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Coronary Artery Risk Development in Young Adults; CHAP, Chronic Hypertension and Pregnancy; CHIPS, Control of
Hypertension in Pregnancy Study; CLICK, Chlorthalidone in Chronic Kidney disease trial; COLM, Combination of OLMesartan
and a calcium channel blocker or diuretic in Japanese elderly patients trial; CONVINCE, Controlled ONset Verapamil
INvestigation of Cardiovascular Endpoints; COPE, Combination Therapy of Hypertension to Prevent Cardiovascular Events;
CREDENCE, Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical Evaluation; CREOLE, Comparison
of Three Combination Therapies in Lowering Blood Pressure in Black Africans; DAPA-CKD, Dapagliflozin and Prevention of
Adverse Outcomes in Chronic Kidney Disease; DASH, Dietary Approaches to Stop Hypertension; DCP, Diuretic Comparison
Project; EASD, European Association for the Study of Diabetes; ELSA, European Lacidipine Study on Atherosclerosis; EMPA
KIDNEY TRIAL, The Study of Heart and Kidney Protection With Empagliflozin trial; ESC, European Society of Cardiology; ESH,
European Society of Hypertension; EUCLID, EURODIAB Controlled Trial of Lisinopril in Insulin-dependent Diabetes Mellitus;
EUROPA, Efficacy of perindopril in reduction of cardiovascular events among patients with stable coronary artery disease; FEVER,
Felodipine Event Reduction; FIDELIO DKD, Finerenone in Reducing Kidney Failure and Disease Progression in Diabetic Kidney
Disease; FIDELITY, The Finerenone in chronic kiDney disease and type 2 diabetes: Combined FIDELIO-DKD and FIGARO-DKD Trial
programme analysis; FIGARO DKD, Finerenone in Reducing Cardiovascular Mortality and Morbidity in Diabetic Kidney Disease;
GATEWAY, Gastric Bypass to Treat Obese Patients With Steady Hypertension; GRADE, Grade of Recommendation, Assessment,
Development and Evaluation; HAS-BLED, Hypertension, Abnormal Renal/Liver Function, Stroke, Bleeding History or
Predisposition, Labile INR, Elderly, Drugs/Alcohol Concomitantly; HOPE-3, Heart Outcomes Prevention Evaluation-3; HOT,
Hypertension Optimal Treatment; HYVET, Hypertension in the Very Elderly Trial; IDACO, International Database of Ambulatory
blood pressure in relation to Cardiovascular Outcome.; IDNT, Irbesartan diabetic nephropathy trial; INTERACT-2, Second
Intensive Blood Pressure Reduction in Acute Cerebral Haemorrhage Trial; INVEST, INternational Verapamil SR TRandolapril
STudy; ISO, International Organization for Standardization; LEGEND, Large-scale Evidence Generation and Evaluation across a
Network of Databases; LIFE, Losartan Intervention For Endpoint reduction in hypertension; MATCH, Is Metomidate PET-CT
superior to Adrenal vein sampling in predicting ouTCome from adrenalectomy in patients with primary Hyperaldosteronism;
MDRD, Modification of diet in renal disease; MODERATO I, Moderato System in Patients With Hypertension I; MODERATO II,
Moderato System in Patients With Hypertension II; NORDIL, Nordic Diltiazem; ONTARGET, Ongoing Telmisartan Alone and in
Combination with Ramipril Global Endpoint Trial; OSCAR, The OlmeSartan and Calcium Antagonists Randomized study;
PAMELA, Pressioni Arteriose Monitorate e Loro Associazioni; PATHWAY-1, Optimum Treatment for Drug-Resistant Hypertension
-1; PATHWAY-2, Optimum Treatment for Drug-Resistant Hypertension -2; PATS, Post-stroke Antihypertensive Treatment Study;
PEACE, Prevention of Events with Angiotensin Converting Enzyme Inhibition; PHYLLIS, Plaque Hypertension Lipid Lowering
Italian Study; PRAISE, Prospective Randomized Amlodipine Survival Evaluation study; PREDIVA, Prevention of dementia by
intensive vascular care; PROGRESS, perindopril protection against recurrent stroke study; PROSIT, Project on Stroke Services in
Italy; RADIANCE HTN SOLO, A Study of the ReCor Medical Paradise System in Clinical Hypertension – SOLO; RADIANCE HTN-
TRIO, A Study of the ReCor Medical Paradise System in Clinical Hypertension -TRIO; RE-HOT, Resistant Hypertension Optimal
Treatment; RENAAL, Reduction of endpoints in NIDDM with angiotensin II antagonist losartan; REQUIRE, Renal Denervation on
Quality of 24-hr BP Control by Ultrasound In Resistant Hypertension; ROX CONTROL HTN, ROX Coupler in Patients With
Resistant Hypertension study; SCOPE, Study on Cognition and Prognosis in the Elderly; SCORE-2, Systemic coronary risk
evaluation; SCORE-2-OP, Systemic coronary risk evaluation – Older Persons; SHEP, Systolic Hypertension in the Elderly Program;
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INTRODUCTION
 D
RAFT

T
he year 2023 marks the 20th anniversary of the hypertension guidelines of the European Society of Hypertension
(ESH), which were published for the first time in 2003, following a proposal by Professor Alberto Zanchetti (Fig. 1).
Professor Zanchetti thought that it was time for Europe to express its view on diagnostic and treatment aspects of this

crucially important medical condition rather than referring, as in the past, to guidelines issued by the WHO, with or without
the ISH or the scientific societies in the USA. He played a fundamental role in these first guidelines [1] as coordinator of the
Writing Committee appointed by the ESH, and this was rewarded by an unexpected large success, which made these
guidelines the fifth most widely quoted paper in the world across all research areas and the most quoted in the medical area.
ESH offered to share these hypertension guidelines with the European Society of Cardiology (ESC), which accepted after the
manuscript had already been completed, without sharing its publication in the ESC Society Journal. Subsequently, the ESH
and the ESC enjoyed an equal collaboration, resulting in three further successful and also widely quoted guidelines in 2007
[2], 2013 [3] and 2018 [4] that were published in the official journals of the two Societies, except for a 2009 reappraisal of the
2007 guidelines, which was prompted by new evidence in the hypertension area and prepared only by the ESH [5].

These 2023 hypertension guidelines have also been prepared only by the ESH. The rules of these guidelines, however,
are largely, although not entirely, the same as those that were followed in the previous guidelines. That is, in the 2023
guidelines: (i) the members of the Task Force have been appointed by the ESH, based on recognized scientific and clinical
expertise in one or more areas covered by the guidelines as well as on the documented absence of relevant conflicts of
interest; (ii) selected members were initially asked to write a section or sections of the guidelines related to her or his main
scientific expertise, and a small Steering Committee was appointed to harmonize the material received; (iii) multiple
revisions of the text were made by back and forth interactions between the Task Force members, with a final collective
critical review of the text and (iv) the final manuscript has been sent to external reviewers and further revised according to
their suggestions and criticism. Particular attention has been given to the scoring of the strength of the diagnostic and
treatment recommendations, which have been graded according to criteria partly different from those used in previous
guidelines, i.e. with consideration for the study design but also for the quality of the collected data (Section 1). Because of
the questionable scientific value of voting, disagreements on treatment recommendations have not been resolved that way
but by consensus on a shared text. Conflicting evidence or interpretation of the data have been openly admitted.

