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Age-standardized global mortality rates attributable to high SBP 
per 100 000, both sexes, 2016.



Bin Zhou,  et al   Lancet 2017

Trends in the number of adults aged 18 years and older with raised BP

Worldwide trends in blood pressure from 1975 to 2015: a pooled analysis of 1479 
population-based measurement studies with 19·1 million participants



Proportion of deaths attributable to leading risk factors 
worldwide (WHO 2000)

Ezzati et al. WHO 2000 Report. Lancet. 2002;360:1347-60.

Attributable Mortality 
(In millions; total 55,861,000)

0 87654321



HTN GUIDELINES

ESC/ESH 2018 ACC/AHA 2017

vs



New concepts

(ABPm, HBPm)

(biological age)

(aim for 140/90, then proceed  to 130/80, but no lower than 120/70)
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Changes in the 2017 ACC/AHA Blood Pressure guidelines? 
Selected highlights:

1. New BP classification system

2. Use of BP levels and CVD risk to guide 
antihypertensive medication initiation

3. Lower targets for BP during treatment of 
hypertension



Classification of BP



© U N I V E R S I T Y  O F  U T A H  H E A L T H ,  
2 0 1 7

Rationale: Association of SBP and CV mortality bY

decade of age

Data from 61 prospective observational studies of blood pressure and mortality 

n=  958,074
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Lewington. Lancet. 2002
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From SBP = 115:  SBP 2 mmHg →
 Stroke/MI death 10%/7%



Rapsomaniki E et al The Lancet 2014

Lifetime risk of 12 different CVD in people with HTN or normal BP from 
index age 30 years

BP and incidence of twelve CVDs: lifetime risks, healthy life-years lost, and age-
specific associations in 1·25 million people

5.2 y Follow-up

with no evidence of a J-shaped increased risk at lower BP



Eleni Rapsomaniki et al The Lancet 2014

Years of life lost to CVD up to 95 years of age associated with HTN at 
index ages 30, 60 and 80 years
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Highlight #1: Changes in BP Categories from JNC7 to 
the New 2017 ACC/AHA BP Guideline

The categorization of BP should be based on the average of ≥ 2 readings on ≥ 2 occasions 
following a standardized protocol.

SBP DBP JNC7 2017 ACC/AHA

<120 and <80 Normal BP Normal BP

120–129 and <80 Prehypertension Elevated BP

130–139 or 80–89 Prehypertension Stage 1 

hypertension

140–159 or 90-99 Stage 1 

hypertension

Stage 2 

hypertension

≥160 or ≥100 Stage 2 

hypertension

Stage 2 

hypertension



a Class of recommendation 
b Level of evidence

COR LOE Recommendation for Definition of High BP

I B-NR

BP should be categorized as normal, elevated, or 
stage 1 or 2 hypertension to prevent and treat high 
BP. 

ACC/AHA 2017



Measurement of BP 



ESH 2018



Accurate Measurement of BP 
Key Steps for Proper BP Measurements

Step 1: Properly prepare the patient.

Step 2: Use proper technique for BP measurements.

Step 3: Take the proper measurements needed for diagnosis and treatment of 

elevated BP/hypertension.

Step 4: Properly document accurate BP readings.

Step 5: Average the readings.

Step 6: Provide BP readings to patient.

ESH/ESC 2018
ACC/AHA 2017

Arm 
Circumfer

ence

Usual Cuff 
Size

22–26 cm Small adult
27–34 cm Adult
35–44 cm Large adult
45–52 cm Adult thigh

Selection Criteria for BP Cuff Size for 
Measurement of BP in Adults



Body Position and BP Measurement

AHA Scientific Statement

Muntner P et al Hypertension 2019



Automated Office (unattended, AOBP) 
Oscillometric (electronic)

Automated Office BP Measurement Preferred

• Automated office blood pressure (AOBP) is the preferred
method of performing in-office BP measurement







Comparison of awake ambulatory BP and automated office BP using linear regression analysis in 
untreated patients in routine clinical practice

Martin G. Myers  et al The Journal of Clinical Hypertension 2018

(n = 514) 

