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ABSTRACT

AIM The "2025 AHA/ACC/AANP/AAPA/ABC/ACCP/ACPM/AGS/AMA/ASPC/NMA/PCNA/SGIM Guideline for the Prevention, Detection,
Evaluation, and Management of High Blood Pressure in Adults" retires and replaces the "2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/
ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults."

METHODS A comprehensive literature search was conducted from December 2023 to June 2024 to identify clinical studies, reviews, and
other evidence performed on human subjects that were published since February 2015 in English from MEDLINE (through PubMed),
EMBASE, the Cochrane Library, the Agency for Healthcare Research and Quality, and other selected databases relevant to this guideline.

STRUCTURE The focus of this clinical practice guideline is to create a living, working document updating current knowledge in the
field of high blood pressure aimed at all practicing primary care and specialty clinicians who manage patients with hypertension.

This document was approved by the American College of Cardiology Clinical Policy Approval Committee and the American Heart
Association Science Advisory and Coordinating Committee in April 2025, and the American College of Cardiology Science and Quality
Committee and the American Heart Association Executive Committee in May 2025.

The American College of Cardiology requests that this document be cited as follows: Jones DW, Ferdinand KC, Taler SJ, Johnson HM,
Shimbo D, Abdalla M, Altieri MM, Bansal N, Bello NA, Bress AP, Carter J, Cohen JB, Collins KJ, Commodore-Mensah Y, Davis LL, Egan B,
Khan SS, Lloyd-Jones DM, Mazurek Melnyk B, Mistry EA, Ogunniyi MO, Schott SL, Smith SC Jr, Talbot AW, Vongpatanasin W, Watson KE,
Whelton PK, Williamson JD. 2025 AHA/ACC/AANP/AAPA/ABC/ACCP/ACPM/AGS/AMA/ASPC/NMA/PCNA/SGIM guideline for the prevention,
detection, evaluation, and management of high blood pressure in adults: a report of the American College of Cardiology/American Heart
Association Joint Committee on Clinical Practice Guidelines. J Am Coll Cardiol. https://doi.org/10.1016/j.jacc.2025.05.007.

This article has been copublished in Circulation and Hypertension.

Copies: This document is available on the websites of the American College of Cardiology (www.acc.org) and the American Heart
Association (professional.heart.org). For copies of this document, please contact the Elsevier Inc. Reprint Department, via fax (212-633-3820)
or e-mail (reprints@elsevier.com).

Permissions: Multiple copies, modification, alteration, enhancement, and/or distribution of this document are not permitted without the
express permission of the American College of Cardiology. Requests may be completed online via the Elsevier site https://www.elsevier.
com/about/policies-and-standards/copyright/permissions.
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WHAT IS NEW

Table 1 highlights new and/or substantially revised
practice-changing

recommendations

iV:V:IAB B What Is New

New or Revised

Section Title

since
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iteration of the guideline and is not a comprehensive list
of all updates. Some of these recommendations have

the last

2017 Recommendation

corresponding footnotes not captured in this table.

2025 Recommendation

New terminology

New recommendation

New recommendation

New recommendation

Revised recommendation

Revised recommendation

Revised recommendation

Revised recommendation

New recommendation

N/A

3.2.3. Secondary Forms of Hypertension

3.2.3.1. Primary Aldosteronism

5.1. Lifestyle and Psychosocial
Approaches

5.2.2. BP Treatment Threshold and the
Use of CVD Risk Estimation to Guide
Drug Treatment of Hypertension

5.2.2. BP Treatment Threshold and the
Use of CVD Risk Estimation to Guide
Drug Treatment of Hypertension

5.3.1. Diabetes

5.3.8. Hypertension Treatment in
Patients With Chronic Kidney Disease

5.3.9.1. Acute Intracerebral Hemorrhage

Hypertensive urgency

N/A

N/A

N/A

COR 1: Use of BP-lowering medications is
recommended for secondary prevention of
recurrent CVD events in patients with clinical
CVD and an average of SBP =130 mm Hg or an
average DBP =80 mm Hg and for primary
prevention in adults with an estimated 10-year
ASCVD risk of =10% and an average SBP =130
mm Hg or an average DBP =80 mm Hg

COR 1: Use of BP-lowering medication is
recommended for primary prevention of CVD
in adults with no history of CVD and with an
estimated 10-year ASCVD risk <10% and an
SBP =140 mm Hg or a DBP =90 mm Hg

COR 2b: In adults with diabetes and hypertension,
ACEi or ARB may be considered in the presence
of albuminuria.

COR 2a: In adults with hypertension and CKD
(stage 3 or higher or stage 1 and 2 with
albuminuria =300 mg/d, or =300 mg/g
albumin-to-creatinine ratio or the equivalent
in the first morning void), treatment with an
ACEi is reasonable to slow kidney disease
progression.

AND

COR 2b: In adults with hypertension and CKD
(stage 3 or higher or stage 1 and 2 with
albuminuria =300 mg/d, or =300 mg/g
albumin-to-creatinine ratio or the equivalent
in the first morning void), treatment with an
ARB may be reasonable if an ACEi is not
tolerated.

N/A

Severe hypertension

COR 1: In adults with resistant hypertension, screening
for primary aldosteronism is recommended
regardless of whether hypokalemia is present to
increase rates of detection, diagnosis, and specific
targeted therapy.

COR 1: In adults with an indication for screening for
primary aldosteronism, it is recommended to
continue most antihypertensive medications (other
than MRA) prior to initial screening to minimize
barriers to or delays in screening.

COR 2a: In adults with or without hypertension,
potassium-based salt substitutes can be useful to
prevent or treat elevated BP and hypertension,
particularly for patients in whom salt intake is
related mostly to food preparation or flavoring at
home, except in the presence of CKD or use of
drugs that reduce potassium excretion where
additional monitoring is probably indicated.

COR 1: In adults with hypertension without clinical CVD
but with diabetes or CKD or at increased 10-year
CVD risk (ie, =7.5% based on PREVENT), initiation
of medications to lower BP is recommended when
average SBP is =130 mm Hg and average DBP
is =80 mm Hg to reduce the risk of CVD events and
total mortality.

COR 1: In adults with hypertension without clinical CVD
and with estimated 10-year CVD risk <7.5% based
on PREVENT, initiation of medications to lower BP
is recommended if average SBP remains =130
mm Hg or average DBP remains =80 mm Hg after
a 3- to 6-month trial of lifestyle intervention to
prevent target organ damage and mitigate further
increases in BP.

COR 1: In adults with diabetes and hypertension, ACEi
or ARB are recommended in the presence of CKD as
identified by eGFR <60 mL/min/1.73 m? or
albuminuria =30 mg/g and should be considered
when mild albuminuria (<30 mg/g) is present to
delay progression of diabetic kidney disease.

COR 1: For adults with hypertension and CKD as
identified by eGFR <60 mL/min/1.73 m? with
albuminuria of =30 mg/qg, RAASi (either with ACEi
or ARB but not both) is recommended to decrease
CVD and delay progression of kidney disease.

COR 2a: For adult patients with acute spontaneous ICH
who present with SBP between 150 and 220
mm Hg, it can be beneficial to immediately lower
SBP to 130 to <140 mm Hg for at least 7 days after
ICH to improve functional outcomes, but stop
antihypertensive medications if SBP <130 mm Hg.

Continued on the next page
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2025 Recommendation

Revised recommendation

Revised recommendation

Revised recommendation

New recommendation

New recommendation

New recommendation

Revised recommendation

New recommendation

New recommendation

New recommendation

New recommendation

5.3.9.1. Acute Intracerebral Hemorrhage COR 2a: In adults with ICH who present with SBP

5.3.9.2. Acute Ischemic Stroke

>220 mm Hg, it is reasonable to use
continuous intravenous drug infusion and close
BP monitoring to lower SBP.

COR 3 Harm: Immediate lowering of SBP to <140
mm Hg in adults with spontaneous ICH who
present within 6 hours of the acute event and
have an SBP between 150 and 220 mm Hg is
not of benefit to reduce death or severe
disability and can potentially be harmful.

5.3.9.4. Mild Cognitive Impairment and COR 2a: In adults with hypertension, BP lowering

Dementia

5.5. Hypertension and Pregnancy

5.5. Hypertension and Pregnancy

5.5. Hypertension and Pregnancy

5.5. Hypertension and Pregnancy

5.6. Resistant Hypertension and Renal
Denervation

5.6. Resistant Hypertension and Renal
Denervation

5.6. Resistant Hypertension and Renal
Denervation

6.2. Hypertensive Emergencies and
Severe Hypertension for
Nonpregnant and Nonstroke
Patients

is reasonable to prevent cognitive decline and
dementia.

N/A

N/A

N/A

COR 3 Harm: Women with hypertension who
become pregnant should not be treated with
ACEi or direct renin inhibitors.

N/A

N/A

N/A

N/A

COR 2a: In adults with acute spontaneous ICH requiring
acute BP lowering, careful titration to ensure
smooth, nonlabile, and sustained control of BP,
avoiding peaks and large variability in SBP, can be
beneficial for improving functional outcomes.

COR 3 Harm: In patients undergoing successful brain
reperfusion with endovascular treatment for a
large vessel occlusion, lowering SBP <140 mm Hg
within the first 24 to 72 hours after reperfusion can
worsen long-term functional outcome.

COR 1: In adults with hypertension, a goal of <130
mm Hg SBP is recommended to prevent mild
cognitive impairment and dementia.

COR 1: Pregnant individuals with SBP =160 mm Hg or
DBP =110 mm Hg confirmed on repeat
measurement within 15 minutes should receive
antihypertensive medication to lower BP to <160/
<110 mm Hg within 30 to 60 minutes to prevent
adverse events.

COR 1: Pregnant individuals with chronic hypertension
(defined as prepregnancy hypertension or SBP
140-159 mm Hg and/or DBP 90-109 mm Hg prior
to 20 weeks gestation) should receive
antihypertensive therapy to achieve BP <140/90
mm Hg to prevent maternal and perinatal
morbidity and mortality.

COR 1: Individuals with hypertension who are planning
a pregnancy or who become pregnant should be
counseled about the benefits of low-dose aspirin to
reduce the risk of preeclampsia and its sequelae.

COR 3 Harm: Individuals with hypertension who are
planning a pregnancy or who become pregnant
should not be treated with atenolol, ACEi, ARB,
direct renin inhibitors, nitroprusside, or MRA to
avoid fetal harm.

COR 1: In adults with resistant hypertension, a more
detailed evaluation for secondary causes, to
include careful review of all medications and
removal of those with interfering effects on BP, is
beneficial for lowering BP and simplifying
treatment.

COR 1: All patients with hypertension who are being
considered for RDN should be evaluated by a
multidisciplinary team with expertise in resistant
hypertension and RDN.

COR 1: For patients with hypertension for whom RDN is
contemplated, the benefits of lowering BP and
potential procedural risks compared with
continuing medical therapy should be discussed as
part of a shared decision-making process to ensure
patients choose the therapy that meets their
expectations.

COR 3 Harm: For adults with severe hypertension
(>180/120 mm Hg) who are hospitalized for
noncardiac conditions without evidence of acute
target organ damage, intermittent use of
additional intravenous or oral antihypertensive
medications are not recommended to acutely
reduce BP.

ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker, BP, blood pressure; CKD, chronic kidney disease; COR, Class of Recommendation; CVD, cardiovascular
disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; ICH, intracerebral hemorrhage; MRA, mineralocorticoid receptor antagonist; PREVENT = Predicting Risk of CVD
EVENTSs; RAASI, renin-angiotensin-aldosterone system inhibitor; RDN, renal denervation; and SBP, systolic blood pressure.
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TOP TAKE-HOME MESSAGES

1. High blood pressure is the most prevalent and modi-
fiable risk factor for the development of cardiovascu-
lar diseases, including coronary artery disease, heart
failure, atrial fibrillation, stroke, dementia, chronic
kidney disease, and all-cause mortality. The over-
arching blood pressure treatment goal is <130/80
mm Hg for all adults, with additional considerations
for those who require institutional care, have a
limited predicted lifespan, or are pregnant.

2. Clinicians should collaborate with community
leaders, health systems, and practices to implement
screening of all adults in their communities and
implement guideline-based recommendations
regarding prevention and management of high blood
pressure to improve rates of blood pressure control.

3. Multidisciplinary team-based care is effective in
assessing and addressing patient access to medica-
tions and other structural barriers to support indi-
vidual patient needs and thereby reduce barriers to
achieving hypertension control. Team members may
include physicians, pharmacists, nurse practitioners,
nurses, physician assistants/associates, dieticians,
community health workers, and other health care
professionals.

4. Blood pressure is classified by the following frame-
work: normal blood pressure is defined as <120
mm Hg systolic and <80 mm Hg diastolic; elevated
blood pressure as 120 to 129 mm Hg systolic and <80
mm Hg diastolic; stage 1 hypertension as 130 to 139
mm Hg systolic or 80 to 89 mm Hg diastolic; and stage
2 hypertension as =140 mm Hg systolic or =90 mm Hg
diastolic.

5. For all adults, lifestyle changes, including maintain-
ing or achieving a healthy weight, following a heart-
healthy eating pattern (such as DASH [Dietary Ap-
proaches to Stop Hypertension]), reducing sodium
intake, increasing dietary potassium intake, adopting
a moderate physical activity program, managing
stress, and reducing or eliminating alcohol intake are
strongly recommended to prevent or treat elevated
blood pressure and hypertension.

6. Initiation of medication therapy to lower blood pres-
sure in addition to lifestyle interventions is recom-
mended for all adults with average blood
pressure =140/90 mm Hg and/or for selected adults
with average blood pressure =130/80 mm Hg who
have clinical cardiovascular disease, previous stroke,
diabetes, chronic kidney disease, or increased 10-year
predicted cardiovascular risk of =7.5% defined by
PREVENT™ (Predicting Risk of CVD EVENTS).

7. In adults with average blood pressure =130/80 mm Hg
and at lower 10-year cardiovascular disease risk defined

JACC vOL. M, NO. W, 2025
W, 2025:H-H

by PREVENT of <7.5%, initiation of medication therapy
to lower blood pressure is recommended if average
blood pressure remains =130/80 mm Hg after an initial
3- to 6-month trial of lifestyle modification.

8. For all adults with stage 2 hypertension, the initiation
of antihypertensive drug therapy with 2 first-line
agents of different classes in a single-pill, fixed-dose
combination is preferred over 2 separate pills to
improve adherence and reduce time to achieve blood
pressure control.

9. Home blood pressure monitoring combined with
frequent interactions with multidisciplinary team
members using standardized measurement and
treatment protocols and home measurement pro-
tocols is an important integrated tool to improve rates
of blood pressure control. Reliance on cuffless de-
vices, including smartwatches, for accurate blood
pressure measurements should be avoided until these
devices demonstrate greater precision and reliability.

10. Severe hypertension in nonpregnant individuals,
defined as blood pressure >180/120 mm Hg, without
evidence of acute target organ damage, should be
evaluated and treated in the outpatient setting with
initiation, reinstitution, or intensification of oral
antihypertensive medications in a timely manner.

PREAMBLE

Since 1980, the American College of Cardiology (ACC) and
American Heart Association (AHA) have translated scien-
tific evidence into clinical practice guidelines with rec-
ommendations to improve cardiovascular health. These
guidelines, which are based on systematic methods to
evaluate and classify evidence, provide a foundation for
the delivery of quality cardiovascular care. The ACC and
AHA sponsor the development and publication of clinical
practice guidelines without commercial support, and
members volunteer their time to the writing and review
efforts. Guidelines are the official policy of the ACC and
AHA. For some guidelines, the ACC and AHA collaborate
with other organizations.

Intended Use

Clinical practice guidelines provide recommendations
applicable to patients with or at risk of developing car-
diovascular disease (CVD). The focus is on medical prac-
tice in the United States, but these guidelines are relevant
to patients throughout the world. Although guidelines
may be used to inform regulatory or payer decisions, the
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, cir-
cumstances and should not replace clinical judgment.


https://professional.heart.org/en/guidelines-and-statements/prevent-calculator

JACC voL. B, NO. W, 2025
W, 2025:H-1

Clinical Implementation

Management in accordance with guideline recommenda-
tions is effective only when followed by both practi-
tioners and patients. Adherence to recommendations can
be enhanced by shared decision-making between clini-
cians and patients, with patient engagement in selecting
interventions based on individual values, preferences,
associated conditions, and comorbidities.