The similarity of the present and past guidelines extends to the scientific principles on which the guidelines have been
based. The 2023 guidelines have been developed after careful search for new studies in the hypertension and related areas.
Furthermore, as in the past, RCTs have been assigned a top value while also mentioning their limits when appropriate.
However, all other relevant sources of knowledge (from observational studies down to clinical case series) have been
considered, and even mechanistic studies have not been ignored, given their relevance for diagnostic and treatment
decisions in individual groups of patients. Particular attention has been given to real-world studies, which play a growing
role in hypertension research and sometimes provide knowledge in areas that cannot be addressed by RCTs. Like the
RECENT

FIGURE 1 Alberto Zanchetti.
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previous guidelines, the 2023 guidelines (i) regard their value as educational, which explains why the text addresses the data
justifying the recommendations and (ii) emphasize that their recommendations are not invariably prescriptive for individual
patients because they are based on average data and address conditions or diseases in general. In individual patients, the
most appropriate diagnostic and treatment decisions may differ from those expressed by the guidelines.

The 2023 guidelines (i) contain several conceptual elements of novelty originated by research performed after the 2018
guidelines; (ii) deal more in depth with topics that were only briefly considered in the past and (iii) extend to several
conditions that were previously unaddressed by guidelines, although frequently coexisting with hypertension and leading
to specific needs for medical management. Although mainly referring to hypertension in adults, they include for the first
time essential recommendations on hypertension in children, adolescents and the transition to young hypertensive adult
individuals; and (iv) include a detailed index of sections and subsections focused on specific issues that has been prepared
to facilitate reading of these various and multiple aspects. Furthermore, while the text addresses the sometimes nonunivocal
evidence provided by research on a given issue, each section offers, as is now usual for many guidelines, a simple final list of
key statements and recommendations that translate research achievements into practical use. We hope that this structure
will make the ESH guidelines useful not only to the practicing physicians but also to hypertension experts and investigators.

WHAT IS NEW AND WHAT HAS CHANGED IN THE 2023 EUROPEAN SOCIETY OF
HYPERTENSION ARTERIAL HYPERTENSION GUIDELINES?
10

o

1.
pyri
TModified and simplified criteria for evidence grading recommendations

2.
 Pathophysiological background of primary hypertension

3.
 FClinical BP measurements by different methods and in different settings and clinical conditions

4.
 Thorough description of office, ambulatory and home BP measurements and value in different demographic and

clinical conditions

5.
 Upgrading of out-of-office BP measurements in hypertension management

6.
 ANew HMOD measurements and their clinical value in hypertension work-up

7.
 New CV risk factors and update on CV risk assessment

8.
 Update and comprehensive summary of secondary forms of hypertension

9.
 RUpdate on lifestyle interventions
10.
 Update on threshold and targets for antihypertensive drug treatment, including their possible heterogeneity in
demographic and clinical subgroups of patients
11.
 DConfirmation of preferred use of RAS blockers, CCBs and Thiazide/Thiazide-like diuretics, and their various
combinations for BP-lowering treatment. Inclusion of BBs among the major antihypertensive drugs
12.
  Update on available combination-based drug treatment strategies, including the quadpill and the polypill

13.
 Emphasis and update on the diagnosis and management of true-resistant hypertension

14.
 TUpdate on use and position of renal denervation for antihypertensive treatment

15.
 Impact of hypertension and its treatment on cognitive dysfunction and dementia

16.
 Management of hypertension in older people according to the frailty and functional level

17.
 Update on treatment of hypertension in HFrEF and HFpEF

18.
 NNew diagnostic approaches to diagnosis and treatment in hypertensive patients with AF

19.
 Update on treatment in CKD, including kidney transplantation

20.
 Update and novel treatment approaches to patients with type 2 diabetes

21.
 EEpidemiology, diagnosis and treatment in different BP phenotypes

22.
RECDiagnosis, treatment and follow-up of hypertension in demographic and clinical conditions not or only marginally
addressed in previous guidelines:
a. Children/adolescents and transition to adulthood
b. Young patients
c. Sex-related differences
d. Pregnancy and puerperium
e. Peripheral artery disease
f. Aortic aneurism
g. Valvular heart disease
h. Treatment of hypertension in acute cerebrovascular diseases
i. Hypertensive emergencies/urgencies
j. Perioperative hypertension
k. Obesity
l. COVID-19

m. Chronic inflammatory diseases
n. Hypertension in oncology
o. Baroreflex failure and dysautonomia
p. Glaucoma
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Detailed recommendations on patients’ follow-up strategies, including assessment and minimization of nonadher-
23.

ence and clinical inertia.
24.
 Mention of new potential approaches to the treatment of hypertension and containment of hypertension-related
workload (tele-health, team-based treatment, role of pharmacists)
RAFT

1. METHODOLOGY AND DEFINITION OF EVIDENCE

1.1 Methodology of evidence grading
The 2023 ESH guidelines aim to summarize the best available evidence for all aspects of hypertension management. The
guidelines were developed by a Task Force of 59 experts form European countries, representing the areas of internal
medicine, cardiology, nephrology, endocrinology, general medicine, geriatrics, pharmacology and epidemiology. Each
topic was assigned to a small group of Task Force members responsible for reviewing and summarizing the available
evidence within that topic. The ‘class of recommendation’ (CoR) and ‘level of evidence’ (LoE) for all recommendations were
reviewed by an Evidence Grading Committee to make sure that they complied with the predefined criteria outlined in the
following. Draft versions were reviewed by the Steering Committee, Task Force members and external reviewers. The final
version was approved by all Task Force members.

In accordance with previous versions of the ESH guidelines, a similar system separating CoR and LoE was applied [3,4].
CoR indicates how strong a recommendation is, considering the assumed benefit versus risks and costs on a scale from I to
III. Recommendation classes I and III each convey a clear message, namely a general consensus that a measure is either
useful (CoR I) or not useful or even harmful (CoR III). If there is no general consensus or only doubtful evidence, an optional
recommendation is conveyed with CoR II. In contrast to previous guidelines [3,4], these guidelines find that a further
subdivision of the CoR II into two subclasses (IIa and IIb) adds little value and, for the sake of simplification and for
conveying a clearer message, and did not use this subdivision. The LoE indicates how reliable the evidence underlying each
recommendation is on a scale from A to C (Fig. 2). Importantly, the CoR and LoE are independent of each other, e.g. strong
recommendations may build on weak evidence if the assumed benefit of an intervention or a diagnostic procedure greatly
outweighs the potential risks.

