£70¢ ‘z¢ equenoN uo sanb Aq /Bio'seunoleye’ edAy/r.dny wouy papeojumoq

Whelton PK, et al.
2017 High Blood Pressure Clinical Practice Guideline

2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA
Guideline for the Prevention, Detection, Evaluation, and Management
of High Blood Pressure in Adults

A Report of the American College of Cardiology/American Heart Association Task Force on
Clinical Practice Guidelines

WRITING COMMITTEE MEMBERS
Paul K. Whelton, MB, MD, MSc, FAHA, Chair
Robert M. Carey, MD, FAHA, Vice Chair

Wilbert S. Aronow, MD, FACC, FAHA* Bruce Ovbiagele, MD, MSc, MAS, MBA, FAHAt
Donald E. Casey, Jr, MD, MPH, MBA, FAHAt Sidney C. Smith, Jr, MD, MACC, FAHAt+

Karen J. Collins, MBA% Crystal C. Spencer, JD%

Cheryl Dennison Himmelfarb, RN, ANP, PhD, FAHAS Randall S. Stafford, MD, PhDt$

Sondra M. DePalma, MHS, PA-C, CLS, AACC|| Sandra J. Taler, MD, FAHASS

Samuel Gidding, MD, FACC, FAHAY Randal J. Thomas, MD, MS, FACC, FAHA|| ||
Kenneth A. Jamerson, MD# Kim A. Williams, Sr, MD, MACC, FAHAT

Daniel W. Jones, MD, FAHAT Jeff D. Williamson, MD, MHSY 9|

Eric J. MacLaughlin, PharmD** Jackson T. Wright, Jr, MD, PhD, FAHA##

Paul Muntner, PhD, FAHAt

ACC/AHA TASK FORCE MEMBERS
Glenn N. Levine, MD, FACC, FAHA, Chair
Patrick T. O’Gara, MD, MACC, FAHA, Chair-Elect
Jonathan L. Halperin, MD, FACC, FAHA, Immediate Past Chair

Sana M. Al-Khatib, MD, MHS, FACC, FAHA Federico Gentile, MD, FACC

Joshua A. Beckman, MD, MS, FAHA Samuel Gidding, MD, FAHA***

Kim K. Birtcher, MS, PharmD, AACC Zachary D. Goldberger, MD, MS, FACC, FAHA
Biykem Bozkurt, MD, PhD, FACC, FAHA*** Mark A. Hlatky, MD, FACC, FAHA

Ralph G. Brindis, MD, MPH, MACC*** John lkonomidis, MD, PhD, FAHA

Joaquin E. Cigarroa, MD, FACC José A. Joglar, MD, FACC, FAHA

Lesley H. Curtis, PhD, FAHA*** Laura Mauri, MD, MSc, FAHA

Anita Deswal, MD, MPH, FACC, FAHA Susan J. Pressler, PhD, RN, FAHA***

Lee A. Fleisher, MD, FACC, FAHA Barbara Riegel, PhD, RN, FAHA

Duminda N. Wijeysundera, MD, PhD

*American Society for Preventive Cardiology Representative. TACC/AHA Representative. ¥Lay Volunteer/Patient
Representative. §Preventive Cardiovascular Nurses Association Representative. || American Academy of Physician
Assistants Representative. 9 Task Force Liaison. #Association of Black Cardiologists Representative. **American
Pharmacists Association Representative. TtACC/AHA Prevention Subcommittee Liaison. ¥¥American College of
Preventive Medicine Representative. §§American Society of Hypertension Representative. || ||Task Force on
Performance Measures Liaison. §/Y/American Geriatrics Society Representative. ##National Medical Association
Representative. ***Former Task Force member; current member during the writing effort.

Page 1


http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/
http://hyper.ahajournals.org/

1102 ‘22 JoquisnoN uo 1sanb Aq /6io'sfeulnofeye  sedAy//:dny woly papeojumoq

Whelton PK, et al.
2017 High Blood Pressure Clinical Practice Guideline

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 September 2017, and by the
American Heart Association Executive Committee in October 2017.

The Comprehensive RWI Data Supplement table is available with this article at
http://hyper.ahajournals.org/lookup/suppl/doi:10.1161/HYP.0000000000000065/-/DC1.

The online Data Supplement is available with this article at
http://hyper.ahajournals.org/lookup/suppl/doi:10.1161/HYP.0000000000000065/-/DC2.

The American Heart Association requests that this document be cited as follows: Whelton PK, Carey RM, Aronow
WS, Casey DE Jr, Collins KJ, Dennison Himmelfarb C, DePalma SM, Gidding S, Jamerson KA, Jones DW, MaclLaughlin
EJ, Muntner P, Ovbiagele B, Smith SC Jr, Spencer CC, Stafford RS, Taler SJ, Thomas RJ, Williams KA Sr, Williamson
JD, Wright JT Jr. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the prevention,
detection, evaluation, and management of high blood pressure in adults: a report of the American College of
Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Hypertension.
2017;,00.c0000-c0000

This article has been copublished in the Journal of the American College of Cardiology.

Copies: This document is available on the World Wide Web sites of the American College of Cardiology
(www.acc.org) and the American Heart Association (professional.heart.org). A copy of the document is available at
http://professional.heart.org/statements by using either “Search for Guidelines & Statements” or the “Browse by
Topic” area. To purchase additional reprints, call 843-216-2533 or e-mail kelle.ramsay@wolterskluwer.com.

Expert peer review of AHA Scientific Statements is conducted by the AHA Office of Science Operations. For more
on AHA statements and guidelines development, visit http://professional.heart.org/statements. Select the
“Guidelines & Statements” drop-down menu, then click “Publication Development.”

Permissions: Multiple copies, modification, alteration, enhancement, and/or distribution of this document are not
permitted without the express permission of the American Heart Association. Instructions for obtaining permission
are located at http://www.heart.org/HEARTORG/General/Copyright-Permission-
Guidelines_UCM_300404_Article.jsp. A link to the “Copyright Permissions Request Form” appears on the right side
of the page.

(Hypertension. 2017;00:e000-e000.)
© 2017 by the American College of Cardiology Foundation and the American Heart Association, Inc.

Hypertension is available at http://hyper.ahajournals.org

Page 2


http://www.heart.org/HEARTORG/General/Copyright-Permission-Guidelines_UCM_300404_Article.jsp
http://www.heart.org/HEARTORG/General/Copyright-Permission-Guidelines_UCM_300404_Article.jsp
http://hyper.ahajournals.org/

1102 ‘22 JoquisnoN uo 1sanb Aq /6io'sfeulnofeye  sedAy//:dny woly papeojumoq

Whelton PK, et al.
2017 High Blood Pressure Clinical Practice Guideline

Table of Contents

PrEAMMBIE ettt ettt st e bt e e te e s bt e e s be e et e e s ateesbeeebaeenateesbaeenarees 6

B O 1o o TH Tt ' N 10
1.1. Methodology and EVIAENCE REVIEW..........ueiiiiiiiie ittt e st e e s v e s e saae e e e e e e e s e anaee s 10
1.2. Organization of the Writing COMMITLEE ......cccuiiiiiiiiee e 10
1.3. Document Review and APProval.........cccuiiei ittt et e st e e s saa e e e s saaa e e e s abaeeeenaaee s 11
1.4. SCOPE OFf the GUIAEIINE .. ..eieii et e et e e e st b e e e s ab e e e e s aabeeeesnsraeessnnaneeas 12
1.5. Abbreviations and ACTONYMS ......cciciiiieicieeeecteee ettt e et e e e stbe e e ssebeeeesaseeeesnsseeeesnssaeesasseeens 14

2. BP aNd CVD RiSK ..ciiiireruuuniiiiiiiinnnmeisiiiiiniineiussssiiiiiniremsssssisiiimmsmsssssssssiimmmsnsssssssssssmmsssssssssssssssssnsnes 17
2.1. Observational RelatioNShip .....ccuuiii i bre e e s ee e e e eanees 17
2.2, BP COMPONENTS .o e e e e e e e e e e e e e e e e e e e aeaeaeaaaees 17
2.3, POPUIGLION RiISK....uitiiiiieiie it e e e e e e et e e e e e e s e s bt e e e e e e e e sesnsstaeeeeeeesansnsenneeaeanan 18
2.4. Coexistence of Hypertension and Related Chronic Conditions ..........cccceeecuieeeeciiieeeccciiee e 19

3. ClasSification Of BP ....c.ccuuiiiiiiiiiiiineiiiiiiiiierneiieiiiieersssieiiiiiesmsesssisiiiissssssssssssitessssssssssssssassssnes 21
3.1, Definition OF HIGN BP....ooo ettt ettt e e e et e e e e abb e e e e nba e e e e s abaeeeeenbeneeennsees 21
3.2. Lifetime Risk Of HYPEITENSION ......oiiiiiiiie ettt et e e et e e et e e e bae e e e enbeeeeeeanees 23
3.3. PreVvalence Of HIZN BP ...ttt ettt e st e e e e bae e e e abt e e e enbee e e e abeeaeeenseneeennnens 23
3.4. Awareness, Treatment, and CONtIol.......coooovviiiiiiiiiii 26

4. Measurement Of BP........coiiiiiiiiiiiiiiiiiininmiiiiiiiiiesmmesiimessssessiiieessmsssissiiserssmsssssssetesssssnssssss 27
4.1. Accurate Measurement of BP in the OffiCe .....iivviiiriiiiiece et 27
4.2. Out-of-Office and Self-Monitoring Of BP ........coociiii i et 29
4.3, AMDbUIAtory BP IMONITOING .uveeeiiiiieieciiiie ettt ectee st e sttt e e e stte e e e s bee e e e sbee e e s s beeeeesbaeesssaseeessnnnens 31
4.4. Masked and White Coat HYPertENSION .....cccciiiii ettt s sree e e s sare e e e seaeeeeeeans 33

5. Causes Of HYPEIteNSION ...ccuuveneiiiiiieeerenierenierennierenerensessnsiernsserasserenssssssessnssssnssernssessssssensesanssssnsans 39
T B G- =Y d Toll Yo [ o To 1Y d o S T SO S PO SRR 39
5.2. ENVIronmental RiSK FACTOrS.....iiuviiiiiiiiie ettt sttt e it e st e e s ee e s e bee e e s sabae e s esabeesaenarenesenanens 39
5.2.1. OVErweight @and ODESItY ....ciicuiieiiiiiii ettt et e e ee e s et ee e e e bte e e esabeeesesareeeeenanees 40
5.2.2. SOIUM INEAKE 1eeei it e st e e e s te e e e s bee e e e sbeeeessabeeeeenanees 40
oI e T o = L1 111 PP P P PPPPP 40
I A S o o 1A Tt | B i {11 SRS 41
LI 2 T Y (ol 3 T Y P PPST 41

5.3. Childhood Risk Factors and BP Tracking ........coccuiiiiiiiiiieiciiiee ettt et e e et 43
5.4. Secondary FOrms of HYpert@NSION .........uciiii ittt e e e s e nrre e e e e e e e e anraeeeeaaaean 43
5.4.1. Drugs and Other Substances With Potential to Impair BP Control..........cccccovveeeeeiiicciiinenennnn. 49
5.4.2. Primary AldOSTEIONISIM ....uiiiieiii ittt et e et e e e e e e e s rae e e e e e e e s s sanbteeeeeeeeseennstaneeaaaeas 51
R G I (=T o T | I g T Y] =] T 1] SRR 53
5.4.4. ODStrUCIVE SIEEP APNE@...iiiiii ittt et e e e e e e e e e e et ee e e e e e e e e snbteeeeeeaseesansataneeaaanas 54

6. Nonpharmacological INterventions.........cciciiiieiiiiiiiiiciiiiiincreerrec e s ree e renssseesesensessassssnssssnnnns 55
6.1, SErategIES oo, 55
6.2. Nonpharmacological INterVENTIONS. ........eiii i e e e e e re e e e e e e as 56

