasia; PAVM, pulmonary arteriovenous malformation; and SVD, small-vessel disease.

These genetic stroke syndromes represent the most common or well-recognized genetic stroke syndromes as of the time of this publication; this is not a comprehen-
sive list of all genes that predispose to stroke.

OMIM indicates OMIM® An Online Catalog of Human Genes and Genetic Disorders (https://www.omim.org/).
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3. Fabry disease is an X-linked lysosomal storage dis-
order resulting in a-galactosidase deficiency and
glycosphingolipid accumulation in various tissues,
including vascular endothelium. ERT with recom-
binant a-galactosidase A (agalsidase 3) has been
shown in an RCT to reduce microvascular endothe-
lial globotriaosylceramide deposits in the kidneys,
heart, and skin in patients with Fabry disease.*?
However, the impact of ERT on stroke in Fabry dis-
ease remains unclear. In an open-label trial extension
of the aforementioned trial in which 58 patients with
Fabry disease received ERT, 8.6% had a stroke dur-
ing the 30- to 36-month follow-up, which was lower
than the historical rate of 13.7%.%>* In a subsequent
randomized placebo-controlled trial, ERT delayed
the first clinical event (renal, cardiac, or cerebro-
vascular events or death), but low stroke incidence
(n=2) limited assessment of the impact of ERT
on stroke.*?® A meta-analysis of 77 cohort studies
showed that ERT is associated with fewer compos-
ite complications (renal, cardiovascular, cerebrovas-
cular)® In contrast, in a prospective observational
study, stroke rates did not differ between patients
receiving ERT and matched patients with Fabry
disease not on ERT.*?® Another prospective cohort
study of 362 patients with Fabry disease similarly
failed to show a difference in stroke rate based on
type or timing of ERT initiation.*?”

Knowledge Gaps and Future Research

» Disease-modifying therapies, including gene thera-
pies, for genetic syndromes that place affected
individuals at high risk of stroke need to be devel-
oped, and stroke-specific outcomes must be evalu-
ated. The roles of vascular risk factor modification,
antiplatelet therapy, and calcium channel blockers
in stroke prevention in patients with CADASIL are
unknown.

* In patients with HHT, the optimal screening method
for PAVM and the age at which screening should
begin are unknown.

* In individuals with HHT and PAVMs, PAVM treat-
ment selection criteria and optimal approach need
refinement.

» Further research on iron-deficiency anemia as a
modifiable stroke risk factor in individuals with HHT
and PAVMs may lead to strategies to reduce stroke.

* The role of screening and treatment for brain arte-
riovenous malformations in individuals with HHT
remains undefined.

¢ Future studies that evaluate the risk of ICH related
to female HT in patients with familial cerebral cav-
ernous malformations should stratify by type of HT
and account for risks of withholding contraception.

* Research on the role of antithrombotic agents,
propranolol, statins, and rhoA kinase inhibitors in
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individuals with familial cerebral cavernous malfor-
mations is needed.

¢ Patient selection for and timing of administration of
tumor necrosis factor inhibitors in individuals with
deficiency of adenosine deaminase 2 warrant fur-
ther investigation.

+ Given the risk of hemorrhagic stroke in patients with
deficiency of adenosine deaminase 2 and type IV
collagen—related disorders, the risks of antithrom-
botic agents in these individuals should be system-
atically evaluated.

+ Additional research is needed to better understand
how genetic drivers influence stroke risk through
vascular risk factors, common subtypes of stroke,
and uncommon familial stroke syndromes.

* Further research is needed in pharmacogenom-
ics to improve and personalize stroke prevention
strategies.

6.3. Coagulation and Inflammatory Disorders
6.3.1. Inflammation in Atherosclerosis

Recommendation for Inflammation in Atherosclerosis

Recommendation

1. In adults with a recent MI, the addition of low-
dose colchicine to intensive statin therapy might
be reasonable to decrease the risk of ischemic
stroke. 07458

Synopsis

Autoimmune conditions and inflammatory conditions,
cancers, and infections are established contributors to pri-
mary stroke risk. These conditions are thought to predis-
pose to stroke through various interrelated mechanisms,
including hypercoagulability, accelerated atherosclerosis,
abnormal vasoreactivity, endothelial dysfunction, and
activation of intravascular leukocytes, among others.
Some conditions, including psoriasis, rheumatoid arthri-
tis, lupus erythematosus, HIV/AIDS, and others, are ath-
erosclerotic CVD risk enhancers (Table 8) and should
be considered in the determination of optimal lipid man-
agement; however, disease-specific treatments to lower
stroke risk are not established. In terms of cancer risk,
heterogeneity between cancer types and stroke mecha-
nisms has led to limited data on risk stratification and
optimal preventive therapies.

Recommendation-Specific Supporting Text

1. Inflammation plays a key role in atherosclerosis,**°
and colchicine is an anti-inflammatory medication
that has been tested in a number of CVD trials. In
COLCOT (Colchicine Cardiovascular Outcomes
Trial),*®® patients with recent Ml (30 days) and
planned intensive statin therapy were randomized to
low-dose colchicine (0.5 mg daily) versus placebo.
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Colchicine was associated with a significant reduc-
tion in the primary end point (cardiovascular death,
cardiac arrest, M|, stroke, angina leading to revascu-
larization) and in the planned secondary end point of
stroke (HR, 0.26 [95% ClI, 0.10-0.70]). The absolute
risk difference after a mean follow-up of 23 months
was 0.6%. The potential benefit of colchicine for
disease prevention with chronic coronary artery
disease was evaluated in the low-dose colchicine
trial LoDoCo2 (Low-Dose Colchicine vs. Placebo
in Patients With Chronic Coronary Disease).*?! In
this study, colchicine was associated with a sig-
nificant reduction in risk for the primary end point
(ischemia-driven  coronary revascularization, M|,
ischemic stroke, cardiovascular death) but a non-
significant reduction in risk for ischemic stroke (HR,
0.66 [95% Cl, 0.35—1.25)).

6.3.2. Autoimmune Conditions

Recommendation for Inflammation in Atherosclerosis

. In patients without a history of stroke and no clini-
cal indication for anticoagulation, with a high-risk
aPL profile (ie, triple-positive antiphospholipid
testing [lupus anticoagulant, anticardiolipin anti-
body, anti—B2 glycoprotein 1] or double-positive
[any combination] or isolated lupus anticoagulant
or isolated persistently positive anticardiolipin
antibody at medium to high titers), prophylactic
treatment with aspirin (75—100 mg daily) is rec-
ommended to reduce the risk of stroke.“62463

. In patients with systemic lupus erythematosus
(SLE) and no history of thrombosis or pregnancy
complications and with a high-risk antiphospholipid
profile (ie, lupus anticoagulant, anticardiolipin
antibody, anti—-B2-glycoprotein 1, or double-positive
[any combination] or isolated lupus anticoagulant
or isolated persistently positive anticardiolipin
antibody at medium to high titers), prophylactic
treatment with aspirin (75—100 mg daily) is rec-
ommended to reduce the risk of stroke.“2463

. In patients with antiphospholipid syndrome (APS)
with prior unprovoked venous thrombosis, it is
reasonable to choose vitamin K antagonist (VKA)
therapy with a target international normalized ratio
of 2 to 3 in preference to aspirin or direct oral
anticoagulants for prevention of recurrent throm-
botic events, including stroke. 5748464465

. In patients with rheumatoid arthritis, statin treat-
ment may be reasonable to reduce major adverse
cardiovascular events, including stroke,*¢6467

In nonpregnant adults with a history of obstetric APS
only, prophylactic treatment with aspirin (76—100 mg
daily) after adequate risk/benefit evaluation (ie, aPL
profile, coexistent traditional cardiovascular risk fac-
tors, intolerance, or contraindication to aspirin) may
be considered to reduce the risk of stroke.*62468

. In patients with SLE and no history of thrombosis
or pregnancy complications and with a low-risk
antiphospholipid profile (ie, isolated anticardiolipin
antibody or anti-B2-glycoprotein 1 antibodies at
low to medium titers, particularly if transiently pos-
itive), prophylactic treatment with aspirin (76—100

mg daily) may be considered to reduce the risk of
stroke, 462463469470
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Synopsis

Autoimmune conditions cause inflammation, which con-
tributes to vascular injury and hypercoagulability, which
increase the risk of stroke. Among these conditions,
acquired and hereditary hypercoagulable states (ie,
thrombophilias) are probably the most common and well
understood. Of these conditions, the presence of aPLs
is most convincingly associated with arterial thrombosis.
APS is defined as an autoimmune condition character-
ized by the presence of venous or arterial thrombosis or
pregnancy-related complications in patients with aPLs.*"
APS can occur as a primary disease process or second-
ary to primarily autoimmune conditions (SLE, rheumatoid
arthritis, Sjogren disease, or systemic sclerosis). APS is
characterized by the persistent (repeat testing 12 weeks
apart) presence of specific aPLs plus evidence of clinical
criteria such as vascular thrombosis or pregnancy mor-
bidity.*”" Measurement of aPL titers (anticardiolipin anti-
bodies or anti—p2-glycoprotein 1 antibodies and lupus
anticoagulant) is used to define high-risk and low-risk
aPL profiles.#

Recommendation-Specific Supporting Text

1. Asymptomatic aPL carriers can be defined as indi-
viduals with 21 aPLs without history of thrombosis,
obstetrical APS, or SLE. Use of aspirin (75-100
mg daily) for primary stroke prophylaxis was first
supported by results of a meta-analysis of 7 obser-
vational studies of 460 asymptomatic aPL carriers
showing that the risk of first thrombosis (arterial
and venous combined) was reduced by half in
those who used aspirin compared with those who
did not use aspirin (OR, 0.50 [95% Cl, 0.25-0.99]).
Most patients had high-risk aPL profiles (see
definition in Table 11) and a paucity of traditional
cardiovascular risk factors.*6? Associations of simi-
lar magnitude were present in a smaller 5-study
meta-analysis of individual patient data derived
from these same studies.*®® Here, subgroup analy-
sis revealed a greater protective effect of aspirin
against arterial thrombosis in asymptomatic aPL
carriers (HR, 0.43 [95% CI, 0.20-0.93]) com-
pared with venous thrombosis (HR, 0.49 [95% Cl,
0.22-1.11]). Both meta-analyses revealed consis-
tent effects and clear benefits. Although this evi-
dence is largely from observational studies, other
professional societies have drawn similar conclu-
sions given the likelihood of benefit and low risk of
adverse events of this intervention.*”

2. In patients with SLE and high-risk aPL (see
definition in Table 11), a subanalysis of 8 mostly
observational studies from a larger meta-analysis
provides supportive evidence for the use of aspirin
(75-100 mg daily) for primary stroke prevention.
In this analysis, the risk of first thrombosis (arterial
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Table 11. Definitions of Medium to High aPL Titers and of
High-Risk and Low-Risk aPL Profiles