1.2 Level of evidence
The 2023 ESH guidelines employ the same terminology as in the 2018 ESC/ESH guidelines but with updated criteria for
assessing the LoE. This revision was influenced primarily by the recommendations from the GRADE working group [6,7],
but also by the most recent evidence definition used by the AHA/ACC [7].
RECENT D
Definition Definition Interpretation
Evidence or general agreement
that a treatment/test/procedure
is beneficial, useful or effective 
AND that potential benefits 
clearly outweigh potential risk     
  

A - RCT or meta-analysis of 
RCTs with CVD outcomes 

- Single trial enough if 
sufficient power and without 
important limitationsa 

Strong evidence. Evidence
of high certainty. Unlikely 
that future studies will 
change the effect estimate
substantially   
 

 
 

 

Conflicting evidence oropinion 
about the benefit, usefulness 
and effectiveness of a treatment/
test/procedure OR uncertainty 
about benefit-risk balance    
 
 
 

B - RCT with surrogate measures 
(BP, HMOD)  

- Observational studies with 
CVD outcomes and no major
limitationsa   

- Meta-analyses including the
above study types
 

Moderate evidence. Evidence
with some Future studies
may modify, at least the 
magnitude of, the effect 
estimate 

  
  
 

Evidence or general agreement
 that a treatment/test/procedure
is not beneficial, useful or
effective OR that potential risks
outweigh the potential benefit     
 

C - Observational studies of 
surrogate measures  
 - Any study type may be
downgraded to level C due 
to limitationsa    

- Expert opinion (EO)

Weak evidence. Evidence 
of low certainty. Future
studies may change the
effect estimate substantially    
 
 
  

ss of Recommendation Level of Evidence

Class of recommendation (CoR) and level of evidence (LoE). BP, blood pressure, CVD, cardiovascular disease, HMOD, hypertension mediated organ damage,
omized controlled trial. aLimitations affecting level of evidence include (but may not be limited to) high risk of bias, inability to account for important confound-
s in observational studies, questionable external validity and uncertain effect estimates (confidence intervals including negligible effect).
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The most important difference compared with the previous guidelines is the priority given to patient-important CV
outcomes, such as stroke, MI, HF, ESKD and CV or total mortality, acknowledging that the primary aim of
antihypertensive treatment is to reduce the risk of clinical outcomes and not only BP. Although BP reduction is
strongly associated with a reduction in clinical events, interventions affecting BP may also affect other physiological
systems with beneficial or harmful effects, and the benefit/harm ratio cannot be firmly established without clinical
outcome trials.

Furthermore, risk of bias and statistical precision were considered when assigning the LoE. This means that recom-
mendations supported by well conducted RCTs with CV outcomes were assigned LoE A, whereas recommendations
supported by trials with a similar design and with similar outcomes, were downgraded to LoE B or C if the risk of bias was
judged as high, or if effect estimates were imprecise. Meta-analyses may contribute to any level of evidence depending on
the type of studies included and the quality of the meta-analysis itself [8].

For diagnostic tests and procedures, we have adopted the strategy recommended by the GRADE working group,
assessing the evidence for benefit on patient-important outcomes [9]. Many diagnostic procedures rely on studies of
accuracy rather than effect on outcomes, and recommendations building on such evidence is generally downgraded for
indirectness even if the studies themselves are without important limitations.

2. PRINCIPLES OF HYPERTENSION PATHOPHYSIOLOGY

Hypertension is divided into a primary (formerly and still also currently referred to as ‘essential’) and secondary forms.
Secondary hypertension originates from specific causes and can be detected in only a small fraction of hypertensive patients
(see Section 6). Primary hypertension covers the remaining large fraction of the hypertensive population, and its origin
depends on the complex interaction between a genetic background, a large number of environmental factors [10–12] and
the aging process. Both genetic and environmental factors operate through alterations of CV regulatory systems, leading to
an increase of systemic vascular resistance, which is the hallmark hemodynamic abnormality responsible for BP elevation in
almost all hypertensive patients [13]. In the last few years, important new evidence has been obtained on the genetic
background of hypertension, with more than 1000 genetic factors being identified [11,12], together with, in some instances,
the biochemical and pathophysiological paths they work through [14]. New environmental factors (e.g. air pollution and
noise) have been added to those already documented by older research [15–17]. Furthermore, new experimental and
clinical studies have confirmed that alterations of several major CV control systems may contribute to chronic BP elevation.
As shown in Fig. 3, primary hypertensionmay be accompanied by alterations of the renin–angiotensin–aldosterone system,
central and peripheral autonomic cardiac and vascular regulation, the endothelin system and other systems controlling
vascular function, including nitric oxide and natriuretic peptides [13,18,19–22]. More recently, pressogenic effects
(increased sodium sensitivity) of gut microbial dysbiosis have also been reported [23,24]. In addition, the immune system
is likely to play a pathophysiologic role, with effects that are possibly primarily mediated by inflammation, and involve not
only BP regulation (and thus development of hypertension) but also the initiation and progression of HMOD [25,26]. There
is extensive experimental and clinical evidence that hypertension is associated with inflammation and immune cell
RECEN

FIGURE 3 Mechanisms involved in BP reguation and the pathophysiology of hypertension.
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activation, two processes that are driven in large part by oxidative stress. Immune cell activation is characterized by
excessive production of reactive oxygen species and an altered oxidation–reduction (redox) state [26], and there is
evidence that generation of reactive oxygen species is influenced by factors involved in BP regulation, such as Ang II,
endothelin-1 (ET-1), aldosterone and salt (sodium) [26]. Furthermore, evidence is also available that alterations of
immunoinflammation is promoted by the above-mentioned hypertension promoters such as genetic susceptibility,
neurohumoral activation, salt influences and gut microbiome [10–13,18–22,27]. Although this complex interplay makes
it impossible to know whether inflammation is causatively related to hypertension or represents a secondary effect of a
chronic BP elevation, it is clear that inflammation and the dysregulated immune system are closely linked to each other and
that immunoinflammation is involved in hypertension [25,26]. Indeed, the suggestion has been made that oxidative stress
and increased generation of reactive oxygen species represent the common molecular basis linking immunoinflammation
to hypertension. Alterations in metabolomic pathways, e.g. glucose and lipid metabolism, may also contribute, as
exemplified by the sympathostimulating effect of insulin [13,28] and the favoring effect of sympathostimulation on insulin
resistance [29]. Regardless of the mechanisms involved, a chronic BP elevation is known to modify the cardiac (e.g. LVH),
large artery (increase in collagen and stiffening of the arterial wall) and small artery (increase in wall-to-lumen ratio)
structure, which in a later hypertension phase promote the BP increase on a nonspecific anatomical basis [13]. This confirms
and expands the former mosaic theory on the pathogenesis of primary hypertension as a multifactorial phenotype, which
was already formulated by Page [30] in the pioneer phase of hypertension research more than 70 years ago. To the original
theory, modern research has added not only newmechanisms but also, as shown in Fig. 3, strong evidence for the existence
of reciprocal influences between different CV control systems, as a result of which alteration of one system may favor or
reinforce alterations of the other systems and vice versa [31]. At a practical level, this multimechanistic interactive
pathophysiology implies that diagnostic attempts to identify a single responsible mechanism for primary hypertension
can often be not onlymethodologically difficult but also futile. It also explains why an elevated BP can be lowered by drugs
with different mechanisms of action as well as why a combination of mechanistically different drugs lowers BP much more
effectively than monotherapy.