7. Patient EValuation .......cccvuuiiiiiuiiiiiinniiiiiiiiiiiniiieiiisiiisnsiiissesiiissssiissssssisssssssissssssssssssssssssssssns 56
7.1. Laboratory Tests and Other DiagnostiC ProCedUIeS......cccuviiiiiiiieiccieee et 66
7.2. Cardiovascular Target Organ DAmMAEE ...ccccuvueeeeciiieieciieeeeciteeeeste e e e siree e e sbre e e s sbeeeeesbeeeeesaseeeeesnnens 67

8. Treatment Of HIgh BP ...ttt rrrecsrenese s rene e s e sne e s e sasssssenasssssennssssssnsssssennssssnenns 69
8.1. Pharmacological TreatmMeENt......cccuiiii ittt e ree e et e e e s ata e e e s nbe e e s srteeeesanees 69
8.1.1. Initiation of Pharmacological BP Treatment in the Context of Overall CVD Risk .........c........... 69

Page 3


http://hyper.ahajournals.org/

1102 ‘22 JoquisnoN uo 1sanb Aq /6io'sfeulnofeye  sedAy//:dny woly papeojumoq

Whelton PK, et al.
2017 High Blood Pressure Clinical Practice Guideline

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

[ AV 1< =T 1Y [0 o 1RSSR PP OPPPRPRPPPPPRPPPRRE 71
8.1.3. Follow-Up After Initial BP EVAlUGtioN........ceeiiiiiieiiiiee ettt e et e e e eaane e 77
8.1.4. General PrincCiples of Drug THEIAPY ...eieicuieeeiciieee ettt et e e stre e e eetre e s esatae e e senbaeeesensaeeeeans 78
8.1.5. BP Goal for Patients With Hypertension.........cceeiiiiiii it sane e 82
8.1.6. Choice of Initial MediCation ........ccoviiiiiiiiiiecree et sbe e e 83
8.2. Achieving BP Control in Individual Pati@nts .......cc.eeeiiiiieiiiiieie et e 88
8.3. Follow-Up of BP During Antihypertensive Drug ThErapy .....ccceccveeeiiciveeeiiiieeeccieee e sereeeeesineee s 89
8.3.1. Follow-Up After Initiating Antihypertensive Drug Therapy ......ccccecveeeiiviieeeccciieee e eeieee e 89
8.3.2. Monitoring Strategies to Improve Control of BP in Patients on Drug Therapy for High BP ..... 90
9. Hypertension in Patients With Comorbidities.........ccccceiiiieiiiiieiiiiirccrrrc e reeeens 90
9.1. Stable ISCheMIC HEArt DISEASE .....uuviiiiiiieiiiiiee st erte et e e sttt e e s rte e e s st e e s sbte e e s sbeeeessbeeeesnanes 91
B o 1= T o T LT =TSP PP PPP 91
9.2.1. Heart Failure With Reduced Ejection Fraction.......ccccceeveciiiiiiee e 96
9.2.2. Heart Failure With Preserved Ejection Fraction .......cccccoccccuiiieieei e 97
9.3, ChroniC KidN@Y DISEASE ....ccuveeeeectieeeieitiee e eette e e eettee e eeteeeeeetaeeeeeabaeeeeestaeeesassaseesastaeaesantaseeeansaneesns 100
9.3.1. Hypertension After Renal Transplantation ...........ccccveiieciiieecciiie e e 105
L 0T =Y o] o N T ol Y gl B 1= 1 < S 106
9.4.1. Acute Intracerebral HEMOITNAZE .......oooiuuiiie it s e e s s s ba e as 107
9.4.2. ACULE ISCHEMIC StIOKE ... viiiiiieetee ettt sttt et e e ste e st e e bae e s teeebaeessaeesnaeesassesensenans 109
9.4.3. Secondary STroKe PreVENTION........occuiii ettt e et e e e e b e e e e b e e e e eanaee s 112
9.5. Peripheral Arterial DiSEaSsE.......icccuuiiiiiiiiee ittt ceiree e ettt e e st e e e s etre e e seateeeessabaeeesantaeeessnsaeeesanseeeesns 115
9.6. DIabeteS IMEIITUS ..veiiieiiiee ettt e e s et e e st e e e e seatae e e esataeeesantaeeesanseeeenans 116
L BV =Y -] oo 1ol Y] o [ o o o1 PRSP 119
B I N =Y I ST T | = oo PO S S U PSPPSR 120
9.9. VaIVUIGr HEAI DISEASE ..eeeiieueieeiiiuriieiietiee e eeittee e este e e seteeeessubaeeessubaeeesasbaesseassaeessasbaaeesansaaaesansnesenns 121
.00, AOTTIC DiSBASE...cueeirieeeee e e ittt et e e sebatteeteeeeesaastataeeeessaansastaaaeeessansssbeaaeaeessssasssnnbanaseessssnnnnnens 122
10. Special PatieNt GrOUPS.......cciiiuuiiiiiiniiiiiieiieiineiieienietienisttensistesssssstenssssssssssssssssssssssssssssssnssss 123
10.1. RACE AN EtNNICITY .ueeeiitrieeiiiiiieieiiiie ettt ee ettt e e et e e e st eeesaaaeeessbaeessssseeeassssnesanssnnesansnnnens 123
10.1.1 Racial and Ethnic Differences in Treatment. ... e 125
10.2. SEX-REIALEA ISSUBS...ciiiiiiie ittt e e st e e s st e e s s sbeeessaaeeesssteeesssseeesssseeeas 127
1O A TV 4 1= o VOO T T PP O P PSP UPPRUPPTPPPPT 127
O o ¢T= - { o - o oY PRt 127
10.3. ABE-REIALEU ISSUES ... .eeiiiiieeee ettt e e e e e e e e e e e b e e e e e e e e e esabattaeeeaeeesannssnreneaaaanan 130
10.3. 1. OldEr PEISONS....uiiiiiiiiiie e ittt ettt e sttt e st e e s sttt e e s sbee e e s sbeeeessbeeeessbeeeesssseaesssseeesssaseeessnnsens 130
10.3.2. Children and AdOIESCENTS ....ccivciiiiiiiiie ettt e e s sbee e e s sbee e e s sbeeesesanes 132
11. Other ConSiderations.......cccciiiiuiiiiiiuuiiiiiiuiiiniiiiieiiiieetienisiieistesmssiesistsesssssssssssssssnsss 133
11.1. ReSiStant HYPertENSION . .u s 133
11.2. Hypertensive Crises—Emergencies and UrgeNCIES......ccuuviereeiiiieciiiiieee e e e ecccriere e e e e e esvenreeeee e 137
11.3. Cognitive Declineg and DeMENLIA.......uuuiiiii it e e e s e e e e e s esnrnareeeaeeean 143
11.4. Sexual Dysfunction and HYPerteNSION .......ccccuviiiiciiiee et e e ree e e e bae e e e 145
11.5. Patients Undergoing SUrgical ProCEAUIES.........ciiicuiieeiciiieeecieecectee e e et e e vre e e bae e e e 146
12. Strategies to Improve Hypertension Treatment and Control..........ccccciireeiiiiieeiiiiiencniinrenencnnneee. 149
12.1. Adherence Strategies for Treatment of Hypertension ........ccccceeecieeiicciee e e 149
12.1.1. Antihypertensive Medication Adherence Strategies.......cccccvvvcieeiiviieee e 150
12.1.2. Strategies to Promote Lifestyle Modification ..........cccceeveciiiiiiiiiii e 151
12.1.3. Improving Quality of Care for Resource-Constrained Populations..........cccccevcieeeiviieeennee. 152

Page 4


http://hyper.ahajournals.org/

1102 ‘22 JoquisnoN uo 1sanb Aq /6io'sfeulnofeye  sedAy//:dny woly papeojumoq

Whelton PK, et al.
2017 High Blood Pressure Clinical Practice Guideline

12.2. Structured, Team-Based Care Interventions for Hypertension Control ..........cccccceeevvinienenennn. 153
12.3. Health Information Technology—Based Strategies to Promote Hypertension Control .............. 155
12.3.1. EHR @nd Pati@nt REGISTIIES . .cccccuiiie ittt e e tte e e e e e e e ate e e e eanes 155
12.3.2. Telehealth Interventions to Improve Hypertension Control .........ccccceeevciieeeecieeeccciee e, 155
12.4. Improving Quality of Care for Patients With Hypertension.........ccccceeeecieeiecciee e 157
12.4.1. PerfOormance IMBASUIES . .....coicueeiiieeriee ettt eritee sttt esiteesteesstteesabeesbaesssbeesbaeesaseesabeesnsseesasessnses 157
12.4.2. Quality Improvement Strat@Ies......cccuiiiiciiie it e e e ae e e e aaee e e 158
12.5. FINANCIAl INCENTIVES ...eiiiiieeiie ettt ettt st s be e st a e e st e sbt e e sabeesbaesssbeesabaeenaseas 159
13. The Plan of Care for Hypertension..............cciieeiiiiieciiiineiinrenesnreneisseeesnessenesssssenesssssenssssssnnnns 160
TR B o 1= o I I = - oY 161
13.2. Access to Health Insurance and Medication Assistance Plans..........ccoceeevieeniieenieeeniieenieeennnenn 161
13.3. Social and COMMUNILY SEIVICES .....uuiiiiiieie ittt e e e e e e e e s e e e e e e s e aarte e e e e e e e seenasnaeneeaaenas 162
14. Summary of BP Thresholds and Goals for Pharmacological Therapy......cccccceeiieeiiirieecinreenncenneee. 164
15. Evidence Gaps and Future DIireCtions ......ccccciieeiiiieiiiieniiiniiiiciniecsireicreeenensisensesenssssesssssessssnsenes 165
Appendix 1. Author Relationships With Industry and Other Entities (Relevant).........c.cccceveeeeniicinnnns 168
Appendix 2. Reviewer Relationships With Industry and Other Entities (Comprehensive).................. 174

Page 5


http://hyper.ahajournals.org/

1102 ‘22 JoquisnoN uo 1sanb Aq /6io'sfeulnofeye  sedAy//:dny woly papeojumoq

Whelton PK, et al.
2017 High Blood Pressure Clinical Practice Guideline

Preamble

Since 1980, the American College of Cardiology (ACC) and American Heart Association (AHA) have
translated scientific evidence into clinical practice guidelines (guidelines) with recommendations to
improve cardiovascular health. In 2013, the National Heart, Lung, and Blood Institute (NHLBI) Advisory
Council recommended that the NHLBI focus specifically on reviewing the highest-quality evidence and
partner with other organizations to develop recommendations (1, 2). Accordingly, the ACC and AHA
collaborated with the NHLBI and stakeholder and professional organizations to complete and publish 4
guidelines (on assessment of cardiovascular risk, lifestyle modifications to reduce cardiovascular risk,
management of blood cholesterol in adults, and management of overweight and obesity in adults) to
make them available to the widest possible constituency. In 2014, the ACC and AHA, in partnership with
several other professional societies, initiated a guideline on the prevention, detection, evaluation, and
management of high blood pressure (BP) in adults. Under the management of the ACC/AHA Task Force, a
Prevention Subcommittee was appointed to help guide development of the suite of guidelines on
prevention of cardiovascular disease (CVD). These guidelines, which are based on systematic methods to
evaluate and classify evidence, provide a cornerstone for quality cardiovascular care. The ACC and AHA
sponsor the development and publication of guidelines without commercial support, and members of
each organization volunteer their time to the writing and review efforts. Guidelines are official policy of
the ACC and AHA.