High-risk aPL
profile

The presence (in >2 occasions at least 12 wk apart) of
lupus anticoagulant or of double (any combination of lupus
anticoagulant, anticardiolipin antibodies, or anti—32-
glycoprotein 1 antibodies) or triple (all 3 subtypes) aPL
positivity or the presence of persistently high aPL titers

Low-risk aPL
profile

Isolated anticardiolipin antibodies or anti—f32-glycoprotein
1 antibodies at low—medium titers, particularly if transiently
positive*”

Medium-high
aPL titers

Anticardiolipin antibody of IgG or IgM isotype in serum or
plasma present in titers >40 GPL units or >40 MPL units

or above the 99th percentile measured by a standardized
ELISA

Anti—B2-glycoprotein 1 antibody of IgG or IgM isotype in
serum or plasma in titer above the 99th percentile mea-
sured by a standardized ELISA*7"472

aPL indicates antiphospholipid antibody; GPL, immunoglobulin G phospho-
lipid; 1gG, immunoglobulin G; IgM, immunoglobulin M; and MPL, immunoglobulin
M phospholipid.

and venous combined) was reduced by almost half
among patients treated with aspirin compared with
patients not treated with aspirin (OR, 0.55 [95% CI,
0.31-0.98]) without major bleeding events.*®? In a
follow-up study evaluating individual patient data
in this clinical setting, there was greater benefit of
aspirin use in arterial thrombosis prevention (HR,
0.43 [95% ClI, 0.20-0.94]) compared with venous
thrombosis (HR, 0.49 [95% CI, 0.21-1.10]).4%3 It
is notable that this association was independent
of the use of hydroxychloroquine, suggesting that
aspirin offers additional benefit in this patient group.
Patients with a high-risk aPL profile made up the
majority (but not all) of patients in these studies.
Although there was heterogeneity between the
studies, the direction of effect was consistent,
favoring aspirin use.*6%463

In patients diagnosed with APS after an initial
unprovoked venous thrombosis, recurrence rates
without VKA therapy are high, so anticoagulation
should be continued lifelong. Data from an RCT*#64
reporting exclusively patients with venous events
and pooled data from several studies showed no
additional benefit of a target international normal-
ized ratio of 3 to 4 (versus 2-3).#5%46* Notably, the
target international normalized ratio in the high-
intensity groups was inconsistently achieved,
potentially inferring the nonstatistically increased
bleeding risk in those assigned to receive
high-intensity warfarin  (HR, 2.18 [95% ClI,
0.92-5.15]).4" When anticoagulation has been
compared with aspirin, an international normal-
ized ratio of 2 to 3 has been shown to be effec-
tive, 58464474 | Jse of direct oral anticoagulants has
been suggested in patients not able to achieve a
target international normalized ratio despite good
adherence to VKA or in those with contraindica-
tions to VKA (eg, allergy or intolerance to VKA).
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Unfortunately, there is limited evidence on their
safety and effectiveness in patients with APS.#" A
recent meta-analysis of 4 open-label RCTs dem-
onstrated that patients with thrombotic APS ran-
domized to direct oral anticoagulants compared
with VKAs had increased odds of arterial throm-
bosis (OR, 5.43 [95% Cl, 1.87-15.75]; P<0.001),
especially stroke,*® but without significant differ-
ences in subsequent VTE risk or major bleeding.
Rheumatoid arthritis is a chronic autoimmune dis-
order that induces a globally elevated inflammatory
response that affects primarily joints, also causing
increased atherosclerosis that contributes to ele-
vated Ml and stroke risks. Treatment of rheumatoid
arthritis focuses on reducing inflammation systemi-
cally. Some evidence supports a potential beneficial
impact of statins on rheumatoid arthritis disease
activity, attributable to their anti-inflammatory
and immunomodulatory properties. This prem-
ise was recently explored in a large systematic
review and meta-analysis of 40307 patients.*6®
Using a total of 6 studies, including 1 double-blind,
placebo-controlled RCT*" 4 propensity score—
matched cohorts, and 1 observational study, that
study showed that the rate of major adverse car-
diovascular events (nonfatal MI, nonfatal presumed
ischemic stroke, TIA, any coronary or noncoronary
revascularization, or cardiovascular death) was
lower in patients with rheumatoid arthritis receiving
statin therapy compared with those not on statin
(OR, 0.67 [95% CI, 0.61-0.89]; P=0.005).4¢%

. The primary prevention of thrombosis with aspi-

rin (75—=100 mg daily) in women with a history
of obstetric APS without SLE was addressed in
a meta-analysis including b observational stud-
ies.*5? The pooled OR for first thrombosis (arte-
rial and venous) associated with the use of aspirin
was 0.25 (95% Cl, 0.10-0.62).452 A retrospective
study evaluating the subgroup of female patients
with APS diagnosed with APS solely as a result
of pregnancy morbidity demonstrated the protec-
tive effect of aspirin (75—100 mg daily), with 59%
of non—aspirin-treated and 10% of aspirin-treated
patients experiencing further aspirin-related clini-
cal events (P=0.00006).4%¢ Although the data
remain limited, prophylactic treatment with aspirin
(75-100 mg daily) in nonpregnant women with a
history of obstetric APS can be considered but only
after adequate risk/benefit evaluation (ie, aPL pro-
file, coexistent traditional cardiovascular risk fac-
tors, intolerance/contraindication to aspirin).

Less evidence is available on the use of aspirin

(75-100 mg daily) in patients with a history of

obstetric APS without SLE and low-risk aPL profile
(see definition in Table 11); however, data from 2
cohort studies indicate that the use of aspirin was
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associated with a lower risk of arterial (and venous)
thrombosis in this clinical setting.*¢®4® In aggre-
gate, the results of these studies and others*62463
demonstrate that up to one-third of patients with
SLE with aPL (inclusive of all profiles) develop
thrombotic complications at sometime during the
disease course. The prevalence of clinical throm-
botic events was significantly higher when all 3
types of aPL were present compared with only
anticardiolipin—positive cases.*6947

Knowledge Gaps and Future Research

Future research on primary stroke prevention as associ-
ated with thrombophilic and rheumatological conditions
and traits should address the following:

* Whether, in the absence of venous thrombosis, there
is an indication for antithrombotic therapy for pri-
mary stroke prevention;

* Whether, in the absence of venous thrombosis, the
presence of a PFO influences the risk of primary
stroke and what the optimal primary prevention
strategy is; and

* Adequately powered studies to study each trait
individually; if a heightened risk of primary stroke is
confirmed, clinical trials to evaluate the optimal anti-
thrombotic treatment to reduce risk.

There remains a paucity of data to inform primary pre-
vention of stroke in people with APS; consequently, the
following knowledge gaps remain:

* Further clarification of whether direct oral anticoag-
ulants (all or some) are less effective than warfarin
to reduce the risk of stroke in this population and

+ The role of dual antiplatelets in APS, with reports
suggesting a possible preventive role or in addition
to anticoagulation.

6.3.3. Malignancy
Synopsis

Ischemic stroke risk begins to increase in the early stages
of some cancers.>47®47" Heterogeneity between cancer
types and stroke mechanisms has led to limited data on
risk stratification and optimal preventive therapies. Cancer-
related stroke is now considered an embolic stroke of
unknown source subgroup, accounting for 5% to 10% of
these strokes.*®4® Pathological mechanisms for cancer-
related stroke include hypercoagulability, direct invasion
or compression of blood vessels, radiation arteriopathies,
nonbacterial thrombotic endocarditis, and secondary
effects of chemotherapy (eg, cardiac toxicity), among oth-
ers.*® Arterial embolism in patients with cancer may be
related to VTE in the setting of a PFO, which is present
in #25% of the general population.*®" Although hyperco-
agulability is common in patients with cancer, the benefit
of antiplatelet or anticoagulant use, as well as in which

e382  December 2024

2024 Guideline for the Primary Prevention of Stroke

situation, remains uncertain. Some evidence indicates that
aspirin may help lower the risk of developing some cancers
(eg, colorectal),*82 but aspirin use for primary prevention of
cancer-related stroke is not well established.*83484 Although
low-molecular-weight-heparin agents are commonly used
empirically, their benefit is unclear,*®* particularly in patients
with cancer with uncertain risk of hemorrhage.*®®

Knowledge Gaps and Future Research

+ Patients with cancer are variably predisposed to
hypercoagulability but may also be at a higher risk
for bleeding with antithrombotic therapies. In these
patients, the benefit of antithrombotic therapies for
primary stroke prevention is not well established,
and further research is needed.

* The need for anticoagulation to prevent stroke in
different types of cancer is not known and should
be a focus of further research.

* Biomarkers (eg, D-dimer) and mRNA expression
profiles to predict future stroke risk in the setting
of cancer hold promise, but additional research is
required.

* Although low-molecular-weight-heparin is often used
in patients with cancer and stroke to prevent throm-
boembolic complications, the potential benefit for pri-
mary cancer-related stroke prevention is unknown.

» Although there is some evidence that direct oral
anticoagulants may be used as an alternative to
low-molecular-weight-heparin, further studies are
needed to clarify indications, risks, and benefits.

6.3.4. Infection

Recommendations for Infection

Recommendations

1. In patients with periodontal disease (PD), good
oral hygiene and regular dental care can be ben-
eficial to lower stroke risk.*#5-488

2. In patients hospitalized with COVID-19, treat-
ment with full-dose anticoagulation (eg, enoxa-
parin, apixaban) is not recommended to prevent
stroke. 89490

Synopsis

Acute and chronic infections, including infections
requiring hospitalization, have been associated with an
increased risk of stroke. The mechanism underlying this
transient interval after infection during which patients
are predisposed to stroke may include inflammation,
thrombophilia, or other mechanisms.*®1-4%% Bacteremia
is strongly associated with inflammation and thrombo-
sis. Studies have reported a relative increased stroke
risk associated with sepsis*9249449%; however, the abso-
lute stroke risk remains low (*0.5% within a year). Most
infections in these studies were either respiratory or
urinary. The exact organisms were not typically known.
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Influenza is a prevalent viral illness, but specific diag-
noses of influenza are not usually available. In a case-
crossover study using California data,**® the odds of
ischemic stroke within 15 days after an influenza-like
illness were increased (OR, 2.88 [95% CI, 1.86—4.47]).
The risk decreased over time and was no longer sig-
nificant after 60 days. During the COVID-19 pandemic
of 2019 to 2023, researchers observed a high risk of
stroke among infected patients. Stroke subtypes var-
ied, including large-vessel occlusion and small-vessel,
cardioembolic, and cerebral venous thrombosis and
hemorrhages, suggesting that the mechanism may not
be specific to the viral syndrome but rather the result
of thrombophilia, endothelial dysfunction, thrombotic
microangiopathy, and nonspecific effects of inflam-
mation.*%7-%% As an example of stroke risk related to
chronic infection, observational studies have found that
poor periodontal health and periodontitis are strongly
associated with an increased stroke risk.501-9%

Recommendation-Specific Supporting Text

1. A prospective nationwide population-based study
assessed tooth scaling and CVD.*¥ In this study,
10887 subjects 250 years of age without prior Ml
or ischemic stroke who had received full-mouth or
localized tooth scaling were compared with 10989
subjects who did not have tooth scaling. During an
average follow-up of 7 years, the tooth scaling group
had lower stroke risk (HR, 0.85 [95% Cl, 0.78—-0.93]).
A retrospective study included 510762 subjects 220
years of age with PD and 208674 subjects without
PD from 2000 to 2010.%88 Those who received den-
tal prophylaxis or intensive treatment for PD had sig-
nificantly lower stroke risk than the non-PD group
(HR, 0.78 [95% ClI, 0.75-0.81]; HR, 0.95 [95% CI,
0.91-099], respectively). The individuals with PD
without treatment had the highest risk of stroke
(HR, 2.17 [95% ClI, 1.64-2.87]). The ancillary dental
ARIC study (Atherosclerosis Risk in Communities)
assessed dental care use.*® In a total of 6736 sub-
jects classified into 7 periodontal profile classes, all
7 levels showed a trend toward an increased stroke
risk. PD was significantly associated with ischemic
stroke (HR, 2.2 [95% Cl, 1.3—-3.8)).