Scatter plot and regression line for the association between awake ambulatory 

(A)BP and automated office (AO)BP for SBP



Comparison of awake ambulatory blood pressure and automated office blood pressure using 
linear regression analysis in untreated patients in routine clinical practice

Martin G. Myers  et al The Journal of Clinical Hypertension 2018

Scatter plot and regression line for the association between awake ambulatory 

(A)BP and diastolic automated office (AO)BP for DBP 

(n = 514) 



Studies Comparing AOBP With Awake Ambulatory 
AHA Scientific Statement

Muntner P et al Hypertension 2019



Vasilios Papademetriou et al  The Journal of Clinical Hypertension, 2018, 

Unobserved automated office BP is similar to other 

clinic BP measurements: A prospective randomized study



Unattended versus 
attended automated 

office BP: 
Systematic review and 

meta‐analysis of studies 
using the same 

methodology for both 
methods

Kollias A  et al 
The Journal of Clinical Hypertension, 2018) 



Summary Points From the Scientific Statement on the 
Measurement of BP in Humans

AHA Scientific Statement

Muntner P et al Hypertension 2019



ABPM /HBPM



Definitions of normotension, HTN and the home-clinic BP difference 

James P Sheppard et al. BMJ Open 2016;6:e012607
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Okhubo T, et al. J Am Coll Cardiol 2005;46;508-15

The Prognosis of White Coat
and Masked Hypertension



Kaplan-Meier Curves for the Cumulative Incidence of Composite CV 
Events Among the Normotension, White-Coat HTN, Masked HTN and 

Sustained HTN Groups

There was a significant difference among the 4 groups over a median follow-up 
period of 9.5 years. 

Tientcheu D, et al  J Am Coll Cardiol. 2015
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Mulè G, et al. J Cardiovasc Risk 2002;9:123-9. 
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Out-of-Office BP Measurements are 
More Highly Correlated With BP-Related Risk



Bryan Williams JACC 2006;48:1698-1711

5-year risk of CV death in the study cohort of 5,292 patients for clinic BP 
and ambulatory BP monitoring



Randomisation groups and patient flow in the study 

Gianfranco Parati et al.

BMJ Open 2018

MASked-unconTrolled hypERtension“MASTER” study

N= 1240 treated hypertensives

The effects of MUCH management strategy based on ABPM or on OBPM on CV and renal 
intermediate outcomes (changing LV mass and microalbuminuria, coprimary outcomes) at 
1 year and on CV events at 4 years and on changes in BP-related variables will be assessed



ABPM = ambulatory blood pressure monitoring; BP = blood pressure; HBPM = home blood pressure 
monitoring.
aTechniques are being developed to enable nocturnal BP measurement with home BP devices.



ABPM/HBPM

ESH /ESC 2018

COR LOE
Recommendation for Out-of-Office and Self-Monitoring 

of BP

I ASR

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

ACC/AHA 2017





Definitions of HTN according to
office, ambulatory, and home BP  levels

ESH/ ESC 2018
EHJ 2018





Correct Technique for home BP readings

• Sit calmly with back 
support, feet flat on floor 
for 5 minutes before taking 
a reading.

• Upper arm should be bare.

• When taking a reading the 
arm with cuff should be 
supported on a firm surface 
at heart level.

• Caffeine, smoking, and 
exercise should be avoided 
for at least 30 minutes 
before the reading is taken.

• The cuff should fit snugly.



BP and CVD Risk



HTN Commonly Clusters  with Other Risk Factors

44

39

3
14

HTN + 

1 other risk factor

HTN + 3 other
risk factors

HTN + 2 other
risk factors

HTN only

*Body mass index >30 kg/m2

Kaiser Permanente Northwest database;
N=57,573 aged > 35 years with HTN and no CVD

Weycker D et al. Am J Hypertens. 2007;20:599-607

Other risk factors: obesity,* hyperlipidemia, and diabetes



Lifetime Risks of Cardiovascular Disease Death by Number of 
Risk Factors and Attained Age 

Men                                          Women
Optimal risk factors: total cholesterol <180 mg/dl, blood pressure <120/80, non-smoking, non-diabetic.
Major risk factors:  current smoker, diabetes, treated cholesterol or untreated cholesterol >=240 mg/dl, treated 
hypertension or untreated systolic BP >=160 mmHg or diastolic BP>=100 mmHg.