Intended Use

Practice guidelines provide recommendations applicable to patients with or at risk of developing CVD. The
focus is on medical practice in the United States, but guidelines developed in collaboration with other
organizations can have a global impact. Although guidelines may be used to inform regulatory or payer
decisions, they are intended to improve patients’ quality of care and align with patients’ interests.
Guidelines are intended to define practices meeting the needs of patients in most, but not all,
circumstances and should not replace clinical judgment.

Clinical Implementation

Management in accordance with guideline recommendations is effective only when followed by both
practitioners and patients. Adherence to recommendations can be enhanced by shared decision making
between clinicians and patients, with patient engagement in selecting interventions on the basis of
individual values, preferences, and associated conditions and comorbidities.

Methodology and Modernization
The ACC/AHA Task Force on Clinical Practice Guidelines (Task Force) continuously reviews, updates, and
modifies guideline methodology on the basis of published standards from organizations, including the
Institute of Medicine (3, 4), and on the basis of internal reevaluation. Similarly, the presentation and
delivery of guidelines are reevaluated and modified on the basis of evolving technologies and other factors
to facilitate optimal dissemination of information to healthcare professionals at the point of care.
Toward this goal, this guideline continues the introduction of an evolved format of presenting
guideline recommendations and associated text called the “modular knowledge chunk format.” Each
modular “chunk” includes a table of related recommendations, a brief synopsis, recommendation-specific
supportive text, and when appropriate, flow diagrams or additional tables. References are provided within
the modular chunk itself to facilitate quick review. Additionally, this format will facilitate seamless
updating of guidelines with focused updates as new evidence is published, as well as content tagging for
rapid electronic retrieval of related recommendations on a topic of interest. This evolved approach format
was instituted when this guideline was near completion; therefore, the present document represents a
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transitional format that best suits the text as written. Future guidelines will fully implement this format,
including provisions for limiting the amount of text in a guideline.

Recognizing the importance of cost—value considerations in certain guidelines, when appropriate
and feasible, an analysis of the value of a drug, device, or intervention may be performed in accordance
with the ACC/AHA methodology (5).

To ensure that guideline recommendations remain current, new data are reviewed on an ongoing
basis, with full guideline revisions commissioned in approximately 6-year cycles. Publication of new,
potentially practice-changing study results that are relevant to an existing or new drug, device, or
management strategy will prompt evaluation by the Task Force, in consultation with the relevant
guideline writing committee, to determine whether a focused update should be commissioned. For
additional information and policies regarding guideline development, we encourage readers to consult
the ACC/AHA guideline methodology manual (6) and other methodology articles (7-10).

Selection of Writing Committee Members

The Task Force strives to avoid bias by selecting experts from a broad array of backgrounds. Writing
committee members represent different geographic regions, sexes, ethnicities, races, intellectual
perspectives/biases, and scopes of clinical practice. The Task Force may also invite organizations and
professional societies with related interests and expertise to participate as partners, collaborators, or
endorsers.

Relationships With Industry and Other Entities

The ACC and AHA have rigorous policies and methods to ensure that guidelines are developed without
bias or improper influence. The complete relationships with industry and other entities (RWI) policy can
be found at http://www.acc.org/guidelines/about-guidelines-and-clinical-documents/relationships-with-
industry-policy. Appendix 1 of the present document lists writing committee members’ relevant RWI. For
the purposes of full transparency, writing committee members’ comprehensive disclosure information is
available online (http://hyper.ahajournals.org/lookup/suppl/doi:10.1161/HYP.0000000000000065/-
/DC1). Comprehensive disclosure information for the Task Force is available at
http://www.acc.org/guidelines/about-guidelines-and-clinical-documents/guidelines-and-documents-
task-forces.

Evidence Review and Evidence Review Committees

In developing recommendations, the writing committee uses evidence-based methodologies that are
based on all available data (6-9). Literature searches focus on randomized controlled trials (RCTs) but also
include registries, nonrandomized comparative and descriptive studies, case series, cohort studies,
systematic reviews, and expert opinion. Only key references are cited.

An independent evidence review committee (ERC) is commissioned when there are 1 or more
questions deemed of utmost clinical importance that merit formal systematic review. The systematic
review will determine which patients are most likely to benefit from a drug, device, or treatment strategy
and to what degree. Criteria for commissioning an ERC and formal systematic review include: a) the
absence of a current authoritative systematic review, b) the feasibility of defining the benefit and risk in
a time frame consistent with the writing of a guideline, c) the relevance to a substantial number of
patients, and d) the likelihood that the findings can be translated into actionable recommendations. ERC
members may include methodologists, epidemiologists, healthcare providers, and biostatisticians. The
recommendations developed by the writing committee on the basis of the systematic review are marked
with “SR”.
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Guideline-Directed Management and Therapy

The term guideline-directed management and therapy (GDMT) encompasses clinical evaluation,
diagnostic testing, and pharmacological and procedural treatments. For these and all recommended drug
treatment regimens, the reader should confirm the dosage by reviewing product insert material and
evaluate the treatment regimen for contraindications and interactions. The recommendations are limited
to drugs, devices, and treatments approved for clinical use in the United States.

Class of Recommendation and Level of Evidence

The Class of Recommendation (COR) indicates the strength of the recommendation, encompassing the
estimated magnitude and certainty of benefit in proportion to risk. The Level of Evidence (LOE) rates the
quality of scientific evidence that supports the intervention on the basis of the type, quantity, and
consistency of data from clinical trials and other sources (Table 1) (6-8).

Glenn N. Levine, MID, FACC, FAHA
Chair, ACC/AHA Task Force on Clinical Practice Guidelines
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Table 1. Applying Class of Recommendation and Level of Evidence to Clinical Strategies, Interventions,
Treatments, or Diagnostic Testing in Patient Care* (Updated August 2015)

CLASS (STRENGTH) OF RECOMMENDATION LEVEL (QUALITY) OF EVIDENCE}

Suggested phrases for writing recommendations:
|5 reasonable
= (an be useful/effective/beneficial
= Comparative-Effectiveness Phrasest:
o Treatment/strategy A is probably recommendedy/indicated in
preference to treatment B
o |tis reasonable to choose treatment A
over treatment B

CLASS [11: No Benefit (MODERATE) Benefit = Risk COR and LOE are determined independently (any COR may be paired with any LOE).
(Generally, LOE A or B use only)

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 consensus that

a particular test or therapy is useful or effective.

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

- - t For comparative-effectiveness recommendations (COR | and lla; LOE A and B only),
CLASS Ill: Harm (STRONG) Risk > Benefit studies that support the use of comparator verbs should involve direct comparisons

of the treatments or strategies being evaluated.

1 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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1. Introduction

As early as the 1920s, and subsequently in the 1959 Build and Blood Pressure Study (1) of almost 5 million
adults insured between 1934 and 1954, a strong direct relationship was noted between level of BP and
risk of clinical complications and death. In the 1960s, these findings were confirmed in a series of reports
from the Framingham Heart Study (2). The 1967 and 1970 Veterans Administration Cooperative Study
Group reports ushered in the era of effective treatment for high BP (3, 4). The first comprehensive
guideline for detection, evaluation, and management of high BP was published in 1977, under the
sponsorship of the NHLBI (5). In subsequent years, a series of Joint National Committee (JNC) BP guidelines
were published to assist the practice community and improve prevention, awareness, treatment, and
control of high BP (5-7). The present guideline updates prior JNC reports.

1.1. Methodology and Evidence Review

An extensive evidence 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, was
conducted between February and August 2015. Key search words included but were not limited to the
following: adherence; aerobic; alcohol intake; ambulatory care; antihypertensive: agents, drug,
medication, therapy; beta adrenergic blockers; blood pressure: arterial, control, determination, devices,
goal, high, improve, measurement, monitoring, ambulatory; calcium channel blockers; diet; diuretic agent;
drug therapy; heart failure: diastolic, systolic; hypertension: white coat, masked, ambulatory, isolated
ambulatory, isolated clinic, diagnosis, reverse white coat, prevention, therapy, treatment, control;
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intervention; lifestyle: measures, modification; office visits; patient outcome; performance measures;
physical activity; potassium intake; protein intake; renin inhibitor; risk reduction: behavior, counseling;
screening; sphygmomanometers; spironolactone; therapy; treatment: adherence, compliance, efficacy,
outcome, protocol, regimen; weight. Additional relevant studies published through June 2016, during the
guideline writing process, were also considered by the writing committee and added to the evidence
tables when appropriate. The final evidence tables included in the Online Data Supplement
(http://hyper.ahajournals.org/lookup/suppl/doi:10.1161/HYP.0000000000000065/-/DC2)  summarize
the evidence used by the writing committee to formulate recommendations.

As noted in the preamble, an independent ERC was commissioned to perform a formal systematic
review of 4 critical clinical questions related to hypertension (Table 2), the results of which were
considered by the writing committee for incorporation into this guideline. Concurrent with this process,
writing committee members evaluated other published data relevant to the guideline. The findings of the
ERC and the writing committee members were formally presented and discussed, and then guideline
recommendations were developed. The systematic review report, “Systematic Review for 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,” is published in conjunction with this
guideline (8), and its respective data supplements are available online
(http://hyper.ahajournals.org/lookup/suppl/doi:10.1161/HYP.0000000000000067/-/DC2). No writing
committee member reported a RWI. Drs. Whelton, Wright, and Williamson had leadership roles in SPRINT
(Systolic Blood Pressure Intervention Trial). Dr. Carey chaired committee discussions in which the SPRINT
results were considered.

Table 2. Systematic Review Questions on High BP in Adults

Question Question Section
Number Number
1 Is there evidence that self-directed monitoring of BP and/or ambulatory BP monitoring 4.2

are superior to office-based measurement of BP by a healthcare worker for 1)
preventing adverse outcomes for which high BP is a risk factor and 2) achieving better

BP control?
2 What is the optimal target for BP lowering during antihypertensive therapy in adults? 8.1.5
9.3
9.6
3 In adults with hypertension, do various antihypertensive drug classes differ in their 8.1.6
comparative benefits and harms? 8.2
4 In adults with hypertension, does initiating treatment with antihypertensive 8.1.6.1

pharmacological monotherapy versus initiating treatment with 2 drugs (including fixed-
dose combination therapy), either of which may be followed by the addition of
sequential drugs, differ in comparative benefits and/or harms on specific health
outcomes?

BP indicates blood pressure.

1.2. Organization of the Writing Committee

The writing committee consisted of clinicians, cardiologists, epidemiologists, internists, an
endocrinologist, a geriatrician, a nephrologist, a neurologist, a nurse, a pharmacist, a physician assistant,
and 2 lay/patient representatives. It included representatives from the ACC, AHA, American Academy of
Physician Assistants (AAPA), Association of Black Cardiologists (ABC), American College of Preventive
Medicine (ACPM), American Geriatrics Society (AGS), American Pharmacists Association (APhA), American
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Society of Hypertension (ASH), American Society for Preventive Cardiology (ASPC), National Medical
Association (NMA), and Preventive Cardiovascular Nurses Association (PCNA).

1.3. Document Review and Approval

This document was reviewed by 2 official reviewers nominated by the ACC and AHA; 1 reviewer each from
the AAPA, ABC, ACPM, AGS, APhA, ASH, ASPC, NMA, and PCNA; and 38 individual content reviewers.
Reviewers’ RWI information 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, AHA, AAPA, ABC,
ACPM, AGS, APhA, ASH, ASPC, NMA, and PCNA.

1.4. Scope of the Guideline

The present guideline is intended to be a resource for the clinical and public health practice communities.
It is designed to be comprehensive but succinct and practical in providing guidance for prevention,
detection, evaluation, and management of high BP. It is an update of the NHLBI publication, “The Seventh
Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood
Pressure” (JNC 7) (7). It incorporates new information from studies of office-based BP-related risk of CVD,
ambulatory blood pressure monitoring (ABPM), home blood pressure monitoring (HBPM), telemedicine,
and various other areas. This guideline does not address the use of BP-lowering medications for the
purposes of prevention of recurrent CVD events in patients with stable ischemic heart disease (SIHD) or
chronic heart failure (HF) in the absence of hypertension; these topics are the focus of other ACC/AHA
guidelines (9, 10). In developing the present guideline, the writing committee reviewed prior published
guidelines, evidence reviews, and related statements. Table 3 contains a list of publications and
statements deemed pertinent to this writing effort and is intended for use as a resource, thus obviating
the need to repeat existing guideline recommendations.