2. A meta-analysis of 7 RCTs compared treatment with
escalated-dose (intermediate- or full-dose) antico-
agulation versus prophylactic-dose anticoagulation
in 5154 patients with COVID-19 requiring hospital-
ization.*®° The primary outcome was all-cause death
(RR, 0.96 [95% ClI, 0.78—1.18]). There were 4 RCTs
with the secondary outcome of stroke. The incidence
of stroke was 0.5% (11/2296) in the escalated-
dose group and 0.5% (12/2195) in the standard-
dose group, resulting in no significant differences
between regimens (RR, 0.94 [95% Cl, 0.43-2.09];
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P=0%). Stone et al**® conducted a randomized,
3-arm, open-label, active-controlled, multinational
multicenter trial between August 26, 2020, and
September 19, 2022. There were 3398 noncritically
ill patients hospitalized with COVID-19 randomized
to prophylactic-dose enoxaparin (n=1141), full-
dose enoxaparin (n=1136), or full-dose apixaban
(n=1121). The 30-day primary composite outcome
of all-cause mortality, requirement for intensive care
unit level of care, systemic thromboembolism con-
firmed by imaging or requiring surgical intervention, or
ischemic stroke occurred in 13.2% of patients in the
prophylactic-dose group and 11.3% of patients in
the combined therapeutic-dose groups (HR, 0.85
[95% CI, 0.69-1.04]; ~=0.11). There were no
stroke cases in the prophylactic-dose group and
only 1 stroke case in the full-dose group.

Knowledge Gaps and Future Research

* The use of the influenza vaccine for primary stroke
prevention in adults remains unclear. Systematic
reviews and meta-analyses of observation studies
(cohort, case-control, and nested case studies) sug-
gested a benefit of influenza vaccination on lowered
stroke risk. However, other meta-analyses and RCTs
reported no benefit. Further studies and clinical trials
are needed to determine whether influenza vaccina-
tion could be used as a public health strategy for
primary stroke prevention.

* Ithas been challenging to study the effects of SARS-
CoV-2 on stroke risk because of the progressive
decline of the pandemic, resulting in several studies
ending early with inadequate sample size. Further
research is needed to elucidate whether stroke is a
complication specifically of SARS-CoV-2 infection
or if it is an effect as seen with other infections and
whether treatment of SARS-CoV-2 would lead to a
lower risk of future stroke.

6.4. Substance Use and Substance Disorders

Recommendations for Substance Use and Substance Disorders

COR LOE

Recommendations

Screening intervention

1. In all adults, screening for substance misuse and
substance use disorders (eg, alcohol, cannabis,
cocaine, opioids, amphetamines) is recommended
to inform stroke risk.506-520

Other interventions

2. In patients who use recreational drugs (eg, cannabis,
synthetic cannabinoids, cocaine, heroin, methamphet-
amine), misuse alcohol or prescription medications
(eg, stimulants and opioids), or have a substance use
disorder, counseling to stop or appropriate substance
use disorder treatments (eg, pharmacological, behav-
ioral, or multimodal) as appropriate are reasonable to
reduce stroke risk.%?'-%1
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Synopsis

No data directly support interventions that address the
use of recreational substances/prescribed medica-
tions in harmful ways (misuse) or substance use dis-
orders (addictions) for primary stroke prevention. In
the United States, 23.3% of adults >18 years of age
engage in binge drinking, and 6.4% engage in heavy
drinking.%%? Alcohol has a dose-dependent relationship
with stroke,?%6751% conferring a 5.8% population attrib-
utable risk.19518833 US prevalence of recreational drug
use is reported as 21.4% in those >12 years of age.5®
Cannabis use (including synthetic analogs) is rising,
reflected in the AHA scientific statement *Medical
Marijuana, Recreational Cannabis and Cardiovascular
Health,s%* which demonstrates a dose-dependent rela-
tionship with stroke.5''?3%% QObservational data identify
that amphetamine, methamphetamine, opioid, khat, and
cocaine use increases the odds of stroke?'5516518536-639
and that temporal substance use is common in younger
stroke presentations. 53514840 Proposed mechanisms
include hemodynamic alterations, platelet activation,
electrophysiological effects, vasculopathy, and cardio-
embolism.534541-543 |n addition to addressing risk at an
individual level, effective primary prevention requires
population-level approaches, targeting first the largest
proportion at risk (ie, those misusing substances).5% For
example, policy interventions (eg, taxation and alcohol
outlet regulation) are cost-effective and reduce exces-
sive alcohol consumption.544-546

Recommendation-Specific Supporting Text

1. Heavy alcohol use, with adose-dependent response,
is consistently associated with increased stroke risk
(ischemic and hemorrhagic).®°6-°1% Although smok-
ing or ingestion routes are not specified, hospital-
izations for stroke in younger (18-38 years of age)
cannabis users is increasing,®'® often in the absence
of identifiable cardiovascular risk.5'* Similarly, when
stroke-related covariates, including tobacco smok-
ing, are controlled for, stroke/TIA risk is elevated
with more frequent than once-weekly cannabis use
across age ranges (adjusted incidence rate ratio,
47 [95% ClI, 2.1-10.7])°*® as supported by sys-
tematic review evidence®'' and representative sur-
veillance data confirming the dose-dependent (risk
behavior—adjusted) relationship.'? Meta-analyses
identify stroke as associated with opioid misuse
(adjusted OR, 2.27).5'6 A systematic review examin-
ing misuse of prescription and other amphetamine-
type stimulants identifies increased stroke risk (2
cohort studies showing adjusted RRs of 1.6 and
3.4) and increased hemorrhagic stroke risk in for-
mer users (adjusted RR, 2.3)]°'7 Longitudinal data
show that individuals who use methamphetamines
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have higher stroke incidence, particularly hemor-
rhagic stroke (HR, 2.09).5'8 Registry data (>3 million
hospital discharges) identify hemorrhagic stroke
risk associated with amphetamine (OR, 4.95) and
cocaine (OR, 2.33) use and cocaine-associated
ischemic stroke risk (OR, 2.03).5"® Observational
data show cocaine use or Khat chewing (common
in Middle Eastern and African cultures) is associ-
ated with increased stroke risk in existing cardiac
conditions 519520587

2. Although current evidence cannot directly sup-
port interventions addressing substance misuse
or substance use disorders for stroke prevention,
mitigating their known risks for premature athero-
sclerosis®7 and untimely death®8%% alongside
associated stroke risk is reasonable. Screening,
Brief Intervention and Referral to Treatment
(SBIRT)®%® programs show lower prevalence of
heavy drinking (43.4%) and illicit drug use (75.8%)
at 6 months. Systematic reviews provide moder-
ate evidence®??%?* supporting brief interventions
for harmful drinking in men and women®?? whereby
multicontact primary care interventions (1015 min-
utes) can result in 11% more adults drinking within
the recommended limits5?® Behavioral techniques
can include feedback on alcohol-related harm,
clarification of low-risk consumption levels, ben-
efits of intake reduction, motivational enhancement,
analysis of high-risk drinking situations, and coping
strategies and personal reduction planning. In indi-
viduals with an alcohol use disorder, evidence sup-
ports pharmacotherapies (acamprosate, disulfiram,
baclofen, and oral naltrexone) or combined phar-
macotherapy and evidence-based behavioral ther-
apy (eg, cognitive behavioral therapy, motivational
enhancement therapy)®2°°% for improving absti-
nence and heavy drinking. Similarly, in noncoerced
adults with an alcohol use disorder, peer-led treat-
ments (eg, Alcoholics Anonymous) and profession-
ally delivered treatments with peer-led involvement
(eg, Twelve-Steps Facilitation) can improve rates
of continuous abstinence at up to 36 months.5?!
Evidence-based agonist treatment strategies for
maintenance or suppression of opioid use disorders
include buprenorphine and methadone.52%-%31

Knowledge Gaps and Future Research

+ Additional studies are required to understand the
effects of the recent INTERSTROKE study asso-
ciation between moderate alcohol consumption and
ICH and regional differences identified in low alco-
hol intake and overall stroke risk.

* Longitudinal studies are required to understand the
effects of moderation/cessation of alcohol misuse
on future stroke risk.
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* Implementation studies are required to identify opti-
mal strategies and age range targets to increase
the delivery of alcohol misuse screening and brief
counseling or intervention across various practice
and resource settings.

* A standardized dose for cannabis use is required
(similar to the standard drink or cigarette) to allow
nonmedical cannabis use to be routinely recorded
in national and local surveillance systems to moni-
tor the effects of use and use patterns on CVD risk,
including stroke.

* Longitudinal studies addressing use frequency and
tetrahydrocannabinol concentrations and duration
of exposure are required to allow a more nuanced
understanding of the long-term clinical cerebrovas-
cular implications of cannabis use.

¢ Fundamental and clinical research on the poten-
tial short- and long-term health consequences of
synthetic cannabinoid products on cerebrovascular
function is required.

e The current association between substance
(cocaine, heroin, methamphetamines or prescrip-
tion medications [stimulants or opioids]) misuse
and stroke risk relies on hospital-based stroke
prevalence data, which are subject to significant
biases. Well-conceptualized, prospective longi-
tudinal studies are required that control for con-
founding factors, including multiple substance
use.

+ Large, well-conceptualized studies are required to
separately examine stroke types (ischemic, intra-
cerebral hemorrhagic, subarachnoid hemorrhagic)
and their association with the misuse of different
substances.

* No data directly link reduced alcohol and substance
use with reduction in stroke risk, and this gap in
knowledge should be filled.