(Berry et al. , 2012)











2018 ESC/ESH Guidelines for the management of arterial hypertension
Eur Heart J. 2018;

Classification of HTN stages according to BP levels, presence of CV risk 
factors, HTN-mediated organ damage, or comorbidities





CVD Risk Factors Common in Patients With Hypertension

*Factors that can be changed and, if changed, may reduce CVD risk.
†Factors that are difficult to change (CKD, low socioeconomic/educational status, obstructive sleep apnea,
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).
CKD indicates chronic kidney disease; and CVD, cardiovascular disease.

Modifiable Risk Factors* Relatively Fixed Risk Factors†

• Current cigarette smoking, 
secondhand smoking

• Diabetes mellitus
• Dyslipidemia/hypercholesterolemia
• Overweight/obesity
• Physical inactivity/low fitness
• Unhealthy diet

• CKD
• Family history
• Increased age
• Low socioeconomic/educational status
• Male sex
• Obstructive sleep apnea
• Psychosocial stress

ACC/AHA 2017



COR LOE
Recommendation for Coexistence of Hypertension and 

Related Chronic Conditions

I B-NR
Screening for and management of other modifiable CVD 
risk factors are recommended in adults with 
hypertension. 

ACC/AHA 2017

ESH/ESC 2018



SCREENING DIAGNOSIS





BP Thresholds and Recommendations for Treatment and Follow-Up

Normal BP
(BP <120/80 

mm Hg)

Promote optimal 
lifestyle habits

Elevated BP
(BP 120–129/<80 

mm Hg)

Stage 1 hypertension
(BP 130–139/80-89 

mm Hg)

Nonpharmacologic 
therapy
(Class I)

Reassess in 
3–6 mo
(Class I)

BP goal met

No Yes

Reassess in 
3–6 mo
(Class I)

Assess and 
optimize 

adherence to 
therapy

Consider 
intensification of 

therapy

Reassess in 
1 mo

(Class I)

Nonpharmacologic 
therapy and 

BP-lowering medication
(Class I)

Reassess in 
1 y

(Class IIa)

Clinical ASCVD 
or estimated 10-y CVD risk 

≥10%*

YesNo

Nonpharmacologic 
therapy 
(Class I)

BP thresholds and recommendations for treatment and follow-up

Nonpharmacologic therapy 
and 

BP-lowering medication†
(Class I)

Reassess in 
3–6 mo
(Class I)

Stage 2 hypertension
(BP ≥ 140/90 mm Hg)

ACC/AHA 2017



Patient Evaluation 



ESH/ ESC 2018
EHJ 2018

Key steps in physical examination





HMOD: hypertension-mediated organ damage





Basic and Optional Laboratory Tests for Primary Hypertension

Basic testing Fasting blood glucose*

Complete blood count

Lipid profile

Serum creatinine with eGFR*

Serum sodium, potassium, calcium*

Thyroid-stimulating hormone

Urinalysis

Electrocardiogram

Optional testing Echocardiogram

Uric acid

Urinary albumin to creatinine ratio

*May be included in a comprehensive metabolic panel.
eGFR indicates estimated glomerular filtration rate.

ACC/AHA 2017



TREATMENT INITIATION

?







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

COR LOE
Recommendations for BP Treatment Threshold and Use of Risk 

Estimation* to Guide Drug Treatment of Hypertension

I

SBP: A
Use of BP-lowering medications is recommended for secondary 
prevention of recurrent CVD events  in patients with clinical CVD  and 

an average SBP of 130 mm Hg or higher or an average DBP of 80 mm
Hg or higher, and for primary prevention in adults with an estimated 

10-year atherosclerotic cardiovascular disease (ASCVD) risk of 10% 
or higher and an average SBP 130 mm Hg or higher or an 
average DBP 80 mm Hg or higher. 