Methodology and Modernization

The ACC/AHA Joint Committee on Clinical Practice
Guidelines (Joint Committee) continuously reviews, up-
dates, and modifies guideline methodology on the basis of
published standards from organizations, including the
National Academy of Medicine (formerly the Institute of
Medicine),”” and on the basis of internal reevaluation.
Similarly, presentation and delivery of guidelines are
reevaluated and modified in response to evolving tech-
nologies and other factors to optimally facilitate dissem-
ination of information to health care professionals at the
point of care.

Numerous modifications to the guidelines have been
implemented to make them shorter and enhance “user
friendliness.” Guidelines are written and presented in a
modular recommendation format in which each chunk
includes a table of recommendations, a brief synopsis,
recommendation-specific supportive text and, when
appropriate, flow diagrams or additional tables. Hyper-
linked references are provided for each modular knowl-
edge chunk to facilitate quick access and review.

In recognition of the importance of cost-value consid-
erations, in certain guidelines, when appropriate and
feasible, an assessment of value for a drug, device, or
intervention may be performed in accordance with the
AHA/ACC methodology.?

To ensure that guideline recommendations remain
current, new data will be reviewed on an ongoing basis by
the writing committee and staff. When applicable, rec-
ommendations will be updated with new evidence, or
new recommendations will be created when supported by
published evidence-based data. Going forward, targeted
sections/knowledge chunks will be revised dynamically
after publication and timely peer review of potentially
practice-changing science. The previous designations of
“full revision” and “focused update” will be phased out.
For additional information and policies on guideline
development, readers may consult the AHA/ACC guide-
line methodology manual* and other methodology arti-
cles.>”

Selection of Writing Committee Members

The Joint Committee strives to ensure that the guideline
writing committee contains requisite content expertise
and is representative of the broader cardiovascular
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community by selection of experts across a spectrum of
backgrounds, representing different geographic regions,
sexes, races, ethnicities, intellectual perspectives/biases,
and clinical practice settings. Organizations and profes-
sional societies with related interests and expertise are
invited to participate as collaborators.

Relationships With Industry and Other Entities

The ACC and AHA have rigorous policies and methods to
ensure that documents are developed without bias or
improper influence. The complete policy on relationships
with industry and other entities (RWI) can be found
online. Appendix 1 of the guideline lists writing commit-
tee members’ comprehensive and relevant RWI.

Evidence Review and Evidence Review Committees

In developing recommendations, the writing committee
uses evidence-based methodologies that are based on all
available data.*° Literature searches focus on randomized
controlled trials (RCTs) but also include registries, non-
randomized comparative and descriptive studies, case
series, cohort studies, systematic reviews, and expert
opinion. Only key references are cited.

An independent evidence
commissioned when there are =1 questions deemed of
utmost clinical importance that merit formal systematic
review to determine which patients are most likely to

review committee is

benefit from a drug, device, or treatment strategy, and to
what degree. Criteria for commissioning an evidence re-
view committee and formal systematic review include
absence of a current authoritative systematic review,
feasibility of defining the benefit and risk in a time frame
consistent with the writing of a guideline, relevance to a
substantial number of patients, and likelihood that the
findings can be translated into actionable recommenda-
tions. Evidence review committee members may include
methodologists, epidemiologists, clinicians, and bio-
statisticians. Recommendations developed by the writing
committee on the basis of the systematic review are
marked “SR~,

Guideline-Directed Medical Therapy

The term guideline-directed medical therapy (GDMT)
encompasses clinical evaluation, diagnostic testing, and
both pharmacological and procedural treatments. For
these and all recommended drug treatment regimens, the
reader should confirm dosage with product insert mate-
rial and evaluate for contraindications and interactions.
Recommendations are limited to drugs, devices, and
treatments approved for clinical use in the United States.
Catherine M. Otto, MD, FACC, FAHA

Chair, ACC/AHA Joint Committee on Clinical Practice
Guidelines


https://www.acc.org/guidelines/about-guidelines-and-clinical-documents/relationships-with-industry-policy
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1. INTRODUCTION

1.1. Methodology and Evidence Review

The recommendations listed in this guideline are, when-
ever possible, evidence-based. An initial extensive evi-
dence review, which included literature derived from
research involving human subjects, published in English,
and indexed in MEDLINE (through PubMed), EMBASE,
the Cochrane Library, the Agency for Healthcare Research
and Quality, and other selected databases relevant to this
guideline published from February 2015, was performed
from December 2023 to June 2024. Key search words
included but were not limited to the following: ACC/AHA
clinical practice guideline; antihypertensive agents;
antihypertensive response; blood pressure; blood pres-
sure control; blood pressure determination; blood pres-
sure monitoring; cardiovascular disease; dosage;
hypertension; risk factors; and time factors.

Additional relevant studies, which were published
through January 2025 during the guideline writing pro-
cess, were also considered by the writing committee and
added to the evidence tables when appropriate. The
evidence tables summarize the evidence used by the
writing committee to formulate recommendations and are
available online. References selected and published in the
present document are representative and not all-
inclusive.

1.2. Organization of the Writing Committee

The writing committee consisted of general/preventive
cardiologists, interventional cardiologists, cardiac imag-
ing experts, nephrologists, internists, a neurologist, a
gerontologist, cardiovascular epidemiologists, advanced
practice nurses, a clinical pharmacist, a physician asso-
ciate, and a patient advocate. The writing committee
included representatives from the AHA, ACC, Association
of Black Cardiologists (ABC), American Academy of
Physician Associates (AAPA), American College of Clinical
Pharmacy (ACCP), Society of General Internal Medicine
(SGIM), Preventive Cardiovascular Nurses Association
(PCNA), American Medical Association (AMA), American
Association of Nurse Practitioners (AANP), National
Medical Association (NMA), American College of Preven-
tive Medicine (ACPM), American Society of Preventive
Cardiology (ASPC), and the American Geriatrics Society
(AGS). Appendix 1 of the current document lists writing
committee members’ comprehensive and relevant RWI.
On February 28, 2024, a writing committee member
disclosed relationships with Amgen and Novartis, which
were deemed to be relevant to the guideline. The member
was removed before the guideline writing committee
reviewed and approved the manuscript for submission to
the Joint Committee, the AHA Science Advisory and
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Coordinating Committee, the AHA Executive Committee,
the ACC Clinical Policy and Approval Committee, the ACC
Science and Quality Committee, and the collaborating
organizations for consideration of endorsement.

1.3. Guideline Review and Approval

The Joint Committee appointed a peer review committee
to review the document. The peer review committee
comprised individuals nominated by the ACC, AHA, and
the collaborating organizations. Reviewers’ RWI infor-
mation was distributed to the writing committee and is
published in this document (Appendix 2). This document
was approved for publication by the governing bodies of
the ACC and the AHA and was endorsed by the ABC,
AAPA, ACCP, SGIM, PCNA, AMA, AANP, NMA, ACPM,
ASPC, and AGS.

1.4. Scope of the Guideline

This guideline is intended to be a resource for clinical and
public health professionals. Clinicians should be advised
that this guideline retires and replaces the previously
published “2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/
ASH/ASPC/NMA/PCNA Guideline for the Prevention,
Detection, Evaluation, and Management of High Blood
Pressure in Adults.” This guideline does not provide rec-
ommendations on blood pressure (BP) prevention and
management in patient populations with these condi-
tions: chronic coronary disease (CCD), heart failure (HF),
atrial fibrillation (AF), valvular heart disease, aortic dis-
ease (AD), or peripheral artery disease (PAD); these topics
are the focus of other AHA/ACC guidelines as listed in
Table 2. The use of risk-based approaches to guide rec-
ommendations for initiation of antihypertensive therapy
at varying BP thresholds remains the cornerstone of pre-
ventive care (Section 5.2.1, “Initiation of Pharmacological
BP Treatment in the Context of Overall CVD Risk”). The
writing committee discussed and evaluated the optimal
approach to estimate risk among adults without clinical
cardiovascular disease (CVD) in contemporary clinical
practice and compared available data using the pooled
cohort equations (PCEs) and the PREVENT' (Predicting
Risk of CVD EVENTSs) equations regarding populations,
outcomes, predictors, and model performance. The PCEs
were derived from data on 20,338 White adults and 4,288
Black adults with baseline examinations dating from the
1960s to the 1990s. In contrast, PREVENT was derived
from contemporary data from 3.2 million individuals with
baseline examinations from 1992 to 2022 and included a
diverse sample of racial and ethnic groups. The PCEs es-
timate risk for atherosclerotic cardiovascular disease
(ASCVD) (eg, myocardial infarction [MI], stroke), whereas
PREVENT estimates risk for total CVD (MI, stroke, and
HF), which is especially relevant as trials evaluating
antihypertensive therapies and BP thresholds have
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Publication Year

Title Organization (Reference)
Guidelines
Lifestyle management to reduce cardiovascular risk AHA/ACC 20132
Management of overweight and obesity in adults AHA/ACC/TOS 2014°
Primary prevention of cardiovascular disease ACC/AHA 2019*
Management of patients with valvular heart disease ACC/AHA 2021°
Management of heart failure AHA/ACC/HFSA 2022°
Diagnosis and management of aortic disease AHA/ACC 20227
Management of patients with chronic coronary disease AHA/ACC/ACCP/ASPC/NLA/PCNA 2023%
Management of atrial fibrillation ACC/AHA/ACCP/HRS 2023°
Management of lower extremity peripheral artery disease ACC/AHA 2024'°
Perioperative cardiovascular evaluation and management of patients undergoing noncardiac surgery AHA/ACC/ACS/ASNC/HRS/SCA/ 2024"
SCCT/SCMR/SVM
Other Relevant Documents
Current science on consumer use of mobile health for cardiovascular disease prevention AHA 20152
Resistant hypertension: detection, evaluation, and management AHA 2018"
Measurement of blood pressure in humans AHA 2019
Clinical performance and quality measures for adults with high blood pressure AHA/ACC 2019'°
Blood pressure assessment in adults in clinical practice and clinic-based research ACC 2019'°
Self-measured blood pressure monitoring at home AHA/AMA 2020"
Revascularization for renovascular disease AHA 2022'8
Medication adherence and blood pressure control AHA 2022'°
An overview of telehealth in the management of cardiovascular disease AHA 2022%°
Hypertension in pregnancy AHA 20227
Life's essential 8 AHA 2022%
Management of heart failure with preserved ejection fraction ACC 2023%
Cardiovascular-kidney-metabolic health AHA 2023%*
Novel prediction equations for absolute risk assessment of total cardiovascular disease incorporating AHA 2023%°
cardiovascular-kidney-metabolic health
Implementation strategies to improve blood pressure control in the U.S. AHA 2023%¢
Renal denervation for the treatment of hypertension AHA 2024%7

ACC indicates American College of Cardiology; ACCP, American College of Clinical Pharmacy; ACS, American College of Surgeons; AHA, American Heart Association; AMA, American
Medical Association; ASNC, American Society of Nuclear Cardiology; ASPC, American Society for Preventive Cardiology; HFSA, Heart Failure Society of America; HRS, Heart Rhythm
Society; NLA, National Lipid Association; PCNA, Preventive Cardiovascular Nurses Association; SCA, Society of Cardiovascular Anesthesiologists; SCCT, Society of Cardiovascular
Computed Tomography; SCMR, Society for Cardiovascular Magnetic Resonance; SVM, Society for Vascular Medicine; and TOS, The Obesity Society.

focused on major adverse cardiovascular events (MACE)
as the primary outcome. The PCEs are applicable to adults
aged 40 to 79 years who are not on statin therapy. In
contrast, PREVENT is applicable to adults aged 30 to 79
years and includes statin therapy as a predictor, making it
more broadly applicable to guide preventive decisions
regarding antihypertensive therapy. PREVENT in-
corporates measures of kidney function, as chronic kid-
ney disease (CKD) is an important end-organ
manifestation of hypertension and is associated with
higher CVD risk. PREVENT includes the integration of
place-based social risk (social deprivation index [SDI]), as
the burden of hypertension is higher among those who
reside in neighborhoods with higher deprivation. As a

result of these changes, model performance for PREVENT
is superior to PCEs. In a contemporary sample of 3.3
million U.S. adults, PCEs overpredicted risk by 2-fold
while PREVENT had excellent calibration, even when
examined by race and ethnic group. Taken together, the
writing committee recommends the use of PREVENT to
estimate 10-year risk for CVD for adults with hypertension
without clinical CVD in determining the BP threshold for
initiation of therapies (Section 5.2.1, “Initiation of Phar-
macological BP Treatment in the Context of Overall CVD
Risk”) and the BP goal for treatment (Section 5.2.7, “BP
Goal for Patients With Hypertension”).

In developing this guideline, the writing committee
reviewed previously published guidelines and related
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TABLE 3

CLASS (STRENGTH) OF RECOMMENDATION

Class 2a (MODERATE) Benefit >> Risk

Suggested phrases for writing recommendations:
+ Isreasonable
+ Can be useful/effective/beneficial
+  Comparative-Effectiveness Phrases:
- Treatment/strategy A is probably recommended/
indicated in preference to treatment B
- Itis reasonable to choose treatment A over
treatment B

Class 2b (WEAK) Benefit > Risk

Suggested phrases for writing recommendations:

+ May/might be reasonable

+  May/might be considered

+ Usefulness/effectiveness is unknown/unclear/uncertain
or not well-established

Class 3: HARM (STRONG)

Suggested phrases for writing recommendations:

Potentially harmful

Causes harm

Associated with excess morbidity/mortality
Should not be performed/administered/other

Risk > Benefit
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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 December 2024)

LEVEL (QUALITY) OF EVIDENCEt

Level A
High-quality evidence¥ from more than 1 RCT

Meta-analyses of high-quality RCTs
+  One or more RCTs corroborated by high-quality registry
studies

Level C-LD (Limited Data)

+ Randomized or nonrandomized observational or
registry studies with limitations of design or execution

+ Meta-analyses of such studies

+ Physiological or mechanistic studies in human subjects

Level C-EO (Expert Opinion)
+ 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. Although RCTs are unavailable, there may be a very
clear clinical consenus 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 of the treatments or
strategies being evaluated.

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

COR indicates Class of Recommendation; EO, expert opinion;
LD, limited data; LOE, Level of Evidence; NR, nonrandomized,;
R, randomized; and RCT, randomized controlled trial.
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scientific statements. Table 2 contains a list of AHA/ACC
publications deemed pertinent to this writing effort and is
intended for use as a resource.

1.5. Class of Recommendations and Level of Evidence

The Class of Recommendation (COR) indicates the
strength of recommendation, encompassing the esti-
mated magnitude and certainty of benefit in proportion to
risk. The Level of Evidence (LOE) rates the quality of
scientific evidence supporting the intervention on the
basis of the type, quantity, and consistency of data from
clinical trials and other sources (Table 3).?%

1.6. Abbreviations

Abbreviations Meaning/Phrase
ABPM ambulatory blood pressure monitoring
ACEi angiotensin-converting enzyme inhibitor
AD aortic disease

AF atrial fibrillation

AKI acute kidney injury

AOBP automated office blood pressure

ARB angiotensin receptor blocker

ASCVD atherosclerotic cardiovascular disease
BB beta blocker

BMI body mass index

BP blood pressure

CccB calcium channel blocker

CCD chronic coronary disease

CKD chronic kidney disease

CKM cardiovascular-kidney-metabolic

COR class of recommendation

CPAP continuous positive airway pressure
cvD cardiovascular disease

DASH Dietary Approaches to Stop Hypertension
DBP diastolic blood pressure

eGFR estimated glomerular filtration rate

EHR electronic health record

GDMT guideline-directed medical therapy
GLP-1 glucagon-like peptide-1

HBPM home blood pressure monitoring

HCTZ hydrochlorothiazide

HDP hypertensive disorders of pregnancy

HF heart failure

HFpEF heart failure with preserved ejection fraction
HFrEF heart failure with reduced ejection fraction
HbAlc hemoglobin Alc

HIT health information technology

Continued in the next column
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Abbreviations Meaning/Phrase
HR hazard ratio

ICH intracerebral hemorrhage

v intravenous

LOE level of evidence

MACE major adverse cardiovascular event
MI myocardial infarction

MRA mineralocorticoid receptor antagonist
OH orthostatic hypotension

OSA obstructive sleep apnea

PAD peripheral artery disease

PCE pooled cohort equation

RAS renin-angiotensin-system

RAASI renin-angiotensin-aldosterone system inhibitor
RCT randomized controlled trial

RDN renal denervation

SBP systolic blood pressure

SDOH social determinants of health

SGLT2i sodium-glucose cotransporter-2 inhibitor
SPC single-pill combination

T2D type 2 diabetes

TIA transient ischemic attack

u.S. United States

2. DEFINITIONS AND CLASSIFICATION OF BP

2.1. Definition of High BP

Recommendation for Definition of High BP

References that support the recommendation are sum-
marized in the

COR LOE

RECOMMENDATION

1. In adults, BP should be categorized
as normal, elevated, or stage 1 or 2
hypertension to prevent and treat
high BP (Table 4)."+2

Synopsis

Although a continuous and graded association exists
between higher BP and CVD risk (Section 5.2.1, “Initiation
of Pharmacological BP Treatment in the Context of
Overall CVD Risk”), it is useful to categorize BP levels for
clinical and public health decision-making. In the present
document, BP is categorized into 4 levels based on
average BP measured in a health care setting (office BP):
normal, elevated, and stage 1 or 2 hypertension (Table 4).


https://doi.org/10.1016/j.jacc.2025.05.007
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iV \:]8 'Y Categories of Blood Pressure in Adults*

SBP DBP
BP Category
Normal <120 mm Hg and <80 mm Hg
Elevated 120 to 129 mm Hg and <80 mm Hg
Hypertension
Stage 1 130 to 139 mm Hg or 80 to 89 mm Hg

Stage 2 =140 mm Hg or =90 mm Hg

*Adults with SBP and DBP in 2 categories should be designated to the higher BP
category. This table excludes individuals who are pregnant (see Section 11.5, "Hyper-
tension and Pregnancy"). Adapted with permission from Whelton et al.” Copyright 2018
American College of Cardiology Foundation and American Heart Association, Inc.