6.5. Sex- and Gender-Specific Factors
6.5.1. Pregnancy

6.5.1.1. Prevention of Pregnancy-Associated Stroke

Recommendations for Prevention of Pregnancy-Associated Stroke

Recommendations

1. In pregnant or early postpartum (within 6 weeks
of delivery), patients with severe hypertension
(2 measurements of SBP >160 mmHg or DBP
>110 mmHg, 15 minutes apart), BP-lowering
treatment to a target <160/110 mmHg as soon
as possible is recommended to reduce the risk of
fatal maternal ICH.5%1-558

2. In patients with HDP, including chronic hyperten-
sion in pregnancy, treatment with antihypertensive
medication to a goal BP of <140/90 mmHg
is reasonable to reduce the risk of pregnancy-
associated stroke.5°%-56¢
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Synopsis

Pregnant and postpartum individuals have approximately
triple the risk of stroke compared with young adults
of a similar age.®®"%8 Although pregnancy-associated
maternal stroke is rare, occurring in 30 per 100000
deliveries,®®" stroke constitutes a leading cause of mater-
nal morbidity and mortality,5°-%"2 and significant racial
disparities are consistently observed5® Mechanisms
of pregnancy-associated stroke are diverse,7"574-580
and the sequelae can be catastrophic (Figure 4). Most
pregnancy-related strokes occur postpartum, with the
highest-risk time point being the early postpartum period
(within the first 2 weeks of delivery).57%81-%85 Patients
with HDP (Table 12) represent a particularly high-risk
group for maternal stroke,®™5%¢3%8" and ICH is a leading
cause of death in these individuals.5%'%%3-%% Additional
risk factors for maternal stroke include older age®
migraine,®™%89-%91 assisted reproductive technology,®?
obesity,®° heart disease8%% infections,®®*%% and
SLE 567897598 There are no randomized trials on optimal
primary stroke prevention strategies in pregnancy and
postpartum; however, evidence supports BP control as
critical for the prevention of maternal morbidity, includ-
ing fatal and nonfatal stroke.?®'-95%%%9-%65 |n patients with
unruptured brain arteriovenous malformations, optimal
management before and during pregnancy remains
unclear, but no evidence supports routine cesarean deliv-
ery for these individuals or for those with other unrup-
tured intracranial vascular lesions.01-6%

Recommendation-Specific Supporting Text

1. Acute, severely elevated BP in pregnancy or the
puerperium constitutes a neurological emergency
because of its high risk of hemorrhagic stroke.
Observational data support prompt BP-lowering
treatment for pregnant and postpartum patients with
severe hypertension (see Table 12 for definitions) to
prevent fatal maternal stroke. A 30-year retrospec-
tive study of 347 fatal maternal strokes in a UK
death registry, half of which were due to ICH, found
that delayed control of systolic hypertension was a
major contributing factor.?®' Four other retrospective
case series including a total of 157 maternal strokes,
the majority of which were hemorrhagic, consistently
found that delayed or ineffective treatment of severe
hypertension contributed significantly to maternal
morbidity and mortality.®5?-%%® A 2013 Cochrane
review of treatment for acute, severe hypertension
elevations postpartum found no significant differ-
ence in efficacy among fast-acting oral nifedipine,
intravenous labetalol, or intravenous hydralazine, and
all are considered reasonable options.®® A 2014
systematic review of 16 fair-quality RCTs found
that oral nifedipine, labetalol, and methyldopa are
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Hemodynamic changes

‘ MECHANISMS OF STROKE '

Ischemic stroke due
to cardioembolism

Rupture of intracranial
vascular lesions
(aneurysms,
arteriovenous
malformations)

Hypercoagulability

Maternal

Cerebral venous

Reversible cerebral Stroke sinus thrombosis

vasoconstriction syndrome
and posterior reversible
encephalopathy syndrome

‘ Cervical artery
dissection

Hypertensive
intracerebral hemorrhage

=1 &

Endothelial dysfunction

Acute hypertension

Figure 4. Mechanisms of pregnancy-associated stroke.

Mechanisms of pregnancy-related maternal stroke are diverse and can include any of the items in the figure. Approximately half of maternal
strokes are hemorrhagic, which are associated with high morbidity and mortality. Physiological changes of pregnancy, including hemodynamic
changes, hypercoagulability, and cardiac remodeling, contribute to stroke risk. Acute hypertension and endothelial dysfunction further increase the
risk of stroke in patients with hypertensive disorders of pregnancy.

suitable options for treatment of severe hyperten-
sion in pregnancy or postpartum.®5%e%8

HDP, including chronic hypertension, increase
maternal stroke risk.%%° Those with chronic hyper-
tension who develop superimposed preeclampsia
and those with sustained BP >140/90 mm Hg
are at higher risk.5°9%60%64 |n g retrospective study
of 44 million US deliveries, stroke occurred in 1 in
370 deliveries among people with superimposed
preeclampsia compared with 1 in 5000 deliver-
ies in those without hypertension.5%® Limited data
suggest that tighter BP control could reduce
maternal stroke risk without increasing fetal
risk. A meta-analysis of 12 studies including
251172 pregnant individuals found that SBP
>140 mmHg or DBP >90 mmHg was associ-
ated with a pooled risk ratio of 2.64 (95% ClI,
1.08-6.46) for maternal stroke compared with
BP <120/80 mmHg.%® The randomized CHAP

December 2024

trial (Cardiovascular Health Awareness Program)
found that among pregnant women with chronic
hypertension, tighter BP control (goal <140/90
mmHg) reduced the risk of superimposed pre-
eclampsia compared with standard care (goal
<160/110 mmHg) with no increased fetal
risk.”®® Of note, the optimal lower BP limit dur-
ing pregnancy for fetal well-being is unknown.>5¢
A retrospective study of 239454 US patients
hospitalized with severe preeclampsia found that
an increase over a 10-year period in the propor-
tion of patients receiving any antihypertensive
correlated with a >60% reduction in stroke dur-
ing delivery hospitalizations over the same time
period.®®" A French nationwide registry-based
study found that treatment with any antihyper-
tensive medication (compared with no treatment)
was associated with decreased maternal stroke
risk in women with chronic hypertension.®¢?
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Table 12. Definitions and Diagnostic Thresholds for
Hypertension in Pregnancy

Condition Definition*

Normotension No hypertension before pregnancy AND
SBP <140 mmHg AND

DBP <90 mmHg

Chronic hypertension | Hypertension diagnosis before pregnancy OR
SBP 2140 mmHg OR
DBP 290 mmHg

Must be diagnosed before 20 wk of gestation

Gestational
hypertension

No hypertension before pregnancy

SBP >140 mmHg OR

DBP >90 mmHg

Sustained on 2 measurements at least 4 h apart

Diagnosed >20 wk of gestation

Preeclampsia Gestational hypertension as defined above AND

proteinuria OR

Evidence of other organ dysfunction (thrombo-
cytopenia, acute kidney injury, liver dysfunction,
pulmonary edema, or severe headache or visual
symptoms)

May occur postpartum
SBP 140-159 mmHg OR
DBP 90-109 mmHg

Mild to moderate
hypertension
Sustained on 2 measurements at least 4 h apart
SBP >160 mmHg OR

DBP =110 mmHg

Severe hypertension

Sustained on 2 measurements 15 min apart

Superimposed
preeclampsia

Preeclampsia in a patient with a history of
hypertension before pregnancy or before 20 wk of
gestation as defined above

May occur postpartum

HELLP syndrome Severe form of preeclampsia with evidence of
hemolysis and associated elevations in liver

enzymes and thrombocytopenia

May have atypical presentation without hyperten-
sion or proteinuria

May occur postpartum

Eclampsia Severe form of preeclampsia with generalized

seizures and encephalopathy

May have atypical presentation without preceding
hypertension

May occur postpartum

DBP indicates diastolic blood pressure; HELLP, hemolysis, elevated liver
enzymes, low platelets syndrome; and SBP, systolic blood pressure.

“Definitions per current American College of Obstetricians and Gynecologists
practice bulletins.5*%® Of note, diagnostic thresholds for chronic hypertension dif-
fer in pregnancy from established thresholds for nonpregnant adults. The US
Preventive Services Task Force recommends screening pregnant individuals for
hypertensive disorders of pregnancy with blood pressure measurements through-
out pregnancy.®®

Knowledge Gaps and Future Research

Multiple areas of uncertainty remain about the prevention
of maternal stroke. We suggest the following research
priorities:

Stroke. 2024,565:¢344-e424. DOI: 10.1161/STR.0000000000000475
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* Research to define the optimal target BP dur-
ing pregnancy and postpartum to prevent
pregnancy-associated stroke in individuals with
chronic hypertension;

* Mechanistic and translational research to under-
stand the unique pathophysiology of pregnancy-
associated stroke, including investigation of the
relationship between pregnancy and acute vascu-
lopathies such as reversible cerebral vasoconstric-
tion syndrome and cervical artery dissection;

+ Creation of national registries for pregnancy-related
stroke to aid in research into risk factors for mater-
nal stroke and early clinical warning signs;

* Investigation of predictors of maternal stroke,
including blood-based or imaging biomarkers, BP
trajectories, or other clinical characteristics, as well
as potential protective factors such as the use of
low-dose aspirin (currently recommended by the
USPSTF during pregnancy to reduce the risk of pre-
eclampsia in high-risk patients);

* Clinical trials to test optimal BP management
strategies for peripartum and postpartum stroke
prevention in those with HDP, including chronic
hypertension; because of the rarity of the stroke
outcome, potential surrogate end points (eg, neuro-
imaging) could be considered; and

* Further investigation of the management of unrup-
tured intracranial vascular lesions in patients who
are or plan to become pregnant, which constitutes
an area of uncertainty.

6.5.1.2. Pregnancy and Long-Term Stroke Risk

Recommendations for Pregnancy and Long-Term Stroke Risk

Recommendations

Screening intervention

1. In adults, screening for a history of certain
adverse pregnancy outcomes (APOs), including
HDP, preterm birth, gestational diabetes, and
placental disorders, followed by subsequent evalu-
ation and management of vascular risk factors, is
recommended to reduce the risk of stroke.