3. DEFINITION OF HYPERTENSION AND BP CLASSIFICATION

3.1 Definition of hypertension
According to the previous 2018 European and current international guidelines [32–34], hypertension is defined based on
repeated office SBP values �140mmHg and/or DBP �90mmHg. However, there is a continuous relationship between BP
and CV or renal morbid or fatal events starting from an office SBP >115mmHg and a DBP >75mmHg [35]. Therefore, this
definition is arbitrary and has mainly the pragmatic purpose of simplifying the diagnosis and decision on hypertension
management. In this context, the above office threshold BP values correspond to the level of BP at which the benefits of
intervention (lifestyle interventions or drug treatment) exceed those of inaction, as shown by outcome-based RCTs. Based
on available evidence [36] the definition of hypertension remains unchanged from the previous guidelines [4].

3.2 Classification of hypertension
The classification of office BP and definition of hypertension grades also remain the same from previous guidelines
(Table 1).

In addition to grades of hypertension, which are based on BP values, we also distinguish stages of hypertension as
RECETABLE 1. Classification of office BP and definitions of hypertension grades

Category Systolic (mmHg) Diastolic (mmHg)

Optimal <120 and <80

Normal 120–129 and 80–84

High-normal 130–139 and/or 85–89

Grade 1 hypertension 140–159 and/or 90–99

Grade 2 hypertension 160–179 and/or 100–109

Grade 3 hypertension �180 and/or �110

Isolated systolic hypertensiona �140 and <90

Isolated diastolic hypertensiona <140 and �90

The BP category is defined by the highest level of BP, whether systolic or diastolic.
aIsolated systolic or diastolic hypertension is graded 1, 2 or 3 according to SBP and DBP values in the ranges indicated. The same classification is used for adolescents �16 years old
(Section 15.1).
follows:

Stage 1: Uncomplicated hypertension (i.e. without HMOD or established CVD, including CKD stage 1 and 2).
Stage 2: Presence of HMOD or CKD grade 3 or diabetes.
Stage 3: Established CVD or CKD stages 4 or 5.
Journal of Hypertension www.jhypertension.com 13

opyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



CE: ; JH-D-23-00341; Total nos of Pages: 199;

JH-D-23-00341

Mancia, Kreutz et al.

C

D
ow

nloaded from
 http://journals.lw

w
.com

/jhypertension by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0
hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 06/27/2023
RECENT D
RAFT

Definition of BP categories, hypertension grades and stages according to office BP

Recommendations and statements CoR LoE 

It is recommended that BP is classified as optimal, normal, high normal, 

or grade 1, 2 or 3 hypertension, according to office BP.  
I C 

In addition to grades of hypertension, which are based on BP values, it is 

recommended to distinguish stage 1, 2, and 3 hypertension. 

Stage 1: Uncomplicated hypertension without HMOD, diabetes, CVD and 

without CKD ≥ stage 3 

Stage 2: Presence of HMOD, diabetes, or CKD stage 3 

Stage 3: Presence of CVD or CKD stage 4 or 5 

I C 

3.3 Prevalence of hypertension
Hypertension is the most prevalent CV disorder in the world and according to the WHO, it affects 1.28 billion adults aged
30–79 years worldwide, two-thirds living in low-income andmiddle-income countries. In 2019, the global age-standardized
average prevalence of hypertension in adults aged 30–79 years was reported to be 34% in men and 32% in women [37]. In
European countries, the prevalence is similar, with between-country differences and values lower than average in Western
and above average in Eastern European countries [37]. At younger ages (<50 years), hypertension is more prevalent in men,
whereas a steeper increase of SBP in women from their third decade (and more so following menopause) makes the
prevalence of hypertension greater in women in older age categories (>65 years) [38,39]. SBP increases progressively with
age while DBP rises only until the age of 50–60 years, followed by a short period of stagnation and a subsequent mild
decrease [40]. This results in an increase of pulse pressure (difference between SBP and DBP) with age [38].

3.4 BP relationship with risk of cerebral, cardiovascular and kidney events
There is a continuous relationship between the increase in BP and the risk of stroke, CAD, HF and development and
progression of CKD. This applies to all ages and ethnic groups [41]. In 2002, the Prospective Studies Collaboration Group
found that, for each 20mmHg elevation of office SBP or 10mmHg elevation of office DBP, the risk for fatal CAD or stroke
doubled [35]. SBP is a better predictor of events than DBP after the age of 50 years. In addition to previous studies suggesting
that elevated DBP is associated with increased risk in young individuals [42], more recent studies indicate increased risk of
CV events for both SBP andDBP elevations in younger adults [43] (Section 15.2). By reflecting an increase of arterial stiffness,
increased pulse pressure was found to be associated with an adverse prognostic impact, additional to that associated with
SBP elevation in middle-aged and older people [44,45].

3.5 Hypertension and total CV risk assessment
Hypertension is often associated with other risk factors, including dyslipidemia, impaired glucose tolerance and type 2
diabetes, which further increase of CV risk [46,47]. The large number of factors influencing CV risk in patients with
hypertension (environmental, lifestyle and clinical CV risk factors plus HMOD and established CVD or CKD categories) are
listed in Table 2. Special risk factors apply to women, e.g. hypertension disorders in pregnancy and early-onset menopause
[48,49]. HMOD is an important intermediate stage in the CVD continuum between CV risk factors and clinically manifest
CVD or advanced CKD stages 4 and 5. HMOD is an important determinant of overall CV risk [1], which is usually high in the
presence of HMOD [4]. Diabetes mellitus is listed (Fig. 4) as a separate condition that impacts on CV risk, regardless of the
concomitance of HMOD, CVD or CKD. Only diabetic patients with well controlled, short-standing duration of the disease
(less than 10 years), no evidence of HMOD and no additional CV risk factors are categorized as at moderate risk [33].