BP indicates blood pressure (based on an average of =2 careful readings obtained

on =2 occasions, as detailed in Section 3 (“Evaluation and Diagnosis”); DBP, diastolic
blood pressure; and SBP, systolic blood pressure.
The rationale for this categorization is based on observa-
tional data demonstrating the association between sys-
tolic blood pressure (SBP)/diastolic blood pressure (DBP)
and CVD risk, as well as outcomes from RCTs of lifestyle
modification to lower BP and RCTs of treatment with
antihypertensive medication to prevent CVD. An
increasing number of individual studies and meta-
analyses of observational data have reported a gradient
of higher CVD risk from normal BP, to elevated BP, to
stage 1 and 2 hypertension.”> BP categories are used for
recommendations for prevention and treatment, as are
provided in Section 5 (“BP Management”). The relation-
ship of this classification schema with measurements
obtained by out-of-office BP monitoring, including
ambulatory blood pressure measurement (ABPM) and
home blood pressure measurement (HBPM), is discussed
in Sections 3.1.1 (“Accurate Measurement of In-Office
BP”), 3.1.3 (“Out-of-Office BP Monitoring”), and 3.1.4
(“ABPM and HBPM”).

Recommendation-Specific Supportive Text

1. The choice and the naming of BP categories were
based on a pragmatic interpretation of BP-related
CVD risk and benefit of BP reduction in clinical tri-
als. Meta-analyses of observational studies have
demonstrated that elevated BP and hypertension are
associated with a higher risk of CVD, end-stage kid-
ney disease, subclinical atherosclerosis, and all-cause
death.”** The recommended BP classification system
is most valuable for untreated adults to make de-
cisions about strategies to prevent or treat high BP.
However, it is also useful in assessing the success of
interventions to reduce BP.
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3. EVALUATION AND DIAGNOSIS

Synopsis

Hypertension is the most prevalent modifiable CVD risk
factor and is the leading cause of death and disability
worldwide, with an increasing burden over the last
several decades.””” From 2017 to 2020, the prevalence of
hypertension (defined as BP =130/80 mm Hg or receiving
antihypertensive therapy) among adults in the United
States was 46.7%, with the prevalence varying by age,
sex, and race/ethnicity (Table 5).> With aging, population
SBP levels tend to rise steadily to the end of life, whereas
DBP levels rise until the fifth decade of life, plateau for a
decade, and decline thereafter. Among middle-aged in-
dividuals, the remaining lifetime risks for incident hy-
pertension are as high as 80% to 90%, with earlier onset
among men compared with women, and for Black and
Hispanic compared with White and Chinese Americans.>”
Current rates of awareness, treatment, and control of
hypertension remain far below target levels for all groups
and demonstrate important age- and race-based dispar-
ities (Figure 1).>

Hypertension frequently co-occurs with other CVD risk
factors.® From 2017 to 2020, 16.6% of adults with

BN Prevalence of Hypertension* Among U.S. Adults
Aged 18 to 80 Years, 2017 to 2020

Prevalence

Demographic group Men Women

Overall 49.5% (59.0 million) 43.9% (56.3 million)

Age groups, y

18-29 20.3% 9.0%
30-44 39.6% 23.7%
45-59 57.4% 52.5%
60-74 70.7% 71.4%
75-80 83.7% 84.8%

Racial and ethnic groups
(age-adjusted)

NH White 47.0% 39.0%
NH Black 56.8% 56.7%
NH Asian 49.8% 39.1%
Hispanic 50.4% 36.3%
Other 50.7% 47.9%

*Hypertension defined as diagnosed hypertension, BP =130/80 mm Hg, or receiving
antihypertensive therapy. Derived from NHANES.?

BP indicates blood pressure; and NH, non-Hispanic.
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90%

FIGURE 1 Rates of Awareness, Treatment, and Control of Hypertension Among U.S. Adults Aged 18 to 80 Years, 2017 to 2020*

Men
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M Control to <140/<90 mm Hg

Women

4550y  60-74y  75-80y

Control to <130/<80 mm Hg
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W Awareness W Treatment

Other 1829y  30-44y

M Control to <140/<50 mm Hg

45-59y  60-74y  75-80y

Control to <130/<80 mm Hg

*Missing data points indicate uncertain estimates due to small sample sizes for that subgroup. NH indicates non-Hispanic. Derived from NHANES.®

hypertension in the United States were current smokers,
72.6% were overweight or obese, 12.3% had diabetes, and
13.4% had diagnosed CKD,° leading to additive and syn-
ergistic risks for CVD (Figure 2).’° BP is associated with
fatal and nonfatal cardiovascular events in a graded, log-
linear fashion, with an approximate doubling of risk for
each 20-mm Hg higher SBP and 10-mm Hg higher DBP
level." Among individuals without major risk factors,
relative CVD event rates increase, starting at SBP levels as
low as 90 mm Hg.">'® Higher BP is associated with an
elevated risk for total CVD, coronary heart disease, HF,
aortic and peripheral vascular disease, kidney disease,
ischemic and hemorrhagic stroke, dementia, and cogni-
tive impairment.’?® Relative risks for CVD associated

with BP attenuate somewhat, but absolute CVD rates are
substantially higher at older compared with younger
ages.'”'> Among middle-aged and older adults, the prev-
alence and risks associated with higher SBP are greater
than those associated with higher DBP.'>'®> Once BP is
above normal (SBP =120 mm Hg or DBP =80 mm Hg),
there may be irreversible vascular damage and residual
risk, even if antihypertensive treatment is started.'’-'®
Individuals with a diagnosis of hypertension who have
treated SBP/DBP levels <120/80 mm Hg have twice the
risk for CVD of adults without hypertension who have
untreated SBP/DBP levels <120/80 mm Hg,'"'® high-
lighting the importance of primordial prevention of BP
elevation.

13
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FIGURE 2 Estimated 10-Year Risks for Total Cardiovascular Disease Using the PREVENT™ CVD Risk Equations, Stratified by Blood Pressure Levels
With Selected Combinations of Risk Factors
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CVD indicates cardiovascular disease; eGFR, estimated glomerular filtration rate; and HDL, high-density lipoprotein. Derived from Khan et al'>?° via
PREVENT.
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3.1. Patient Evaluation

3.1.1. Accurate Measurement of In-Office BP

Recommendations for Accurate Measurement
of In-Office BP

COR LOE RECOMMENDATIONS

1. When diagnosing and managing high
BP in adults, standardized methods
are recommended for the accurate
measurement and documentation of
in-office BP (Figure 3)."-3

2. When measuring in-office BP in
adults, it is reasonable to use the
oscillometric method with an auto-
mated device over the auscultatory
method.

2a C-EO

Synopsis

Historically, the measurement of BP in the office
setting was performed by using auscultatory BP mea-
surements using a calibrated mercury column, which
was later replaced by auscultatory measurements using
a nonmercury device (ie, aneroid). More recently, the
use of oscillometric devices has become more common.
Oscillometric devices estimate BP by measuring oscilla-
tions during cuff inflation or deflation. At the point of
maximum cuff oscillations, the BP in the cuff is equiv-
alent to the mean BP in the artery, and SBP and DBP are
estimated using proprietary manufacturer algorithms.
For this reason, only oscillometric devices that were
validated with a rigorous standardized protocol with BP
measurement using a reference standard are recom-
mended for use (termed validated devices).*> Oscillo-
metric devices can obtain an office BP reading after the
device is manually triggered, and typically, the device
needs to be triggered repeatedly if multiple measure-
ments are taken. However, some oscillometric devices
automatically obtain multiple readings after the device
is triggered (ie, automated office blood pressure [AOBP]
measurement). In published papers, AOBP is typically
measured® without a clinician present (ie, unattended
AOBP). Regardless of the measurement approach, errors
in measurement technique are common if the mea-
surements are taken incorrectly in terms of patient
preparation and positioning, environment, and equip-
ment and can result in a misleading estimation of an
individual’s true in-office BP level.
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Recommendation-Specific Supportive Text

1. Accurate measurement of BP is essential to diagnose
high BP, ascertain BP-related CVD risk, and assess
response to therapy. Many errors in BP measurement,
which have been examined in 2 systematic reviews,”>
can be avoided by following a standardized protocol
that has been a mainstay of clinical trials that include
BP measurement." A standardized protocol, provided in
Figure 3, includes proper patient preparation, stan-
dardized measurement technique and approach,
documentation of BP, analysis of the readings, and
providing the readings to the patient. The use of a BP
device validated against a reference standard with an
appropriately sized cuff is paramount for accurate BP
measurement (see https://www.validatebp.org for a
carefully vetted list of validated devices available in
the United States).>”° Further, because individual BP
measurements may vary in an unpredictable or random
manner, a single reading is inadequate for clinical
decision-making. Office BP should be based on the
average of available readings, and an average of =2 BP
measurements obtained on =2 separate occasions may
minimize error and provide a more accurate estimation
of office BP.'®"" Regardless of the office BP measure-
ment approach, clinicians and staff should have initial
and ongoing training,"” including competency checks
ideally every 6 to 12 months to maintain best practices
for measuring BP.

2. The use of oscillometric devices has become common

in clinical trials, national surveys, and consumer mar-
ketplaces™'*>'* because the use of auscultatory mea-
surements with a calibrated mercury column is no
longer used in clinical practice due to regulatory issues
with use of mercury. The use of auscultatory mea-
surements with an aneroid device is a suitable alter-
native but requires regular device recalibration.”
Additional potential limitations to the auscultatory
method include improper stethoscope placement,
inappropriately fast cuff deflation rate, digit prefer-
ence, and observer hearing deficits.”* As long as a
standardized protocol is followed and the oscillometric
device has been rigorously validated, the use of an
oscillometric device over the auscultatory method is
reasonable.*> Oscillometric device validation has been
typically done among individuals in sinus rhythm;
however, evidence from validation studies of these
devices among individuals in AF is limited."” Oscillo-
metric devices should be recalibrated on an ongoing
basis per the manufacturer’s guidance. Mean unat-
tended AOBP is lower than mean office BP obtained
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FIGURE 3 Checklist for Accurate Office Blood Pressure Measurement

Office Blood Pressure Measurement

(1. The patient should avoid caffeine, exercise, and

smoking for at least 30 minutes before measurement.
Ensure the patient has emptied their bladder.

2. Use a blood pressure device that has been validated
for accuracy (validatebp.org).

3. Use the correct cuff size on a bare arm.
4. The patient’s arm should be supported at heart level.

5. Have the patient relax, sitting in a chair (feet on floor,
legs uncrossed, and back supported) for more than
5 minutes of rest.

6. Neither the patient nor the clinician should talk during
the rest period or during the measurement. The patient
should not be using their phone.

7. Blood pressure measurement should be taken in a
temperature-controlled room.

8. Take 2 or more blood pressure measurements at least
1 minute apart. Average the readings, and provide the
patient their blood pressure readings both verbally and
in writing.

_

BP indicates blood pressure; DBP, diastolic blood pressure; and SBP, systolic blood pressure. Sourced from Pickering et al.?® Adapted with permission from
Whelton et al.”' Copyright 2018 American College of Cardiology Foundation and American Heart Association, Inc. Adapted from Mancia et al** by permission
of Oxford University Press. Copyright 2013 Oxford University Press. Adapted with permission from Weir et a
2014 American College of Physicians. All Rights Reserved. Adapted with permission of American College of Physicians. Created by Sceyence Studios.

1> from Annals of Internal Medicine. Copyright

with a clinician present and using a standardized pro-
tocol.® Further, although there is no between-group
difference in mean unattended AOBP and mean out-
of-office BP,'®' there can be large within-person dif-
ferences between these 2 BP measurements.® Among
the few available RCTs, there were typically no differ-
ences between unattended AOBP versus AOBP
measured with a clinician present while using a stan-

dardized protocol %819

TABLE 6 Routine La_boratory Testing for New Diagnosis of
Hypertension

Diagnostic Tests

Complete blood count
Serum sodium, potassium, calcium

Serum creatinine with estimation of glomerular filtration rate (based on the 2021
CKD-EPI Creatinine Equation)

Lipid profile

Fasting blood glucose or Hemoglobin Alc

Thyroid-stimulating hormone

Urinalysis

Urine albumin-to-creatinine ratio; urine protein-to-creatinine ratio

ECG

Modified with permission from Whelton et al.* Copyright 2018 American College of
Cardiology Foundation and American Heart Association, Inc.

ECG indicates electrocardiogram.

3.1.2. Patient Evaluation, Including Laboratory Tests and Other
Diagnostic Procedures

Recommendation for Laboratory Tests and Other
Diagnostic Procedures

COR LOE RECOMMENDATION

- C-EO

1. For adults who are diagnosed
with hypertension, laboratory tests
(ie, complete blood count, serum
electrolytes, serum creatinine, lipid
profile, glucose or hemoglobin Alc
[HbA1c], thyroid-stimulating
hormone, urinalysis, and urine
albumin-to-creatinine ratio) and
diagnostic procedures (12-lead ECG)
should be performed to optimize
management.

Synopsis

When a new diagnosis of hypertension is suspected or
confirmed, a comprehensive medical history, physical
examination, laboratory tests, and other diagnostic pro-
cedures should be performed as part of the standard
evaluation of a patient. The primary goal of this evalua-
tion is to inform the need for and optimal choice of GDMT
for BP lowering. Further, this evaluation is useful for the
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identification of contributing causes of elevated BP,
including secondary causes (Section 3.2.3, “Secondary
Forms of Hypertension”), estimation of predicted car-
diovascular risk, and evaluation for the presence and
extent of target organ damage (eg, impaired kidney
function, albuminuria)." Basic laboratory testing should
be repeated in patients with hypertension at least annu-
ally, or sooner if clinical evidence of glucose intolerance,
electrolyte imbalances, or uric acid changes is noted.
Baseline testing is needed for monitoring of serum elec-
trolytes and serial assessments of kidney function and
CVD risk. In addition to the standard diagnostic assess-
ment, optional testing for cardiac biomarkers (eg, high-
sensitivity troponin [hs-cTn], B-type natriuretic peptide
[BNP]?), echocardiography, and coronary artery calcium
may be helpful for CVD risk stratification and for detec-
tion of target organ damage in individuals with hyper-
tension. Additional diagnostic evaluation should be
considered when secondary causes of hypertension are
suspected (Section 3.2.3,
Hypertension™).