1 C-EO

Other intervention

2. In patients with a history of HDP or other APOs,
early evaluation and management of chronic
hypertension are recommended to reduce the risk
of stroke 609612

1 C-LD

Synopsis

The long-term effects of pregnancy on the maternal
brain remain an understudied area. However, mounting
data support that those who experience APOs, includ-
ing HDPP® recurrent pregnancy lossS'* gestational
diabetes,f'® preterm birth,6'%6'"  small-for-gestational-
age infant®'® placental abruption®'® or stillbirth™* have
increased risk and earlier onset of cerebrovascular dis-
ease (Table 13).5196136% The incidence of APOs in the
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Table 13. APOs Associated With Long-Term Stroke Risk

2024 Guideline for the Primary Prevention of Stroke

US prevalence Ischemic Hemorrhagic
(% of total Any stroke, stroke, RR/ stroke, RR/
APO Definition pregnancies)* RR/HR (95% CI) | HR (95% CI) HR (95% CI)
HDP Any of the following disorders 15.9520 RR, 1.74 RR, 1.65 RR, 2.26
(1.45-2.10)%%° (1.44-1.88)°6°° (1.32-3.87)°°°
Gestational See Table 12 6.5621 RR, 1.23 RR, 1.35 RR, 2.66
hypertension (1.20-1.26)°%° (1.19-1.53)%% (1.02-6.98)°%°
Chronic hypertension See Table 12 2.3620 HR, 1.27 HR ,1.21 HR, 1.62
in pregnancy (0.97-1.68)%2 (0.90-1.63)%22 (0.85-3.09)522
Preeclampsia See Table 12 3.8 RR, 1.75 RR, 1.74 RR, 2.77
(1.56-1.97)6°° (1.46-2.06)%° | (2.04-3.75)%°
Superimposed See Table 12 20-50 of pregnancies with | RR, 3.86 RR, 2.30 RR, 2.97
preeclampsia chronic hypertension®?* (1.91-7.82)60° (0.95-5.55)60° (0.42-21.13)60°
Preterm birth Spontaneous or medically indicated birth 10.5%%° RR, 1.65 HR, 1.54 HR, 1.31
before 37 wk of gestation (1.51-1.79)°"" (1.47-1.61)818 (1.25-1.38)¢816
Placental abruption Premature separation of placenta from uterus | 0.6—162¢ RR, 1.70 HR, 1.4 HR, 1.4
before delivery of fetus (1.19-2.42)81° (1.1-1.7)% (1.1-1.9)5%"
Recurrent pregnancy >2 Spontaneous miscarriages 5628 HR, 1.42% HR, 1.37t HR, 1.41%
loss (1.05-1.90)%"* (1.23-1.53)%° (1.08-1.84)%»
Small-for-gestational- Neonate with weight <10th percentile for 1.56%0 HR, 1.3
age infant gestational age based on reference standard (1.0-1.7)51®
Gestational diabetes Gilucose intolerance with onset or first 8.3%1 RR, 1.45 RR, 1.49 RR, 1.44
recognition during pregnancy (1.29-1.63)%'° (1.29-1.71)%" | (1.16-1.78)°'°
Fetal death Intrauterine fetal demise after 20 wk of 0.6%%2 HR, 1.38
gestation (1.11-1.71)814

APO indicates adverse pregnancy outcome; HDP, hypertensive disorders of pregnancy; HR, hazard ratio; and RR, risk ratio.
RR and HR are based on published meta-analyses; when multiple meta-analyses were available, the most recent is cited. If no meta-analyses were available for the
specific exposure or outcome, RR or HR is from other recent published studies. Reported RR and HR are final adjusted models or pooled adjusted models (for meta-

analyses).
“Prevalence per individual, not per pregnancy.
THR for >3 miscarriages.

United States is rapidly increasing,%2°%%* and major racial
disparities persist®®' No RCTs have evaluated specific
interventions after APOs to reduce the risk of future
stroke, although small trials have investigated the impact
of postpregnancy interventions to mitigate stroke risk
factors.611612636636 We recommend that clinicians screen
parous adults for a history of APOs and discuss the
increased risk of stroke with these patients, who are often
unaware of their risk (Figure 5).5%" These discussions may
also help patients make informed decisions about future
pregnancies. Particular attention to the identification of
modifiable vascular risk factors is advised for patients
with a history of APOs. Even young adults with a his-
tory of APOs, especially HDP, have an increased risk of
developing chronic hypertension as soon as 2 years after
the index pregnancy.5® Early diagnosis and treatment of
chronic hypertension in these individuals may reduce the
risk of cerebrovascular disease in midlife and beyond.

Recommendation-Specific Supporting Text

1. APOs affect 1 in 5 US pregnancies®®*5% and are
associated with increased risk of developing car-
diovascular risk factors and symptomatic CVD,%%°
including stroke specifically. Eleven recent system-
atic reviews and meta-analyses investigated the
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impact of APOs individually and collectively on long-
term maternal stroke risk.609614615617619640-645 A
strong, consistent association between APO history
and stroke risk was identified, with risk estimates
from 20% to 30% higher in those with a history of
gestational hypertension or small-for-gestational-
age infant to nearly 4-fold higher in those with a
history of superimposed preeclampsia (Table 13).
Long-term stroke risk increases when multiple
pregnancies are affected66'86% syggesting a
dose response. It is unknown whether APOs directly
increase stroke risk or indicate an accelerated tra-
jectory of cerebrovascular disease due to genetic
or environmental factors.®*¢%4” Prepregnancy health
influences the development of APOs,*® and shared
risk factors likely account for some of the asso-
ciation between APOs and long-term stroke risk.
Thus, despite the fact that no randomized trials
have specifically evaluated the effect of vascular
risk factor modification on stroke risk in individu-
als with a history of APOs, it is recommended that
clinicians, including obstetrician-gynecologists and
other primary care clinicians, screen parous adults
for a history of APOs and, if present, identify and
treat modifiable stroke risk factors using the Life's
Essential 8 approach (see Sections 4.1-4.8).

Stroke. 2024;565:¢344-e424. DOI: 10.1161/STR.0000000000000475
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PATIENT WITHOUT
HISTORY OF STROKE

NO YES

Have you ever been
pregnant?

v

went away afterward)?

CONCLUDE How many times?
SCREENING
v
How many pregnancies were
v affected by a miscarriage? v
ANSWER: €1 ANSWER: 22
»  How many pregnancies were
affected by preterm birth? v
Y ANSWER: 1
ANSWER: 0
I_, How many pregnancies were affected by
high blood pressure (incl. postpartum)?
v
v
ANSWER: 21
ANSWER: O
|—> In how many pregnancies was the baby
born small for gestational age? v
v ANSWER: >1
ANSWER: 0

In how many pregnancies did you experience
A

gestational diabetes (diabetes during pregnancy that

ANSWER:

A4
ANSWER: 0

21

|_, How many pregnancies were affected by placental abruption
(placenta separated from the uterus before birth)?

ANSWER: 0

A4
ANSWER: 21

in fetal death (stillbirth)?

How many pregnancies ended

\4

ANSWER: 21

Figure 5. Screening algorithm for history of adverse pregnancy outcomes in adults.

Incl. indicates including.

2. Aretrospective cohort study of 2227711 women
without preexisting chronic hypertension found,
using French health registry data, that those with
preeclampsia or gestational hypertension had

Stroke. 2024,565:¢344-e424. DOI: 10.1161/STR.0000000000000475

nearly 8 or 9 times more chronic hypertension,
respectively, by 10 years postpartum compared
with those without HDP. After adjustments for
other cardiovascular risk factors, 10-year risk
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for stroke doubled after preeclampsia (adjusted
HR, 2.0 [95% ClI, 1.8-2.2]) and was 70% higher
after gestational hypertension (adjusted HR, 1.7
[95% CI, 1.5-1.9]).5"% In a prospective cohort of
4484 US women followed up from early in their
first pregnancies, those with any APO had dou-
ble the risk of incident hypertension within 2 to
7 years of the index pregnancy.®® In a Finnish
cohort of 144306 parous women with a median
follow-up time of 31 years, those with a history
of recurrent APOs (>1 pregnancy affected) had
more than double the odds of stroke before 45
years of age compared with those with no APO
history.f'® No randomized trials have specifically
evaluated BP reduction as a strategy to reduce
long-term stroke risk in individuals who experi-
ence APOs. However, given the consistently
observed associations between APOs and early-
onset hypertension and the strong association
between untreated hypertension and stroke risk
(see Section 4.6, Blood Pressure), screening of
BP and identification and treatment of hyperten-
sion are recommended for adults with a history
of APOs, regardless of age, to reduce the risk of
stroke in midlife and later.

Knowledge Gaps and Future Research

The impact of pregnancy and other reproductive factors
on long-term stroke risk remains an understudied area.
Even the effects of healthy pregnancy on the maternal
cerebral vasculature are not well characterized. Optimal
strategies for prevention of future stroke in those who
have experienced APOs remain unclear. Future research
should include the following:

* Mechanistic, translational, and high-quality population-
based research to determine the effects of normal
pregnancy, age at first pregnancy, and number of
pregnancies on long-term maternal cerebrovascular
risk;

» Studies to determine whether the relationship
between APOs and future stroke risk is directly or
indirectly causal;

* Randomized clinical trials to determine whether spe-
cific primary prevention strategies such as antiplate-
lets, statins, or targeted BP management can reduce
long-term stroke risk in those who have experienced
HDP and other APOs;

* Research to understand the relationship between
infertility, including treatment for infertility, and long-
term stroke risk;

+ High-quality population-based research to investi-
gate the relationship between lactation and long-
term maternal cerebrovascular risk; and

* Research to characterize stroke risk in the offspring
of pregnancies complicated by APOs.
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6.5.2. Endometriosis
Recommendations for Endometriosis

COR LOE Recommendations

Screening intervention

o 1. In adults, screening for a history of endometriosis
is reasonable to inform the risk of stroke 549-6%

Other intervention

2. Inindividuals with endometriosis, vascular risk
factor evaluation and modification of vascular
risk factors are reasonable to reduce the risk of
stroke.840-653

2a C-LD

Synopsis

Emerging evidence supports endometriosis as a female-
specific risk factor for stroke. Endometriosis, defined by
the occurrence of endometrial tissue outside the uterus,
is a chronic gynecological condition that is associated
with chronic inflammation, immune activation, and hor-
monal disruption. Diagnosis is usually made during the
reproductive years, with a diagnosed prevalence of =1
in 10, but the true prevalence of endometriosis is uncer-
tain because definitive diagnosis requires laparoscopy.5%*
Endometriosis has been associated with cardiovascular
risk factors, including increased risk of hypertension®®
and hypercholesterolemia.®® In recent years, evidence
has shown an increased risk of CVD&46%0852 and coro-
nary heart disease.f® Among those with endometrio-
sis, studies have shown a consistently increased risk of
stroke.t4976%3 To evaluate stroke risk, performing a gyne-
cological and reproductive history, including assessment
of endometriosis, is likely to be beneficial. Young indi-
viduals with endometriosis are a subgroup who might
benefit from enhanced attention to cardiovascular risk
assessment and prevention strategies; however, defini-
tive studies are lacking.