Table 3. Associated Guidelines and Statements

Title | Organization Publication Year

Guidelines

Lower-extremity peripheral artery AHA/ACC 2016 (11)

disease

Management of primary Endocrine Society 2016 (12)

aldosteronism: case detection,

diagnosis, and treatment

Stable ischemic heart disease ACC/AHA/AATS/PCNA/SCAI/STS 2014 (13)*2012 (9)

Pheochromocytoma and Endocrine Society 2014 (14)

paraganglioma

Atrial fibrillation AHA/ACC/HRS 2014 (15)

Valvular heart disease ACC/AHA 2017 (16)

Assessment of cardiovascular risk ACC/AHA 2013 (17)

Hypertension in pregnancy ACOG 2013 (18)

Heart failure ACC/AHA 2017 (19)
2013 (10)

Lifestyle management to reduce AHA/ACC 2013 (20)

cardiovascular risk

Management of arterial ESH/ESC 2013 (21)

hypertension
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Management of overweight and AHA/ACC/TOS 2013 (22)
obesity in adults

ST-elevation myocardial infarction ACC/AHA 2013 (23)
Treatment of blood cholesterol to ACC/AHA 2013 (24)

reduce atherosclerotic
cardiovascular risk in adults

Cardiovascular diseases during ESC 2011 (25)
pregnancy
Effectiveness-based guidelines for AHA/ACC 2011 (26)

the prevention of cardiovascular
disease in women

Secondary prevention and risk- AHA/ACC 2011 (27)
reduction therapy for patients with
coronary and other atherosclerotic
vascular disease

Assessment of cardiovascular risk in ACC/AHA 2010 (28)

asymptomatic adults

Thoracic aortic disease ACC/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/ 2010 (29)
STS/SVM

Diagnosis, evaluation, and NHLBI 2004 (30)

treatment of high blood pressure in
children and adolescents

Statements

Salt sensitivity of blood pressure AHA 2016 (31)

Cardiovascular team-based care and ACC 2015 (32)
the role of advanced practice
providers

Treatment of hypertension in AHA/ACC/ASH 2015 (33)
patients with coronary artery
disease

Ambulatory blood pressure AHA 2014 (34)
monitoring in children and
adolescents

An effective approach to high blood AHA/ACC/CDC 2014 (35)
pressure control

Ambulatory blood pressure ESH 2013 (36)
monitoring

Performance measures for adults ACC/AHA/AMA-PCPI 2011 (37)

with coronary artery disease and
hypertension

Interventions to promote physical AHA 2010 (38)
activity and dietary lifestyle changes
for cardiovascular risk factor
reduction in adults

Resistant hypertension: diagnosis, AHA 2008 (39)
evaluation, and treatment

*The full-text SIHD guideline is from 2012 (9). A focused update was published in 2014 (13).

AATS indicates American Association for Thoracic Surgery; ACC, American College of Cardiology; ACOG, American
College of Obstetricians and Gynecologists; ACR, American College of Radiology; AHA, American Heart Association;
AMA, American Medical Association; ASA, American Stroke Association; ASH, American Society of Hypertension;
CDC, Centers for Disease Control and Prevention; ESC, European Society of Cardiology; ESH, European Society of
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Hypertension; HRS, Heart Rhythm Society; NHLBI, National Heart, Lung, and Blood Institute; PCNA, Preventive
Cardiovascular Nurses Association; PCPI, Physician Consortium for Performance Improvement; SCA, Society of
Cardiovascular Anesthesiologists; SCAI, Society for Cardiovascular Angiography and Interventions; SIHD, stable
ischemic heart disease; SIR, Society of Interventional Radiology; STS, Society of Thoracic Surgeons; SVM, Society for
Vascular Medicine; and TOS, The Obesity Society.

1.5. Abbreviations and Acronyms

Abbreviation/Acronym Meaning/Phrase
ABPM ambulatory blood pressure monitoring
ACE angiotensin-converting enzyme
AF atrial fibrillation
ARB angiotensin receptor blocker
BP blood pressure
CCB calcium channel blocker
CHD coronary heart disease
CKD chronic kidney disease
CPAP continuous positive airway pressure
CvD cardiovascular disease
DBP diastolic blood pressure
DM diabetes mellitus
ECG electrocardiogram
ESRD end-stage renal disease
GDMT guideline-directed management and therapy
GFR glomerular filtration rate
HBPM home blood pressure monitoring
EHR electronic health record
HF heart failure
HFpEF heart failure with preserved ejection fraction
HFrEF heart failure with reduced ejection fraction
ICH intracerebral hemorrhage
JNC Joint National Commission
LV left ventricular
LVH left ventricular hypertrophy
Ml myocardial infarction
MRI magnetic resonance imaging
PAD peripheral artery disease
RAS renin-angiotensin system
RCT randomized controlled trial
SBP systolic blood pressure
SIHD stable ischemic heart disease
TIA transient ischemic attack
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2. BP and CVD Risk

2.1. Observational Relationship

Observational studies have demonstrated graded associations between higher systolic blood pressure (SBP)
and diastolic blood pressure (DBP) and increased CVD risk (1, 2). In a meta-analysis of 61 prospective studies,
the risk of CVD increased in a log-linear fashion from SBP levels <115 mm Hg to >180 mm Hg and from DBP
levels <75 mm Hg to >105 mm Hg (1). In that analysis, 20 mm Hg higher SBP and 10 mm Hg higher DBP were
each associated with a doubling in the risk of death from stroke, heart disease, or other vascular disease. In a
separate observational study including >1 million adult patients >30 years of age, higher SBP and DBP were
associated with increased risk of CVD incidence and angina, myocardial infarction (Ml), HF, stroke, peripheral
artery disease (PAD), and abdominal aortic aneurysm, each evaluated separately (2). An increased risk of CVD
associated with higher SBP and DBP has been reported across a broad age spectrum, from 30 years to >80
years of age. Although the relative risk of incident CVD associated with higher SBP and DBP is smaller at older
ages, the corresponding high BP—related increase in absolute risk is larger in older persons (265 years) given
the higher absolute risk of CVD at an older age (1).
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2.2. BP Components

Epidemiological studies have evaluated associations of SBP and DBP, as well as derived components of BP
measurements (including pulse pressure, mean BP, and mid-BP), with CVD outcomes (Table 4). When
considered separately, higher levels of both SBP and DBP have been associated with increased CVD risk (1, 2).
Higher SBP has consistently been associated with increased CVD risk after adjustment for, or within strata of,
DBP (3-5). In contrast, after consideration of SBP through adjustment or stratification, DBP has not been
consistently associated with CVD risk (6, 7). Although pulse pressure and mid-BP have been associated with
increased CVD risk independent of SBP and DBP in some studies, SBP (especially) and DBP are prioritized in
the present document because of the robust evidence base for these measures in both observational studies
and clinical trials and because of their ease of measurement in practice settings (8-11).
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Table 4. BP Measurement Definitions

BP Measurement Definition
SBP First Korotkoff sound*
DBP Fifth Korotkoff sound*
Pulse pressure SBP minus DBP
Mean arterial pressure DBP plus one third pulse pressuret
Mid-BP Sum of SBP and DBP, divided by 2

*See Section 4 for a description of Korotkoff sounds.
tCalculation assumes normal heart rate.
BP indicates blood pressure; DBP, diastolic blood pressure; and SBP, systolic blood pressure.
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2.3. Population Risk

In 2010, high BP was the leading cause of death and disability-adjusted life years worldwide (1, 2). In the United States,
hypertension (see Section 3.1 for definition) accounted for more CVD deaths than any other modifiable CVD risk factor
and was second only to cigarette smoking as a preventable cause of death for any reason (3). In a follow-up study of
23,272 U.S. NHANES (National Health and Nutrition Examination Survey) participants, >50% of deaths from coronary
heart disease (CHD) and stroke occurred among individuals with hypertension (4). Because of the high prevalence of
hypertension and its associated increased risk of CHD, stroke, and end-stage renal disease (ESRD), the population-
attributable risk of these outcomes associated with hypertension is high (4, 5). In the population-based ARIC
(Atherosclerosis Risk in Communities) study, 25% of the cardiovascular events (CHD, coronary revascularization, stroke,
or HF) were attributable to hypertension. In the Northern Manhattan study, the percentage of events attributable to
hypertension was higher in women (32%) than in men (19%) and higher in blacks (36%) than in whites (21%) (6). In 2012,
hypertension was the second leading assigned cause of ESRD, behind diabetes mellitus (DM), and accounted for 34% of
incident ESRD cases in the U.S. population (7).
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2.4. Coexistence of Hypertension and Related Chronic Conditions

Recommendation for Coexistence of Hypertension and Related Chronic Conditions
References that support the recommendation are summarized in Online Data Supplement 1.

COR LOE Recommendation
1. Screening for and management of other modifiable CVD risk factors are
| B-NR recommended in adults with hypertension (1, 2).
Synopsis

Many adult patients with hypertension have other CVD risk factors; a list of such modifiable and relatively
fixed risk factors is provided in Table 5. Among U.S. adults with hypertension between 2009 and 2012, 15.5%
were current smokers, 49.5% were obese, 63.2% had hypercholesterolemia, 27.2% had DM, and 15.8% had
chronic kidney disease (CKD; defined as estimated glomerular filtration rate [eGFR] <60 mL/min/1.73 m?
and/or urine albumin:creatinine =300 mg/g) (3).

Not only are CVD risk factors common among adults with hypertension, a higher percentage of adults
with CVD risk factors have hypertension. For example, 71% of U.S. adults with diagnosed DM have
hypertension (4). In the Chronic Renal Insufficiency Cohort (CRIC), 86% of the participants had hypertension
(5). Also, 28.1% of adults with hypertension and CKD in the population-based REGARDS (Reasons for
Geographic and Racial Differences in Stroke) study had apparent resistant hypertension (6). In NHANES 1999—-
2010, 35.7% of obese individuals had hypertension (7). The presence of multiple CVD risk factors in individuals
with hypertension results in high absolute risks for CHD and stroke in this population. For example, among
U.S. adults with hypertension between 2009 and 2012, 41.7% had a 10-year CHD risk >20%, 40.9% had a risk
of 10% to 20%, and only 18.4% had a risk <10% (3).

Modifiable risk factors for CVD that are common among adults with hypertension include cigarette
smoking/tobacco smoke exposure, DM, dyslipidemia (including high levels of low-density lipoprotein
cholesterol or hypercholesterolemia, high levels of triglycerides, and low levels of high-density lipoprotein
cholesterol), overweight/obesity, physical inactivity/low fitness level, and unhealthy diet (8). The relationship
between hypertension and other modifiable risk factors is complex and interdependent, with several sharing
mechanisms of action and pathophysiology. CVD risk factors affect BP through over activation of the renin-
angiotensin-aldosterone system, activation of the sympathetic nervous system, inhibition of the cardiac
natriuretic peptide system, endothelial dysfunction, and other mechanisms (9-11). Treating some of the other
modifiable risk factors may reduce BP through modification of shared pathology, and CVD risk may be reduced
by treating global risk factor burden.
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Recommendation-Specific Supportive Text

1. Observational studies have demonstrated that CVD risk factors frequently occur in combination, with >3
risk factors present in 17% of patients (1). A meta-analysis from 18 cohort studies involving 257,384 patients
identified a lifetime risk of CVD death, nonfatal Ml, and fatal or nonfatal stroke that was substantially higher
in adults with 22 CVD risk factors than in those with only 1 risk factor (1, 2).

