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Epidemiology

* Hypertension is the leading global risk factor for cardiovascular
mortality and disability in adult women and men.

* Hypertension becomes progressively more common with advancing
age, with a prevalence of >60% in people aged >60 years.

* |t is estimated that the number of people with hypertension will
reach close to 1.5 billion in 2025.

* |t is the most important modifiable risk factor for all-cause and CVD
morbidity and mortality globally.

* Most patients with hypertension have essential or primary
hypertension (90%-95%), while an estimated (5%-10%) have
secondary hypertension



Pathophysiology of Hypertension

Genetic factorg W‘iwr&: face
= Biological sex = Physical activity
* BPf-associated SHNPs = Sedentary behaviour

= Monogenic fonms
of hypertension

= Epigenetic and foetal
Programmying

= Sleep guality/quantity

= Metary pattenns

= Sodium and potassium intake
= Dhesity

= Alcohol consumption

= Dvugs or substamces that

= Endothelial dysfunction
= Srmiall artery remoedelling

' = Stress
= Low socio-economic status
= Social deprivation
= Healthcare acoess
= Gender identity, rodes and nonms

Geopolitical status
Miodse polluticn

Tk F 7

Air pollution e = Gender-based viclence
Climate = Dhiscrimination
L1
ch-;;, d#&
1"'-E:':ru..- ot® s o T ﬂ'::“#“
"ronmental fact Mic and psycno®

. @ ESC—



Yo

Eye

* Microvascular remodedling
* Hypertensdive retinopathy

Heart

= LvH

= LA and LYV dilacaticn

- AF

* Qbstructive and
non-obstructive CAD

* Myocardial Infarction

* Drasvolic andlar systolic
heart filure

Kidney

See footnote for information on sex-differences

Brain

= White matter lesions
= Mlent microinfarets

* Microbiceds

= Brain arrophy

= Cognitive impairment
= Vascular dementia

* lachaemic itroke

= Cercbral haemorrhage

Large and medium

arteries

= stherosclerosis
= Waseular caleificarion
= Arterial stiffness

Microcirculation

« Endothelial dysfunction

= fVasareactivity

= Wascular remodelling

= Fibrosis and inflarmenacicn

= # Peripheral vascular
resistance

WEsSC—

Hypertension-mediated organ damage and
cardiovascular diseases



Office blood pressure measurement

Measure after 5 min Use a validated device
seated comfortably in a
quiet environment size based on arm

circumference

Assess for orthostatic
hypotension at I3 visit and
thereafter by symptoms

Measure BF in both
arms at the I visit to
detect between arm
differences

Record heart rate
and exclude arrhythmia

by pulse palpation

www.validatebp.orge

Place the BP cuff at the level

with an appropriate cuff of the heart with the patient's

back and arm supported

Measure BP three times
{1—-2 min apart) and
average the last 2 readings

Obtain further
measurements if the

readings differ by
=10 mmHe
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* Systolic BP appears to be a stronger determinant of CVD
risk than diastolic BP

*incremental pulse pressure is associated with an
Increased risk of CVD events, including coronary heart
disease and heart failure

*non-dipping status is considered an independent
cardiovascular risk factor, and has been associated with
an increased risk of all-cause mortality in older
hypertensive adults

* BP variability (short term & long term) is associated
with higher risk of CVD events.



Hypertension & CVD Risk

*In many meta-analyses, the hazard ratios for CHD and
stroke were between

*1.1 and 1.5 for SBP/DBP of 120-129/80-84 mm Hg
versus <120/80 mm Hg

*1.5 and 2.0 for SBP/DBP of 130-139/85-89 mm Hg
versus <120/80 mm Hg.

* CVD risk begins below thresholds used to define
hypertension and the risk increases with higher blood
pressure levels



A meta-analysis of individual data for one million adults in 61
prospective:studies-
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TABLE 6 Categories of BP in Adults*

BP Category SBP DEP
Mormal =120 mm Hg and =80 mm Hg
Elevated 120-129 mm Hg and =80 mm Hg
Hypertension
Stage 1 120-139 mm Hg or 20-89 mm Hg
Sta-ge 2 =140 mm Hg | or =90 mm Hg ACC 2017

Table 5 Comparison of office, home, and ambulatory blood pressure measurement thresholds for elevated blood
pressure and hypertension

Office BP Home BP Daytime ABPM 4h ABPM Night-time
(mmHg)* (mmHg) (mmHg) (mmHg) ABPM (mmHg)
Reference
Mon-elevated BP 12010 £12070 <120/70 <115/65 <110/&0 o
Elevated BP 1207014090 120/70-<13585 120/70-<135/85 15/85-<130/80 110/60-<120070 %
Hypertension = 140190 =>135/85 =135/85 130080 =12070 v



Cardiovascular Risk Stratification
* Both guidelines recommend CVD risk assessment.