Recommendation-Specific Supporting Text

1. Recenthigh-quality observational studies and meta-
analyses have consistently found an increased
risk of stroke among those with endometriosis.
In a population-based study in Taiwan, those with
endometriosis had a 16% increased risk (95% Cl,
2%-31%) of total stroke.®® A population-based
matched cohort study in the United Kingdom
found an increased risk of cerebrovascular disease
among those with endometriosis (HR, 1.19 [95%
Cl, 1.04-1.36]).5%2 The Nurses' Health Study in the
United Stated found an increased risk of stroke
(HR, 1.34 [95% CI, 1.10-1.62]) among individuals
with laparoscopically confirmed endometriosis®®’;
39% of the associated stroke risk was mediated
by hysterectomy/oophorectomy and 16% by HT.6%"
A meta-analysis of first incident stroke data from 3
longitudinal cohort studies of stroke®°%%2 found an
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HR of 1.17 (95% ClI, 1.7-1.29) for cerebrovascu-
lar disease.5%® A recent Canadian population-based
cohort study found an increased risk of stroke
among those with endometriosis (RR, 1.11 [95%
Cl, 1.02-1.20]).5*° Mendelian randomization analy-
ses further support a causal relationship between
endometriosis and stroke.®®” Thus, asking about a
history of endometriosis can be useful in evaluating
stroke risk.

2. High-quality observational studies have consis-
tently found a 16% to 34% increased risk of stroke
among those with endometriosis.®*9-6%% Patients
with endometriosis are at higher risk of hyperten-
sion, elevated cholesterol, and inflammation.8546%5
Diagnosis of endometriosis usually occurs during
the reproductive years* identifying an at-risk
group in early adulthood in whom prevention, iden-
tification, and modification of vascular risk factors
may reduce the risk of stroke; however, definitive
data are lacking.

Knowledge Gaps and Future Research

Future trials should examine the following:

* Whether adding endometriosis to risk prediction
models improves cardiovascular prediction;

¢ Whether interventions to treat cardiovascular risk
factors reduce risk among those with endometriosis;

» Whether early treatment for endometriosis (eg,
medications or surgical removal) works as a cardio-
vascular preventive strategy; and

* Whether polycystic ovarian syndrome is a potentially
important risk factor for stroke in individuals with
ovaries, which should be a future area of research.

6.5.3. Hormonal Contraception
Recommendations for Hormonal Contraception

Recommendations

1. In individuals considering CHC, lower doses of
ethinyl estradiol are recommended to minimize
potential increased stroke risk.5%8-66%

2. Inindividuals with specific stroke risk factors (ie,
age >35 years, tobacco use, hypertension, or
migraine with aura) who are considering contra-
ception, shared decision-making is recommended
to determine the best contraceptive choice to bal-
ance the risk of stroke from contraception and the
risk of stroke with pregnancy.

3. Inindividuals with specific stroke risk factors (ie,
age >3b years, tobacco use, hypertension, or
migraine with aura) who are considering contra-
ception, progestin-only contraception or nonhor-
monal contraception is reasonable to prevent the
increased stroke risk associated with estrogen-
containing contraception,370661-670

Synopsis

According to the US Department of Health and Human
Services, in 2017 to 2019, *65% of women in the United
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States who were 15 to 49 years of age were using con-
traception.”" Common forms include oral contraceptive
pills (14%) and long-acting reversible hormonal con-
traceptives such as intrauterine device and implanta-
tion (10.4%).5™" Oral contraceptive pill use is highest in
young women, those 15 to 29 years of age, whereas
overall contraception use is lower in this age group (age
156-19 years rate, 38.7%; and age 20-29 years rate,
60.9%). Contraceptive choices and preferences have
broadened over the past 15 years to include transder-
mal contraception, newer intrauterine devices, differing
dosages of estrogen-containing pills, and different types
of progestin; thus, the risk of stroke with these differ-
ent choices needs to be evaluated. Recent registry data
report a lower rate of stroke in women using combined
hormonal contraception (8.8 versus 21.4 events per
100000 person-years).5¢9672 The overall rate of stroke in
women using hormonal contraception is lower than the
rate of stroke in women from pregnancy (30 in 100000
pregnancies).®” Data on the relationship between hor-
monal contraception and risk of incident stroke are from
observational case-control cohorts and meta-analysis of
this data. The amount of control of other risk factors var-
ies widely between these studies.

Recommendation-Specific Supporting Text

1. Research has identified a direct, linear relation-
ship between a higher dose of estrogen in CHC
and an increased risk of stroke. Conversely, lower
estrogen content is associated with reduced
risk 658659661662665670 Women who used a CHC
with <60 pg estrogen have a lower risk of stroke
compared with women who use preparations with
a higher estrogen content (RR, 2.08 [95% ClI,
1.565-2.8] versus RR, 4.53 [95% CI, 2.17-9.5];
P=0.01)5% More recently, 1 group performed
a meta-analysis using 6 cohorts and 12 case-
control studies to evaluate stroke risk associated
with every 10 pg estrogen use (OR, 1.19 [95% ClI,
1.16—1.23]). These risks were consistent for both
ischemic stroke (OR, 1.24 [95% CI, 1.17-1.292])
and hemorrhagic stroke (OR, 1.10 [95% ClI, 1.04~
1.16]).5% Duration of use increases stroke risk
after 1 year®® for every 5 years of use.

2. Contraceptive choice is affected by many medi-
cal and personal factors for the patient. Shared
decision-making is recommended to weigh the
benefits and risks of these choices. For example,
the absolute stroke risk when evaluating the 6-
fold increase stroke risk associated with migraine
with aura using CHC is different for a person 18
years of age than for a person 45 years of age
(20.4 versus 386.4 events per 100000 person-
years).3"9672 Consideration of the risk of stroke
from contraceptive choice should also be bal-
anced by consideration of the effectiveness of
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Table 14. Contraception Method and Effect on Stroke Risk

Increase to | Contraceptive
Method Hormone stroke risk | effectiveness, %
Withdrawal method None None <87
Condoms None None <87
Diaphragm None None 88
Surgical sterilization None None >99
Progestin injection Depo-medroxyprogesterone None 93-97
Progestin IUD Levonorgestrel None >99
Progestin implantation Etonogestrel None >99
Progestin-only pills Drospirenone or norethindrone None <90
Transdermal patch 20 ug ethinyl estradiol and norelgestromin or levonorgestral + 93-97
Vaginal ring 15 pg ethinyl estradiol and 120 pg etonogestral + 93-97
Combined oral contraception <20 pg ethinyl estradiol and all progestin + 93-97
Combined oral contraception 30-40 pg ethinyl estradiol and first-generation progestin ++ 93-97
Combined oral contraception 30 pg ethinyl estradiol and second- or third-generation progestin +++ 93-97
Combined oral contraception >50 pg ethinyl estradiol and all progestin +++ 93-97

IUD indicates intrauterine device; +, mild increase in stroke risk; ++, moderate increase in stroke risk; and +++, severe increase in stroke risk.

each contraception option (Table 14) and the
stroke risk associated with pregnancy. Similar risk
factors increasing the risk of stroke from CHC
(ie, hypertension, smoking, migraine with aura)
also increase the stroke risk from pregnancy. A
thoughtful discussion of absolute risk between
the health care professional and patient can
improve patient-centered care, patient engage-
ment, and stroke reduction.

3. CHC can synergistically increase existing stroke
risk factors. Lidegaard et al®”? demonstrated
an exponential stroke risk increase with age
using CHC, growing from 3.4 to 64.4 events
per 100000 person-years for individuals 15
to 49 years of age. Further studies have con-
firmed an increased risk related to CHC use with
increased age, especially when 35 years of age
is used as a cutoff.660685670 CHC synergistically
increases the risk of hypertension up to 4-fold,
smoking up to 3-fold,*”® and migraine with aura
up to 6-fold.3™ Higher estrogen doses signifi-
cantly increased the risk of stroke in those who
smoke.®%® Progestin-only contraception in all
routes is not associated with an overall increased
stroke risk.663664666667669  However, progestin-
only contraception use in the setting of hyper-
tension can increase stroke risk.®® The RATIO
study (Risk of Arterial Thrombosis in Relation to
Oral Contraceptives) demonstrated a higher risk
of stroke in women with cardiovascular risk fac-
tors than women without in combinations con-
taining 30 pg of estrogen plus second or third
generation progestins.” However, the different
generations of progestin stroke risk did not differ
in women without stroke risk factors.®™
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Knowledge Gaps and Future Research

The average age of stroke incidence continues to
decrease with increased prevalence of common stroke
risk factors.

* There is a lack of new cohort data to reflect the
changes rates of stroke with CHC in our current
population.

» There are gaps in direct comparison of stroke risks
related to CHC versus pregnancy.

6.5.4. Menopause

Recommendations for Menopause
COR LOE

Screening intervention

Recommendations

1. Screening for a history of premature ovarian
failure (before 40 years of age) and early meno-
pause (before 45 years of age) can be beneficial
to inform the risk of stroke.®™-67

Other interventions

2. In patients with premature ovarian failure (meno-
pause before 40 years of age) or early meno-
pause (before 45 years of age), evaluation and
modification of vascular risk factors are recom-
mended to reduce the elevated stroke risk in this
population, 674675677-670

3. In women =60 years of age, more than 10 years
after natural menopause, or at elevated risk for
CVD or stroke, oral estrogen-containing meno-
pausal HT is associated with an excess risk of

stroke and must be weighed against clinical ben-
eﬁts.658‘680*683

Synopsis

Menopause is the loss of ovarian follicular activity and
subsequent decline in estrogen production. Onset
occurs between 45 and 56 years of age in 90%

Stroke. 2024;565:¢344-e424. DOI: 10.1161/STR.0000000000000475



$20T ‘0€ JoquioaoN uo Aq S0 sjeurnofeye//:dny woiy papeojumo(

Bushnell et al

2024 Guideline for the Primary Prevention of Stroke

of women (mean, 51.4 years of age).®®* Premature
menopause (onset before 40 years of age) and early
menopause (before 45 years of age) can be due to pri-
mary ovarian insufficiency, surgical oophorectomy, or
medication-induced menopause.®® Surgical meno-
pause is the result of bilateral oophorectomy per-
formed before natural menopause. Reproductive
life span, defined as the time between the onset of
menarche and the age at menopause, if <30 years,
has been identified as a potential risk factor for
stroke.5™88 More than 50% of women experience
frequent vasomotor symptoms during the menopausal
period.®®* Severe and frequent symptoms are associ-
ated with an increased risk of CVD.®® Women with
more severe vasomotor symptoms tend to be older,
heavier, or Black/African American and tend to have
lower socioeconomic status and a higher-risk CVD

profile.58¢ Whether vasomotor symptoms are inde-
pendently associated with the risk of stroke is uncer-
tain.679686-689 Estrogen-based therapies are the most
effective treatments for moderate to severe vasomo-
tor symptoms. However, HT, particularly oral HT, has
been associated with risk of CVD in multiple RCTs and
meta-analyses.5%8680-683 Thys, risk factor assessment
and evaluation of the individual benefits and risks of
HT must be carefully considered (Figure 6). It is also
important to note that topical estrogen treatments are
not associated with stroke risk.%°!