“Secondary Forms of

Recommendation-Specific Supportive Text

1. In adults with a new diagnosis of hypertension, a
comprehensive medical history, physical examination,
and routine laboratory testing (Table 6) are useful to
establish baseline CVD risk and inform management
decisions, including the need for additional testing.
Pertinent laboratory tests should be repeated at least
annually to monitor for potential adverse effects of
therapies (eg, serum electrolytes), to assess for devel-
opment or progression of kidney disease (eg, urine
albumin-to-creatinine ratio," creatinine-based or
cystatin-C based estimated glomerular filtration rate
[eGFR]), and to monitor for changes in predicted CVD
risk (eg, lipid profile). Electrocardiography can provide
important information on subclinical CVD (eg, left
ventricular hypertrophy), and cardiac biomarkers,
echocardiography, and coronary artery calcium scoring
allow more refined risk estimation for CVD and assess-
ment of the prevalence and extent of subclinical CVD.>*

3.1.3. Out-of-Office BP Monitoring
Synopsis

Hypertension screening and management, including
the use of BP targets, have primarily relied on BP
measured in the office setting. Out-of-office measurement
of BP using ABPM or HBPM, which is also known as self-
measurement of BP at home, can provide valuable infor-
mation beyond office BP for the confirmation and man-
agement of hypertension. Both ABPM and HBPM provide
BP estimates that are based on a greater number of BP
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measurements than are obtained in the office setting,
enhancing the accuracy and precision for detecting a pa-
tient’s true and usual BP levels. ABPM typically involves
wearing a fully automated device, usually over a period of
24 hours, with out-of-office BP readings obtained at
relatively frequent intervals during the daytime (ie, 15-30
minutes) and less frequent intervals at nighttime (ie, 30-
60 minutes). ABPM can: 1) provide estimates of mean BP
over the entire monitoring period, and separately during
daytime and nighttime; 2) determine the daytime-to-
nighttime BP ratio to identify the extent of nocturnal
“dipping”; 3) identify the early-morning BP surge pattern;
4) estimate BP variability; and 5) allow for recognition of
hypotension. HBPM involves the patient measuring their
BP at home using an oscillometric device over days to
weeks, which can provide estimates of mean BP over the
entire monitoring period and separately during daytime
and evening, and determine daytime-to-evening BP
variability or BP variability across days.

3.1.4. ABPM and HBPM

Recommendations for ABPM and HBPM

Referenced studies that support the recommendations
are summarized in the

RECOMMENDATIONS

1. In adults with suspected
hypertension, out-of-office BP
measurements by either ABPM or
HBPM are recommended to confirm
the diagnosis of hypertension.’+

2. In adults who are taking antihyper-
1 tensive medication, HBPM is recom-
mended for monitoring the titration
of BP-lowering medication, along
with cointerventions such as patient

education, telehealth counseling,
and clinical interventions.?™®

Synopsis

High-quality out-of-office BP measurements can be
obtained using either ABPM or HBPM. ABPM has been the
de facto reference standard for out-of-office BP moni-
toring as there are more data linking ABPM to CVD events
compared with HBPM."” However, there are scarce data
on whether ABPM or HBPM is superior for CVD risk pre-
diction.”® Additional data support the use of HBPM for
longitudinal titration of antihypertensive medications.
Among adults taking antihypertensive medication,
compared with usual care, HBPM use improves office BP
control when used in conjunction with other in-
terventions to lower BP.>%%° Further, HBPM is often a
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FIGURE 4 Home Blood Pressure Monitoring'®
Home Blood Pressure Monitoring
@ i \
Device and blood pressure cuff
Use a blood pressure device that has been validated for accuracy. Check with your
clinician or other members of your care team, and the following website for devices:
www.validatebp.org.
Use the correct cuff size matched to the size of your arm.
Patient preparation
Avoid smoking, caffeinated beverages, or exercise within 30 minutes before blood
pressure measurements.
Positioning of patient and cuff
Place the cuff on a bare arm, and your arm should be supported at heart level.
The bottom of the cuff should be placed directly above the bend of the elbow.
You should relax, and sit in a chair (feet on floor, legs uncrossed, and back supported)
for at least 5 minutes.
Blood pressure measurement
While relaxing and measuring your blood pressure, please do not talk, use your phone,
or watch TV.
You should take 2 readings 1 min apart twice a day (for a total of 4 readings):
2 readings in the morning after emptying your bladder (urinating) and before taking
your medication and eating; and 2 readings at bedtime before sleep.
Check blood pressure for 3 days (minimum) to 7 days (preferred) before your
appointment or interaction with your clinician.
Document your daily blood pressure measurements in writing or electronically.
Share your readings with the clinician taking care of you.
_ A %
See Table 7 for HBPM targets. BP indicates blood pressure; and HBPM, home blood pressure monitoring. Adapted with permission from Whelton et al.'® Copyright 2019
American College of Cardiology Foundation and American Heart Association, Inc. Created by Sceyence Studios.

more practical approach in clinical practice than ABPM
and may be more reproducible and accessible, supporting
its use for longitudinal management and titration of BP-
lowering medication.'”>" Recommended procedures for
the collection of HBPM data are provided in Figure 4. It is
important to ensure that the out-of-office BP measure-
ment device has been validated with a rigorous, stan-
dardized protocol and the appropriate size cuff is used."”
A guide to the relationship between HBPM and ABPM
readings and corresponding readings obtained in the of-
fice is presented in Table 7. These thresholds are provided
as a guide but should be interpreted with caution because
the data are primarily from European, Australian, and
Asian populations, with few data available for establish-
ing appropriate thresholds for U.S. populations.'>'#
Further, the data are derived primarily from observa-
tional studies."”

Recommendation-Specific Supportive Text

1. Out-of-office BP monitoring with either ABPM or HBPM
provides valuable and distinct information compared
with office BP for confirming the diagnosis of

hypertension. Systematic reviews conducted for the
U.S. Preventive Services Task Force reported that
ABPM more strongly predicts long-term CVD outcomes
than office BP.»* Evidence suggests that HBPM more
strongly predicts CVD outcomes than office BP*%*° and
may be more reproducible than ABPM.'"' Although
ABPM provides distinctive information on nighttime
BP, HBPM is often more practical than ABPM in clinical

Values of Systolic/Diastolic Blood Pressure for
Ambulatory and Home Blood Pressure Monitoring

TABLE 7 . gy N

Corresponding to Office Systolic/Diastolic Blood
Pressure Levels

Office, HBPM, Daytime Nighttime 24-Hour

mm Hg mmHg ABPM, mm Hg ABPM, mm Hg ABPM, mm Hg

120/80 120/80 120/80 100/65 15/75

130/80 130/80 130/80 110/65 125/75

140/90 135/85 135/85 120/70 130/80

160/100 145/90 145/90 140/85 145/90

Modified with permission from Whelton et al.'® Copyright 2018 American College of
Cardiology Foundation and American Heart Association, Inc.

ABPM indicates ambulatory blood pressure monitoring; BP, blood pressure; DBP,
diastolic blood pressure; HBPM, home blood pressure monitoring; and SBP, systolic
blood pressure.
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practice.”” See Section 3.2 (“Patient Diagnosis”) for
additional details of diagnostic classification. ABPM
thresholds corresponding to office BP levels are pro-
vided in Table 7.

2. High-quality evidence supports the use of HBPM in
combination with cointerventions, such as patient ed-
ucation, telehealth (Section 5.4, “Plan of Care for Hy-
pertension”), and medication titration using
prespecified algorithms, for the longitudinal manage-
ment of BP. Meta-analyses of RCTs have identified
modest reductions in office SBP and DBP at 6 months
and 1 year with the use of HBPM on its own without
cointerventions, as compared with usual care.>3%°
More clinically meaningful reductions in office SBP
and DBP and improved BP control at 6 months and 1
year were noted when HBPM was used in conjunction
with cointerventions, compared with usual care. These
studies indicate the importance of combining HBPM
with cointerventions to make meaningful improve-
ments in office BP control rates. HBPM thresholds
corresponding to office BP levels are provided in
Table 7. More recent RCTs showed no BP-lowering
benefit of HBPM when enhanced only by using a
smartphone application (eg, providing reminders to
measure BP and with the ability to store and transmit
BP) versus HBPM alone in adults with uncontrolled
BP.> These studies reinforce the importance of
combining HBPM with interventions to make mean-
ingful advances in BP control rates. Additional studies
are required to determine the optimal approach to
implement health technology with HBPM and the best
HBPM cointervention among pregnant individuals with
chronic or gestational hypertension.'”

3.1.4.1. Cuffless BP Devices

Recommendation for Cuffless BP Devices

COR LOE RECOMMENDATION

1. In adults, the use of cuffless BP de-
vices is not recommended for the
diagnosis or management of high
BP."

3: No Benefit  C-LD

Synopsis

Traditionally, BP measurement includes an upper arm
cuff-based device for clinical, home, and 24-hour ABPM
measurement. The use of cuffless devices to measure BP
in clinical and ambulatory settings offers the potential for
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continuous, simple, and unobtrusive BP measurements to
aid in the evaluation and management of high BP. Cuff-
less technology options, often embedded in wearable,
nonwearable, or smartphone devices, estimate BP
through various approaches (eg, pulse wave velocity,
pulse transit time, pulse wave analysis, volume clamping,
and applanation tonometry).* Many of these approaches
require user calibration with periodic cuff BP measure-
ment or by demographic data input. Studies comparing
cuffless BP measurement to oscillometric or auscultatory
cuff-based methods have revealed mixed results in regard
to acceptable agreement.>* Limitations of current models
include substantial variation in sensor technologies and
validation approaches used for cuffless devices, compar-
ator measures, measurement conditions, and the pop-
ulations studied.™>*

Recommendation-Specific Supportive Text

1. The use of BP measurement devices to evaluate and
manage BP in adults in clinical practice requires
assessment based on internationally accepted valida-
tion protocols. Currently, few protocols exist for vali-
dating cuffless BP devices. The Institute of Electrical
and Electronics Engineers validation standards recom-
mend using a cutoff of <7 mm Hg for the mean absolute
difference between test and reference devices.* A sys-
tematic review and meta-analysis from 2022 evaluated
validation protocols of 15 cuffless devices; 12 of the 16
studies included in the analysis reported mean abso-
lute difference data.' Results revealed no statistically
significant differences between the wearable cuffless
and reference devices, with a pooled mean difference
of 3.42 mm Hg SBP (95% CI: —2.17 to 9.01 mm Hg) and
1.16 mm Hg DBP (95% CI: —1.26 to 3.58 mm Hg).!
Although these data are promising, the use of cuffless
devices risks the underestimation or overestimation of
BP due to the marked heterogeneity in the devices
being tested. These limitations must be overcome
before cuffless devices can be recommended for clinical
use. In 2022, the International Organization for Stan-
dardization published a validation protocol (ISO 81060-
3: 2022) for “continuous noninvasive sphygmoma-
nometers” that could be used for cuffless BP devices
that continuously measure BP but may not be appro-
priate for outpatient use.>°® In 2023, the European So-
ciety of Hypertension Working Group on BP Monitoring
and Cardiovascular Variability recommended proced-
ures for validating intermittent cuffless BP devices.”
Scarce data exist on using these protocols to test cuff-
less BP devices.
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3.2. Patient Diagnosis
3.2.1. Causes of Hypertension
Synopsis

Elevated BP and hypertension reflect a complex
interplay of behavioral, environmental, hormonal, and
genetic influences across the lifespan (Table 8). Diet
quality is significantly associated with elevated BP and
its sequelae.'® Among dietary factors influencing BP,
higher sodium intake, lower potassium intake
(measured by urinary excretion), and alcohol overuse
predominate; low intake of fiber, calcium, magnesium,
and plant protein also influence BP.*°® Weight gain,’
overweight or obesity, and related metabolic issues (ie,
insulin resistance) contribute to the increase in BP and
hypertension across the lifespan, particularly in recent
decades.®° Factors such as increasing age, obesity, and
insulin resistance influence how BP is affected by so-
dium, emphasizing the importance of lower sodium
intake.® Sleep disturbances (Section 3.2.3.3, “Obstructive
Sleep Apnea”) and psychosocial stressors can exacer-
bate,’°"” and increases in BP can be ameliorated by a
higher level of physical activity and fitness (Section 5.1,
“Lifestyle and Psychosocial Approaches”).”> Emerging
data also implicate environmental exposures and
chemical toxins (including air pollution and heavy
metals) in the increases in BP.'*"

BP is a highly heritable trait,’® and hundreds of inde-
pendent genetic loci capable of affecting BP have been
described to date.'”'® Each variant has small effects on BP
alone, but collectively they may explain larger interindi-
vidual differences in BP.'7"'® Nonetheless, all genetic loci
8 indi-
cating the importance of other factors and gene-
environment interactions.

described to date explain <10% of BP variance,’

TABLE 8 Enwronme.ntal. Behavioral, and Genetic Causes of
Hypertension

Dietary Intake Factors Nondietary Factors

Higher sodium intake Genetic variants

Lower potassium intake Overweight/obesity
Lower calcium/magnesium intake Lower physical activity/fitness

Lower diet quality (lower intake of Sleep disturbances (related to duration,
fruits/vegetables, plant proteins, quality, regularity, and/or
fiber) disordered breathing)

Alcohol intake Psychosocial stressors

Air pollution
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3.2.2. White-Coat Hypertension and Masked Hypertension, and
White-Coat Effect and Masked Uncontrolled Hypertension

Recommendations for White-Coat Hypertension and
Masked Hypertension, and White-Coat Effect and

Masked Uncontrolled Hypertension
Referenced studies that support the recommendations
are summarized in the

COR LOE RECOMMENDATIONS

1. In adults with untreated office
SBP =130 mm Hg or DBP =80
mm Hg, and without office SBP =160
mm Hg or DBP =100 mm Hg, it is
reasonable to exclude white-coat
hypertension using out-of-office BP
monitoring before a diagnosis of
hypertension is made.’”

2. In adults with white-coat
2a - hypertension or masked
hypertension, out-of-office BP
monitoring is reasonable to exclude

transition to a diagnosis of sustained
hypertension.®8

3. In adults with apparent treatment-
resistant hypertension on office BP,
it is reasonable to exclude white-
coat effect, a form of
pseudoresistance, using out-of-
office BP monitoring.®”'?

2a C-LD

4. In adults who are taking antihyper-
2a - tensive medication and have

elevated office BP (office SBP =130
mm Hg or DBP =80 mm Hg) but do
not have resistant hypertension or
office SBP =160 mm Hg or
DBP =100 mm Hg, it is reasonable
to exclude white-coat effect using
out-of-office BP monitoring."*'3

5. In adults with untreated office
2b - SBP <130 mm Hg and DBP <80
mm Hg, it may be reasonable to

exclude masked hypertension using
out-of-office BP monitoring.>"'*""®

6. In adults who are taking antihyper-
2b - tensive medication and have office
SBP <130 mm Hg and DBP <80
mm Hg, it may be reasonable to
exclude masked uncontrolled hy-

pertension using out-of-office BP
monitoring.’*®
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Synopsis

The availability of out-of-office BP monitoring provides
differentiation of hypertension into several clinically
relevant categories based on the concordance or discor-
dance of office BP and out-of-office BP, including
white-coat hypertension and masked hypertension for
individuals not taking antihypertensive medication and
white-coat effect and masked uncontrolled hypertension
for those taking antihypertensive medication
(Table 9).''7 ABPM has been the reference standard for
out-of-office BP monitoring, as there are more studies
that have examined the association between ABPM and
CVD outcomes than studies that have examined the as-
sociation between HBPM and CVD outcomes.'®'® How-
ever, there are scarce data demonstrating that ABPM is
superior to HBPM or vice versa for CVD risk predic-
tion.?°*' ABPM is preferred for excluding white-coat hy-
pertension and masked hypertension among individuals
not taking antihypertensive medication. However, HBPM
is preferred for excluding a white-coat effect and masked
uncontrolled hypertension among individuals taking
antihypertensive medication as ABPM is more difficult to
conduct repeatedly in clinical practice. In RCTs demon-
strating a reduction in CVD events with the lowering of BP
with antihypertensive medication, office BP has been

TABLE 9 BP Categories Based on Office and Out-of-Office
BP Measurements

High BP in the
Office Setting?

High BP Outside of the

BP Category Office Setting?*

Among individuals not taking antihypertensive medication

Sustained No No
normotension

Sustained Yes Yes
hypertension

Masked hypertension No Yes

White-coat Yes No
hypertension

Among individuals taking antihypertensive medication

Controlled No No
hypertension

Uncontrolled Yes Yes
hypertension

Masked uncontrolled No Yes
hypertension

White-coat effect Yes No

*Please refer to Table 7 for office BP and out-of-office BP thresholds used to define
high BP. High out-of-office BP is defined as SBP =130 mm Hg or DBP =80 mm Hg when
using awake BP and SBP =125 mm Hg or DBP =75 mm Hg when using 24-hour BP.
These BP thresholds correspond to an office SBP =130 mm Hg or DBP =80 mm Hg.
Out-of-office BP is primarily based on mean awake BP or mean 24-hour BP. It remains
unclear whether asleep BP should be used to determine high out-of-office BP as the
prevalence and reproducibility of isolated nocturnal hypertension (high asleep BP
without high awake BP) are both low.>®*” Further, there is no high-quality randomized
controlled trial evidence to indicate that lowering asleep BP reduces CVD risk.>%*°
Modified with permission from Whelton et al.*°® Copyright 2018 American College of
Cardiology Foundation and American Heart Association, Inc.

BP indicates blood pressure.
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used as a target for titration instead of out-of-office BP.?*
There are scarce data on the cardiovascular risks of not
treating white-coat hypertension and not intensifying
treatment for white-coat effect and the benefits of treat-
ing masked hypertension and intensifying treatment for
masked uncontrolled hypertension.