*The ESC guideline: Systematic Coronary Risk
Evaluation 2 (SCORE?2) tool to estimates 10-year risk of
both fatal and nonfatal CVD events in adults 40-69
years , Older Persons (SCORE2-OP), for adults =70
years of age.

* The ACC/AHA guideline: the Pooled Cohort Equation
(PCE) to estimate 10-year risk of fatal and nonfatal CvVD
events in adults 40-79 years of age



Conditions with sufficient CVD risk

Established clinical
cardiovascular disease

. 7 Moderate or severe
. CKD

Other forms of hypertension-
mediated organ damage

Diabetes
mellitus

Familial
hypercholesterolaemia

Atherosclerotic cardiovascular disease?
Heart failure

eGFR <60 mL/min/1.73 m?or
albuminuria 230 mg/g (=3 mg/mmol)

CardiacP
Vascular?

Type | and type 2 diabetes mellitus®

Probable or definite familial hypercholesterclaemia
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Recommendations Class®

In individuals with increased CVD risk where their
screening office BP is 120-139/70-89 mmHeg, it is
recommended to measure BP out of office, using
ABPM and/or HBPM or, if not logistically feasible, by

making repeated office BP measurements on more

thEln one vigit_?D.EEIE—E-H

VWhere screening office BP is 140-159/90-99 mmHg,
it is recommended that the diagnosis of
hypertension should be based on out-of-office BP
measurement with ABPM and/or HBPM. If these
measurements are not logistically or economically
feasible, then diagnosis can be made on repeated

office BP measurements on more than one
70,238-241

visit,
VWhere screening office BP is =160/100 mmHg:
» It is recommended that BP 160-179/100-109

mmHg be confirmed as soon as possible (e.g.

within 1 month) preferably by either home or I

ambulatory BF measurements;

Level®
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Table 6 Comparison of ambulatory and home blood
pressure monitoring

Ambulatory monitoring

Advantages

* Can identify white-coat and masked hypertension

* Measurement in real-life settings and during usual activities

+ Stronger prognostic evidence

+ Night-time readings

+ Abundant information from a single investigation, including short-term
diurnal BP variability

+ Additional BF phenatyping (e.g. nocturnal dipping status)

Disadvontages

+ Relatively expensive and sometimes limited availability

* (Can be uncomfortable and affect sleep

Home monitoring

Advantages

* |dentify white-coat and masked hypertension

+ Cheap and widely available

+ Measurement at home, which may be more relaxed than at doctor's office

* Patient engagement in BP measurement and telemedicine potential

* Easily repeated and used over longer periods to assess day-to-day BP
variability

Disadvantages

* Only static BP at rest is typically available

* Potential for measurement error due to improper measurement
technique or unvalidated or poorly calibrated device

* Nocturnal readings not usually possible

© BESC 2024



Table S Key information to be collected in medical
history

Rislk factors

Family and personal history of hypertension, OWVD, or renal disease.
Family and personal history of associated CWD risk factors.

Smoking history (inclueding vaping).

Drietary history (including but not exclusive to sal intake).

Adc ool Coons bk

Fhysical activity/sedentary lifestyle.

History of erectile dysfumnction.

MMigraine with aura.

Aumtoimmune inflammatory diseases.

Human immunodeficiency wirus.

Sleep history. snoring. skeep apnoea.

Fsycdhosocial factors (cheronic stress, depression, social deprivation, low
soCho-economic status, discrimination, gender-based violemncea).
Frevious hypertension in pregnancyfpre-eclammpsia and other
pregnancy-related complications (gestational diabetes, miscarriagesstillbirtih,
pre-termn absowsr).

Early menopause, polycystic ovary disease.



History and symptoms suggesting HMOD, established CVD, and
renal disease

Brain and eyes: syncope, impaired vision, TIA, sensory or motor defictt,
stroke, carotid revascularization, cognitive impairment, dementia.

Heart: chest pain, shortness of breath, oedema, myocardial infarction, coronary
revascularization, history of palpitations, arrhythmias (especially AF), heart failure.
Kidneys: polyuria, nocturia, haematuria, urinary tract infections, patient o
family history of CKD (e polycystic kidney disease)

Peripheral arteries: cold extremities, intermittent claudication, leg ulcers,
peripheral revascularization.



History and symptoms suggesting secondary hypertension

All causes:

BP > 160/100 mmHg in young adults (<40 years), BP > 180/110 mmHg
irrespective of age.

Sudden development of hypertension or rapidly worsening BP.
Resistant hypertension.

Hypertensive emergency.



Table 53 Key steps in physical examination

Anthropometric measures

VYWweight and height for BMI calculation.