Estimation of total CV risk is recommended in each hypertensive patient because of its relevance for hypertension
management. Computerized methods have been developed for estimating total CV risk, i.e. the likelihood of developing a
CV event, usually within the following 10 years. Many risk stratification systems are based on the Framingham study,
estimating the 10-year risk for both fatal and nonfatal CAD by SBP and the presence of other risk factors [50]. The
Framingham risk stratification is applicable to some European populations [51], but this requires re-calibration [52,53], due to
geographic differences in the incidence of coronary and stroke events between the European and US populations. Because
of these limitations, the SCORE (Systemic Coronary Risk Evaluation) method, based on a large European database, has been
14 www.jhypertension.com Volume 41 � Number 1 � Month 2023
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TABLE 2. Factors that influence CV risk in patients with hypertension

Parameter for risk stratification, which are included in SCORE2 and SCORE2-OP
Sex (men >women)
Age
Level of SBPa

Smoking – current or past history
Non-HDL cholesterol

Established and suggested novel risk factors
Family or parental history of early onset hypertension
Personal history of malignant hypertension
Family history of premature CVD (men aged <55 years; women aged <65 years)
Heart rate (resting values >80bpm)
Low birth weight
Sedentary lifestyle
Overweight or Obesity
Diabetes
Uric acid
Lp(a)
Adverse outcomes of pregnancy (recurrent pregnancy loss, preterm delivery, hypertensive disorders, gestational diabetes)
Early-onset menopause
Frailty
Psychosocial and socioeconomic factors
Migration
Environmental exposure to air pollution or noise

Additional clinical conditions or comorbidities
Resistant hypertension
Sleep disorders (including OSA)
COPD
Gout
Chronic inflammatory diseases
Nonalcoholic fatty liver disease (NASH)
Chronic infections (including long COVID-19)
Migraine
Depressive syndromes
Erectile dysfunction

Hypertension-mediated organ damage (HMOD)
Increased large artery stiffness:
Pulse pressure (in older people) �60mmHg
Carotid–femoral PWV >10 m/s (if available)
ECG LVH (Sokolow–Lyon index >35mm, or R in aVL �11 mm; Cornell voltage-duration product (þ6 mm in women) >2440 mm�ms, or Cornell voltage >28mm
in men or >20mm in women)
Echocardiographic LVH (LV mass index: men >50 g/m2.7; women >47 g/m2.7 (m ¼ height in meters);

Indexation for BSA may be used in normal-weight patients: >115g/m2 in men and >95/m2 in women
Moderate increase of albuminuria 30–300mg/24 h or elevated ACR (preferably in morning spot urine) 30–300mg/g
CKD stage 3 with eGFR 30–59 ml/min/1.73m2

Ankle–brachial index <0.9
Advanced retinopathy: hemorrhages or exudates, papilloedema

Established cardiovascular and kidney disease
Cerebrovascular disease: ischemic stroke, cerebral hemorrhage, TIA
Coronary artery disease: myocardial infarction, angina, myocardial revascularization
Presence of atheromatous plaque on imaging
Heart failure, including heart failure with preserved ejection fraction
Peripheral artery disease
Atrial fibrillation
Severe albuminuria > 300mg/24 h or ACR (preferably in morning urine) >300mg/g
CKD stage 4 and 5, eGFR < 30mL/min/1.73m2

CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LV, left ventricle; OSA, obstructive
sleep apnea.
aDBP is not included in the SCORE2/SCORE2-OP tool to estimate CV risk.

FIGURE 4 Cardiovascular risk according to grade and stage of hypertension.

2023 ESH Guidelines for the management of arterial hypertension
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developed [54]. SCORE charts estimate the risk of death from CV (not only coronary) disease over 10 years in either high-
risk and low-risk European countries [54] and modified charts can, thus, be used for individual countries. The 2021
European Guidelines on CVD prevention made use of SCORE2, which is an updated version of the original SCORE that
estimates an individual’s 10-year risk of fatal and nonfatal CV events in apparently healthy individuals aged 40–69 years
with risk factors that are untreated or have been stable for several years [55]. For older people (age 70–89 years), a
corresponding SCORE2-OP algorithm for older people is available [56]. SCORE2 and SCORE2-OP are calibrated for four
clusters of countries (low, moderate, high, and very high CV risk) that are grouped according to national CVmortality rates
published by the WHO.

Estimating a person’s 10-year CV risk by SCORE2 and SCORE2-OP is done by first selecting the correct country group
and its corresponding risk stratification table [33]. Within the table, the risk is estimated based on sex, age, level of SBP,
smoking status, and non-HDL cholesterol level (total cholesterol – HDL cholesterol, Table 2). DBP is not included in the
SCORE2/SCORE2-OP tool, which is a weakness. Overall risk should be stratified in all patients as shown in Fig. 4. Risk
stratification is particularly important in individuals with a high-normal BP or grade 1 hypertension, in whom it may
influence the decision of whether or how fast to initiate BP-lowering drug treatment. In patients with grade 2 and 3
hypertension, drug treatment should be used regardless of the CV risk level, but risk stratification is nevertheless
important for several treatment aspects and follow-up strategies. The disadvantage of this and other approaches to CV risk
quantification is that the estimated risk is usually low in younger adults, particularly in young women who may be
stratified as being at low risk even if they have more than one risk factor. Indeed the SCORE2 system does not even
provide risk estimations for adult women and men younger than 40 years. By contrast, most older men are considered at
high risk, despite being at little increased risk relative to their peers. For young adults, it may be more useful to estimate
lifetime risk of CVD and potential CVD-free life-years gained through risk factor optimization [57]. In addition, methods for
total CV risk stratification usually underestimate the primary importance of asymptomatic HMOD for the CV risk
quantification. In hypertensive patients, HMOD usually indicates a high risk regardless of the organ where the damage
is located, and its assessment is, therefore, important for management, particularly in patients who – according to age and
general risk stratification – are at apparently low risk [1] (see Section 5).

Risk assessment in hypertension with SCORE2 and SCORE2-OP

CV risk assessment with the SCORE2 and SCOR2-OP system is 

recommended for hypertensive patients who are not already at high or 

very high risk due to established CVD or CKD, long-lasting or 

complicated  diabetes, severe HMOD (e.g. LVH)  or a markedly elevated 

single risk factor (e.g. cholesterol, albuminuria).

I B

3.6 Screening versus case finding in the detection of hypertension
Because of the high prevalence of hypertension in the general population and its major role as cause of death andmorbidity,
its detection is crucially important for public health. Studies performed in different countries have almost universally shown
that a considerable fraction of hypertensive individuals is unaware of their condition, with an adverse reflection on the
number of patients undergoing treatment and achieving BP control [37]. There is evidence that screening policies can
substantially increase the number of individuals in whom hypertension is although data on outcome benefit and harm from
randomized controlled trials or observational studies at low risk of bias are lacking [58]. However, participation in the
screening procedures may be less in some categories (e.g. men, younger individuals, people with lower socioeconomic
backgrounds) than in others [59]. In the USA, the US Preventive Services Task Force suggests screening for hypertension in
adults aged 18 years or older [60]. Despite limited evidence on the optimal frequency of screening, they recommend yearly
screening in adults�40 years old and in those at increased risk for developing hypertension such as blacks, individuals with
high-normal BP and people who are overweight or obese [60]. Opportunistic BP measurements are now also encouraged in
several countries [59] and have been recently supported in USA by the increased detection, treatment and control of
hypertension associated with BPmeasurements in barber shops or by pharmacists [61]. Based on the available evidence, we
recommend opportunistic screening for hypertension in all adults (i.e. �18 years old). Regular BP measurements is
particularly important in adults from the age of 40 years and in adults at increased risk for hypertension (special ethnic
groups, individuals with high-normal BP, overweight or obesity). Attention should be paid to postmenopausal women and
women with a history of gestational hypertension and preeclampsia. BP should always be part of any medical visit even in
individuals below 18 years of age.
16 www.jhypertension.com Volume 41 � Number 1 � Month 2023
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Screening for hypertension

Recommendations and statements CoR LoR 

Case finding or opportunistic screening for hypertension is 

recommended in all adults. 
I C 

Regular  BP measurements are recommended in adults from the 

age of 40 years or earlier in patients at high-risk. 
I C 

In individuals without hypertension, intervals for repeated BP 

measurement should be scheduled depending on the BP level, the 

risk of hypertension and CV risk. In patients with high risk, annual 

follow-up is recommended.  