DBP: 
C-EO

I C-LD

Use of BP-lowering medication is recommended for primary 
prevention of CVD in adults with no history of CVD and with an 

estimated 10-year ASCVD risk <10% and an SBP of 140 mm Hg or 
higher or a DBP of 90 mm Hg or higher. 

*ACC/AHA Pooled Cohort Equations (http://tools.acc.org/ASCVD-Risk-Estimator/)

to estimate 10-year risk of atherosclerotic CVD.

ACC/AHA 2017

http://tools.acc.org/ASCVD-Risk-Estimator/


BP TARGETS

?





Early clinical benefit of antihypertensive treatment 

José R González-Juanatey Rev Esp Cardiol 2008; 61: 861 - 879 



BP lowering significantly reduces vascular risk across various baseline BP levels and comorbidities. Our 

results provide strong support for lowering BP to SBP< than 130 mm Hg and providing BP lowering 

treatment to individuals with a history of CVD, CAD, stroke, DM, HF and CKD
Ettehad D et al al Lancet 2016

N=613,815

Meta-regression analyses showed relative risk reductions 
proportional to the magnitude of the BP reductions achieved



Associations of reduction in BP with risk reduction for total 
MACE for adults aged <65 and ≥65

Blood Pressure Lowering Treatment 
Trialists’ Collaboration

BMJ 2008 



Relative and absolute risk reduction of various 
outcomes in trials of BP lowering

Zanchetti A, Thomopoulos C et al. Circ Res. 2015
absolute risk reduction reports the number of events 
prevented for every 1000 patients treated for 5 years
with a standardized RR

36%

43%,

16%,

18%,

11%,

standardized SBP/DBP difference between active and control groups of 10/5 mm Hg



Effects of BP lowering in trials of grade 1 HTN

Zanchetti A Expert Opinion on Pharmacotherapy 2015
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Highlight #3: Bp target goal now <130/80 mm 
Hg for almost everyone

Recommendations for BP Goal for Patients with 

Hypertension
COR LOE Recommendations

I SBP

: 

B-R

For adults with confirmed hypertension and

known CVD or greater than or equal to 10%

10-year ASCVD event risk, a BP target of

less than 130/80 mm Hg is recommended.
DBP

:

C-

EO

IIb SBP

: 

B-

NR

For adults with confirmed hypertension, 

without additional markers of increased 

CVD risk, a BP target of less than 130/80 

mm Hg may be reasonable.DBP

:

C-

EO

Recommendations for Treatment of Hypertension in 

Older Persons
COR LOE Recommendations

I A Treatment of hypertension is 

recommended for noninstitutionalized 

ambulatory community-dwelling adults 

(≥65 years of age), with an average SBP 

greater than or equal to 130 mmHg with 

SBP treatment goal of less than 130 mm 

Hg. 
IIa C-

EO
For older adults (≥65 years of age) with 

hypertension and a high burden of 

comorbidity and limited life expectancy, 

clinical judgment, patient preference, 

and a team-based approach to assess 

risk/benefit is reasonable for decisions 

regarding intensity of BP-lowering and 

choice of antihypertensive drugs.ACC/AHA 2017



BP Thresholds for and Goals of Pharmacological Therapy in Patients 
With HTN According to Clinical Conditions 

Clinical Condition(s)

BP 

Threshold, 

mm Hg

BP Goal, 

mm Hg

General

Clinical CVD or 10-year ASCVD risk ≥10% ≥130/80 <130/80

No clinical CVD and 10-year ASCVD risk <10% ≥140/90 <130/80

Older persons (≥65 years of age; 

noninstitutionalized, ambulatory, community-

living adults)

≥130 (SBP) <130 (SBP)

Specific comorbidities

Diabetes mellitus ≥130/80 <130/80

Chronic kidney disease ≥130/80 <130/80

Chronic kidney disease after renal transplantation ≥130/80 <130/80

Heart failure ≥130/80 <130/80

Stable ischemic heart disease ≥130/80 <130/80

Secondary stroke prevention ≥140/90 <130/80

Secondary stroke prevention (lacunar) ≥130/80 <130/80

Peripheral arterial disease ≥130/80 <130/80

ASCVD indicates atherosclerotic cardiovascular disease; BP, blood pressure; CVD, 
cardiovascular disease; and SBP, systolic blood pressure. ACC/AHA 2017