WWaist circumference.
Signs of HMOD or established CVD

MNeurological examination and cognitive status (based on clinical
suspicion).” "’

Palpation and auscultation of heart and carotid arteries.
Auscultation of abdominal aocrta, iliac, and femoral arteries.
Palpation of peripheral arteries.

Comparison of BP in both arms (at least once).

Signs of secondary hypertension

Skin inspection: cafe-au-lait patches of neurofibromatosis
(phasochromocortomalparaganglioma).

Kidney palpation for signs of renal enlargement (polycystic kidney disease).
Auscultation of heart and renal arteries for murmurs or bruits indicative of
aortic coarctation, or rencovascular hypertension.

Comparison of radial with femoral pulse, inter-arm BP difference in young
individuals with aortic coarctation {(aortic murmur may also be heard).
Signs of Cushing’s disease or acromegaly.

Signs of thyroid or parathyroid disease.
Meck circumference of >40 cm in men, >35 cm in women (O5AS).

Bl boady mass index BF, blood pressure; VWD, cardiowascular disease; HMEOD,
hypertension-medated organ damage:; O5A5 obstructive sleep apnoea symndrorme.
Adapted from the 2018 ESCOESH @ Guidelines for the management of  arterial
hypertension. ="
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Table 8 Routine tests recommended in the initial work-up of a patient with elevated blood pressure or hypertension

Routine test Clinical utility
Fasting blood glucose (and HbA1c if fasting blood glucose is Assessing CVD risk and comorbidities

elevated)

Serum lipids: total cholesterol, LDL chalesterol, HDL and Assessing CVD risk

non-HOL cholesteral, triglycerides

Blood sodium and potassium, haemoglobin and/or haematocrit,  Screening secondary hypertension (primary aldosteronism, Cushing's disease,

calcium, and TSH polycythaemia, hyperparathyraidism, and hyperthyroidism)
Blood creatining and eGFR; urinalysis and urinary Assessing CVD risk and HMOD
albumin-to-creatinine ratio Guiding treatment choice
Screening secondary hypertension (renoparenchymal and renavascular) é
12-lead ECG Assessing HMOD (left atrial enlargement, left ventricular hypertraphy) ;
Assessing irregular pulse and other comorbidities (AF, previous acute myocardial infarction) :'-:

AF, atrial fibrillatinn; CVD, cardiovascular disease; ECG, electrocardingram; eGFR, estimated glomerutar fitration rate; HbATe, ghyeated haemoglobin; HOL, high-density lipapratein; HMOD,
hypertension-mediated organ damage; LDL, low-density lipopratein; TSH, thyroid-stimulating hormone.



Optional Tests to improve CVD risk

stratification

Optional test Clinical utility

Echocardiography Aggessing HMOD (hypertensive heart
disease)
Assessing established CVD (previous — Fehocardiography is recommended in patients with
acute myocardial infarction, heart
failure) hypertension and ECG abnormaliies, or signs or
Azggessing thoracic aorta dilation 5 fG EI 'Ed' E'|1.31.T5'1

CAC by cardiac CT or carotid or Agsessing HMOD (atherosclerotic E}’I'!'Ipt R A

12N

femoral artery ultrasound imaging  plague) Echocardiography may be considered in patients
Large artery stiffness {carotid— Agsescing HMOD (arterial stiffness) : i e
fernoral or brachial-ankle PYWV) with elevated BP, particularly when it is likely to

High-sensitivity cardiac troponin Aggessing HMOD Chﬂl’lgE p.'-ItiEHT ITﬂFﬂgEITbEHT.
andfor NT-praBMNP
Ankle—brachial index Azceccing established CWVID
(lower-extremity arterial disease)
Abdominal ultrasowund Acgessing established CVID
(abdominal aneurysm)
Fundoscopy Agcecscing HMOD (hypertensive
retinopathy)

Diagnosing hypertensive emergency)’
malignant by pertension
(hacmorrhages and exudates,
papilloederma)

& ESC 2024



Preventing and Treating Elevated Blood
Pressure and Hypertension

* The ultimate goal is to reduce CVD, to improve quality
of life, and to prevent premature death.