Table 5. CVD Risk Factors Common in Patients With Hypertension

Modifiable Risk Factors* Relatively Fixed Risk Factorst
e Current cigarette smoking, secondhand smoking e CKD
¢ Diabetes mellitus ¢ Family history
¢ Dyslipidemia/hypercholesterolemia ¢ Increased age
¢ Overweight/obesity * Low socioeconomic/educational status
® Physical inactivity/low fitness * Male sex
e Unhealthy diet e Obstructive sleep apnea
® Psychosocial stress

*Factors that can be changed and, if changed, may reduce CVD risk.

tFactors that are difficult to change (CKD, low socioeconomic/educational status, obstructive sleep apnea (12)), cannot
be changed (family history, increased age, male sex), or, if changed through the use of current intervention techniques,
may not reduce CVD risk (psychosocial stress) (12).

CKD indicates chronic kidney disease; and CVD, cardiovascular disease.
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3. Classification of BP

3.1. Definition of High BP

Recommendation for Definition of High BP
References that support the recommendation are summarized in Online Data Supplement 2.
COR LOE Recommendation

1. BP should be categorized as normal, elevated, or stage 1 or 2 hypertension
to prevent and treat high BP (Table 6) (1-20).

| B-NR

Synopsis

Although a continuous association exists between higher BP and increased CVD risk (see Section 2.1), it is
useful to categorize BP levels for clinical and public health decision making. In the present document, BP is
categorized into 4 levels on the basis of average BP measured in a healthcare setting (office pressures): normal,
elevated, and stage 1 or 2 hypertension (Table 6). Online Data Supplement C illustrates schematically the SBP
and DBP categories defining normal BP, elevated BP, and stages 1 and 2 hypertension. This categorization
differs from that previously recommended in the JNC 7 report, with stage 1 hypertension now defined as an
SBP of 130-139 or a DBP of 80—-89 mm Hg, and with stage 2 hypertension in the present document
corresponding to stages 1 and 2 in the JNC 7 report (21). The rationale for this categorization is based on
observational data related to the association between SBP/DBP and CVD risk, RCTs of lifestyle modification to
lower BP, and RCTs of treatment with antihypertensive medication to prevent CVD. The increased risk of CVD
among adults with stage 2 hypertension is well established. An increasing number of individual studies and
meta-analyses of observational data have reported a gradient of progressively higher CVD risk going from
normal BP to elevated BP and stage 1 hypertension (4-10, 12, 13, 16). In many of these meta-analyses, the
hazard ratios for CHD and stroke were between 1.1 and 1.5 for the comparison of SBP/DBP of 120-129/80—
84 mm Hg versus <120/80 mm Hg and between 1.5 and 2.0 for the comparison of SBP/DBP of 130-139/85—
89 mm Hg versus <120/80 mm Hg. This risk gradient was consistent across subgroups defined by sex and
race/ethnicity. The relative increase in CVD risk associated with higher BP was attenuated but still present
among older adults (1). The prevalence of severe hypertension has been declining over time, but
approximately 12.3% of U.S. adults with hypertension have an average SBP 2160 mm Hg or average DBP >100
mm Hg (22). Lifestyle modification and pharmacological antihypertensive treatment recommendations for
individuals with elevated BP and stages 1 and 2 hypertension are provided in Sections 6 and 8, respectively.
The relationship of this classification schema with measurements obtained by ambulatory BP recording and
home BP measurements is discussed in Section 4.2.

Recommendation-Specific Supportive Text

1. As was the case in previous BP classification systems, the choice and the naming of the categories were
based on a pragmatic interpretation of BP-related CVD risk and benefit of BP reduction in clinical trials. Meta-
analyses of observational studies have demonstrated that elevated BP and hypertension are associated with
increased risk of CVD, ESRD, subclinical atherosclerosis, and all-cause death (1-17). The recommended BP
classification system is most valuable in untreated adults as an aid in decisions about prevention or treatment
of high BP. However, it is also useful in assessing the success of interventions to reduce BP.
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Table 6. Categories of BP in Adults*

BP Category SBP DBP
Normal <120 mm Hg and <80 mm Hg
Elevated 120-129 mm Hg and <80 mm Hg
Hypertension
Stage 1 130-139 mm Hg or 80-89 mm Hg
Stage 2 2140 mm Hg or 290 mm Hg

*Individuals with SBP and DBP in 2 categories should be designated to the higher BP category.
BP indicates blood pressure (based on an average of >2 careful readings obtained on 22 occasions, as detailed in
Section 4); DBP, diastolic blood pressure; and SBP systolic blood pressure.
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3.2. Lifetime Risk of Hypertension

Observational studies have documented a relatively high incidence of hypertension over periods of 5 to 10
years of follow-up (1, 2). Thus, there is a much higher long-term population burden of hypertension as BP
progressively increases with age. Several studies have estimated the long-term cumulative incidence of
developing hypertension (3, 4). In an analysis of 1132 white male medical students (mean age: approximately
23 years at baseline) in the Johns Hopkins Precursors study, 0.3%, 6.5%, and 37% developed hypertension at
age 25, 45, and 65 years, respectively (5). In MESA (Multi-Ethnic Study of Atherosclerosis), the percentage of
the population developing hypertension over their lifetimes was higher for African Americans and Hispanics
than for whites and Asians (3). For adults 45 years of age without hypertension, the 40-year risk of developing
hypertension was 93% for African-American, 92% for Hispanic, 86% for white, and 84% for Chinese adults (3).
In the Framingham Heart Study, approximately 90% of adults free of hypertension at age 55 or 65 years
developed hypertension during their lifetimes (4). All of these estimates were based on use of the 140/90—
mm Hg cutpoint for recognition of hypertension and would have been higher had the 130/80-mm Hg cutpoint
been used.
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3.3. Prevalence of High BP

Prevalence estimates are greatly influenced by the choice of cutpoints to categorize high BP, the methods
used to establish the diagnosis, and the population studied (1, 2). Most general population prevalence
estimates are derived from national surveys. Table 7 provides estimates for prevalence of hypertension in the
U.S. general adult population (220 years of age) that are based on the definitions of hypertension
recommended in the present guideline and in the JNC 7 report. The prevalence of hypertension among U.S.
adults is substantially higher when the definition in the present guideline is used versus the JNC 7 definition
(46% versus 32%). However, as described in Section 8.1, nonpharmacological treatment (not antihypertensive
medication) is recommended for most U.S. adults who have hypertension as defined in the present guideline
but who would not meet the INC 7 definition for hypertension. As a consequence, the new definition results
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in only a small increase in the percentage of U.S. adults for whom antihypertensive medication is
recommended in conjunction with lifestyle modification.

The prevalence of hypertension rises dramatically with increasing age and is higher in blacks than in
whites, Asians, and Hispanic Americans. NHANES estimates of JNC 7—defined hypertension prevalence have
remained fairly stable since the early 2000s (1). Most contemporary population surveys, including NHANES,
rely on an average of BP measurements obtained at a single visit (2), which is likely to result in an overestimate
of hypertension prevalence compared with what would be found by using an average of 22 readings taken on
22 visits (1), as recommended in current and previous BP guidelines (3-5). The extent to which guideline
recommendations for use of BP averages from 22 occasions is followed in practice is unclear. Adding self-
report of previously diagnosed hypertension yields a 5% to 10% higher estimate of prevalence (1, 6, 7). Most
individuals who were added by use of this expanded definition have been diagnosed as having hypertension
by a health professional on >1 occasion, and many have been advised to change their lifestyle (2, 6).
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Table 7. Prevalence of Hypertension Based on 2 SBP/DBP Thresholds*t

SBP/DBP 2130/80 mm Hg or Self- SBP/DBP 2140/90 mm Hg or Self-
Reported Antihypertensive Reported Antihypertensive Medicationt
Medicationt
Overall, crude 46% 32%
Men (n=4717) Women (n=4906) Men (n=4717) Women (n=4906)
Overall, age-sex 48% 43% 31% 32%
adjusted
Age group, y
20-44 30% 19% 11% 10%
45-54 50% 44% 33% 27%
55-64 70% 63% 53% 52%
65-74 77% 75% 64% 63%
75+ 79% 85% 71% 78%
Race-ethnicity§
Non-Hispanic white 47% 41% 31% 30%
Non-Hispanic black 59% 56% 42% 46%
Non-Hispanic Asian 45% 36% 29% 27%
Hispanic 44% 42% 27% 32%

The prevalence estimates have been rounded to the nearest full percentage.

*130/80 and 140/90 mm Hg in 9623 participants (=20 years of age) in NHANES 2011-2014.

TBP cutpoints for definition of hypertension in the present guideline.

$BP cutpoints for definition of hypertension in JNC 7.

§Adjusted to the 2010 age-sex distribution of the U.S. adult population.

BP indicates blood pressure; DBP, diastolic blood pressure; NHANES, National Health and Nutrition Examination Survey;
and SBP, systolic blood pressure.
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3.4. Awareness, Treatment, and Control

Prevalence estimates for awareness, treatment, and control of hypertension are usually based on self-reports
of the hypertension diagnosis (awareness), use of BP-lowering medications in those with hypertension
(treatment), and achievement of a satisfactory SBP/DBP during treatment of hypertension (control). Before
the present publication, awareness and treatment in adults were based on the SBP/DBP cutpoints of 140/90
mm Hg, and control was based on an SBP/DBP <140/90 mm Hg. In the U.S. general adult population,
hypertension awareness, treatment, and control have been steadily improving since the 1960s (1-4), with
NHANES 2009 to 2012 prevalence estimates for men and women, respectively, being 80.2% and 85.4% for
awareness, 70.9% and 80.6% for treatment (88.4% and 94.4% in those who were aware), 69.5% and 68.5% for
control in those being treated, and 49.3% and 55.2% for overall control in adults with hypertension (5). The
NHANES experience may underestimate awareness, treatment, and control of hypertension because it is
based on BP estimates derived from an average of readings obtained at a single visit, whereas guidelines
recommend use of BP averages of 22 readings obtained on 22 occasions. In addition, the current definition of
control excludes the possibility of control resulting from lifestyle change or nonpharmacological interventions.
NHANES hypertension control rates have been consistently higher in women than in men (55.3% versus 38.0%
in 2009-2012); in whites than in blacks and Hispanics (41.3% versus 31.1% and 23.6%, respectively, in men,
and 57.2% versus 43.2% and 52.9%, respectively, in women, for 2009-2012); and in older than in younger
adults (50.5% in adults 260 years of age versus 34.4% in patients 18 to 39 years of age for 2011-2012) up to
the seventh decade (4, 5), although control rates are considerably lower for those 275 years (46%) and only
39.8% for adults >80 years (6) . In addition, control rates are higher for persons of higher socioeconomic status
(43.2% for adults with an income >400% above the U.S. government poverty line versus 30.2% for those below
this line in 2003 to 2006) (5). Research studies have repeatedly demonstrated that structured, goal-oriented
BP treatment initiatives with feedback and provision of free medication result in a substantial improvement
in BP control (7-9). Control rates that are much higher than noted in the general population have been
reported in care settings where a systems approach (detailed in Sections 12.2 and 12.3) has been implemented
for insured adults (10-12).
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4. Measurement of BP

4.1. Accurate Measurement of BP in the Office

Recommendation for Accurate Measurement of BP in the Office
COR LOE Recommendation
1. For diagnosis and management of high BP, proper methods are
| C-EO recommended for accurate measurement and documentation of BP (Table
8).
Synopsis

Although measurement of BP in office settings is relatively easy, errors are common and can result in a
misleading estimation of an individual’s true level of BP. There are various methods for measuring BP in the
office. The clinical standard of auscultatory measures calibrated to a column of mercury has given way to
oscillometric devices (in part because of toxicological issues with mercury). Oscillometric devices use a sensor
that detects oscillations in pulsatile blood volume during cuff inflation and deflation. BP is indirectly calculated
from maximum amplitude algorithms that involve population-based data. For this reason, only devices with a
validated measurement protocol can be recommended for use (see Section 4.2 for additional details). Many
of the newer oscillometric devices automatically inflate multiple times (in 1- to 2-minute intervals), allowing
patients to be alone and undisturbed during measurement. Although much of the available BP-related risk
information and antihypertensive treatment trial experience have been generated by using “traditional” office
methods of BP measurement, there is a growing evidence base supporting the use of automated office BP
measurements (1).