Recommendation-Specific Supporting Text

1. Approximately 5% of women experience a natural
menopause before 45 years of age, and many oth-
ers have bilateral oophorectomy before 45 years of

thrombophilic disorders

Assess for contraindications to menopausal hormone therapy use:

History of breast cancer, liver disease, history of myocardial infarction, known or
suspected estrogen-dependent neoplasia, history of deep vein thrombosis,

Ideal candidate for starting MHT:

1) <60y of age

2) Within 10 years since
menopause onset

3) No elevated risk for
cardiovascular disease, stroke,
or breast cancer

Figure 6. Considerations for
menopausal hormone treatment
(MHT) to minimize stroke risk.5®°

Oral Transdermal
formulations: formulation:
If previous No increased risk
hysterectomy -

of stroke with
Estrogen only low-dose ’
estrogen vs
high-dose
transdermal or
oral estrogen

If uterus intact -
Estrogen plus
progesterone or
bazedoxifine

Monitor for
abnormal vaginal bleeding

endometrial hyperplasia
during MHT use
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age. The preponderance of data support that early
menopause (before 45 years of age) is a risk fac-
tor for stroke specifically. Multiple prospective stud-
ies have consistently shown an increased risk of
stroke among those with premature or early meno-
pause,t™e7567" with other analyses showing similar
trends.58592 |n a meta-analysis of individual data
from 15 prospective studies, those with menopause
before 40 years of age had a 32% increased risk of
stroke (95% ClI, 1.43-2.07) and those with meno-
pause between 40 and 44 years of age had an HR
of 1.09 (95% ClI, 1.18-1.43).5% Findings for stroke
mortality have been less consistent.?926% The type
of menopause, natural or surgical, does not appear
to modify the association with stroke.

2. During the decline of estradiol levels in the
menopausal transition, LDL levels generally rise
and high-density lipoprotein levels decline.®** In
many women, menopause contributes to a rise
in BP, warranting monitoring during the meno-
pausal transition.®®® Premature menopause and
early menopause have been associated with
a substantially increased risk of stroke and
advance the time of onset of changes in lipids
and BPS™67671670 Data are lacking on whether
hormone replacement therapy, at least until the
average age of menopause, might modify this risk.
The ACC/AHA 2018 guideline on cholesterol
management included premature menopause as
a risk-enhancing factor to be considered in cho-
lesterol management decisions.”™ Primary preven-
tion of CVD and screening for and managing risk
factors are warranted for those with a history of
premature and early menopause.

3. The excess risk of stroke with the use of estrogen-
containing HT is well established, but the majority
of the RCT data come from the Women's Health
Initiative, in which the mean age was 67 years. The
USPSTF in 2022 estimated that use of estrogen-
only formulations results in 79 (95% Cl, 15-159)
more strokes per 10000 women treated, and
estrogen/progestin formulation results in 52 (95%
Cl, 12-104) more strokes per 10000 women
treated.8% A synthesis of systematic reviews of 17
RCTs reported a cumulative RR of 1.17 (95% ClI,
1.05—-1.29) and an RR of 1.35 (95% Cl, 1.08—-1.69)
for nonfatal stroke with HT use.®®® Another meta-
analysis showed a 32% risk during HT (HR, 1.32
[95% ClI, 1.12-1.56]) but among those with past use
(HR, 1.00 [95% ClI, 0.85-1.28]).°%2 Observational
data from the UK Biobank showed a small but signif-
icant increase in the risk of ischemic stroke with HT
and a 33% increased risk of subarachnoid hemor-
rhage (HR, 1.33 [95% ClI, 0.14-1.71]).8%¢ According
to the Menopause Society, settings where estrogen-
based HT may be most appropriate include the use
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of the lowest effective dose of estrogen in women
<60 years of age with low cardiovascular, thrombo-
embolic, and breast cancer risk profiles who do not
have unexplained vaginal bleeding or liver disease®”’
(Figure 6). Transdermal formulations of estrogen
(especially low dose) were not associated with a
clear risk of stroke.916986%9

Knowledge Gaps and Future Research

* The presence of vasomotor symptoms but, more
important, features such as severity and frequency
and the association with stroke risk require more
focused studies. There may ultimately be a clearer
association identified with continued follow-up in
cohorts such as SWAN (Study of Women’s Health
Across the Nation) and other pooled analyses/
meta-analyses.

+ Additional research on the impact of age at men-
arche and reproductive life span on cardiovascular
risk is needed.

* Whether those with premature menopause benefit
from hormone replacement therapy or early cardio-
vascular risk factor management to reduce long-
term cardiovascular risk is unknown.

* Lower doses of estrogen and transdermal routes
have been studied for their impact on subclini-
cal CVD but not in RCTs, and stroke incidence in
healthy users has yet to be studied.

6.5.5. Transgender Health

Recommendation for Transgender Health

COR LOE Recommendation
1. In transgender women and gender-diverse indi-
viduals taking estrogens for gender affirmation,
2a C-LD ) . )
evaluation and modification of risk factors can
be beneficial to reduce the risk of stroke.™0-7%°
Synopsis

Transgender and gender-diverse people experience
disparate access to and outcomes within health care,
including stroke.®” Studies suggest that transfeminine
people using gender-affirming HT may have a higher
incidence™™" and prevalence™?™3 of stroke. Similar
outcomes have not been described in transmasculine
people using gender-affirming HT, but this population
tends to be much younger.”73 There are limitations
in available data that inhibit the ability to define more
precisely the potential risk, to identify the mechanisms
driving this effect, and to assess interventions. The lack
of standardized and inclusive gender identity collection
in population health studies, stroke cohort studies, and
electronic health records obscures health data in these
populations.Research has exclusivelyincluded transgen-
der and gender-diverse people using gender-affirming
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HT, leading to a gap in knowledge of the cerebrovas-
cular health of those who do not use gender-affirming
HT and a potential bias in the interpretation of the role
of gender-affirming HT in stroke risk. In addition, the
research populations have included few individuals >50
years of age, the age at which strokes are more likely to
occur. Current data lack detailed sociocultural informa-
tion and measures of minority stress that may be impor-
tant mechanisms for stroke disparities in transgender
and gender-diverse people. Despite these limitations, it
is reasonable to evaluate and address risk factors in
transfeminine people using gender-affirming HT given
the current research findings.

Recommendation-Specific Supporting Text

1. A cohort study of 2842 transfeminine people and
2118 transmasculine people receiving care in the
Kaiser Permanente health care systems found that
transfeminine people using gender-affirming HT
had a higher incidence of ischemic stroke compared
with cisgender women (adjusted HR, 1.9 [95% ClI,
1.3-2.6]) but not compared with cisgender men
(adjusted HR, 1.2 [95% CI, 0.9-1.7]).° Stroke
incidence in the transmasculine cohort was similar
to that in cisgender populations, although the evi-
dence was insufficient to allow conclusions about
risk among transmasculine participants.”® These
findings were consistent with a study from a single
center in the Netherlands that found a higher age-
adjusted standardized incidence ratio for stroke in
transgender women (median age, 30 years) using
gender-affirming HT compared with cisgender
women (standardized incidence ratio, 2.42 [95% Cl,
1.65-3.42]) and cisgender men (standardized inci-
dence ratio, 1.80 [95% ClI, 1.23—-2.56]), whereas no
difference was found for transgender men (median
age, 23 years).™" Data from the 2014 to 2017
Behavioral Risk Factor Surveillance System™? and
a 2019 systematic review™® similarly suggest a
higher prevalence of stroke in transgender women.
The observational design of the published studies
indicating a potentially increased risk of stroke in
transfeminine individuals taking gender-affirming
HT should be interpreted with caution because
these studies lack important details on the hor-
mone regimens, hormone levels, lifestyle factors
(eg, tobacco use), and external minority stress risk
factors in the studied populations. In addition, major
limitations of the studies are the young age of this
population and the limited follow-up time. It is rea-
sonable to assume that interventions on known
vascular risk factors such as tobacco use and
hypertension would be effective at reducing stroke
risk in this population; however, specific intervention
studies inclusive of transgender people are lacking.
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Knowledge Gaps and Future Research

Despite heightened awareness of health disparities
experienced by transgender and gender-diverse peo-
ple, there are numerous gaps in knowledge concerning
stroke risk. Further investigation into the following should
be prioritized:

» Systematically collecting inclusive, participant-
centered gender identity separate from sex assigned
at birth in population health studies, cohort studies,
and electronic health records;

* Assessing the cerebrovascular health of transgen-
der and gender-diverse people who are >50 years
of age or not using gender-affirming HT and of
those who identify outside of binary gender (nonbi-
nary people, agender people);

¢ Identifying the mechanisms driving disparities in
stroke incidence, including but not limited to spe-
cific hormone regimens, hormone duration, levels
and route of administration, assessment of gender
minority stress and resilience, and SDOH; and

+ Assessing the efficacy of interventions to reduce
stroke risk in transgender and gender-diverse
people.

6.5.6. Testosterone Use

Recommendation for Testosterone Use

Recommendation

1. In men 45 to 80 years of age with confirmed
hypogonadism who are considering testosterone
therapy, initiation or continuation of testosterone
replacement therapy is reasonable and does not
increase the risk of stroke.”*-70¢

Synopsis

The potential increased risk of stroke in men with con-
firmed hypogonadism using exogenous testosterone has
been debated for several years. Observational studies
and small randomized clinical trials showed conflicting
results, leading the US Food and Drug Administration to
issue a warning about the potential for increased risk of
stroke and heart attacks in 2015.7" Recent data suggest
that initiation or continuation of transdermal testosterone
therapy in individuals with appropriate indications is rea-
sonable and does not increase the risk of stroke.

Recommendation-Specific Supporting Text

1. Two systematic reviews of randomized clinical trials
and observational studies published before 2017
found no evidence for an increased risk of stroke
in men using exogenous testosterone therapy.
However, they noted that the low level of evidence
limited definitive conclusions.”™6 The 2023
TRAVERSE study (Testosterone Replacement
Therapy for Assessment of Long-Term Vascular
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Events and Efficacy Response in Hypogonadal
Men) sought to provide higher-quality evidence
through a multicenter, randomized, double-blind,
placebo-controlled noninferiority trial.”®* The study
enrolled 5246 men 45 to 80 years of age with con-
firmed hypogonadism (defined as reporting associ-
ated symptoms and having 2 fasting testosterone
levels <300 ng/dL) to receive daily transdermal
1.62% testosterone gel with dose adjustments
to target levels between 350 and 750 ng/dL or
placebo gel for a mean of 21.7£14.1 months. The
participants either had preexisting CVD (defined as
coronary artery disease, cerebrovascular disease,
or peripheral arterial disease) or had high risk of
CVD (defined as >3 risk factors, including hyperten-
sion, dyslipidemia, current smoking, stage 3 chronic
kidney disease, diabetes, elevated C-reactive pro-
tein level, age >65 years, or Agatston coronary
calcium score >75th percentile for age and race).
Investigators found no significant difference in the
incidence of the primary composite end point of
major adverse cardiac events or in the component
end point of nonfatal stroke.