* Besides BP, other CVD risk factors need to be
comprehensively addressed



Best Proven Nonpharmacological Interventions for Prevention and Treatment of Hypertension®

Approximate Impact on S5BP

Monpharmacological
Intervention Dose Hypertension Normotension Reference
Weight loss Weight/body fat Best goal is ideal body weight, but aim forat leastal-kg -5 mm Hg —2{3 mm Hg {56.2-1)
reduction in body weight for most adults who are
averweight. Expect about 1 mm Hg for every 1-kg
reduction in body weight.
Healthy diet DASH dietary pattern Consume a diet rich in fruits, vegetables, whole grains, —11 mm Hg —3 mm Hg (58.2-6,56.2-T)
and low-fat dairy products, with reduced content of
saturated and total fat.
Reduced intake of Dietary sodium Optimal goal 5 <1500 mg/d, but aim for at least a -5/6 mm Hg -2f3immHg (5%_2-956.2-10)
dietary sodium 100:0-mig/d reduction in most adults.
Enhanced intake of Dietary potassium Aim for 3500-5000 mg/d, preferably by consumption  —4/5 mm Hg —~2 mm Hg (56.2-13)
dietary potassium of a diet rich in potassium.
Physical activity Aerobic ® 50-150 min/wk ~5/8 mm Hg -2f4 mmHg (56.2-18,56.2-22)
B 65%-75% heart rate raserve
Dynamic resistance ® 90-150 min/wk —4 mm Hg —-2 mm Hg (56.2-18)
B 50%-80% 1 rep maximum
B b exercises, 3 sets/exercise, 10 repetitions/set
|somatric resistance ® 4 x 2 min (hand grip), 1 min rest between exer- -5 mm Hg —4 mm Hg (56.2-19 56 2-31)
cises, 30%-40% maximum voluntary contraction,
3 sessionswk
m 3-10 wk
Moderation in alcohol Alcohol consumption In individuals who drink alcohol, reduce alcoholt to: —4 mim Hg -3mmHg (56.2-22-56.2-24)

intale

® Men: =2 drinks daily
® Women: =1 drink daily

ACC 2017




Men and women are recommended to drink less
alcohol than the upper limit, which is about

100 gfweek of pure alcohol. How this translates into
number of drinks depends on portion size (the
standards of which differ per country), but most
drinks contain 8-14 g of alcohol per drink. Preferably,
it is recommended to avoid alcohol to achieve the
I:Eit health ﬂmmmﬂi?ﬂ.41¥.44ﬂ.441

It is recommended to restrict free sugar
consumption, in particular sugar-sweetened
beverages, to a maximum of 10% of energy intake. It
is also recommended to discourage consumption of
sugar-sweetened beverages, such as soft drinks and

4I5—42T

fruit juices, starting at a young age.

ESC 2024



It is recommended to stop tobacco smoking, initiate
supportive care and refer to smoking cessation
programmes, as tobacco use strongly and
independently causes CVD, CVD events, and
all-cause mn_nlit},"’rlﬂ.#l?.'ﬁhﬁ?

It is recommended to aim for a stable and healthy
BMI (e.g. 20-25 kg/m”) and waist circumference
values (eg. <94 cmin men and <80 cm in women) to
reduce BP and CVD risk.”™ "

ESC 2024



Pharmacologic Management of Hypertension

*There is a clear relationship between the intensity of BP
lowering and the relative and absolute reduction in risk
of CVD events for all adults, regardless of age, sex, prior
CVD, diabetes, or AF.

*The higher the patient’s baseline absolute risk for CVD,
the greater the net benefit from BP-lowering treatment
and, at the population level, the lower the estimated

number needed to treat (NNT).



Studies  Intervention Control RR (95% C1) per 10 mm Hg reduction
in systolic blood pressure
Events Farticipants  Events  Farticipants
Major cardiovascularevents 55 13209 137319 14068 128259 + 0-80 (077-083)
Coronary heart disease 56 4862 136986 301 128548 0-83 (078-088)
Stroke 54 4635 136682 5378 128641 -+ 073 (068-077)
Heart failure 4 3284 115411 3760 107440 -+ 072 (067-0.78)
Renal failure 16 800 39488 834 39043 et 095 (0-84-1.07)
All-cause mortality 57 9775 138298 9998 129700 + 0-87 (0-84-0.91)
05 1 15
RR per 10 mm Hg reduction in systolic blood pressure
< -

Favoursintervention  Favours control

Blood pressure lowering for prevention of cardiovascular disease and death: a
systematic review and meta-analysis of 68 RCTs. Lancet 2016, Ettehad D, Emdin
CA, Kiran A, Anderson SG, Callender T, Emberson J, et al.