Recommendation-Specific Supportive Text

1. Accurate measurement and recording of BP are essential to categorize level of BP, ascertain BP-related CVD
risk, and guide management of high BP. Most systematic errors in BP measurement can be avoided by
following the suggestions provided in Table 8, including having the patient sit quietly for 5 minutes before a
reading is taken, supporting the limb used to measure BP, ensuring the BP cuff is at heart level, using the
correct cuff size (Table 9), and, for auscultatory readings, deflating the cuff slowly (2). In those who are already
taking medication that affects BP, the timing of BP measurements in relation to ingestion of the patient’s
medication should be standardized. Because individual BP measurements tend to vary in an unpredictable or
random fashion, a single reading is inadequate for clinical decision-making. An average of 2 to 3 BP
measurements obtained on 2 to 3 separate occasions will minimize random error and provide a more accurate
basis for estimation of BP. In addition to clinicians, other caregivers and patients who perform BP self-
monitoring should be trained to follow the checklist in Table 8. Common errors in clinical practice that can
lead to inaccurate estimation of BP include failure to allow for a rest period and/or talking with the patient
during or immediately before the recording, improper patient positioning (e.g., sitting or lying on an
examination table), rapid cuff deflation (for auscultatory readings), and reliance on BPs measured at a single
occasion.
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Table 8. Checklist for Accurate Measurement of BP (3, 4)

Key Steps for Proper BP
Measurements

Specific Instructions

Step 1: Properly prepare the
patient

1. Have the patient relax, sitting in a chair (feet on floor, back supported) for >5
min.

2. The patient should avoid caffeine, exercise, and smoking for at least 30 min
before measurement.

3. Ensure patient has emptied his/her bladder.

4. Neither the patient nor the observer should talk during the rest period or
during the measurement.

5. Remove all clothing covering the location of cuff placement.

6. Measurements made while the patient is sitting or lying on an examining
table do not fulfill these criteria.

Step 2: Use proper technique
for BP measurements

1. Use a BP measurement device that has been validated, and ensure that the
device is calibrated periodically.*

2. Support the patient’s arm (e.g., resting on a desk).

3. Position the middle of the cuff on the patient’s upper arm at the level of the
right atrium (the midpoint of the sternum).

4. Use the correct cuff size, such that the bladder encircles 80% of the arm, and
note if a larger- or smaller-than-normal cuff size is used (Table 9).

5. Either the stethoscope diaphragm or bell may be used for auscultatory
readings (5, 6).

Step 3: Take the proper
measurements needed for
diagnosis and treatment of
elevated BP/hypertension

1. Atthe first visit, record BP in both arms. Use the arm that gives the higher
reading for subsequent readings.

2. Separate repeated measurements by 1-2 min.

3. For auscultatory determinations, use a palpated estimate of radial pulse
obliteration pressure to estimate SBP. Inflate the cuff 20-30 mm Hg above
this level for an auscultatory determination of the BP level.

4. For auscultatory readings, deflate the cuff pressure 2 mm Hg per second,
and listen for Korotkoff sounds.

Step 4: Properly document
accurate BP readings

1. Record SBP and DBP. If using the auscultatory technique, record SBP and
DBP as onset of the first Korotkoff sound and disappearance of all Korotkoff
sounds, respectively, using the nearest even number.

2. Note the time of most recent BP medication taken before measurements.

Step 5: Average the readings

Use an average of 22 readings obtained on 22 occasions to estimate the
individual’s level of BP.

Step 6: Provide BP readings
to patient

Provide patients the SBP/DBP readings both verbally and in writing.

*See Section 4.2 for additional guidance.

BP indicates blood pressure; DBP, diastolic blood pressure; and SBP, systolic blood pressure.

Adapted with permission from Mancia et al. (3) (Oxford University Press), Pickering et al. (2) (American Heart
Association, Inc.), and Weir et al. (4) (American College of Physicians, Inc.).
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Table 9. Selection Criteria for BP Cuff Size for Measurement of BP in Adults

Arm Circumference Usual Cuff Size
22-26 cm Small adult
27-34 cm Adult

35-44 cm Large adult
45-52 cm Adult thigh

Adapted with permission from Pickering et al. (2) (American Heart Association, Inc.).
BP indicates blood pressure.
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4.2. Out-of-Office and Self-Monitoring of BP

Recommendation for Out-of-Office and Self-Monitoring of BP
References that support the recommendation are summarized in Online Data Supplement 3 and
Systematic Review Report.

COR LOE Recommendation

1. Out-of-office BP measurements are recommended to confirm the diagnosis
of hypertension (Table 11) and for titration of BP-lowering medication, in
conjunction with telehealth counseling or clinical interventions (1-4).

SR indicates systematic review.

Synopsis

Out-of-office measurement of BP can be helpful for confirmation and management of hypertension. Self-
monitoring of BP refers to the regular measurement of BP by an individual at home or elsewhere outside the
clinic setting. Among individuals with hypertension, self-monitoring of BP, without other interventions, has
shown limited evidence for treatment-related BP reduction and achievement of BP control (1, 5, 6). However,
with the increased recognition of inconsistencies between office and out-of-office BPs (see Section 4.4) and
greater reduction in BP being recommended for hypertension control, increased attention is being paid to
out-of-office BP readings. Although APBM is generally accepted as the best out-of-office measurement
method, HBPM is often a more practical approach in clinical practice. Recommended procedures for the
collection of HBPM data are provided in Table 10. If self-monitoring is used, it is important to ensure that the
BP measurement device used has been validated with an internationally accepted protocol and the results
have been published in a peer-reviewed journal (7). A guide to the relationship between HBPM BP readings
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and corresponding readings obtained in the office and by ABPM is presented in Table 11. The precise
relationships between office readings, ABPM, and HBPM are unsettled, but there is general agreement that
office BPs are often higher than ABPM or HBPM BPs, especially at higher BPs.

Recommendation-Specific Supportive Text

1. Ambulatory BP monitoring (ABPM) is used to obtain out-of-office BP readings at set intervals, usually over
a period of 24 hours. Home BP monitoring (HBPM) is used to obtain a record of out-of-office BP readings taken
by a patient. Both ABPM and HBPM typically provide BP estimates that are based on multiple measurements.
A systematic review conducted by the U.S. Preventive Services Task Force reported that ABPM provided a
better method to predict long-term CVD outcomes than did office BPs. It incorporates new information from
studies of home blood pressure monitoring (HBPM), ambulatory blood pressure monitoring (ABPM), the
relationship of overall CVD risk to the effectiveness of blood pressure lowering, clinical outcomes related to
different blood pressure goals, strategies to improve blood pressure control and various other areas.. A small
body of evidence suggested, but did not confirm, that HBPM could serve as a similar predictor of outcomes
(4). Meta-analyses of RCTs have identified clinically useful reductions in SBP and DBP and achievement of BP
goals at 6 months and 1 year when self-monitoring of BP has been used in conjunction with other
interventions, compared with usual care. Meta-analyses of RCTs have identified only small net reductions in
SBP and DBP at 6 months and 1 year for use of self-monitoring of BP on its own, as compared with usual care
(1, 5, 6). See Section 4.4 for additional details of diagnostic classification and Section 12 for additional details
of telehealth and out-of-office BP measurement for management of high BP.

Table 10. Procedures for Use of HBPM (8-10)

Patient training should occur under medical supervision, including:
¢ Information about hypertension
e Selection of equipment
e Acknowledgment that individual BP readings may vary substantially
¢ Interpretation of results
Devices:
¢ Verify use of automated validated devices. Use of auscultatory devices (mercury, aneroid, or other) is not
generally useful for HBPM because patients rarely master the technique required for measurement of BP with
auscultatory devices.
* Monitors with provision for storage of readings in memory are preferred.
¢ Verify use of appropriate cuff size to fit the arm (Table 9).
 Verify that left/right inter-arm differences are insignificant. If differences are significant, instruct patient to
measure BPs in the arm with higher readings.
Instructions on HBPM procedures:
¢ Remain still:
¢ Avoid smoking, caffeinated beverages, or exercise within 30 min before BP measurements.
e Ensure 25 min of quiet rest before BP measurements.
o Sit correctly:

e Sit with back straight and supported (on a straight-backed dining chair, for example, rather than a sofa).

o Sit with feet flat on the floor and legs uncrossed.

e Keep arm supported on a flat surface (such as a table), with the upper arm at heart level.

¢ Bottom of the cuff should be placed directly above the antecubital fossa (bend of the elbow).
¢ Take multiple readings:

e Take at least 2 readings 1 min apart in morning before taking medications and in evening before supper.
Optimally, measure and record BP daily. Ideally, obtain weekly BP readings beginning 2 weeks after a
change in the treatment regimen and during the week before a clinic visit.

¢ Record all readings accurately:
e Monitors with built-in memory should be brought to all clinic appointments.
e BP should be based on an average of readings on >2 occasions for clinical decision making.
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The information above may be reinforced with videos available online:
http://www.heart.org/HEARTORG/Conditions/HighBloodPressure/SymptomsDiagnosisMonitoringofHighBloodPr
essure/Home-Blood-Pressure-Monitoring_ UCM_301874_Article.jsp#.WcQNfLKGMnM

See Table 11 for HBPM targets.

BP indicates blood pressure; and HBPM, home blood pressure monitoring.

Table 11. Corresponding Values of SBP/DBP for Clinic, HBPM, Daytime, Nighttime, and 24-Hour ABPM
Measurements

Clinic HBPM Daytime ABPM Nighttime ABPM 24-Hour ABPM
120/80 120/80 120/80 100/65 115/75
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

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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4.3. Ambulatory BP Monitoring

All of the major RCTs have been based on use of clinic BP readings. However, ABPM is often used to
supplement BP readings obtained in office settings (1). The monitors are usually programmed to obtain
readings every 15 to 30 minutes throughout the day and every 15 minutes to 1 hour during the night. ABPM
is conducted while individuals go about their normal daily activities. ABPM can a) provide estimates of mean
BP over the entire monitoring period and separately during nighttime and daytime, b) determine the daytime-
to-nighttime BP ratio to identify the extent of nocturnal “dipping,” c) identify the early-morning BP surge
pattern, d) estimate BP variability, and e) allow for recognition of symptomatic hypotension. The U.S. Centers
for Medicaid & Medicare Services and other agencies provide reimbursement for ABPM in patients with
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suspected white coat hypertension (2). Medicare claims for ABPM between 2007 and 2010 were reimbursed
at a median of $52 and were submitted for <1% of beneficiaries (3, 4). A list of devices validated for ABPM is
available (5, 6).