Knowledge Gaps and Future Research

* The 2023 TRAVERSE study provides reassurance
that testosterone gel does not increase the risk of
stroke in men with risks for stroke and who have
confirmed hypogonadism. The risks of stroke for
other populations of men who use testosterone off-
label are not known.

* The effects of other testosterone formulations and
routes of administration on the risk of stroke are not
well studied.

* Future research may include investigation into other
populations who may use testosterone, testosterone
preparations and routes of administration, and lon-
ger durations of testosterone use.

7. HEART DISEASE
7.1. Cardiomyopathy

Recommendation for Cardiomyopathy

Recommendation

1. In patients with left ventricular systolic dysfunction
(ejection fraction <35%-40%) and no evidence
of AF or left ventricular thrombus, anticoagulation
is not indicated to prevent stroke and is associ-
ated with a higher bleeding risk.706708-711

Synopsis

Cardiomyopathies, including diseases of the atria and
ventricles, can increase risk of stroke, even in the absence
of AR In atrial cardiopathy, structural, electrophysiological,
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imaging, and serum biomarker abnormalities can predate
AF and lead to thrombus formation and embolization.”'2713
An abnormally increased P-wave terminal force in lead
V, on electrocardiography*~7'® and echocardiographic
abnormalities of the left atrium™™'® have consistently
been associated with incident stroke. A shortcoming of
these studies is the variable intensity in identifying prior or
incident AR, which may be present with increased surveil-
lance. Nonetheless, measures of atrial cardiopathy may
have utility for stroke risk stratification. Cardiomyopathy
with reduced left ventricular ejection fraction is also a risk
factor for stroke. Thrombin-related pathways may induce
inflammation, endothelial dysfunction, and arterial and
venous thrombosis,"7'° and there is interest in antiplate-
let and anticoagulation medications to reduce thrombo-
embolic events.”08-710720-724 Tyyo RCTs—one of warfarin
versus aspirin in patients with cardiomyopathy and no
evidence of AF""" and one of rivaroxaban versus placebo
in patients with worsening heart failure, coronary artery
disease, and no evidence of AF™?®—showed no difference
in the primary composite outcome of major adverse car-
diovascular events, a modest reduction in the secondary
outcome of stroke, and increased risk of bleeding.

Recommendation-Specific Supporting Text

1. Based on the WARCEF trial (Warfarin Versus
Aspirin in Reduced Cardiac Ejection Fraction)”" in
which there was no difference in the primary com-
posite outcome of ischemic stroke, ICH, or death
but a significant reduction in ischemic stroke,
the 2014 guideline on primary stroke preven-
tion'™ recommended anticoagulant or antiplatelet
agents as reasonable for patients with heart fail-
ure and no AF. Since publication, 2 subanalyses
from WARCEF™8""" and an RCT of rivaroxaban
versus placebo™® also have demonstrated no dif-
ference in the primary composite outcome, mod-
estly reduced stroke events, and increased risk of
bleeding. In COMMANDER HF (A Study to Assess
the Effectiveness and Safety of Rivaroxaban in
Reducing the Risk of Death, Myocardial Infarction
or Stroke in Participants With Heart Failure and
Coronary Artery Disease Following an Episode of
Decompensated Heart Failure),”® compared with
placebo, there was no difference in major cardio-
vascular events (25.0% versus 26.2; HR, 0.94
[95% Cl,0.84-1.05]; ~=0.27), rates of stroke were
2.0% versus 3.0% (HR, 0.66 [95% ClI, 0.47-0.95)),
and major bleeding occurred in 3.3% versus 2.0%
(HR, 1.68[95% Cl,1.18-2.39]), respectively. Taken
together, there is no clear net benefit and possible
harm in prescribing anticoagulation for patients
with cardiomyopathy and reduced left ventricular
ejection fraction who have no other indication for
anticoagulation.”0726

Stroke. 2024;565:¢344-e424. DOI: 10.1161/STR.0000000000000475



$20T ‘0€ JoquioaoN uo Aq S0 sjeurnofeye//:dny woiy papeojumo(

Bushnell et al

Knowledge Gaps and Future Research

¢ Atrial cardiopathy without clinical AF is a risk fac-
tor for stroke, yet gaps remain in how to reduce
this risk. Studies of anticoagulation in patients with
atrial high-rate events, a precursor to stroke, and
in patients with cryptogenic stroke, which may be
secondary to subclinical AR have not been effective
in preventing stroke. Although these studies did not
enroll patients on the basis of echocardiographic or
echocardiographic criteria of atrial cardiopathy, they
suggest that subclinical AF and other tachyarrhyth-
mias with subsequent thromboembolism may not
be the only mechanism responsible for increased
stroke risk. More studies are needed to understand
the cause and management of stroke risk in patients
with atrial cardiopathy without AR,

* Among patients with cardiomyopathy and reduced
left ventricular ejection fraction, the 2 major clinical
trials show a signal for reduced ischemic strokes
with anticoagulation; however, the primary out-
comes of these studies are negative, stroke events
are low, and there is a significantly higher bleeding
risk. Therefore, the net benefit for any one patient
remains unknown. Future trials of anticoagulation
in patients with cardiomyopathy and reduced left
ventricular systolic function should select people at
highest risk for stroke and consider more individual-
ized estimation of risk/benefit thresholds.

* There are no data assessing the use of antiplatelet
therapy (versus placebo) for primary stroke preven-
tion in patients with cardiomyopathy, which may be
an area for future research.

8. ANTIPLATELET USE FOR PRIMARY
PREVENTION

Recommendations for Antiplatelet Use for Primary Prevention

Recommendations

1. In patients with diabetes or other common vascular
risk factors and no prior stroke, the use of aspirin to
prevent a first stroke is not well established.™”-"!

2. In patients with established, stable coronary artery
disease and a low bleeding risk, the addition
of ticagrelor to aspirin beyond 12 months for a
period up to 3 years may be beneficial to reduce
the rate of ischemic stroke.”™?

3. Inindividuals >70 years of age with at least 1
additional cardiovascular risk factor, the use of aspi-
rin is not beneficial to prevent a first stroke. %073

4. In patients with chronic kidney disease, the use of
aspirin is not effective to prevent a first stroke.”*

Synopsis

Several medical conditions predispose to vascular dis-
ease progression over a period of years. These risk
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factors can contribute to large-vessel atherosclerosis,
SVD, or both. It is common for vascular disease to evolve
from nonstenotic plaques to areas of stenosis or occlu-
sion. Before producing overt symptoms, prophylactic use
of aspirin could be useful for preventing Ml or ischemic
stroke. However, the use of aspirin can also increase the
tendency for major or minor bleeding events. Therefore,
research has focused on the identification of patients at
increased risk for thrombotic events and acceptably low
bleeding risk, for whom the balance could favor use of
aspirin. Several recent trials in important patient groups
(elderly, people with diabetes) have not shown benefit
for stroke prevention with aspirin use.

Recommendation-Specific Supporting Text

1. In patients with a single risk factor or multiple risk
factors, the use of aspirin to prevent major vascu-
lar events, including stroke, has been tested. In the
ARRIVE trial (Use of Aspirin to Reduce Risk of
Initial Vascular Events in Patients at Moderate Risk
of Cardiovascular Disease), 12546 patients judged
to be at moderate risk for vascular events were ran-
domized to aspirin 100 mg/d versus placebo.”” The
primary composite end point did not differ between
the 2 groups, and there was no difference in the
rate of fatal or nonfatal stroke (aspirin, 1.20%; pla-
cebo, 1.07%). In addition, this trial included an
intermediate-risk sample with risk factors treated
more proportionately than in prior aspirin trials (75%
on antihypertensive medications and 43% on statins).
The JPPP trial (Japanese Primary Prevention Project)
enrolled participants between 60 and 85 years of age
with a history of hypertension, diabetes, or hyperlip-
idemia."® The primary end point was stroke, MI, and
vascular death. The study was stopped for futility after
60 months of follow-up. The primary end point was
2.77% with aspirin and 2.96% with placebo.

2. For patients with established coronary artery dis-
ease, the use of ticagrelor in addition to background
therapy with aspirin can modestly reduce stroke.
In the PEGASUS-TIMI 54 trial (Prevention of
Cardiovascular Events in Patients With Prior Heart
Attack Using Ticagrelor Compared to Placebo on a
Background of Aspirin—Thrombolysis in Myocardial
Infarction 54), patients were enrolled with MI 1 to 3
years previously along with at least 1 additional vas-
cular risk factor. With 33 months of follow-up and
stroke as an exploratory outcome, the addition of
ticagrelor 60 mg was associated with a reduction in
any stroke (HR, 0.75 [95% Cl, 0.57-0.98]; P=0.03),
with a trend toward reduction in ischemic stroke
(HR, 0.76 [95% CI, 0.66-1.02]; P=0.06).*? The
annualized rate of stroke was 0.65 in the placebo
group and 0.49 in the ticagrelor group, although this
follow-up may be shorter than in many primary
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prevention trials. The rates of major bleeding were
also higher in the 90-mg and 60-mg ticagrelor
groups (2.3% and 2.6%, respectively) compared
with placebo (1.06%).

3. Advanced age is a vascular risk factor. The ASPREE
trial (Aspirin in Reducing Events in the Elderly)
enrolled patients >70 years of age to compare aspi-
rin 100 mg/day with placebo®® The primary end
point was fatal coronary heart disease, nonfatal M|,
fatal or nonfatal stroke, or hospitalization for heart
failure. With a median age of 74 years and a median
of 4.7 years of follow-up, there was no reduction in
the primary end point or stroke with aspirin therapy. A
prespecified secondary analysis of ASPREE found
a small increase in intracranial bleeding with aspirin
use (0.7% absolute increase).”® In a subanalysis of
JPPP focused on stroke, there was no reduction in
stroke associated with aspirin use among Japanese
patients with a mean age of 71 years.”™

4. For patients with chronic kidney disease, a meta-
analysis compared major vascular event outcomes
with aspirin or placebo.”* Among 4468 study par-
ticipants, no clear benefit was seen with aspirin for
major vascular events (HR, 0.92 [95% ClI, 0.49-
1.73]) or stroke (HR, 0.86 [95% CI, 0.48-1.56]).

Knowledge Gaps and Future Research

» With several large clinical trials demonstrating lack
of benefit for aspirin in the primary prevention set-
ting, the question arises whether a patient profile
exists that could benefit from aspirin use. Additional
studies could be focused on patient groups with a
potentially favorable risk/benefit equation such as
the following:

— Patients with asymptomatic but demonstrable
vascular disease such as asymptomatic carotid
stenosis,

— Patients with elevated coronary calcium scores,

— Patients with abnormal ankle-brachial index ratios,

— Subjects with familial hypercholesterolemia,

— Patients with elevated lipoprotein(a) levels, and

— Patients with asymptomatic intracranial stenosis.

 Further information is also needed on prophylac-
tic use of aspirin in higher-risk communities such
as individuals who are Black, Hispanic, Native

American, or Asian.
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