I C 

3.7 Confirming the diagnosis of hypertension
Because of the variability of BP, an elevation of office BP (SBP �140mmHg or DBP �90mmHg) should be confirmed by at
least two to three visits, unless the BP values recorded during the first visit are markedly elevated (grade 3 hypertension) or
CV risk is high, including the presence of HMOD. Although available evidence has some diagnostic limitations and in clinical
practice, collecting ABPM or HBPM data on a large scale may be difficult, out-of-office BP measurements are a source of
important clinical information. Therefore, ABPM, HBPM or data should be collected whenever feasible when office BP is
elevated, to confirm the diagnosis of hypertension and identify specific BP phenotypes. ABPM and/or HBPM can be
especially important when office BP data visit provide variable results. These issues are addressed in detail Section 4.

4. BP MEASUREMENT AND MONITORING

4.1 Devices for blood pressure measurement

4.1.1 Standard cuff-based devices
The accurate determination of BP is the cornerstone for the diagnosis andmanagement of hypertension [62]. Intra-arterial BP
measurement is the only method, which provides true arterial BP values, but its invasive nature prevents any wide clinical
use. Furthermore, a noninvasive device that provides finger beat-to-beat BP values close to intra-arterial values has been
available for many years, but its use has remained largely confined to research [63–65], except for its helpful diagnostic
information in people with autonomic failure or orthostatic hypotension. Thus, for clinical purposes, BP measurement
almost entirely relies on indirect noninvasive methods, originally described more than a century ago, that are based on a
pneumatic cuff for occluding the brachial artery, the radial artery pulse assessment or a stethoscope for detecting the
Korotkoff sounds [66,67]. With some theoretical and practical improvements, these methods are still almost universally used
today, and their adoption in clinical trials has laid the basis of diagnostic and treatment recommendations. The different
types of noninvasive cuff BP measuring devices available on the market are shown in Table 3.
REC
TABLE 3. Noninvasive arm cuff BP measuring devicesa

Manual auscultatory devices Automated electronic devices

� Mercury sphygmomanometer
� Aneroid sphygmomanometer
� Hybrid device (LED or LCD display, or digital countdown)

� Automated oscillometric (also wrist cuff devices)
� Automated auscultatory
� Semiautomated (manual inflation)

aCuffless BP devices are currently not recommended for clinical use.
The manual auscultatory BP measurement using a mercury or mercury-free sphygmomanometer is still the gold standard
method for validation studies testing the accuracy of novel BP measurement technology [62]. However, due to environ-
mental issues related to mercury toxicity, mercury devices have been banned from clinical use [66]. Hybrid manual
auscultatory devices (LED or LCD display, or digital countdown), or good-quality (shock resistant) aneroid devices can be
used, although they are subject to observer-related errors, such as terminal digit preference, observer prejudice and bias [62].
The automated cuff-based BPmeasurement method (mostly oscillometric) has been developed to avoid the observer-related
errors of the manual auscultatory method [62]. This method is currently the one used for ABPM and self-home monitoring
devices used forHBPMand is the preferredmethod forOBPM aswell [62].WhenBP cannot bemeasured by an upper arm cuff
device, a validated electronic wrist-cuff device may be used [62].
Journal of Hypertension www.jhypertension.com 17
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4.1.2 Cuffless blood pressure measuring devices
All cuff BP measurement methods have limitations, mainly because they provide snapshot BP values in static conditions and
ignore the dynamic nature of BP, i.e. its variability in response to different daily challenges and activities [68,69]. Moreover,
errors due to inadequate cuff size, shape and positioning are common, and the limb compression during cuff inflation may
cause discomfort, particularly at work and during sleep [68,70]. Novel cuffless BP measuring devices, which use sensors,
signal processing, machine learning and other technologies embedded in wearable devices, smartphones, pocket devices
or other types of devices are already available on the market [68,71] and have considerable potential to improve awareness,
diagnosis and treatment of hypertension. However, there are several issues that need to be adequately addressed before
these devices can be recommended for clinical use [68,71]. A major concern is that the AAMI/ESH/ISO Universal Standard
protocols [68,72], which are used for validating cuff BP devices, are inadequate for cuffless devices which means that their
accuracy remains unproven. Furthermore, there is still no agreed standard of performance for these novel technologies [68].
Finally, most cuffless BP devices require periodic calibration using BP values measured by a standard arm cuff device. Some
of them also require information on the user such as age, sex and other characteristics [73]. Basically, these devices do not
‘measure’ BP but track BP changes compared to the calibration BP or attempt to predict BP using demographics and
machine learning technology [68,74]. For these reasons, at the present time, cuffless BP devices should not be used for the
diagnosis or management of hypertension in clinical practice [68].

4.1.3 Validation of blood pressure measuring devices
In the last 30 years, several scientific societies and associations have developed validation protocols for the evaluation of the
accuracy of BPmeasuring devices [75], the most widely used one being the ESH International Protocol validation [76]. In 2018, a
Universal Standard for global usewas agreedby theUSAssociation for theAdvancement ofMedical Instrumentation (AAMI), the
ESH and the International Organization for Standardization (ISO) [72]. It should be noted that an electronic BPmonitor, which is
accurate in adults,maynot be accurate in some special populations, e.g. in childrenorpregnantwomen,whichmeans that under
these circumstances, a separate validationprocess anddedicateddevices for these conditions are required for BPmonitoring [72].

Unfortunately, validation for accuracy is not mandatory prior to the distribution of BP devices in the market [75,77]. Thus,
established protocols have been used and published in fewer than 10% of BP devices [62,78]. Healthcare professionals,
patients and the public, should check for lists of accurate devices, which are available on the internet [62]. STRIDE BP (www.
stridebp.org) an international organization endorsed by the ESH, the International Society of Hypertension (ISH) and the
World Hypertension League (WHL), presents updated lists of validated BP monitors for office, home and ambulatory BP
measurement in adults, children and pregnant women in English, Spanish and Chinese. Other national online sources for
validated BP monitors are those by the British & Irish Hypertension Society (https://bihsoc.org/bp-monitors/), the German
League of Hypertension (www.hochdruckliga.de/betroffene/blutdruckmessgeraete-mit-pruefsiegel), the American Medi-
cal Association (www.validatebp.org), the Hypertension Canada (www.hypertension.ca/bpdevices) and the Japanese
Society of Hypertension (www.jpnsh.jp/com_ac_wg1.html) [62].