Studies Baseline systolic Intervention Control RR (95% CIj per 10 rmm Hyg

bl cresd pressarre reductron m systalc
Blood pressune
Enwariiis Participants Eveitks Participants
o ajor cardiovasoular evenibs
Cardicrvascular disease 18 140 5382 41891 5903 41234 —_ o777 (0-71-0-81)
Mo candsowvascular dissase g 150 el 11076 S0 10469 B 74 (O0-67-0-83)
Total * 076 (0-72-0-B1)
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Coronary heart disease

Cardicvascular disease 17 139 1909 43656 2153 43004 - 073 (0-64-0-82)
Mo cardiovascular dissase g 148 S0 4588 33 SO0 BE (0-55-1-32)
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Mo candscrvascular disease L 155 1032 BE70 148 G489 ———— 75 (0-63-0-B9)
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Cardicreasoular disease 11 134 1164 35008 1391 25 340 ——— GG (0560733
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Total =i O-59 [ - G0-0-Bo)
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Renal Failere
Mo cardicvascular dissase 1 136 s | 2623 3E Za4b 136 (0-&68-2-65)

Tatal e — ] - [ O GE-2 60
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Al -canrse mortaliky

Cardicvasoular disease 19 139 3711 44819 IB8E 44170 -] 090 (0-833-0-98)
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Total e OB (O-B2-0-93)
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Figure 2 Association between the intensity of blood pressure reduction and relative treatment effects for prevention of
maijor cardiovascular events

Meta-regression analyses of 48 trials, The Blood Pressure Lowering Treatment
Trialists' CollaborationLancet, 2021



Trial design: Patients with systolic BP 2130 mm Hg and at least one risk factor were
SPRINT randomized in a 1:1 fashion to either intensive SBP lowering (target <120 mm Hg) or
routine SBP management (target <140 mm Hg). Patients were followed for 5 years.

Primary end point: myocardial
infarction, other acute coronary
syndromes, stroke, heart failure,
or death from cardiovascular
causes.

the mean systolic blood pressure
was 121.4 mm Hg in the
intensive-treatment group and
136.2 mm Hg in the standard-
treatment group
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Table 2. Primary and Secondary Outcomes and Renal Outcomes.*®

Cutcome

All participants
Primary outcomef
Secondary outcomes
Myocardial infarction
Acute coronary syndrome
Stroke
Heart failure
Death from cardiovascular causes
Death from any cause
Primary outcome or death
Participants with CKD at baseline
Composite renal outcomed
=50% reduction in estimated GFR{
Long-term dialysis
Kidney transplantation
Incident albuminuria¥y
Participants without CKD at baseline|

=309 reduction in estimated GFR to <60 mil/
min/1.73 m?§

Incident albuminuria¥

Intensive Treatment

no. of patients (9%6) 9% per year

(N = 4678)

243 (5.2) 1.65

97 (2.1) 0.65

40 (0.9) Q.27

62 (1.3) 0.41

62 (1.3) 0.41

37 (0.8) 0.25

155 (3.3) 1.03

332 (7.1) 2.25
(N=1330)

14 (1.1) 0.33

10 {0.8) 0.23

& (0.5) 0.14

L1

49/526 (9.3) 3.02
(N =3332)

127 (3.8) 1.21

110/1769 (6.2) 2.00

Standard Treatment

no. of patients (%) 9% peryear
(N =4683)
319 (6.8) 2.19
116 (2.5) 0.78
40 (0.9) 0.27
70 (1.5) 0.47
100 (2.1) 0.67
65 (1.4) 0.43
210 (4.5) 1.40
423 (9.0) 2.90
(MN=1316)
15 (1.1) 0.36
11 (0.8) 0.26
10 (0.8) 0.24
a
59/500 (11.8) 3.90
(N =3345)
37 (1.1) 0.35
135/1831 (7.4) 2.41

Hazard Ratio

(95% CI) P Value

0.75 (0.64-0.89) <0.001

0.83 (0.64-1.09) 0.19
1.00 (0.64-1.55) 0.99
0.89 (0.63-1.25) 0.50

0.62 (0.45-0.84) [ 0.002
0.57 (0.38-0.85) I 0.005
0.73 (0.60-0.90) 1 0.003
0.78 (0.67-0.90) 1<0.001

0.89 (0.42-1 87) 0.76
0.87 (0.36-2.07) 0.75
0.57 (0.19-1.54) 0.27
0.72 (0.48-1.07) 0.11

3.49 (2.44-5.10) l<0.001

0.81 (0.63-1.04) 0.10




., Blood Pressure (BP) Thresholds and Recommendations for Treatment and Follow-Up

( BP thresholds and recommendations for treatment and follow-up ]

Normal BP Elevated BP Stage 1 hypertension .
(BP <120/80 (BP 120-129/<80 (BP 130-139/80-89 Stage 2 hypertension
(BP =140/90 mm Hg)
mm Hg) mm Hg) mm Hg)

Clinical ASCVD

Promote optimal or estimated 10-y CVD risk
lifestyle habits =10%*
B
Reassess in
1y
(Class lla)
A

ACC 2017



Table 14 Initiation of blood pressure-lowering treatment based on confirmed blood pressure category and cardiovas-
cular disease risk