ABPM and HBPM definitions of high BP use different BP thresholds than those used by the previously
mentioned office-based approach to categorize high BP identified in Section 3.1. Table 11 provides best
estimates for corresponding home, daytime, nighttime, and 24-hour ambulatory levels of BP, including the
values recommended for identification of hypertension with office measurements. Typically, a clinic BP of
140/90 mm Hg corresponds to home BP values of 135/85 mm Hg and to ABPM values defined as a daytime
SBP/DBP of 135/85 mm Hg, a nighttime SBP/DBP of 120/70 mm Hg, and a 24-hour SBP/DBP of 130/80 mm Hg
(7, 8). These thresholds are based on data from European, Australian, and Asian populations, with few data
available for establishing appropriate thresholds for U.S. populations (9-13). They are provided as a guide but
should be interpreted with caution. Higher daytime SBP measurements from ABPM can be associated with an
increased risk of CVD and all-cause death independent of clinic-measured BP (14). A meta-analysis of
observational studies that included 13,844 individuals suggested nighttime BP is a stronger risk factor for CHD
and stroke than either clinic or daytime BP (15).

Methodological issues complicate the interpretation of data from studies that report office and out-
of-office BP readings. Definitions and diagnostic methods for identifying white coat hypertension and masked
hypertension (see Section 4.4) have not been standardized. The available studies have differed with regard to
number of office readings obtained, use of 24-hour ABPM, use of daytime-only ABPM, inclusion of daytime
and nighttime BP readings as separate categories, HBPM for monitoring out-of-office BP levels, and even the
BP thresholds used to define hypertension with ABPM or HBPM readings. In addition, there are few data that
address reproducibility of these hypertension profiles over time, with several studies suggesting progression
of white coat hypertension and especially of masked hypertension to sustained office-measured hypertension
(16-22).

References

1. Pickering TG, Shimbo D, Haas D. Ambulatory blood-pressure monitoring. N Engl J Med. 2006;354:2368-74.

2. Tunis SR. Decision Memo for Ambulatory Blood Pressure Monitoring (CAG-00067N). Centers for Medicare and
Medicaid Services; October 17, 2001.

3. Shimbo D, Kent ST, Diaz KM, et al. The use of ambulatory blood pressure monitoring among Medicare beneficiaries
in 2007-2010. J Am Soc Hypertens. 2014;8:891-7.

4. Kent ST, Shimbo D, Huang L, et al. Rates, amounts, and determinants of ambulatory blood pressure monitoring
claim reimbursements among Medicare beneficiaries. ] Am Soc Hypertens. 2014;8:898-908.

5. Dabl Educational Trust. Information on validated blood pressure devices and monitors. Available at:
http://www.dableducational.org. Accessed September 17, 2017.

6. British Hypertension Society. BP Monitors. Available at: http://www.bhsoc.org/bp-monitors/bp-monitors.
Accessed September 17, 2017.

7. Pickering TG, White WB, American Society of Hypertension Writing Group. ASH position paper: home and
ambulatory blood pressure monitoring. When and how to use self (home) and ambulatory blood pressure
monitoring. J Clin Hypertens (Greenwich). 2008;10:850-5.

8. O'Brien E, Parati G, Stergiou G, et al. European Society of Hypertension position paper on ambulatory blood
pressure monitoring. J Hypertens. 2013;31:1731-68.

9. Kikuya M, Hansen TW, Thijs L, et al. Diagnostic thresholds for ambulatory blood pressure monitoring based on 10-
year cardiovascular risk. Circulation. 2007;115:2145-52.

10. Niiranen TJ, Asayama K, Thijs L, et al. Outcome-driven thresholds for home blood pressure measurement:
international database of home blood pressure in relation to cardiovascular outcome. Hypertension. 2013;61:27-
34,

11. Head GA, Mihailidou AS, Duggan KA, et al. Definition of ambulatory blood pressure targets for diagnosis and
treatment of hypertension in relation to clinic blood pressure: prospective cohort study. BMJ. 2010;340:c1104.

12. Hansen TW, Kikuya M, Thijs L, et al. Diagnostic thresholds for ambulatory blood pressure moving lower: a review
based on a meta-analysis-clinical implications. J Clin Hypertens (Greenwich). 2008;10:377-81.

Page 32


http://hyper.ahajournals.org/

1102 ‘22 JoquisnoN uo 1sanb Aq /6io'sfeulnofeye  sedAy//:dny woly papeojumoq

Whelton PK, et al.
2017 High Blood Pressure Clinical Practice Guideline

13.
14.
15.
16.
17.
18.
19.
20.
21.

22.

4,

Ravenell J, Shimbo D, Booth JN 3rd, et al. Thresholds for ambulatory blood pressure among African Americans in
the Jackson Heart Study. Circulation. 2017;135:2470-80.

Hansen TW, Kikuya M, Thijs L, et al. Prognostic superiority of daytime ambulatory over conventional blood
pressure in four populations: a meta-analysis of 7,030 individuals. ) Hypertens. 2007;25:1554-64.

Roush GC, Fagard RH, Salles GF, et al. Prognostic impact from clinic, daytime, and night-time systolic blood
pressure in nine cohorts of 13,844 patients with hypertension. J Hypertens. 2014;32:2332-40.

Mancia G, Bombelli M, Facchetti R, et al. Long-term risk of sustained hypertension in white-coat or masked
hypertension. Hypertension. 2009;54:226-32.

Ben-Dov IZ, Ben-Arie L, Mekler J, et al. Reproducibility of white-coat and masked hypertension in ambulatory BP
monitoring. Int J Cardiol. 2007;117:355-9.

Bidlingmeyer |, Burnier M, Bidlingmeyer M, et al. Isolated office hypertension: a prehypertensive state? )
Hypertens. 1996;14:327-32.

Muxfeldt ES, Fiszman R, de Souza F, et al. Appropriate time interval to repeat ambulatory blood pressure
monitoring in patients with white-coat resistant hypertension. Hypertension. 2012;59:384-9.

Palatini P, Winnicki M, Santonastaso M, et al. Prevalence and clinical significance of isolated ambulatory
hypertension in young subjects screened for stage 1 hypertension. Hypertension. 2004;44:170-4.

Trudel X, Milot A, Brisson C. Persistence and progression of masked hypertension: a 5-year prospective study. Int J
Hypertens. 2013;2013:836387.

Ugajin T, Hozawa A, Ohkubo T, et al. White-coat hypertension as a risk factor for the development of home
hypertension: the Ohasama study. Arch Intern Med. 2005;165:1541-6.

4. Masked and White Coat Hypertension

Recommendations for Masked and White Coat Hypertension
References that support recommendations are summarized in Online Data Supplements 4, 5, and 6.

COR LOE Recommendation

1. In adults with an untreated SBP greater than 130 mm Hg but less than 160
mm Hg or DBP greater than 80 mm Hg but less than 100 mm Hg, it is
reasonable to screen for the presence of white coat hypertension by using
either daytime ABPM or HBPM before diagnosis of hypertension (1-8).

lla B-NR

2. In adults with white coat hypertension, periodic monitoring with either
lla C-LD ABPM or HBPM is reasonable to detect transition to sustained hypertension
(2,5, 7).

3. In adults being treated for hypertension with office BP readings not at goal
lla C-LD and HBPM readings suggestive of a significant white coat effect,
confirmation by ABPM can be useful (9, 10).

4. In adults with untreated office BPs that are consistently between 120 mm
Hg and 129 mm Hg for SBP or between 75 mm Hg and 79 mm Hg for DBP,
screening for masked hypertension with HBPM (or ABPM) is reasonable (3,
4,6,8,11).

lla B-NR

5. In adults on multiple-drug therapies for hypertension and office BPs within
Ilb C-LD 10 mm Hg above goal, it may be reasonable to screen for white coat effect
with HBPM (or ABPM) (3, 7, 12).

6. It may be reasonable to screen for masked uncontrolled hypertension with
b C-EO HBPM in adults being treated for hypertension and office readings at goal,
in the presence of target organ damage or increased overall CVD risk.

7. In adults being treated for hypertension with elevated HBPM readings
suggestive of masked uncontrolled hypertension, confirmation of the
diagnosis by ABPM might be reasonable before intensification of
antihypertensive drug treatment.

lib C-EO

Page 33


http://hyper.ahajournals.org/

1102 ‘22 JoquisnoN uo 1sanb Aq /6io'sfeulnofeye  sedAy//:dny woly papeojumoq

Whelton PK, et al.
2017 High Blood Pressure Clinical Practice Guideline

Table 12. BP Patterns Based on Office and Out-of-Office Measurements

Office/Clinic/Healthcare Setting Home/Nonhealthcare/ABPM Setting
Normotensive No hypertension No hypertension
Sustained hypertension Hypertension Hypertension
Masked hypertension No hypertension Hypertension
White coat hypertension Hypertension No hypertension

ABPM indicates ambulatory blood pressure monitoring; and BP, blood pressure.
Synopsis

The availability of noninvasive BP monitoring techniques has resulted in differentiation of hypertension into
several clinically useful categories that are based on the place of BP measurement (Table 12) (1, 13, 14). These
include masked hypertension and white coat hypertension, in addition to sustained hypertension. White coat
hypertension is characterized by elevated office BP but normal readings when measured outside the office
with either ABPM or HBPM. In contrast, masked hypertension is characterized by office readings suggesting
normal BP but out-of-office (ABPM/HBPM) readings that are consistently above normal (15). In sustained
hypertension, BP readings are elevated in both office and out-of-office settings.

In patients treated for hypertension, both “white coat effect” (higher office BPs than out-of-office BPs)
and “masked uncontrolled hypertension” (controlled office BPs but uncontrolled BPs in out-of-office settings)
categories have been reported (5, 15, 16). The white coat effect (usually considered clinically significant when
office SBP/DBPs are >20/10 mm Hg higher than home or ABPM SBP/DBPs) has been implicated in “pseudo-
resistant hypertension” (see Section 11.1) and results in an underestimation of office BP control rates (17, 18).
The prevalence of masked hypertension varies from 10% to 26% (mean 13%) in population-based surveys and
from 14% to 30% in normotensive clinic populations (6, 16, 19-21).

The risk of CVD and all-cause mortality in persons with masked hypertension is similar to that noted
in those with sustained hypertension and about twice as high as the corresponding risk in their normotensive
counterparts (3, 4, 6, 8, 11). The prevalence of masked hypertension increases with higher office BP readings
(20, 22, 23).

The prevalence of white coat hypertension is higher with increasing age (24), female versus male sex,
nonsmoking versus current smoking status, and routine office measurement of BP by clinician observers
versus unattended BP measurements. Many, but not all, studies (4, 6, 8, 25, 26) have identified a minimal
increase in risk of CVD complications or all-cause mortality in patients who have white coat hypertension. This
has resulted in a recommendation by some panels to screen for white coat hypertension with ABPM (or HBPM)
to avoid initiating antihypertensive drug treatment in such individuals (2, 5, 27). The white coat effect and
masked uncontrolled hypertension appear to follow the risk profiles of their white coat hypertension and
masked hypertension counterparts, respectively (3, 12).

There are no data on the risks and benefits of treating white coat and masked hypertension. Despite
these methodological differences, the data are consistent in indicating that masked hypertension and masked
uncontrolled hypertension are associated with an increased prevalence of target organ damage and risk of
CVD, stroke, and mortality compared with normotensive individuals and those with white coat hypertension.

Figure 1 is an algorithm on the detection of white coat hypertension or masked hypertension in
patients not on drug therapy. Figure 2 is an algorithm on detection of white coat effect or masked uncontrolled
hypertension in patients on drug therapy. Table 12 is a summary of BP patterns based on office and out-of-
office measurements.
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Recommendation-Specific Supportive Text

1. White coat hypertension prevalence averages approximately 13% and as high as 35% in some hypertensive
populations (1, 2), and ABPM and HBPM are better predictors of CVD risk due to elevated BP than are office
BP measurements, with ABPM being the preferred measurement option. The major clinical relevance of white
coat hypertension is that it has typically been associated with a minimal to only slightly increased risk of CVD
and all-cause mortality risk (3, 4, 7, 11, 24). If ABPM resources are not readily available, HBPM provides a
reasonable but less desirable alternative to screen for white coat hypertension, although the overlap with
ABPM is only 60% to 70% for detection of white coat hypertension (5, 9, 27-30).