Periodic calibration is necessary, particularly for aneroid devices, whereas for electronic devices, the performance of the
BP measurement algorithm is not affected by use, and what is mainly needed is maintenance of the device parts (e.g. cuffs,
tubes or connections). Checking for maintenance is advisable once a year for professional office and ambulatory BP devices
and less frequently for home devices [72,79].

Devices for BP measurement

Recommendations and statements CoR LoR 

Automatic electronic, upper-arm cuff devices are recommended 

for office and out-of-office BP measurement (home and 

ambulatory).  

I B 

Hybrid manual auscultatory devices with LCD or LED display, or 

digital countdown, or shock-resistant aneroid devices can be used 

for office BP measurement if automated devices are not available. 

I B 

Only properly validated devices should be used. www.stridebp.org I B 

Cuffless BP devices should not be used for the evaluation or 

management of hypertension in clinical practice. 
III C 
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4.2 Standard office blood pressure measurement
Conventional or standard OBPM is the most well studied method for assessing BP and the one by which the diagnosis of
hypertension, BP classification, the role of BP as a CV risk factor, the protective effect of antihypertensive treatment and the
BP thresholds and targets of therapeutic interventions have been established [4,62,80]. Despite several limitations, and the
increasing use of out-of-office BP measurements, OBPM remains the most widely used method for hypertension diagnosis
and management [4,62,81].

Despite its widespread long time adoption, use of OBPM is often poorly standardized, leading to inaccurate BP
estimations, which often consists of an overestimation of BP and overdiagnosis and overtreatment of hypertension [4,62,81].
A systematic review of 328 articles identified 29 potential sources of inaccuracy related to the patient, the device, the
procedure and the observer, which can influence the BP levels and lead to unreliable diagnosis [82]. Thus, it is of utmost
importance to use a standardized OBPM methodology that allows uniformity of the setting and the conditions of
measurement, the patient position, the device, the measurement schedule and the interpretation of the results [62]. Office
BP should be measured on a bare arm. An appropriate cuff size is crucial for accurate BP measurement and must be selected
according to the arm circumference of each individual. A single cuff cannot fit the range of arm sizes of all adults. A smaller
than required cuff overestimates BP whereas a larger cuff underestimates it [83]. For manual auscultatory devices, a cuff with
an inflatable bladder length and width of 75–100% and 37–50% of the individual middle upper arm circumference,
respectively, is required [62,72]. Importantly, for automated electronic devices, the cuff size should be selected according to
the device instructions. People with large arms (mid-arm circumference >42 cm) require a conic-shaped cuff because
rectangular cuffs may overestimate BP [84]. When BP cannot be measured by an upper arm cuff device, a validated
electronic wrist-cuff device may be used [62].

Additional important requirements for the proper use of OBPM are the following. One, diagnosis of hypertension
should not be based on a single office visit, unless office BP indicates grade 3 hypertension (�180/110mmHg) or the
patient is at high or very high risk based on the presence of HMOD or CVD [62] (Fig. 4). In the vast majority of patients, an
accurate evaluation of office BP requires at least two to three office visits at 1–4-week intervals (depending on the BP level
and CV risk) using the average of the last two out of three readings per visit [62,85–89]. Two, in older persons (>65 years
of age), treated hypertensive patients (especially very old patients), diabetic patients, patients with neurodegenerative
disorders, or with symptoms suggesting postural hypotension, BP should also be measured 1 and 3min after standing for
detecting orthostatic hypotension [62]. At the initial office visit, BP should be measured in both arms, ideally with
electronic devices that can measure them simultaneously. An interarm SBP difference>10mmHg must be confirmed with
repeated measurements. If confirmed, the arm with the higher BP should be used for all subsequent measurements
because its values more accurately reflect the BP level in the major arteries. Moreover, using BP taken on the arm with the
higher reading seems to improve the outcome prediction [90]. A consistent interarm SBP difference >15 to 20mmHg may
be due to atherosclerosis and restriction of large intrathoracic or upper arm arteries, requiring investigation for arterial
disease [62,91].
RECEN
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Office BP measurements

Recommendations and statements CoR LoE 

Ofiice BP is recommended for diagnosis of hypertension, because 

it is the one method by which hypertension-related risk, benefits of 

antihypertensive treatment, and treatment-related BP thresholds 

and goals are based. 

I A 

Office BP measurements should be performed in standardized 

conditions, using a standard measurement protocol. Triplicate 

measurements should be taken and the average of the last two 

should be referred to as the representative value. 

I C 

It is recommended to diagnose hypertension during at least 2 

separate office visits (within 4 weeks) unless office BP indicates 

grade 3 hypertension (≥180/110 mmHg) or patients presents with 

hypertension related symptoms or there is evidence of HMOD or 

CVD. 

I C 

At the first office visit, BP should be measured in both arms. A 

consistent between-arm SBP difference >15-20 mmHg suggests 

atheromatous disease and is associated with increased CV risk. 

All subsequent measurements should be made on the arm with 

the highest BP readings. 

I C 

Out-of-office BP is a source of multiple BP-related information 

before and during treatment.  It is therefore recommended to 

obtain additional information on BP values by ABPM or HBPM or 

both if available. 

I C 

4.3 Unattended office blood pressure measurement
Unattended OBPM performed automatically (three or more readings) without the medical staff being present in the
examination room (patient alone) favors a standardized office BP evaluation by ensuring a quiet environment, multiple
BP readings and no talking [62,92]. This BP measurement method was used by the SPRINT study, although in a retrospective
survey, nonattendance by the healthcare personnel appeared to be variable [93]. Available data agree that absence of medical
personnel leads to lower BP values than those associatedwith standardOBPM, because of a reduction of the alerting response
to themedical staff’s presence or thewhite-coat effect [92,94,95]. This canmake unattendedBP values closer to those obtained
by out-of-office BP measurements, although quantitative disagreements with home and daytime mean ambulatory BP have
been reported [96]. However, a major problem of unattended OBPM is that evidence of its ability to predict reduction of
outcomes by treatment is limited to one trial (SPRINT) [97], which is in contrast with the large and consistent volume of trial-
based evidence available for standardOBPM. Furthermore, again in contrast with standardOBPM, little evidence exists on the
ability of unattended OBPM to sensitively predict CV events including CV mortality and mortality in the general population
[92,98]. Finally, unattended OBPM requires facilities (equipment, space and personnel) that can make it difficult or even
unfeasible to accommodate the large number of patients frequently dealt with in general practice and even in dedicated
outpatient clinics. Another issue is that the variable difference between unattended and standard OBPM reported in various
studies does also not allow to develop a correction factor between the two BP measurement approaches, and thus to
meaningfully compare different trials for their threshold and target BP values for treatment. For these reasons, attendedOBPM
20 www.jhypertension.com Volume 41 � Number 1 � Month 2023
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using an automated device and a standardized protocol (triplicate measurements in appropriate conditions and position)
appears to be the most reasonable and practical BP measurement recommendation for clinical practice.