Recommendation-Specific Supportive Text

1. Systematic reviews and meta-analyses of observational
studies have demonstrated that compared with sus-
tained normotension, white-coat hypertension is
associated with no risk to a moderately increased risk
of CVD." The risk of CVD associated with white-coat
hypertension may only be increased among older
adults who have high baseline CVD risk."** Nonethe-
less, the risk of CVD is higher in sustained hyperten-
sion than in white-coat hypertension among adults
with high office BP.?* Therefore, it is reasonable to
exclude white-coat hypertension using out-of-office BP
monitoring for adults with high office BP (ie, SBP/
DBP =130/80 mm Hg). One caveat is that adults with
office SBP/DBP =160/100 mm Hg should be promptly
treated and antihypertensive medication dose titrated
as necessary to control BP (Section 5.2, “Medical
Management”). The prevalence of white-coat hyper-
tension is low among those with office BP levels in this

range.?>?°

2. Studies have demonstrated that compared with in-
dividuals with sustained normotension, a higher pro-
portion of individuals with white-coat hypertension or
masked hypertension have sustained hypertension
during follow-up.®® An additional study?’ demon-
strated that compared with individuals with sustained
normotension, a higher proportion of individuals with
white-coat hypertension had high out-of-office BP
during follow-up. Therefore, it is reasonable to
conduct out-of-office BP monitoring to exclude sus-
tained hypertension among those initially identified
with white-coat hypertension or masked hypertension.
The frequency of follow-up monitoring is unclear as
only a single visit was conducted at follow-up in these
studies (ie, approximately 7 to 11 years after the base-
line visit).® %%

3. Studies have consistently demonstrated that compared
with controlled hypertension, white-coat effect is not
associated with an increased risk of CVD events and
mortality.”'" Evidence also suggests that higher out-of-
office BP is associated with an increased risk of CVD
events, independent of office BP, among individuals
with apparent resistant hypertension.'®'” Out-of-office
BP monitoring is a central component of the initial
work-up of apparent hypertension
(Section 5.6, “Resistant Hypertension and Renal

resistant
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Denervation”). Therefore, it is reasonable to exclude a
white-coat effect using out-of-office BP monitoring for
individuals with apparent resistant hypertension.

. Systematic reviews and meta-analyses have demon-

strated that compared with controlled hypertension,
white-coat effect is not associated with an increased
risk of CVD events."*'* These studies primarily did not
focus on individuals with apparent resistant hyper-
tension, indicating that it is reasonable to conduct out-
of-office BP monitoring for the larger group of in-
dividuals who are taking antihypertensive medication
and who have high office BP (ie, office SBP/DBP =130/
80 mm Hg). Individuals with office SBP/DBP =160/100
mm Hg should have antihypertensive medication
intensification as necessary to control BP (Section 5.2,
“Medical Management”).

. Systematic reviews and meta-analyses of observational

studies have demonstrated that compared with sus-
tained normotension, masked hypertension is associ-
ated with an increased risk of CVD events with a risk
range similar to that of sustained hypertension.>'*"
Studies have examined whether using specific office
BP ranges (ie, those approaching the high office BP
threshold) or prediction models incorporating de-
mographic and clinical factors for targeting individuals
with out-of-office BP monitoring would be a better
approach than screening all individuals who do not
have high office BP.?®3? Clinicians may consider using
these targeted screening approaches, particularly
among those patients with unexplained BP-related
target organ damage. However, it remains unclear
which diagnostic approach is the best for excluding
masked hypertension among individuals without high
office BP and what false-positive and -negative rates
are acceptable for population screening. Further, these
targeted screening approaches should also be exam-
ined among populations with a high prevalence of
masked hypertension, such as Black populations.®*
Therefore, in the absence of knowing the best
approach for targeted screening, the use of out-of-
office BP monitoring may be reasonable to exclude
masked hypertension among adults with office SBP/
DBP <130/80 mm Hg. Recent evidence suggests that
compared with placebo, antihypertensive medication
may improve target organ damage among adults with
masked hypertension.>* However, the effect on car-
diovascular outcomes remains unknown.

. Systematic reviews and meta-analyses have demon-

strated that compared with controlled hypertension,
masked uncontrolled hypertension is associated with
an increased risk of CVD events and mortality."***
There are some data to suggest that antihypertensive
medication targeting out-of-office BP among in-
dividuals with masked uncontrolled hypertension
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reduces hypertension-related target organ damage
measures, including urinary albumin-to-creatinine ra-
tio, pulse wave velocity, and left ventricular mass in-
dex.>> Although the effect of antihypertensive
medication intensification on the risk of CVD events
among individuals with masked uncontrolled hyper-
tension remains unknown, it may be reasonable to
exclude masked uncontrolled hypertension using out-
of-office BP monitoring for CVD risk stratification.

3.2.3. Secondary Forms of Hypertension

Recommendations for Secondary Forms of
Hypertension

References that support recommendations are
summarized in the

LOE RECOMMENDATIONS

COR
1. In adults with hypertension,

- C-E0 screening for specific forms of sec-
ondary hypertension is recom-
mended when clinical suspicion is
present (Table 10, Figure 5) to in-
crease rates of detection, diagnosis,
and specific targeted therapy.

2. In adults with resistant hyperten-
- sion, screening for primary aldoste-
ronism is recommended regardless
of whether hypokalemia is present
to increase rates of detection, diag-
nosis, and specific targeted
therapy.'?

3. In adults who have a positive
2a C-E0 screening test for a form of sec-
ondary hypertension, referral to a
clinician who has expertise in that
form of hypertension is reasonable
for diagnostic confirmation and
treatment.

Synopsis

Secondary causes of hypertension can be identified in
approximately 5% to 25% of adult patients with hyper-
tension.'> If a cause can be correctly diagnosed and
treated, patients with secondary hypertension may
experience a marked improvement in BP control with a
reduction in CVD risk. Patients with a new diagnosis of
hypertension and concomitant conditions should be
screened (Figure 4) with a history and physical examina-
tion and laboratory tests, as recommended in Section 3.1.2
(“Patient Evaluation, Including Laboratory Tests and
Other Diagnostic Procedures”).
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VIR RN Causes of Secondary Hypertension With Indications for Additional Testing and Diagnostic Screening Tests

Indications for
Additional Testing

Physical Examination
Findings

Screening Tests

Confirmatory Tests

Common causes

0SA®7

CKDW.WS

Primary aldosteronism'-
3,9,19

Drug or alcohol induced"'

Renovascular
hypertension'®

Uncommon causes

Hypothyroidism?°

Hyperthyroidism?°

Snoring, choking, gasping

during sleep; daytime
sleepiness; resistant
hypertension

Diabetes, obstruction,

hematuria; urinary
frequency and nocturia;
urinary incontinence,
analgesic abuse; family
history of polycystic
kidney disease; elevated
serum creatinine;
abnormal urinalysis

Resistant hypertension;

hypertension with
hypokalemia
(spontaneous or diuretic
induced); hypertension
and muscle cramps or
weakness; hypertension
and incidentally
discovered adrenal mass;
hypertension and
obstructive sleep apnea;
hypertension and family
history of early-onset
hypertension or stroke

Sodium-containing antacids;

antidepressants; nicotine
(smoking); alcohol;
NSAIDs; oral
contraceptives;
cyclosporine or
tacrolimus;
sympathomimetics
(decongestants,
anorectics); cocaine,
amphetamines and other
illicit drugs;
neuropsychiatric agents;
erythropoiesis-
stimulating agents;
cancer treatment (VEGF
inhibitors, Bruton
tyrosine kinase inhibitors
and others), clonidine
withdrawal; herbal agents
(Ma Huang, ephedra)

Resistant hypertension;

hypertension of abrupt
onset or worsening or
increasingly difficult to
control; flash pulmonary
edema (atherosclerotic);
early-onset hypertension,
especially in women
(fibromuscular
hyperplasia)

Dry skin; cold intolerance;

constipation; hoarseness;
weight gain

Warm, moist skin; heat

intolerance; nervousness;
tremulousness;
palpitations, insomnia;
weight loss; diarrhea;
proximal muscle
weakness

Obesity, large neck size (eg,

>17 inches [men]; >16
inches [women],
Mallampati class 3-4; loss
of normal nocturnal BP
fall

Abdominal mass or large

palpable kidneys
(polycystic kidney
disease); skin pallor

Arrhythmias (with

hypokalemia); especially
AF

Fine tremor, tachycardia,

sweating (cocaine,
ephedrine, MAO
inhibitors); acute
abdominal pain (cocaine)

Abdominal systolic-diastolic

bruit; bruits over other
arteries (carotid, femoral)

Delayed ankle reflex;

periorbital edema; coarse
skin; cold skin; slow
movement; goiter

Lid lag; fine tremor of the

outstretched hands;
warm, moist skin, goiter,
thyroid nodule

STOP-Bang Questionnaire'”;

Berlin Questionnaire'®;
overnight oximetry

Electrolytes, including

sodium, potassium,
chloride, and bicarbonate,
serum creatinine,
urinalysis, urine
microalbumin, serum
cystatin C, renal
ultrasound

Electrolytes, including

sodium and potassium,
plasma aldosterone/
renin activity ratio
(correction of
hypokalemia and
withdrawal of MRA for 4-
6 wks)

Urinary drug screen (illicit

drugs)

Electrolytes, including

sodium, potassium,
chloride, and bicarbonate,
renal duplex Doppler
ultrasound; magnetic
resonance arteriography;
abdominal CT
arteriography

Thyroid- stimulating

hormone; free thyroxine

Thyroid- stimulating

hormone; free thyroxine

Referral for

polysomnography or
home sleep apnea testing
if no suspicion of
nonrespiratory sleep
disorders (eg, narcolepsy)

Tests to evaluate cause of

CKD

Oral sodium loading test

(with 24-h urine
aldosterone) or IV saline
infusion test with plasma
aldosterone at 4 h of
infusion or captopril
suppression test (in
patients not on ACEi or
ARB treatment), adrenal
CT scan, adrenal vein
sampling

Response to withdrawal of

suspected agent

Bilateral selective renal intra-

arterial angiography

None

Radioactive iodine uptake

and scan

Continued on the next page
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IZ:V:IAm[\A Continued

Indications for

Physical Examination

JACC VoL

W, NO. H, 2025
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Prevalence Additional Testing Findings Screening Tests Confirmatory Tests

Pheochromocytoma/ <0.6% Resistant hypertension; Skin stigmata of 24-h urinary fractionated CT or MRI scan of abdomen/

paraganglioma?"*? paroxysmal hypertension neurofibromatosis (café- metanephrines or plasma pelvis, Ga-DOTATATE
or crisis superimposed on au-lait spots; metanephrines under PET/CT scan
sustained hypertension; neurofibromas); standard conditions
“spells,” BP lability, orthostatic hypotension (supine position with
headache, sweating, indwelling 1V cannula)
palpitations, piloerection;
positive family history of
pheochromocytoma/
paraganglioma; adrenal
incidentaloma
Aortic coarctation 0.1% Young adult with BP higher in upper Echocardiogram Thoracic and abdominal CT
(undiagnosed or hypertension (age <30 y) extremities than in lower angiogram or magnetic
repaired)? extremities; absent resonance arteriography
femoral pulses;
continuous murmur over
patient's back, chest, or
abdominal bruit; left
thoracotomy scar
(postoperative)

Cushing syndrome®* <0.1% Rapid weight gain, especially Central obesity, “moon"” face, Overnight 1-mg 24-h urinary free cortisol
with central distribution; dorsal and supraclavicular dexamethasone excretion (preferably
proximal muscle fat pads, wide (1 cm) suppression test multiple); midnight
weakness; depression; violaceous striae, salivary cortisol
hyperglycemia hirsutism

Primary Rare Hypercalcemia Usually none Serum calcium Serum parathyroid hormone

hyperparathyroidism?®

Congenital adrenal Rare Hypertension and Signs of virilization (11-beta- Hypertension and 11-beta-OH: elevated DOC,

hyperplasia®® hypokalemia; virilization OH) or incomplete hypokalemia with low or 11-deoxycortisol, and
(11-beta-hydroxylase masculinization (17- normal aldosterone and androgens; 17-alpha-OH;
deficiency [11-beta-OH]); alpha-0OH) renin decreased androgens and
incomplete estrogen but elevated
masculinization in men DOC and corticosterone
and primary amenorrhea
in women (17-alpha-
hydroxylase deficiency
[17-alpha-OH])
Mineralocorticoid excess Rare Early-onset hypertension; Arrhythmias (with Low aldosterone and renin Urinary cortisol metabolites;
syndromes other than resistant hypertension; hypokalemia) genetic testing
primary hypokalemia or
aldosteronism?® hyperkalemia
Acromegaly?” Rare Acral features, enlarging Acral features; large hands Serum growth hormone =1 Elevated age- and sex-

shoe, glove, or hat size;
headache, visual
disturbances; diabetes

and feet; frontal bossing

ng/mL during oral
glucose load

matched IGF-1 level; MRI
scan of the pituitary

Modified with permission from Whelton et al.'* Copyright 2018 American College of Cardiology Foundation and American Heart Association, Inc.

ACEi indicates angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; BP, blood pressure; AF, atrial fibrillation; CKD, chronic kidney disease; CT, computed
tomography; DOC, 11-deoxycorticosterone; h, hour; IGF-1, insulin-like growth factor-1; 1V, intravenous; MAO, monoamine oxidase; mg, milligrams; MRI, magnetic resonance imaging;
NSAIDs, nonsteroidal anti-inflammatory drugs; OH, hydroxylase; OSA, obstructive sleep apnea; RCT, randomized clinical trial; VEGF, vascular endothelial growth factor; wk, week; and

y, years.

Recommendation-Specific Supportive Text

1. Secondary hypertension is more common with stage 2
hypertension, treatment-resistant hypertension, sud-
den onset of hypertension, increased BP in patients
with hypertension previously controlled on drug ther-
apy, early-onset hypertension (age <30 years), diastolic

hypertension in older adults, and target organ damage

disproportionate to the duration or severity of the hy-
pertension. Common forms of secondary hypertension
include primary aldosteronism and obstructive sleep
apnea (OSA).*° Atherosclerotic renovascular disease
may be present in 14% to 40% of adults with
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FIGURE 5 Screening for Features Suggesting Secondary Hypertension

Does the patient have any of the following conditions associated with secondary HTN?

» Drug-resistant/induced HTN + Unprovoked or excessive hypokalemia

+ Abrupt onset of HTN + Insomnia or daytime sleepiness

+Onset of HTN at <30y + Concomitant adrenal nodule

« Exacerbation of previously controlled HTN « History of early-onset stroke

+ Disproportionate TOD for degree of HTN + Family history of primary aldosteronism

* Accelerated/malignant HTN

+ Onset of diastolic HTN in older adults
(age 265)

YES

v

Screen for primary
aldosteronism and other
secondary forms of HTN

Positive screening test? = No = Enhance medication therapy

YES

v

Refer to clinician with
specific secondary HTN
expertise

2b

@ % 2025 High Blood Pressure
v © 2025 by the American Heart Association, Inc., and the American College of Cardiology Foundation

Screening for Features Suggesting Secondary Hypertension

= No == Screening not indicated

LEGEND

[ cor1
[] cor2a
[ cor2s

[ cor 3-No Benefit

[l cors-+am

(Class of Recommendation)

Refer to Table 10 for additional tests for secondary hypertension. HTN indicates hypertension; and TOD, target organ damage (eg, cerebrovascular disease, hyper-
tensive retinopathy, left ventricular hypertrophy, left ventricular dysfunction, heart failure, coronary artery disease, chronic kidney disease, albuminuria, peripheral
artery disease). Modified with permission from Whelton et al."* Copyright 2018 American College of Cardiology Foundation and American Heart Association, Inc.

hypertension; however, only a small fraction (0.1% to may affect BP (Table 11)."'* Changes in BP that occur
5%) is considered to be hemodynamically significant to because of drugs and other agents have been associ-
result in renovascular hypertension.'® Numerous sub- ated with the development of hypertension and with
stances, including prescription medications, over-the- worsening BP control in a patient who already has hy-

counter medications, herbals, and food substances, pertension. A careful history should be taken with close
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Selected List of Frequently Used Medications

TABLE 11

and Other Substances That May Cause Elevated

Blood Pressure With Recommendations for

Management*

Agent

Possible Management Strategy

Nonprescription drugs/substance

Alcohol

Caffeine®®

Decongestants (eg, phenylephrine,
pseudoephedrine)

Herbal supplements (eg, Ma Huang,
ephedra, St. John's wort [with MAO
inhibitors, yohimbine])

Black licorice®®

NSAIDs; acetaminophen

Recreational drugs (eg, "bath salts"
[MDPV], cocaine,
methamphetamine, etc)

Prescription drugs

Sudden withdrawal of central-acting
sympatholytic drugs such as
clonidine and tizanidine

Amphetaminest (eg, amphetamine,
methylphenidate
dexmethylphenidate,
dexamfetamine, lisdexamfetamine,
dextroamphetamine)

Antidepressantst
(eg, MAOIs, SNRIs, TCAs)

Atypical antipsychoticst (eg,
risperidone, olanzapine)*=*

Immunosuppressantst (eg,
cyclosporine)

Options include abstinence or limit
alcohol to =1 drink daily for women
and =2 drinks daily for men®®’

Limit caffeine intake to <300 mg/d

Avoid more than 1 cup daily in patients
with severe uncontrolled
hypertension

Use for shortest duration possible and
avoid in severe or uncontrolled
hypertension

Consider alternative therapies (eg,
nasal saline, intranasal
corticosteroids, antihistamines) as
appropriate

Avoid use

Avoid use

Avoid systemic NSAIDs when possible

Limit acetaminophen to less than 4 g/d'

Consider alternative analgesics (eg,
topical NSAIDs), depending on
indication and risk

Discontinue or avoid use

Recommend avoiding oral clonidine for
treatment of hypertension
whenever possible and tapering
upon discontinuation®®; use
cyclobenzaprine or other muscle
relaxants instead of tizanidine®

Discontinue or decrease dose

Consider behavioral therapies or
nonstimulants (such as guanfacine)
for ADHD*?