Blood Non-elevated BP Elevated BP (120/70 to 139/89) Hypertension (>140/90)
pressure (<120/70)
(mmHg)
Risk Assumed all at sufficiently high risk to
(a) Al adults with SBP 120-  (a) SBP 130-139 AND high-risk conditions  benefit from pharmacological
129 mmHg (eg. established CVD, diabetes mellitus, treatment
(b)  SBP 130-139 AND 10-year CKD, FH or HMOD)
estimated CVD risk <10% (b) SBP 130-139 AND 10-year estimated
AND no high-risk CVD risk =10%
conditions or risk modifiers  (¢)  SBP 130139 AND 10-year estimated
or abnormal risk tool tests CVD risk 5% - <10% AND risk
modifiers or abnormal risk tool tests
Treatment Lifestyle measures for Lifestyle measures for treatment Lifestyle measures and pharmacological Lifestyle measures and
prevention Monitor BP and CVD risk yearly treatment (after 3-month delay). pharmacological treatment,
Screen BP and CVD risk Monitor BP yearly once treatment control is (immediate)
opportunistically established Monitor BP yearly once treatment
control is established
Target (mmHg)  Maintain BP <120/70 Aim BP 120-129/70-79 mmHg"

BP, blood pressure; CKD, chronic kidney disease; CVD, cardiovascular disease; DBP, diastolic blood pressure; FH, familial hypercholesterolaemia; HMOD, hypertension-mediated organ
damage; SBP, systolic blood pressure.
*Caution in adults with orthostatic hypotension, moderate-to-severe frailty, limited life expectancy, and older patients (aged >85 years).

ESC 2024
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TABLE 23

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

BP Threshold, BP Goal,
Clinical Condition(s) mm Hg 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; =130 (SBP) <130 (SBP)
noninstitutionalized, ambulatory,
community-living adults)
Specific comorbidities B
Diabetes mellitus =130/80 <130/80
 Chronic kidney disease - =130/80 <130/80
Chronic kidney disease after renal =130/80 <130/80
transplantation
 Heart failure - =130/80 - <130/80
Stable ischemic heart disease =130/80 <130/80
Secondary stroke prevention =140/90 <130/80
Peripheral artery disease =130/80 <130/80

ASCVD indicates atherosclerotic cardiovascular disease; BP, blood pressure; CVD,

cardiovascular disease; and SBP, systolic blood pressure.

ACC 2017



Table23  Office blood pressure treatment target range

Table 14 Initiation of blood pressure-lowering treatment based on confirmed blood pressure category and cardiovas-

Age group Office SBP treatment target ranges (mmHg) Office DBP cular disease risk
treatment
gt e Blood Non-elevated BP Elevated BP (120170 to 139/89) Hypertension (2140/90)
(mmHg) pressure (<120/70)
(mmHg)
Hypertension + Diabetes +CKD +CAD + Stroke'ITIA Risk Assurmed all at sufficiently high risk to
18-65years | Targettof30 | Targetto130 |Targetto<i40to| Targetto130 | Targetto30 | 70-79 @ :‘L:::::;‘*" it Ef: li;‘:;:gf’nh‘gmfwf:ﬁ:‘ t’i‘h“::;f’" imiie
. j I,
or lower if tolerated | or lower if tolerated | 130 if tolerated | or lower if tolerated | or lower if tolerated () SBP 130-139 AND 0-yesr CKD, FH or HMOD)
Not <120 Not <120 Not <120 Not <120 estimated CVD risk <10% ()  SBP 130-139 AND 10-year estimated
AND no high-risk CVD risk =10%
65-79years’ | Target to 130-39 | Target to 130139 | Target to 130-139 | Target to 130139 | Targetto 130-139 |  70-79 condtonsorrekcmodiers (0SB 130-139 AND 10yer etiraed
if tolerated if tolerated if tolerated if tolerated if tolerated or ahnormal risk tool tests CVD risk 5% - <10% AND risk

madifiers or abnormal risk tool tests

>80yearss | Target to 130139 | Target to 130-139 | Target to 130-139 | Target to 130-139 | Target to 130139 |  70-79

Treatment Lifestyle measures for Lifestyle measures for treatment  Lifestyle measures and pharmacological Lifestyle measures and
if tolerated if tolerated if tolerated if tolerated if tolerated prevention Monitor BP and CVD risk yearly  treatment (after 3-month delay). pharmacalogical treatment
g Screen BF and CVD risk Monitor BF yearly once treatment control is (immediate)
treatment g contral is established
target range E Target (mmHg)  Maintain BP <110/70 Aim BP 120-129/70-79 mmHg'
(mmHg)

BP, blood pressure; CKD, chronic kidney disease; CVD, cardiovascular disease; DBP, diastolic blood pressure; FH, familial hypercholesterolaemia; HMOD, hypertension-mediated organ
damage; SBP, systolic blood pressure.
*Cautian in adults with orthestatie hypatension, moderate-to-severe frailty, limited lfe expectancy, and older patients (aged 285 years).