Optimal Blood Pressure Goals Recommended by the Latest Hypertension Guidelines
Eur Heart J. 2018;39(33):3012-3016. doi:10.1093/eurheartj/ehy494

Eur Heart J | Published on behalf of the European Society of Cardiology. All rights reserved. © The Author(s) 2018. For 

permissions, please email: journals.permissions@oup.com.This article is published and distributed under the terms of 

the Oxford University Press, Standard Journals Publication Model 

(https://academic.oup.com/journals/pages/about_us/legal/notices)

Optimal Blood Pressure Goals Recommended by the 
Latest Hypertension Guidelines



Nonpharmacological Interventions 





Strategies to Promote Lifestyle Modification

COR LOE
Recommendation for Strategies to Promote Lifestyle 

Modification

I C-EO

Effective behavioral and motivational strategies to achieve a healthy 
lifestyle (i.e., tobacco cessation, weight loss, moderation in alcohol 
intake, increased physical activity, reduced sodium intake, and 
consumption of a healthy diet) are recommended for adults with 
hypertension. 

ACC/AHA 2017



Management of mild hypertension in adults

Anthony J Viera, et al BMJ 2016 BMJ 2016; 

ESH/ESC 2018     IA
ACC/AHA 2017   IA



MEDICATIONS
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Recommendation for Choice of Initial Medication

COR LOE
Recommendations for Choice of Initial 

Monotherapy Versus Initial Combination Drug 
Therapy*

I C-EO

Initiation of antihypertensive drug therapy 

with 2 first-line agents of different 
classes, either as separate agents or in 
a fixed-dose combination, is recommended 

in adults with stage 2 hypertension and an 
average BP more than 20/10 mm Hg above 
their BP target.

IIa C-EO

Initiation of antihypertensive drug therapy 
with a single antihypertensive drug is 
reasonable in adults with stage 1 
hypertension and BP goal <130/80 mm Hg 
with dosage titration and sequential addition 
of other agents to achieve the BP target.

COR LOE
Recommendation for Choice of Initial 

Medication

I ASR

For initiation of antihypertensive drug 
therapy, first-line agents include thiazide 
diuretics, CCBs, and ACE inhibitors or 
ARBs.

ACC/AHA 2017



General Principles of Drug Therapy 

COR LOE Recommendation for General Principle of Drug Therapy

III: 
Harm

A
Simultaneous use of an ACE inhibitor, ARB, and/or renin inhibitor 
is potentially harmful and is not recommended to treat adults 
with hypertension. 

ACC/AHA 2017



Resistant Hypertension: Diagnosis, Evaluation, and Treatment 

. 
BP indicates blood pressure; CKD, chronic kidney disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; NSAIDs, nonsteroidal anti-

inflammatory drugs; and SBP, systolic blood pressure.
Adapted with permission from Calhoun et al.

ACC/AHA 2017





Treatment of 
CV risk 
factors 

associated 
with

hypertension

ESH 2018



Strategies to Improve
ADHERENCE





Antihypertensive Medication Adherence Strategies

COR LOE
Recommendations for Antihypertensive Medication 

Adherence Strategies 

I B-R

In adults with hypertension, dosing of antihypertensive medication 
once daily rather than multiple times daily is beneficial to improve 
adherence. 

IIa B-NR

Use of combination pills rather than free individual 

components can be useful to improve adherence to 

antihypertensive therapy. 

ACC/AHA 2017





The impact of fixed‐dose combination versus free‐equivalent 
combination therapies on adherence for HTN: a meta‐analysis

Du LP et al The Journal of Clinical Hypertension, 2018, 

Forest plot for medication adherence



Forest plot of the association between antihypertensive 

medication adherence and stroke risk

Xu T, et al J Am Heart Assoc. 2017