Consider alternative agents (eg, SSRIs)
depending on indication

Avoid tyramine-containing foods with
MAOIs

Discontinue or limit use when possible

Consider behavior therapy where
appropriate

Recommend lifestyle modification
(Section 5.1 “Lifestyle and
Psychosocial Approaches")

Consider alternative agents associated
with lower risk of weight gain,
diabetes, and dyslipidemia

Consider converting to tacrolimus,
which may be associated with
fewer effects on BP

Continued in the next column
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Agent Possible Management Strategy

Oral contraceptivest Use low-dose (eg, 20-30 mcg ethinyl
estradiol) agents or a progestin-
only form of contraception, or
consider alternative forms of birth
control where appropriate (eg,
barrier, abstinence, nonhormonal
IUD)

Avoid use in women with uncontrolled
hypertension®

Systemic corticosteroidst (eg,
dexamethasone, fludrocortisone,
methylprednisolone, prednisone,
prednisolone)

Avoid or limit use when possible

Consider alternative modes of
administration (eg, inhaled, topical)
when feasible

Angiogenesis inhibitort (eg,
bevacizumab) and tyrosine kinase
inhibitors (eg, sunitinib, sorafenib)

Avoid or limit use when possible

Androgen deprivation therapyt such as  Avoid or limit use when possible
CYP 17 inhibitors (eg, abiraterone,  Consider alternative chemotherapy
orteronel) or androgen receptor
antagonist (eg, enzalutamide)*®

*List is not all inclusive.

tIn specific cases when a specific therapy is needed or the best option for the patient, it
is reasonable to continue the medication and initiate or intensify antihypertensive
therapy. Modified with permission from Whelton et al.'* Copyright 2018 American
College of Cardiology Foundation and American Heart Association, Inc.

ADHD indicates attention-deficit/hyperactivity disorder; BP, blood pressure; CVD,
cardiovascular disease; IUD, intrauterine device; MAOI, monoamine-oxidase inhibitors;
MDPV, methylenedioxy pyrovalerone; NSAIDs, nonsteroidal anti-inflammatory drugs;
SNRI, serotonin norepinephrine-reuptake inhibitor; SSRI, selective serotonin-reuptake
inhibitor; and TCA, tricyclic antidepressant.

attention paid to prescription medications and over-
the-counter substances, illicit drugs, and herbal prod-
ucts. A change in BP may also result from drug-drug or
drug-food interactions.'> When feasible, drugs associ-
ated with increased BP should be reduced or dis-
continued and alternative agents used.

2. Spontaneous hypokalemia is present only in 20% to
50% of patients with primary aldosteronism,“* and
therefore, the decision to perform primary aldoste-
ronism screening should not rely on a history of hy-
pokalemia alone. Screening for primary
hyperaldosteronism may require sodium loading to
induce aldosterone suppression if plasma screening by
the aldosterone-to-renin ratio is inconclusive (Section
3.2.3.1, “Primary Aldosteronism”).?

3. Diagnosis of many secondary causes of hypertension
requires a complex set of tests and measurements
combined with specialized technical expertise in data
interpretation. Similarly, specific treatment often re-
quires additional training and experience. Clinical
expertise in secondary forms of hypertension, such as
primary aldosteronism, pheochromocytoma, Cushing
syndrome, and renovascular hypertension, is practical
for prognosis and treatment plans.
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3.2.3.1. Primary Aldosteronism

Recommendations for Primary Aldosteronism

RECOMMENDATIONS

1. In adults with hypertension, screening
for primary aldosteronism is recom-
mended in the presence of any of the
following conditions to increase rates
of detection, diagnosis, and specific
targeted therapy: resistant hyperten-
sion (regardless of whether hypokale-
mia is present), hypokalemia
(spontaneous or diuretic induced),
OSA, incidentally discovered adrenal
mass, family history of early-onset
hypertension, or stroke at a young age
(<40 years).

2. In adults with stage 2 hypertension,
screening for primary aldosteronism
may be considered to increase rates
of detection, diagnosis, and specific
targeted therapy.

3. In adults with an indication for
- C-LD screening for primary aldosteronism,
use of plasma aldosterone, renin
activity, and the plasma aldosterone
to renin activity ratio is recom-
mended for initial screening to
assess if there is biochemical evi-
dence of primary aldosteronism.’"

4. In adults with an indication for
screening for primary aldoste-
ronism, it is recommended to
continue most antihypertensive
medications (other than mineralo-
corticoid receptor antagonists
[MRAs]) prior to initial screening to
minimize barriers to or delays in
screening.

5. In adults with hypertension and a

- C-E0 positive screening test for primary
aldosteronism or continued suspi-
cion for primary aldosteronism
based on suppressed plasma renin or
disproportionate target organ dam-
age, referral to a hypertension
specialist or endocrinologist is rec-
ommended for further evaluation
and treatment.

Synopsis

Primary aldosteronism is defined as a group of disor-
ders in which aldosterone production is inappropriately
high for sodium and volume status, is relatively autono-
mous of the major regulators of aldosterone secretion

Jones et al
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(angiotensin II and potassium), and cannot be
completely suppressed with sodium loading.*®> The
increased production of aldosterone induces intravas-
cular volume expansion, suppressed plasma renin ac-
tivity, sodium retention, increased potassium excretion,
hypertension, and cardiovascular and kidney damage.*”
Although the increased potassium excretion, if pro-
longed and severe, may cause hypokalemia, hypokale-
mia is absent in the majority of cases in whom
normokalemia has a low negative predictive value for
the diagnosis of primary aldosteronism.®° In two-thirds
of patients with primary aldosteronism, excess aldoste-
rone is caused by bilateral adrenal hyperplasia. In about
one-third of patients with primary aldosteronism,
excess aldosterone is due to increased unilateral aldo-
sterone production (aldosterone-producing adenoma,
less commonly unilateral adrenal hyperplasia, or, rarely,
adrenal carcinoma).*'® Primary aldosteronism is a
common cause of secondary hypertension (occurring in
5% to 10% of patients with hypertension and 20% of
patients with resistant hypertension), and targeted
treatment is associated with improved kidney and car-
diovascular outcomes.>*'* Nonetheless, rates of
screening for primary aldosteronism in appropriate pa-
tients are exceptionally low (1% to 2%)."*"”

Recommendation-Specific Supportive Text

1. Patients with primary aldosteronism are at greater risk
for target organ damage than those with primary hy-
pertension due to the toxic tissue effects of aldoste-
rone even when adjusted for degree of hypertension.
Meta-analyses of studies that matched patients with
primary aldosteronism to those with primary hyper-
tension showed that primary aldosteronism carries a
2.0-fold increased risk of HF, 2.8-fold increased risk of
stroke, 1.7-fold increased risk of coronary artery dis-
ease, 4.0-fold increased risk of AF, and increased kid-
ney damage compared with primary hypertension.®”’
Because the deleterious effects of aldosterone over-
production may be blocked with unilateral laparo-
scopic adrenalectomy or treatment with MRA (eg,
spironolactone or eplerenone), patients with hyper-
tension at increased risk of primary aldosteronism are
very likely to benefit from screening.* These include
patients with hypertension and adrenal “incidenta-
loma,” an incidentally discovered adrenal lesion on
computed tomography or magnetic resonance imaging
performed for other purposes. Additionally, patients
with resistant hypertension (regardless of whether
hypokalemia is present), hypertension with hypokale-
mia (either spontaneous or diuretic-induced), and hy-
pertension with OSA have a relatively high prevalence
of primary aldosteronism (~20%-35%).>* Patients with

27
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hypertension and a history of early-onset hypertension
and/or cerebrovascular accident at a young age may
have primary aldosteronism due to glucocorticoid-
remediable aldosteronism (familial hyper-
aldosteronism type-1) and therefore also warrant
screening.* However, the rate of screening for primary
aldosteronism in guideline-recommended individuals
is <2% in the United States.'*-'®'7

. Growing evidence supports that primary aldosteronism

occurs across the full breadth of hypertension severity,
with higher prevalence of primary aldosteronism as the
severity of hypertension increases.>'® The prevalence
of primary aldosteronism is approximately 5% to 10%
among individuals with stage 1 hypertension and 11%
to 22% among individuals with stage 2 hypertension,
which varies depending on the modality of testing and
testing thresholds used to diagnose primary aldoste-
ronism.>'® The prevalence of primary aldosteronism
may be similar among individuals with stage 2 hyper-
tension and those with resistant hypertension.®
Studies from Australia and Japan suggest that broader
screening for primary aldosteronism in individuals
with hypertension is cost-effective.’®'° Nonetheless,
the potential burden of additional testing outside of
patients with resistant hypertension to confirm the
diagnosis of primary aldosteronism and to determine
optimal therapy may be taken into consideration prior
to screening.

. The combined interpretation of the plasma aldosterone

concentration, renin activity, and aldosterone to renin
activity ratio is currently the most accurate and reliable
means of screening for primary aldosteronism.?>2°
Patients with primary aldosteronism typically have
suppressed renin activity (<1 ng/mL/h). Most data
support that the plasma aldosterone concentration
should be at least 10 ng/dL to interpret the test as
positive, but additional evaluation may be indicated
if the renin activity is suppressed.>* The most
commonly used cutoff value for the aldosterone to
renin activity ratio is 30 when plasma aldosterone
concentration is reported in nanograms per deciliter
(ng/dL) and plasma renin activity in nanograms per
milliliter per hour (ng/mL/h), although some data
support alternative thresholds (20 or 40).”*°° Pa-
tients should have unrestricted salt intake, serum
potassium in the normal range (to avoid false-
negative testing), and ideally, MRA (eg, spi-
ronolactone or eplerenone) withdrawn for at least 4
weeks before testing.*

. Low screening rates may be due to several barriers to

screening, such as older guidance to withdraw anti-
hypertensive medications that may affect renin and

JACC vOL. M, NO. W, 2025
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aldosterone levels, which has since been disputed by
growing evidence in support of screening despite
treatment with these medications. Specifically, beta
blockers (BBs) and central-alpha agonists can suppress
both renin and aldosterone”; angiotensin-converting
enzyme inhibitors (ACEis) and angiotensin receptor
blockers (ARBs) may stimulate renin and suppress
aldosterone®; thiazide-type, loop diuretics, MRA, and
potassium-sparing diuretics can stimulate both renin
and aldosterone.* Throughout this guideline, we use
the term thiazide-type diuretic to collectively refer to
hydrochlorothiazide (HCTZ), chlorthalidone, and
indapamide. Although the literature traditionally dif-
ferentiates these medications based on their chemical
structures, categorizing HCTZ as a thiazide-type
diuretic because it possesses a benzothiadiazine ring
and categorizing chlorthalidone and indapamide as
thiazide-like diuretics because they lack this ring (yet
remain closely related sulfonamide derivatives), the
interchangeability of thiazide-type and -like agents
remains a debated topic. For simplicity and to mini-
mize confusion, in this guideline we have chosen to
group them under a single term. In most settings, it is
acceptable for clinicians to choose among these agents
for treatment. We recognize that there are differences
in potency and half-life between these agents that may
be relevant in some situations, particularly in the
management of resistant hypertension (Section 5.6,
“Resistant Hypertension”). Initial screening for pri-
mary aldosteronism can typically be interpreted in the
context of most medications that affect renin and
aldosterone. If screening results are negative or
borderline in patients in whom there is a high level of
suspicion for primary aldosteronism and confirmation
of the diagnosis will change management, potentially
interfering medications may be temporarily
substituted with noninterfering medications (ie, non-
dihydropyridine calcium channel blockers [CCBs], va-
sodilators, peripheral alpha-blockers, and potentially
dihydropyridine CCB*") for at least 2 to 4 weeks prior to
repeat testing.

. The diagnosis of primary aldosteronism may require an

aldosterone suppression test such as an intravenous
(IV) saline suppression test or oral salt-loading test.* If
the diagnosis of primary aldosteronism is confirmed
and the patient agrees that surgery would be desirable,
the patient is referred for an adrenal venous sampling
procedure to determine whether the increased aldo-
sterone production is unilateral or bilateral in origin. If
unilateral excess aldosterone production is docu-
mented on adrenal venous sampling, the patient is

referred for unilateral laparoscopic adrenalectomy.*?*
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If the patient has bilaterally increased aldosterone
secretion on adrenal venous sampling, is not a surgical
candidate, or is not interested in pursuing surgery, the
patient is treated with an MRA (eg, spironolactone or
eplerenone).” If primary aldosteronism is confirmed,
imaging of the adrenal glands should be considered,
even if treatment will be with medication, to exclude a
large adrenal mass that may require adrenalectomy if
features suggestive of malignancy are present (size >4
cm, imaging characteristics).”> Treating primary aldo-
steronism, either with an MRA or unilateral adrenal-
ectomy, if indicated, is associated with resolution of
hypokalemia, lower BP, fewer number of antihyper-
tensive medications required, and improved parame-
ters of impaired cardiac and kidney function.*'*'"
Meta-analysis of observational data suggests that
adrenalectomy may be associated with lower risk of
MACE and all-cause mortality compared with medical
therapy.*

3.2.3.2. Renal Artery Stenosis

Recommendations for Renal Artery Stenosis

References that support recommendations are
summarized in the

COR LOE

1 -

RECOMMENDATIONS

1. In adults with hypertension and
atherosclerotic renal artery stenosis,
medical therapy is recommended to
reduce kidney and CVD morbidity
and mortality.”

2. In adults with hypertension and
atherosclerotic renal artery stenosis
for whom medical management has
failed (eg, resistant hypertension,
worsening kidney function, and/or
acute HF), it is reasonable to refer
patients for revascularization by
percutaneous renal artery angio-
plasty and/or stent placement.