‘the lower the better, but within reason’ paradigm
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* The major drug classes with robust evidence for BP-mediated reduction
in CVD events are ACE inhibitors, ARBs, dihydropyridine CCBs,
diuretics (thiazides and thiazide-like diuretics such as
hydrochlorothiazide, chlorthalidone, and indapamide), and beta-blockers

* The magnitude of BP reduction achieved with these main classes of BP-
lowering medications as monotherapy is similar overall

* beta-blockers are less effective than ACE inhibitors, ARBs, CCBs, or
diuretics at preventing stroke, and have a higher discontinuation rate due
to side effects.

* Clinical outcome evidence from trials for other BP-lowering drug classes,
such as alpha-blockers, hydralazine, minoxidil, other potassium-sparing
diuretics, and centrally acting agents, is less compelling and caution
regarding adverse effects is warranted.



Studies  Intervention Control RR (95%C1)
Events Particpants  Events  Participants
Major cardiovascular events
ACE inhibitor 10 579 3165 9766 50805 - 103 (1:00-1.06)
ARB g 47 7140 79 195t + 098 (093-102)
f blocker g 2863 25989 5K 741 = 117 (111-124)
((B )| 7857 63693 12608 82904 + 097 (094-0.99)
Diretic 1 B0 33 R qau i 097 (094-140)
Coronary heart disease
ACE inhibitor 13 mé 33054 355 52187 1 0,95 (0-90-1.01)
ARB 9 ms 2759 1080 28654 4 106 (0.98-1.15)
b blocker i1 1579 39864 1544 39966 T"“ 103 (096-1:10)
((B 25 2955 76465 4576 95725 'Il' 098(094-103)
Divretic 11 041 40531 246 43508 * 102 (097-1:09)
05 i ]
. Blood pressure lowering for prevention of Classsuperior ~ Class inferior
cardiovascular disease and death: a to pooled comparators o pooled comparators

systematic review and meta-analysis of 68

RCTs. Lancet 2016




Stroke
ACE inhibitor 14 1502 33355 2297 52 460 ——— 1-08 (1-01-1-16)
ARE 10 1150 28703 1265 30837 —a 092 (0-850.99)
| B blocker 12 1199 40953 989 42170 ——— 124 (1-14-135) |
cCB 26 2245 76768 3470 96026 == 0-90 (0-85-0-95)
Divretic 12 1215 41625 1409 45707 - 0-97 (0-90-1-05)
Heart failure
ACE inhibitor 13 1494 32304 2706 S0277 _I 0-98 (0-92-1.05)
ARB 8 1141 26418 1187 26311 0-96 (0-89-1-04)
P blocker a8 652 33953 634 34185 -1 1-04 (0-93-1-16)
CCB 22 2104 72323 2955 30403 == 117 (1-11-1-24)
Diuretic 8 1108 32580 1570 35435 — 0-81 (0-75-0-88)
Renal failure
ACE inhibitor [ 220 19589 503 34992 . 0-85 (0-72-0-99)
ARB 5 160 19634 185 19599 —_— 0-85 (0-69-1-05)
B blocker 3 526 10417 468 10692 — 1-19 (1-05-1-34)
cCr 12 787 45024 1022 61117 e 1-02 (093-1.12)
Diuretic 3 220 20992 277 23827 e 093 (0-78-111)
All-cause mortality
ACE inhibitor 14 3321 33104 865 52263 1-01 (0-97-1-05)
ARB 11 2546 29282 2638 31404 0-99 (0-94-1-04)
P blocker 12 2805 40953 2688 42170 - 1-06 (1-01-1-12)
(e 26 GH02 76672 B428 95932 0-97 (0-94-1-00)
Diuretic 12 3425 41625 3806 45707 1 1-02 (0-97-1-06)

05 1 2
Class supenor Class inferior
to pooled comparators to pooled comparators



Recommendations

Among all BP-lowering drugs, ACE inhibitors, ARBs,
dihydropyridine CCBs, and diuretics (thiazides and
thiazide-like drugs such as chlorthalidone and
indapamide) have demonstrated the most effective
reduction of BP and CVD events, and are therefore
recommended as first-line treatments to lower

pp 122446

It is recommended that beta-blockers are combined
with any of the other major BP-lowering drug classes
when there are other compelling indications for their
use, e.g. angina, post-myocardial infarction, heart
failure with reduced ejection fraction, or for heart
Fate mntrnl_‘l!!,“ﬂ—"l&l]

It is recommended to take medications at the most
convenient time of day for the patient to establish a
habitual pattern of medication taking to improve

adherence 413

ESC 2024



Table S10 Choice of starting blood pressure-lowering
treatment, depending on comorbidity