2. The incidence of white coat hypertension converting to sustained hypertension (justifying the addition of
antihypertensive drug therapy to lifestyle modification) is 1% to 5% per year by ABPM or HBPM, with a higher
incidence of conversion in those with elevated BP, older age, obesity, or black race (2, 7).

3. The overlap between HBPM and both daytime and 24-hour ABPM in diagnosing white coat hypertension is
only 60% to 70%, and the data for prediction of CVD risk are stronger with ABPM than with office
measurements (5, 9, 27-30). Because a diagnosis of white coat hypertension may result in a decision not to
treat or intensify treatment in patients with elevated office BP readings, confirmation of BP control by ABPM
in addition to HBPM provides added support for this decision.

4. In contrast to white coat hypertension, masked hypertension is associated with a CVD and all-cause
mortality risk twice as high as that seen in normotensive individuals, with a risk range similar to that of patients
with sustained hypertension (3, 4, 6, 8, 11, 31). Therefore, out-of-office readings are reasonable to confirm BP
control seen with office readings.

5. The white coat effect has been implicated in office-measured uncontrolled hypertension and pseudo-
resistant hypertension, which may result in BP control being underestimated when subsequently assessed by
ABPM (17, 18). The risk of vascular complications in patients with office-measured uncontrolled hypertension
with a white coat effect is similar to the risk in those with controlled hypertension (3, 4, 7, 11, 12). White coat
hypertension and white coat effect raise the concern that unnecessary antihypertensive drug therapy may be
initiated or intensified. Because a diagnosis of white coat hypertension or white coat effect would result in a
decision to not treat elevated office BP readings, confirmation of BP control by HBPM (or ABPM) provides
more definitive support for the decision not to initiate antihypertensive drug therapy or accelerate treatment.

6. Analogous to masked hypertension in untreated patients, masked uncontrolled hypertension is defined in
treated patients with hypertension by office readings suggesting adequate BP control but out-of-office
readings (HBPM) that remain consistently above goal (3, 15, 16, 32, 33). The CVD risk profile for masked
uncontrolled hypertension appears to follow the risk profile for masked hypertension (3, 12, 34). Although the
evidence is consistent in identifying the increased risk of masked uncontrolled hypertension, evidence is
lacking on whether the treatment of masked hypertension or masked uncontrolled hypertension reduces
clinical outcomes. A suggestion for assessing CVD risk is provided in Section 8.

7. Although both ABPM and HBPM are better predictors of CVD risk than are office BP readings, ABPM
confirmation of elevated BP by HBPM might be reasonable because of the more extensive documentation of
CVD risk with ABPM. However, unlike the documentation of a significant white coat effect to justify the
decision to not treat an elevated clinic BP, it is not mandatory to confirm masked uncontrolled hypertension
determined by HBPM.
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Figure 1. Detection of White Coat Hypertension or Masked Hypertension in Patients Not on Drug Therapy

Office BP: 2130/80 mm Hg but <160/100 mm Hg Office BP: 120-129/<80 mm Hg
after 3 mo trial of lifestyle modification and after 3 mo trial of lifestyle modification and
suspected white coat hypertension suspected masked hypertension

Daytime ABPM
or HBPM
BP <130/80 mm Hg

Daytime ABPM
or HBPM
BP 2130/80 mm Hg

Yes No Yes: No
White Coat Hypertension Hypertension Masked Hypertension o Lifes E?r:/:éﬁi(::aBt:m
o Lifestyle modification Continue lifestyle modification Continue lifestyle modification o Annuta)lll ABPM or ABPM
e Annual ABPM or HBPM and start antihypertensive drug and start antihypertensive drug e e
to detect progression therapy therapy hypertension or progression
(Class lla) (Class lla) (Class llb)

(Class IIb)

Colors correspond to Class of Recommendation in Table 1.
ABPM indicates ambulatory blood pressure monitoring; BP, blood pressure; and HBPM, home blood pressure
monitoring.
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Figure 2. Detection of White Coat Effect or Masked Uncontrolled Hypertension in Patients on Drug
Therapy

Detection of white coat effect or masked uncontrolled
hypertension in patients on drug therapy

Office BP
at goal

Yes No

Office BP
25-10 mm Hg
above goal on
23 agents

Increased
CVD risk or
target organ
damage

Y N Y N
* es O * r es Oﬁ
Screen for Screenin Screen for g An
masked uncontrolled ok necessiry white coat effect with | necessgry
hypertension with HBPM HBPM
No Benefit
(Class llb) (No Benefit) (Class 1b) ( it)

HBPM BP
above goal

HBPM BP
at goal

Yes No
£ \ 4

White coat effect:
Confirm with ABPM
(Class Ila)

ABPM BP
above goal

Continue titrating
therapy

Yes No ¥

Masked uncontrolled
hypertension:
Intensify therapy
(Class llb)

Continue current
therapy
(Class Ila)

Colors correspond to Class of Recommendation in Table 1.

See Section 8 for treatment options.

ABPM indicates ambulatory blood pressure monitoring; BP, blood pressure; CVD, cardiovascular disease; and HBPM,
home blood pressure monitoring.
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5. Causes of Hypertension

5.1. Genetic Predisposition

Hypertension is a complex polygenic disorder in which many genes or gene combinations influence BP (1, 2).
Although several monogenic forms of hypertension have been identified, such as glucocorticoid-remediable
aldosteronism, Liddle’s syndrome, Gordon’s syndrome, and others in which single-gene mutations fully
explain the pathophysiology of hypertension, these disorders are rare (3). The current tabulation of known
genetic variants contributing to BP and hypertension includes more than 25 rare mutations and 120 single-
nucleotide polymorphisms (3, 4). However, even with the discovery of multiple single-nucleotide
polymorphisms influencing control of BP since completion of the Human Genome Project in 2003, the
associated variants have only small effects. Indeed, at present, the collective effect of all BP loci identified
through genome-wide association studies accounts for only about 3.5% of BP variability (4). The presence of
a high number of small-effect alleles associated with higher BP results in a more rapid increase in BP with age
(5). Future studies will need to better elucidate genetic expression, epigenetic effects, transcriptomics, and
proteomics that link genotypes with underlying pathophysiological mechanisms.
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5.2. Environmental Risk Factors

Various environmental exposures, including components of diet, physical activity, and alcohol consumption,
influence BP. Many dietary components have been associated with high BP (1, 2). Some of the diet-related
factors associated with high BP include overweight and obesity, excess intake of sodium, and insufficient
intake of potassium, calcium, magnesium, protein (especially from vegetables), fiber, and fish fats. Poor diet,
physical inactivity, and excess intake of alcohol, alone or in combination, are the underlying cause of a large
proportion of hypertension. Gut microbiota have also been linked to hypertension, especially in experimental
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animals. (3) Some of the best-proven environmental relationships with high BP are briefly reviewed below,
and nonpharmacological interventions to lower BP are discussed in Section 6.2.

References

1. SavicaV, Bellinghieri G, Kopple JD. The effect of nutrition on blood pressure. Annu Rev Nutr. 2010;30:365-401.

2. Chan Q, Stamler J, Griep LMO, et al. An update on nutrients and blood pressure. J Atheroscler Thromb.
2016;23:276-89.

3. Tang WHW, Kitai T, Hazen SL. Gut microbiota in cardiovascular health and disease. Circ Res. 2017;120:1183-96.

5.2.1. Overweight and Obesity

Insurance industry actuarial reports have identified a striking relationship between body weight and high BP
(1) and a direct relationship between overweight/obesity and hypertension (2). Epidemiological studies,
including the Framingham Heart Study (3) and the Nurses’ Health Study (4), have consistently identified a
direct relationship between body mass index and BP that is continuous and almost linear, with no evidence of
a threshold (5, 6). The relationship with BP is even stronger for waist-to-hip ratio and computed tomographic
measures of central fat distribution (7). Attributable risk estimates from the Nurses’ Health Study suggest that
obesity may be responsible for about 40% of hypertension, and in the Framingham Offspring Study, the
corresponding estimates were even higher (78% in men and 65% in women) (8, 9). The relationship between
obesity at a young age and change in obesity status over time is strongly related to future risk of hypertension.
In combined data from 4 longitudinal studies begun in adolescence with repeat examination in young
adulthood to early middle age, being obese continuously or acquiring obesity was associated with a relative
risk of 2.7 for developing hypertension. Becoming normal weight reduced the risk of developing hypertension
to a level similar to those who had never been obese (10).

5.2.2. Sodium Intake

Sodium intake is positively associated with BP in migrant (11), cross-sectional (12-14), and prospective cohort
studies (15) and accounts for much of the age-related increase in BP (11, 16). In addition to the well-accepted
and important relationship of dietary sodium with BP, excessive consumption of sodium is independently
associated with an increased risk of stroke (17, 18), CVD (19), and other adverse outcomes (20). Certain groups
with various demographic, physiological, and genetic characteristics tend to be particularly sensitive to the
effects of dietary sodium on BP (21-23). Salt sensitivity is a quantitative trait in which an increase in sodium
load disproportionately increases BP (21, 24). Salt sensitivity is especially common in blacks, older adults, and
those with a higher level of BP or comorbidities such as CKD, DM, or the metabolic syndrome (25). In
aggregate, these groups constitute more than half of all U.S. adults (26). Salt sensitivity may be a marker for
increased CVD and all-cause mortality risk independently of BP (27, 28), and the trait has been demonstrated
to be reproducible (29). Current techniques for recognition of salt sensitivity are impractical in routine clinical
practice, so salt sensitivity is best considered as a group characteristic.

5.2.3. Potassium

Potassium intake is inversely related to BP in migrant (30), cross-sectional (13, 16, 31, 32), and prospective
cohort (33) studies. It is also inversely related to stroke (34-36). A higher level of potassium seems to blunt the
effect of sodium on BP (37), with a lower sodium—potassium ratio being associated with a lower level of BP
than that noted for corresponding levels of sodium or potassium on their own (38). Likewise, epidemiological
studies suggest that a lower sodium—potassium ratio may result in a reduced risk of CVD as compared with
the pattern for corresponding levels of either cation on its own (39).
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5.2.4. Physical Fitness

Epidemiological studies have demonstrated an inverse relationship between physical activity and physical
fitness and level of BP and hypertension (40). Even modest levels of physical activity have been associated
with a decrease in the risk of incident hypertension (41). In several observational studies, the relationship
between physical activity and BP has been most apparent in white men (40). With the advent of electronic
activity trackers and ABPM, it has become increasingly feasible to conduct studies that relate physical activity
and BP (42). Physical fitness, measured objectively by graded exercise testing, attenuates the rise of BP with
age and prevents the development of hypertension. In the CARDIA (Coronary Artery Risk Development in
Young Adults) study (43), physical fitness measured at 18 to 30 years of age in the upper 2 deciles of an
otherwise healthy population was associated with one third the risk of developing hypertension 15 years later,
and one half the risk after adjustment for body mass index, as compared with the lowest quintile. Change in
fitness assessed 7 years later further modified risk (43). In a cohort of men 20 to 90 years of age who were
followed longitudinally for 3 to 28 years, higher physical fitness decreased the rate of rise in SBP over time
and delayed the time to onset of hypertension (44).

5.2.5. Alcohol

The presence of a direct relationship between alcohol consumption and BP was first reported in 1915 (45) and
has been repeatedly identified in contemporary cross-sectional and prospective cohort studies (46). Estimates
of the contribution of alcohol consumption to population incidence and prevalence of hypertension vary
according to level of intake. In the United States, it seems likely that alcohol may account for close to 10% of
the population burden of hypertension (higher in men than in women). In contrast to its detrimental effect on
BP, alcohol intake is associated with a higher level of high-density lipoprotein cholesterol and, within modest
ranges of intake, a lower level of CHD than that associated with abstinence (35).
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