2a C-EO

3. In adults with hypertension and
nonatherosclerotic renal artery ste-
nosis, including fibromuscular
dysplasia, it may be reasonable to
refer patients for revascularization
by percutaneous renal artery
angioplasty.*

2b C-LD

Synopsis

Renal artery stenosis refers to a narrowing of the renal
artery that can result in a hemodynamically significant
restriction of blood flow, usually by >75%. Atherosclerotic
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disease (90%) is the most common cause of renal artery
stenosis, whereas nonatherosclerotic disease, of which
fibromuscular dysplasia is the most common, is much less
prevalent and tends to occur in younger, otherwise
healthier patients with a predilection for women.®
Atherosclerotic renovascular disease may be present in
14% to 40% of adults with hypertension; however, only a
small fraction (0.1%-5%) is considered to be hemody-
namically significant to result in renovascular hyperten-
sion.® With the advent of endovascular procedures to
restore blood flow, the risk for postprocedure morbidity
and mortality risk dropped substantially from previous
surgical reconstruction rates. Several trials designed to
compare the efficacy of these procedures with medical
therapy suggested no benefit over aggressive medical
therapy alone among adults with atherosclerotic renal
artery stenosis.'> Nonetheless, there may be benefit in
certain subgroups of individuals with atherosclerotic
renal artery stenosis who were not represented in the
trials, including those with progressively worsening kid-
ney function or sudden onset of pulmonary edema.> The
absence of severe albuminuria is associated with better
outcomes after endovascular renal artery stenosis in-
terventions.”® In contrast, renal artery angioplasty may
cure hypertension in some adults with nonatherosclerotic
renal artery stenosis.*°

Recommendation-Specific Supportive Text

1. Atherosclerotic disease in the renal arteries represents
systemic disease and indicates higher risk for both
kidney failure and cardiovascular morbidity and mor-
tality. No RCT to date has demonstrated a clear clinical
advantage of renal artery revascularization (with either
angioplasty or stenting) over medical therapy among
individuals with hypertension.'> By meta-analysis,
renal angioplasty with stenting results in a small
reduction in DBP and antihypertensive medication
requirement.” On the basis of the CORAL (Cardiovas-
cular Outcomes in Renal Atherosclerotic Lesions) trial,
the recommended medical approach encompasses
optimal management of hypertension with an antihy-
pertensive regimen that includes a renin-angiotensin
system (RAS) blocker, in addition to reduction of low-
density lipoprotein cholesterol with a high-intensity
statin, smoking cessation, HgbAilc reduction in pa-
tients with diabetes, and antiplatelet therapy.®

2. Revascularization can be favorable for select
individuals with uncontrolled hypertension accompa-
nied by progressively worsening kidney function and/
or acute HF who were not represented in RCTs.">

3. Revascularization may be considered for those with
nonatherosclerotic renal artery disease (eg, fibromus-
cular dysplasia, Takayasu arteritis in select cases) and
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hypertension and may be curative.® Fibromuscular
dysplasia is most common in women (90%) and may
present at a younger age (mean age 53 years) with
almost equal frequency in the renal and carotid circu-
lations.> Percutaneous transluminal angioplasty alone
without stenting can improve BP control and even
normalize BP, especially in patients with recent onset
of hypertension or resistant hypertension.**°

3.2.3.3. Obstructive Sleep Apnea

Recommendations for 0SA

Referenced studies that support the recommendations
are summarized in the

COR LOE RECOMMENDATIONS

1. In adults with hypertension and OSA
2a - who are overweight or obese, weight
loss interventions when combined
with continuous positive airway

pressure (CPAP) treatment can be
effective in reducing SBP.’

2. In adults with resistant hypertension
2a and moderate-to-severe OSA, CPAP
treatment can be useful in reducing

BP.>3

Synopsis

OSA is a chronic condition characterized by recurring
upper airway obstruction during sleep, resulting in
hypoxia and disrupted sleep.* Diagnostic criteria and
screening methods for OSA can be found in Table 10
and Section 3.2.3 (“Secondary Forms of Hyperten-
sion”). Moderate-to-severe OSA is associated with an
increased risk of hypertension, CVD events, and mor-
tality.>° Antihypertensive medications can treat hyper-
tension in adults with OSA.” Weight loss in conjunction
with CPAP therapy can reduce BP levels in adults with
OSA who are overweight or obese.' Additionally, some
studies have shown that CPAP can reduce BP levels in
adults with OSA and resistant hypertension.>* Although
CPAP is an effective therapy for OSA,® data do not
support the use of CPAP for the prevention of CVD
events or mortality in adults with moderate-to-severe
OSA.° The role of sleep surgery, including newer de-
vice therapy such as hypoglossal nerve stimulation, has
been investigated in the treatment of OSA, but the
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benefit for BP has not been observed in large RCTs to
date.’®"

Recommendation-Specific Supportive Text

1. Lifestyle interventions are recommended for all in-

dividuals with high BP (Section 5.1, “Lifestyle and
Psychosocial Approaches”), including adults with OSA
and hypertension. Obesity is a risk factor for OSA." A
meta-analysis examining the impact of weight loss in-
terventions on BP in adults with OSA demonstrated
small effects on SBP (-1.86 mm Hg; 95% CI: —3.57
to —0.15 mm Hg) and DBP (-2.07 mm Hg; 95% CI: —3.79
to —0.35 mm Hg)."” However, weight loss interventions
when combined with CPAP therapy have been shown
to lower SBP by 8 mm Hg in adults with moderate-to-
severe OSA.' Recent data from SURMOUNT OSA (Tir-
zepatide for the Treatment of OSA)'®> demonstrated that
tirzepatide versus placebo was associated with a
reduction in BP at 48 weeks, a prespecified key
secondary endpoint, among adults with moderate-to-
severe OSA and obesity. For adults not on CPAP ther-
apy, the estimated treatment difference for SBP
was —7.6 mm Hg (95% CI: —10.5 to —4.8 mm Hg) and for
DBP was —2.8 mm Hg (95% CI: —5.0 to —0.6 mm Hg),
whereas for adults on CPAP therapy the estimated
treatment difference for SBP was —3.7 mm Hg (95%
CI: —6.8 to —0.7 mm Hg) and for DBP was —1.1 mm Hg
(95% CI: —3.2 to 1.0 mm Hg).

. OSA is a secondary cause of hypertension (Section

3.2.3, “Secondary Forms of Hypertension”) and is
associated with nocturnal hypertension and resistant
hypertension.'#'> Several RCTs have demonstrated
that short-term treatment with CPAP can reduce high
office BP and ambulatory BP by 2 to 5 mm Hg,?
including among individuals with resistant hyper-
tension.”> However, these BP outcomes vary based on
factors such as patient adherence to CPAP therapy,
OSA severity, and presence of daytime sleepiness
among study participants. Data from the HIPARCO-2
(Long-Term Effect of CPAP on BP in Patients With
Resistant Hypertension) study demonstrate that par-
ticipants with OSA and resistant hypertension
adherent to CPAP therapy (=4 hours/night) compared
with nonadherent CPAP participants had statistically
significant decreases in mean 24-hour ABPM,
including nighttime SBP and DBP (-5.5 and —4.9
mm Hg, respectively) over a 59-month follow-up
period.'®
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Synopsis
The etiology of primary (previously termed essential)

hypertension is a complex interplay of genetics, lifestyle - 3. In adults with or without hypertension,

. . . . . eduction of dietary sodium intake* is
choices, and chronic stress. Even in those with a genetic reducti letary UM Intake - 1
recommended to <2,300 mg/d, moving

toward an ideal limit of <1,500 mg/d to

COR LOE RECOMMENDATIONS

predisposition to hypertension, healthy lifestyle behaviors

can prevent hypertension. All of the therapies recom- prevent or treat elevated BP and hyper-
mended for the treatment of hypertension in Section 5.1 tension.*'>1619

(“Lifestyle and Psychosocial Approaches”) are useful in ] ] ]
primordial prevention of hypertension and should be . 4. 1n adul-ts with or without hypertensmn,

. K . . potassium-based salt substitutest can be
encouraged." These include weight loss for those with useful to prevent or treat elevated BP and
overweight or obesity; a heart-healthy diet such as the hypertension, particularly for patients in
DASH (Dietary Approaches to Stop Hypertension) eating whom salt intake is related mostly to
plan; no more than 2,300 mg of sodium per day (with the food preparation or flavoring at home,

ideal limit of no more than 1,500 mg per day for most except in the presence °f_ CKD or use of
drugs that reduce potassium excretion

adults); dietary potassium 3,500 to 5,000 mg per day; where monitoring of serum potassium

aerobic and resistance exercise (=150 minutes of moderate levels is indicated.2°-24

physical activity per week and resistance exercise =2 days

per week); and stress management practices. Intake of any - 5. In adults with elevated BP or hyperten-
A

alcohol is associated with higher SBP in a dose-response sion, moderate potassium supplementa-

manner, including in individuals without hypertension.” tion,§ ideally from dietary sources, is
recommended to prevent or treat elevated

BP and hypertension, except in the pres-
ence of CKD or use of drugs that reduce
potassium excretion where monitoring of
5.1. Lifestyle and Psychosocial Approaches serum potassium levels is indicated.} 27

5. BP MANAGEMENT

Recommendations for Lifestyle and Psychosocial Alcohol
Approaches

Referenced studies that support the recommendations are
summarized in the 5 6. Adults with or without hypertension who
currently consume alcohol should be
advised to pursue a recommended goal of
abstinence, or at least to reduce alcohol

) intake to =1 drink/d for women and =2
Weight drinks/d for men to prevent or treat

COR LOE RECOMMENDATIONS

28-31

elevated BP and hypertension. ||

1. In adults who have overweight or obesity,
weight loss is recommended with a goal of
at least 5% of body weight reduction to
prevent or treat elevated BP and hyper-
tension."® 7. In adults with or without hypertension,

- increasing physical activity, through a
. . structured exercise program that includes
Diet and Nutrients aerobic exercise and/or resistance

training, is recommended to prevent or
treat elevated BP and

Physical Activity

2. In adults with or without hypertension, a 34143239
A heart-healthy eating pattern, such as the hypertension.
DASH eating plan, is recommended to Continued on the next page

prevent or treat elevated BP and
hypertension.®™®

continued in the next column
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Stress Reduction

8. In adults with or without hypertension,
2b - stress reduction through transcendental
meditation may be reasonable to prevent
or treat elevated BP and hypertension, as
an adjunct to lifestyle or medication

interventions.”-8:14:40

9. In adults with or without hypertension,
2b - other forms of stress management, such
as breathing control techniques or yoga,
may be reasonable to prevent or treat
elevated BP and hypertension, as an

adjunct to lifestyle or medication
interventions.'*142

*Dietary sodium reduction may be contraindicated in patients with severe, symptomatic
orthostatic hypotension. tThis recommendation refers to potassium-based salt sub-
stitutes, which typically contain 25% to 30% potassium chloride, 65% to 75% sodium
chloride, and 0% to 10% flavoring agents. Products that refer to themselves as “salt
substitutes" that do not contain potassium chloride as a substitute for sodium chloride
have unknown effects on BP. #Drugs that reduce potassium excretion include:
potassium-sparing diuretics (eg, amiloride, triamterene), mineralocorticoid receptor
antagonists (eg, spironolactone, eplerenone, finerenone), angiotensin-converting
enzyme inhibitors (eg, captopril, enalapril, lisinopril, benazepril, and others), angio-
tensin receptor blockers (eg, losartan, valsartan, candesartan, telmisartan, and others),
and some immunosuppressive agents (eg, cyclosporine, tacrolimus). §Moderate po-
tassium supplementation is <80 mmol/d (<80 mEqg/d). ||One standard drink (12 to 14 g
alcohol) is equivalent to 12 oz of beer (5% alcohol by volume), 5 oz of wine (12%
alcohol by volume), or 1.5 oz of distilled spirits (40% alcohol by volume).

Synopsis

BP tends to increase with age from young adulthood,
with lifetime risks for incident hypertension exceeding
80% in U.S. populations.**** Weight gain with age and
adverse lifestyles (as defined by Life’s Essential 8%°),
rather than aging per se, are potent drivers of BP in-

creases over time.*®47

Lifestyle modification approaches
(Table 12) are critically important strategies to slow the
increase in BP and delay or prevent the onset of hy-
pertension. Once patients have been diagnosed with
hypertension, specific lifestyle and nonpharmacological
strategies can lower BP, slow progression of BP eleva-
tion, reduce the amount of medication needed to con-
trol BP, and prevent CVD events and mortality.'9 214849
A Bayesian network meta-analysis assessed the
comparative effectiveness of 22 lifestyle and stress-
reduction strategies for BP lowering."* The DASH
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eating plan ranked as the most effective intervention
for BP lowering, followed in order by aerobic exercise,
isometric  resistance  training, low-sodium/high-
potassium salt interventions, and comprehensive life-
style interventions.'* Meditation and breathing control
appeared to be the most effective stress-reduction
strategies that had at least moderate-quality evidence
but were judged to be less effective than lifestyle in-
terventions.'* It is important to note that BP response
to any given intervention will vary across subgroups
and individuals and is a function of the fidelity and
intensity of the intervention, patient adherence, and in
some cases, the starting BP level.

Recommendation-Specific Supportive Text

1. In adults who have overweight or obesity (defined as
body mass index [BMI] 25.0-29.9 and =30 kg/m? for
non-Asian populations and BMI 23.0-27.4 and =27.5
kg/m? for individuals of Asian heritage°°), weight loss
is a core strategy to improve current health and reduce
risk for multiple diseases, and for management of
chronic conditions, including elevated BP and hyper-
tension.”** It is somewhat difficult to tease out the
effects of weight loss per se on BP lowering from the
means by which weight loss is achieved (ie, dietary
changes and exercise, which have their own direct ef-
fects). Nonetheless, evidence consistently demon-
strates BP reduction with weight loss regardless of the
mechanism (lifestyle, cognitive behavioral therapy,
medication, surgery).””?'%>3>> In general, there is a
reduction in BP of approximately 1/1 mm Hg (systolic/
diastolic) for each 1 kg (2.2 1bs) of weight loss.” Weight
reduction =5% of body weight or =3 kg/m* of BMI,
compared with lesser amounts, produces greater BP
lowering in patients with and without hyperten-
sion.1246:810:52 Weight loss can amplify the BP-
lowering effects of the DASH diet or sodium reduc-
tion interventions."*° For patients who do not meet
weight loss goals with nonpharmacological in-
terventions, pharmacotherapy®*°® or bariatric sur-
gery”® can be considered; BP lowering correlates with
the amount of weight loss using these approaches,
although there is greater potential for adverse effects
or harm.>**7 In the short term, glucagon-like peptide-1
(GLP-1) receptor agonist medications used for other
indications (diabetes, obesity) appear to provide
concomitant BP lowering.>>>%°
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With Without
Intervention Target/Biomarker Evidence-Based Goals Hypertension Hypertension References
Weight loss Body weight or BMI Aim for sustained =5% reduction in body —6to -8 —3to -5 26,1452
weight or =3 kg/m? reduction in BMI;
expect about 1 mm Hg reduction for every
1-kg reduction in body weight
Heart-healthy DASH eating pattern Consume a diet rich in fruits, vegetables, —5to0 -8 —3to -7 13-15,64,120
diet whole grains, and low-fat dairy products,
with reduced content of saturated and
total fat
Reduced intake of Dietary sodium intake; 24-h urinary sodium Optimal goal is <2,300 mg/d, but aim foran —6 to -8 ~1to -4 16-18,79,120,121
sodium ideal limit of <1,500 mg/d
Use of salt Replace cooking/table salt (100% sodium Reduce dietary sodium intake as above —5to -7 -5 20-22.93
substitute chloride) with salt substitute (25%-30%
potassium chloride, 65%-75% sodium
chloride, and 0%-10% flavoring agents);
24-h urinary sodium and potassium
Enhanced intake  Dietary potassium intake; 24-h urinary Aim for 3,500-5,000 mg/d, ideally by -6 —-3to -6 2527
of potassium potassium consumption of a diet rich in potassium; or
alternative use of moderate-dose
pharmacological potassium
supplementation (<80 mmol)
Reduced alcohol  Alcohol consumption Optimal goal is abstinence for all adults for —4to -6 -3 29
intake best health outcomes; in patients who
consume alcohol, aim for >50% reduction
in daily intake to no more than 2 drinks/d in
men or 1 drink/d in women
Exercise Aerobic exercise 90-150 min/wk —4to -8 —2to -7 14,33,36,120,122
65%-75% heart rate reserve
Dynamic resistance 90-150 min/wk —2to -7 —2to -5 33,36,106,107
50%-80% 1 rep maximum
6 exercises, 3 sets/exercise, 10 repetitions/set
Isometric resistance 4 x 2 min (hand grip), 1 min rest between —51to0 —-10 —4to0 -6 14,32,33,36,109,110
exercises, 30%-40% maximum voluntary
contraction, 3 sessions/wk
Meditation Transcendental meditation Training by a professional, followed by 2 x 20 —5 to —7 -5 14.m9
min sessions/d while seated comfortably
with eyes closed
Breathing control  Slowing respiration Device-guided session to decrease respiration -5 -5 1

to <10 breaths/min for 15 min/d

*Because inclusion/exclusion criteria and comparator groups vary across interventions, these values should not be compared directly to indicate comparative effectiveness. Modified
with permission from Whelton et al.'>* Copyright 2018 American College of Cardiology Foundation and American Heart Association, Inc.

BMI indicates body mass index; DASH, Dietary Approaches to Stop Hypertension; and SBP, systolic blood pressure.