Comorbidity Initial drug class

Diabetes mellitus AJCE inhibitor
Metabolic syndrome AR B
CCB
Chronic kidney disease ACE inhibitor
Proteinuriafalbuminuria AREB
Driuretic
CCB
SGLT2 inhibitors
Post-myocardial infarction Beta-blocker
ACE inhibitor
ARB
MBR.A,
A Beta-blocker
AE inhibitor
ARB
Heart failure ACE inhibitor
ARB
MBR.A
Beta-blocker
SGLTZ2 inhibitar
Criuretic
S E, angiotensin-cornverting ensprme; AR atrial fibcillation; SRB, angiotensin recoeptor

bBlocker:; CCH, calcium channel blocker; MEBEA, mireralocortiosid receptor  bBlockerr;
S5 T2, sadium—glucoses co-transporter 2

6 ESC 2024
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Combination Versus single drug treatment for
Hypertension

* Combining drugs from different drug classes can have

additive or synergqistic effects and lead to greater BP
reduction than increasing the dose of one drug.

*|If combination BP-lowering therapy is pursued, single-
pill combinations are preferred.



Value of low dose combination treatment with blood pressure
lowering drugs: analysis of 354 randomised trials, BM}, 2003

Table 3. Efficacy: effects of two different drugs on blood pressure separately and in combination (summary results from 119 randomised placebo
controlled comparisons; adapted from Law et al?}

Average (SE) fall in blood pressure (mm Hg) (treated minus placebo)

Treatment Systolic Diastolic
Observed
“First” drug alone 7.0004) 410.3)
“Second “drug alone 8.1(0.3) 46(0.3)
Both drugs together 14.6(0.5) 8.6(04)
Expected
Sum of first and second drugs alone 15.1 8.7
Difference between observed and expected (95% CI) 05(-141t004) 01(-10t008)

Table 3 shows that the sum of the average reductions in blood pressure with each drug
used alone is close to the observed effect of the two drugs used in combination, indicating
an additive effect.


https://www.bmj.com/content/326/7404/1427#T3

Table 4. Efficacy: blood pressure lowering effects of drugs when used at half standard dose separately and in combination

%
Blood pressure reduction (95% CI)

One drug Two drugs Three drugs
Systolic blood pressure (mm Hg) 6761t072) 13.3(1241t014.1) 199(185t021.3)
Diastolic blood pressure (mm Hg) 37(G31to43) 73(62t083) 10.7(91t012.4)

#*Reductions in blood pressure adjusted to a usual pretreatment blood pressure of 150/90 mm Hg, the average blood pressure in people aged
50-69 years who have a stroke or ischaemic heart disease euent.?

Table 7. Effects of blood pressure lowering drugs on reducing the incidence of stroke and ischaemic heart disease events when used separately and
in combination at half standard dose®

Percentage (95% Cl) reduction in incidence

Disease One drug Two drugs Three drugs
Stroke 29 (2610 31) 49(42to 55) 63 (55 to 70)
Ischaemic heart disease events 19(17to 21) 34(29 to 40) 46 (3910 53)

«*Calculated from reductions in blood pressure in table 4 and estimates of association between blood pressure and disease events at age 60—
69 years from the Prospective Studies 'Cu::nlIatn::nratil::nn.1



Side-Effect

*|In 33 trial arms two drugs together caused symptoms
which was significantly lower than the value expected
with an additive effect.

* One drug does not therefore potentiate the adverse
effects of another.

Value of low dose combination treatment
with blood pressure lowering drugs: analysis
of 354 randomised trials, BMJ, 2003



=lmitial monotherapy preferred

Elevated BP category (1200 70— 1 390EF mmHgh
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Recommendations for Choice of Initial Monotherapy Versus Initial Combination Drug Therapy

COR LOE RECOMMENDATIONS

1. Initiation of antihypertensive drug therapy with 2 first-line agents of different classes, either as separate

: L0 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.
B 2. Initiation of antihypertensive drug therapy with a single antihypertensive drug is reasonable in adults with
] =

ctage 1 hypertension and BP goal <130/80 mm Hg with dosage titration and sequential addition of other
agents to achieve the BP target.

*Fied -doke comisnation antihypertensivie medicatiors are Usted i

ACC 2017




Conclusion

* CVD risk begins below thresholds used to define hypertension
and the risk increases with higher blood pressure levels

* BP lowering can significantly reduce major cardiovascular
outcomes

* The major drug classes with robust evidence for BP-mediated
reduction in CVD events should be used as first line agents.

* Combining drugs from different drug classes can have additive
or synergqistic effects and lead to greater BP reduction.

*The lower the BP the better.
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