2. The DASH eating plan emphasizes fruits, vegetables,
low-fat or nonfat dairy, and whole grains, providing
high potassium, magnesium, and fiber
intake.®’ It is the most effective eating pattern for
lowering BP and has a large and consistent evidence
base across BP levels.'®'>:°1"% Conversely, the eating
pattern in the Southern United States appears to be the

calcium,

largest mediator of the higher hypertension incidence
in Black adults compared with White adults.®> Reduc-
tion in BP with the DASH eating plan varies across
trials, from 1 to 13 mm Hg for SBP and from 1 to 10
mm Hg for DBP. BP reduction with the DASH eating
plan is generally greater among Black individuals®® and

individuals with higher baseline BP, younger age (<50
years), or higher sodium intake (>2,400 mg/d).**°® The
DASH eating plan has been effective in both short-term
feeding and longer-term behavioral intervention
studies,”" and the effect on BP is significantly greater
when combined with weight loss or sodium reduc-
tion.”'>"* Patient information regarding the DASH
eating plan is available publicly.®”®® Counseling by a
registered dietician/nutritionist is useful to enhance
efficacy.’® Other eating patterns, including Mediterra-
nean, low-carbohydrate, Paleolithic, high-protein,
vegetarian, low-glycemic index, low-sodium, and
low-fat dietary approaches, have been shown to lower
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BP when compared with various control diets,

although less effectively than the DASH eating
plan‘14,15,64,71—74

. Interventions that decrease sodium intake reduce BP

elevation across the life course, prevent incident hy-
pertension, and lower BP in adults with hyperten-
sion.'7-18:20:22:24.75°87 g djum substitution interventions

prevent CVD events and mortality,?°**

and dietary in-
terventions that reduce sodium appear to do the
same.'?*849 There is a linear dose response of BP to
sodium intake manipulation, with steeper BP declines
at higher than lower baseline BP levels.'”'®77 On
average, low-sodium (=1,500-2,300 mg/d) versus high-
sodium (=4,500 mg/d) diets safely result in BP
reductions of approximately 3/2 mm Hg (systolic/dia-
stolic) in normotensive and 7/3 mm Hg in hypertensive
individuals.*>'%'®1® There is greater responsiveness
to sodium reduction in older adults and those with
salt-sensitive BP.'®77:8588 godium reduction has addi-
tive BP-lowering effects to the DASH eating plan and
weight loss.*'” Behavioral interventions targeting
lower sodium intake, especially if advice is provided by
a registered dietitian or low-sodium meals are pro-
vided, are most effective in sodium
reduction.?>70:7%78:79.82.83 I the United States, most
dietary sodium comes from additions during food
processing or during food preparation in restau-
rants,®9°' so successful reduction at the population
level requires not just a focus on individual behaviors
but on societal changes in eating patterns and broad
food reformulation strategies and policies.®’ Such
population-level strategies could have a profound
impact on CVD event reduction.®?

. Compared with the use of regular table salt, use of a

potassium-enriched salt substitute (in which 100%
sodium chloride is partially replaced by potassium
chloride and, variably, flavoring agents) causes
approximately a 5/1.5 mm Hg (systolic/diastolic)
reduction with variability depending on the subgroup
and the amount of sodium replacement.”>>*"?4°3 In the
largest trial to date, 20,995 adults in China, with either
a history of stroke or age =60 years and uncontrolled
BP, were enrolled in a cluster-randomized trial
comparing a salt substitute (75% sodium chloride/25%
potassium chloride) with regular salt. Use of the salt
substitute was associated with SBP reduction by 3.3
mm Hg and significant relative reductions in stroke,
MACE, and all-cause mortality of 12% to 14%, with no
increase in risk for hyperkalemia.”’ Although most of
the data on salt substitutes come from trials performed
in East Asia, no significant heterogeneity of effect has
been seen by global region.”*°* Because in the United
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States the majority of sodium intake comes from con-
sumption of processed foods or meals prepared in
restaurants,®9°' use of a salt substitute may be of
greatest benefit in individuals who consume most of
their sodium at home, from salt added during food
preparation or at the table. Limitations to use of salt
substitutes include low availability in the United States
of potassium-enriched salt substitutes in the ratios
studied to date, potential concerns over taste, and the
potential for hyperkalemia in individuals with CKD and
those using drugs that reduce potassium excretion (eg,
potassium-sparing diuretics).

. Observational studies have consistently demonstrated

that individuals with higher dietary intake of
potassium-rich foods (from natural sources such as
fruits, juices, vegetables, and legumes) and/or a lower
urinary sodium to potassium ratio have lower BP levels
and lower stroke and mortality rates.>'°° Accordingly,
a number of studies have examined the effect of po-
tassium supplementation on BP. Moderate potassium
supplementation, on average, lowers BP by 6/4 mm Hg,
with variation in effects on BP by potassium dose, so-
dium intake, presence of hypertension, and use of
antihypertensive medication.'®?%>” The BP-lowering
effects are greater among participants with hyperten-
sion and those with higher urinary sodium excretion
(greater intake) at baseline, especially =4,000 mg/day.
There appears to be a U-shaped relationship between
potassium supplementation and BP levels, with
maximal lowering of BP at approximately 30 mmol/day
supplementation and an increase in BP above 80
mmol/day supplementation. The BP increase at higher
doses of potassium supplementation (>80 mmol/day)
is most evident in those taking antihypertensive
therapy.?®

. SBP and DBP increase over time with any amount of

baseline alcohol intake. Compared with average
alcohol intake of 12 g per day (1 standard drink),
relative risks for hypertension incidence among in-
dividuals drinking 0, 24, 36, and 48 g per day were
0.89 (95% CI: 0.84-0.94), 1.11 (95% CI: 1.07-1.15), 1.22
(95% CI: 1.14-1.30), and 1.33 (95% CI: 1.18-1.49),
respectively. Thus, risk for incident hypertension is
lowest for those who abstain.'’ Among normotensive
individuals who consume alcohol enrolled in
controlled trials, reduction of alcohol intake by at
least 50% or to abstinence is associated with BP
reduction, especially for those drinking =4 drinks per
day.?® For patients with hypertension, BP reduction
is correlated with the percent reduction in alcohol
intake and is greater for those with higher baseline

28-31,102,103

intake. Among individuals with alcohol
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intake =6 drinks per day who reduced intake by 50%
on average, mean BP was lowered by 5.5/4.0 mm Hg.
Reductions were significant but lower for participants
with a baseline intake of 3 to 5 drinks per day. At =2
drinks per day, there was no significant reduction in
BP observed with reduction of alcohol intake.?® There
are no harms identified with alcohol reduction, but
continued alcohol intake is associated with other
noncardiovascular harm. Prior observational studies
suggesting health benefits with moderate alcohol
intake appear to be partially confounded by other
positive health factors and socioeconomic position
and offset by other health risks.'®* Thus, aiming for
abstinence appears to be optimal.®"'%4

. Increasing leisure-time physical activity reduces BP

significantly in adults with hypertension,*® and it has
been an intrinsic component of weight reduction in-
terventions used to reduce BP in patients with and
without hypertension.”** Structured exercise pro-
grams that involve aerobic exercise (eg, endurance
activities such as jogging'#333°37-19%) dynamic resis-
tance (eg, weight lifting'#-33:3%:106:197) " and static/iso-
metric resistance training (eg, handgrip'#-3%34-36,108-110)
appear particularly effective for BP lowering in adults
with or without hypertension. Even lower-intensity
physical activity (eg, walking) that interrupts seden-
tary time can reduce BP."''® All types of structured
exercise also appear to be safe, even for older adults
with hypertension. Aerobic exercise reduces SBP on
average by 4 to 7/3 to 4 mm Hg, with a slightly larger
effect in patients with versus without hyperten-
sion.'#33:3° There is a dose response, with an average 2/
1 mm Hg reduction for each additional 30 minutes of
aerobic exercise per week and the largest BP reduction
at 150 minutes per week.?” Dynamic resistance training
alone appears to have a more modest effect on BP
reduction (3/2 mm Hg) than aerobic exercise, with
larger reductions in people with hypertension versus
without,!#:33:36:106:107 Jsometric exercise may have the
largest effect on BP reduction (mean reductions of
approximately 8/4 mm Hg).!4:3234:36:108110 combina-
tion training with aerobic and resistance exercise ap-
pears similarly efficacious as either alone.33-3%3% BP-
lowering effects are observed for lower- and higher-
intensity exercise and with continuous and interval
training.33’38’106’117’118

. A number of stress-reduction strategies have been

assessed for their effect on BP lowering."'® There is
consistent moderate- to high-level evidence from
short-term clinical trials that transcendental medita-
tion can lower BP in patients without and with hyper-
tension, with mean reductions of approximately 5/2
mm Hg in SBP/DBP.'**° Meditation appears to be
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somewhat less effective than BP-lowering lifestyle in-
terventions, such as the DASH eating plan, structured
exercise programs, or low-sodium/higher-potassium
intake.'* The study designs and means of teaching
and practicing meditation interventions are heteroge-
neous across trials, and trials have been of smaller size
and short duration, so further data would be beneficial.

9. Among other stress-reducing and mindfulness-based
interventions, data are less robust, and evidence is of
lower quality because of smaller, short-term trials with
heterogenous interventions and results. There is
moderate-grade evidence that breathing control in-
terventions lower SBP/DBP by approximately 5/3
mm Hg in people with and without hypertension.'*
There is also low- to moderate-grade evidence that
yoga of diverse types lowers BP.'##-42

5.2. Medical Management
Synopsis

Throughout this guideline, we use the term thiazide-
type diuretic to collectively refer to HCTZ, chlorthali-
done, and indapamide. Although the literature tradition-
ally differentiates these medications based on their
chemical structures, categorizing HCTZ as a thiazide-type
diuretic because it possesses a benzothiadiazine ring and
categorizing chlorthalidone and indapamide as thiazide-
like diuretics because they lack this ring (yet remain
closely related sulfonamide derivatives), the inter-
changeability of thiazide-type and -like agents remains a
debated topic. For simplicity and to minimize confusion,
in this guideline we have chosen to group them under a
single term. In most settings, it is acceptable for clinicians
to choose among these agents for treatment. We recog-
nize there are differences in potency and half-life be-
tween these agents that may be relevant in some
situations, particularly in the management of resistant
hypertension (Section 5.6, “Resistant Hypertension”). In
that setting, thiazide-like diuretics are preferred due to
their greater efficacy; therefore, treatment recommenda-
tions in this setting continue to advocate thiazide-like
diuretics.

5.2.1. Initiation of Pharmacologic BP Treatment in the Context of
Overall CVD Risk

Synopsis

Evidence from meta-analyses of clinical trial data, large
observational studies, and simulation models has
consistently shown the benefits of antihypertensive
therapy initiation can be maximized by prioritizing those
at highest cardiovascular risk with the use of absolute risk
estimation."” Although the public health burden is sig-
nificant at stage 1 hypertension and many will progress to
stage 2 hypertension with associated risk,® the BP

35
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Lowering Treatment Trialists’ Collaboration demon-
strated that treatment with BP-lowering drugs provides
similar relative risk reduction across all levels of pre-
dicted total CVD risk and thus greater absolute risk
reduction for patients at higher predicted risk." Across a
wide range of BP thresholds and predicted CVD risk, a
risk-based strategy for targeting antihypertensive therapy
in primary prevention patients is more effective than a
BP-alone based strategy in terms of events avoided and
numbers-needed-to-treat to prevent 1 CVD event.* The
benefit and efficiency of antihypertensive therapy initia-
tion (ie, number of CVD events prevented for the same
cost, or cost savings for the same number of events pre-
vented) is greater using a risk-based strategy rather than a
BP level-only strategy in simulation models.>° In support,
one of the inclusion criteria for SPRINT (Systolic Blood
Pressure Intervention Trial) was having an estimated
10-year predicted CVD risk based on Framingham
Heart Study criteria of 15% or greater.” Thus, employing
quantitative CVD risk estimation in conjunction with BP
levels can improve the benefit and efficiency of antihy-
pertensive therapy initiation for individual patients and
society.

5.2.2. BP Treatment Threshold and the Use of CVD Risk
Estimation to Guide Drug Treatment of Hypertension

Recommendations for BP Treatment Threshold and the
Use of CVD Risk Estimation to Guide Drug Treatment of

Hypertension
Referenced studies that support the recommendations
are summarized in the

COR LOE RECOMMENDATIONS

1. In all adults with hypertension,
initiation of medications to lower BP
is recommended when average SBP
is =140 mm Hg to reduce the risk of
cardiovascular events and total
mortality.”®

. In all adults with hypertension,
initiation of medications to lower BP
is recommended when average DBP
is =90 mm Hg to reduce the risk of
cardiovascular events and total
mortality.”®

3. In adults with hypertension and
clinical CVD, initiation of medica-
tions to lower BP is recommended
when average SBP is =130 mm Hg to
reduce the risk of cardiovascular
events and total mortality.’®

N

continued in the next column
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4. In adults with hypertension and
clinical CVD, initiation of medica-
tions to lower BP is recommended
when average DBP is =80 mm Hg to
reduce the risk of cardiovascular
events and total mortality.>®

5. In adults with hypertension without
clinical CVD but with diabetes or
CKD or at increased short-term CVD
risk (ie, estimated 10-year CVD
risk =7.5% based on PREVENT*),
initiation of medications to lower BP
is recommended when average SBP
is =130 mm Hg to reduce the risk of
CVD events and total mortality.”'°

6. In adults with hypertension without
- c-Lb clinical CVD but with diabetes or
CKD or at increased 10-year CVD risk
(ie, =7.5% based on PREVENT*),
initiation of medications to lower BP
is recommended when average DBP
is =80 mm Hg to reduce the risk of
CVD events and total mortality.>'°

7. In adults with hypertension without
clinical CVD and with estimated 10-
year CVD risk <7.5% based on
PREVENT,* initiation of medications
to lower BP is recommended if
average SBP remains =130 mm Hg
after a 3- to 6-month trial of
lifestyle intervention to prevent
target organ damage and mitigate
further rise in BP.7:°1°

8. In adults with hypertension without

- clinical CVD and with estimated 10-year

CVD risk <7.5% based on PREVENT,*

initiation of medications to lower BP is

recommended if average DBP =80

mm Hg after a 3- to 6-month trial of

lifestyle intervention to prevent target

organ damage and mitigate further rise

in Bp.”:91°

*Increased short-term or 10-year risk is defined as a 10-year predicted risk for
CVD events of =7.5% based on PREVENT (Predicting Risk of cardiovascular disease
EVENTS).

Synopsis

For a given BP level, absolute risk for CVD varies ac-
cording to age, sex, and presence of CVD or CVD risk
factors (Figures 1 and 2). Therefore, the decision to initiate
antihypertensive treatment should be based on BP level
and risk (Section 5.2.1, “Initiation of Pharmacological BP
Treatment in the Context of Overall CVD Risk”). Based on
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FIGURE 6 Use of Risk-Based Thresholds for Initiation of BP Treatment in Adults

Risk of cardiovascular EVENTSs; and SBP, systolic blood pressure.

*In older adults who may be frail or have a limited life expectancy, a clinician-patient assessment of potential benefits and harms of BP lowering should be pursued to
align care with patient goals. tIncreased short-term or 10-year risk is defined as a 10-year predicted risk for CVD events of =7.5% using PREVENT. BP indicates blood
pressure; CHD, coronary heart disease; CKD, chronic kidney disease; CVD, cardiovascular disease; DBP, diastolic blood pressure; HF, heart failure; PREVENT, Predicting

BP level alone, all adults with hypertension benefit from
antihypertensive therapy at a threshold of =140/90
mm Hg.>'%'"" Adults with hypertension and clinical CVD
(coronary heart disease, stroke, or HF) are at increased
risk for CVD events and benefit from antihypertensive
therapy at a lower BP threshold of =130/80 mm Hg to
prevent recurrent events.>”"®'° Among adults without
clinical CVD, identification of patients at increased risk for
CVD selects those who derive greatest benefit from anti-
hypertensive therapy at a threshold of =130/80
mm Hg.”®' Adults with hypertension are defined at
increased risk if they have diabetes, CKD, or an estimated
10-year CVD risk of =7.5%, according to PREVENT. As
described in Section 1.4 (“Scope of the Guideline”), the
PREVENT equations are validated for U.S. adults aged 30
to 79 vyears and represent the most accurate,

contemporary, and generalizable risk prediction tool
available, including data from 5,207,517 White adults,
605,036 Black adults, 318,141 Hispanic adults, and 163,741
Asian adults.'?'* To date, external validation of PREVENT
has demonstrated good to excellent discrimination (C-
statistic) for CVD in an independent health system not
included in development (0.72)"° and for CVD mortality in
a population dataset (0.89).'° The 10-year risk
threshold of =7.5% calculated with PREVENT is also
equivalent to the Framingham Risk Score threshold
of =15%, which was an inclusion criterion in SPRINT.”-*”
While the specific risk thresholds or cut points for car-
diovascular risk that would result in therapeutic
action are based on clinical trial and observational
epidemiological data, future research should study the
impact of risk-based management of hypertension using