4.4 Blood pressure during exercise
BP increases during dynamic and static exercise, and the increase ismorepronounced for SBP than forDBP [99], althoughonly
exercise SBP canbemeasured reliablywith noninvasivemethods. The increase in SBPduring exercise is related to preexercise
resting BP, age, arterial stiffness and abdominal obesity, and is somewhat greater in men than in women [100]. There is some
evidence that an excessive rise in BP during exercise predicts the development of hypertension, independently fromBP at rest
[100]. There is currently no consensus on the normal BP elevation during exercise. According to a consensus document of the
European Association of Preventive Cardiology, a BP above 220mmHg in male and 200mmHg in female measured at peak
exercise during cycle ergometrywarrants further clinical evaluation including ABPM [101]. Two interesting recent findings are
that (i) the BP response to submaximal exercisemayhave a greater prognostic significance thanBPmeasured at peak [101] and
(ii) exercise hypotension may also be a sign of an underlying CV disease [100]. Nevertheless, exercise testing is not
recommended as part of the routine evaluation of hypertension because of various limitations, including lack of standardized
methodology and definitions. The BP rise accompanying exercise should not discourage patients with treated or untreated
hypertension from engaging in regular exercise, especially aerobic exercise, except in the presence of very high BP values
(grade 3 hypertension). Regular exercise represents an important lifestyle intervention to chronically lower BP (Section 7.5).

4.5 Blood pressure measurement in hospital
Because the mercury sphygmomanometer has been banned, mercury-free professional automated BP measurement devices
such as digital electronic and hybrid devices (which combine some of the features of both electronic and auscultatory devices)
should be used in hospital wards. Multiparametric monitors that measure BP, pulse oximetry, temperature and pulse rate are
becoming increasingly popular. Some professional monitors offer a high-speed measurement mode that measures BP in less
than 30 s, and others may offer the possibility to determine SBP in a very fast mode [102]. These devices may be especially
helpful in emergency units. There are several features that are essential for a BP monitor to be used in hospital [102], two of
which are the possibility of beingprogrammed to takemultiple BP readings at variable intervals and tohave amemory capacity
that allows to recall previous measurements. All automatic monitors need regular maintenance and calibration and should be
providedwith at least two sizes of cuffs for adults, standard and large, and a pediatric cuff. Some devices use awide-range cuff,
which can cover a wide range of arm sizes according to manufacturer instructions [103]. Only devices and cuffs validated by
accepted standards should be used [104]. In patients having AF, at least three office BP measurements by auscultation are
recommended toaccount for the varyingBPvalues.Automatedoscillatorymethods canbe alsoused forBPmeasurement inAF
patients, because they satisfactorilymeasure SBP andonlymodestly overestimateDBP. Somedevices can apply anAF-specific
algorithm [105] that allows to automatically detect AF (Section 17.3).

Automatic oscillometric measurements may also be considered a reasonably good alternative to intra-arterial measure-
ments in ICUs, the resuscitation area or during surgery [106]. Good agreement between the two methods has been
documented within the normotensive BP range in critically ill patients [107], while BP underestimations and overestimations
have been observed at very low and very high BP values, respectively [108]. The BP underestimation in hypotensive patients
is of particular concern because detection and quantification of hypotension in critically ill patients or in other emergency
conditions are crucial for detection and prevention of vital organ hypoperfusion. In a meta-analysis of studies with different
oscillometric devices that had brachial intraarterial BP for comparison, the mean SBP underestimation at low BP values was
5.7mmHg [109], with a wide variability of the between-pressure differences in different patients and for different devices. In
patients with hypotensive shock, oscillometric mean BP was found to be 13mmHg higher than the invasively measured BP
[110]. Although oscillometric devices are often used for monitoring BP in emergency medicine and perioperatively [106],
direct measurement of BP by an arterial catheter should be used in critical conditions, especially in patients suffering from
shock, to guide vasopressor and fluid therapy.

4.6 Central blood pressure
Central (aortic) BP can be assessed noninvasively from peripheral BP waveforms, using tonometry or cuff-based devices
and dedicated algorithms [111]. Interest in central BP originates from the consideration that (i) central BP is the pressure to
which vital organs and vessels developing atherosclerosis are exposed; (ii) peripheral and central BP values differ and (iii)
this is also the case for the effects of treatment [112,113]. A meta-analysis of clinical studies showed that central BP is related
to LVH, carotid intima–media thickness and albuminuria, independently of peripheral BP [114]. However, studies andmeta-
analyses on the predictive value of central BP for CV events have led to conflicting results. According to a recent
observational study, higher central pulse pressure was associated with increases in CV outcome incidence even after
adjustment for several confounders, including peripheral SBP [115]. An association between central BP and CV outcomes
was found also in a meta-analysis, but when studies that included both peripheral and central BP in the same model were
considered, a similar risk prediction was observed for peripheral and central BP [116]. Elevated brachial and central BP
measurements have both also been found to be associated with higher risk of CV events in patients with CKD [117,118].
However, even in this setting, measurement of central BP did not improve the ability to predict CV events or mortality on top
of brachial BP measurement. At variance with these results, in a recent individual-level meta-analysis, central hypertension
was associated with increased CV and cerebrovascular risk irrespective of the brachial BP status [119]. Thus, the incremental
Journal of Hypertension www.jhypertension.com 21

opyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



CE: ; JH-D-23-00341; Total nos of Pages: 199;

JH-D-23-00341

Mancia, Kreutz et al.

C

D
ow

nloaded from
 http://journals.lw

w
.com

/jhypertension by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0
hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 06/27/2023
ENT D
RAFT

prognostic value of central versus conventional office BP measurement is unclear. In addition to the inconsistency of
prognostic data, it should be borne in mind that noninvasive central BP measurement is subject to practical limitations.
Devices for central BP measurement have to be calibrated with BP values normally obtained by conventional (usually
oscillometric) brachial measurements [111]. Furthermore, although some reference data are available [119,120], there is no
conclusive information on (i) the cutoff BP values that differentiate normal from high central BP and (ii) the central–brachial
BP correspondence in different population and patient strata. Thus, a widespread use of central BP measurement in the
management of hypertensive patients cannot be recommended. The main field of application of central BP may be isolated
systolic hypertension in the young (ISHY) in which peripheral BP may be disproportionately elevated compared with a
normal central BP value. In this setting, central BP assessment can help to distinguish between a ‘spurious’ benign condition
and an ISHY due to early arterial stiffening [121] (Section 14.5). The clinical use of other types of information derived from
central waveform characteristics such as the augmentation index or the wave reflection indices needs to be further defined.

4.7 Home blood pressure monitoring
HBPM provides multiple BP readings away from the office, in the usual environment of each individual [62,122]. It is well
accepted for long-term use by patients and has a relatively low cost usually covered by the users [62,122]. HBPM data (i) are
more reproducible than thoseprovidedbyofficeBP [123,124], (ii) predictHMOD,CVoutcomes andmortality better thanoffice
BP [125–129], (iii) increase thepredictive ability foroutcomes, albeit to amodest degree,whenadded toofficeBP [129,130], (iv)
measure day-to-day BP variability, which carries an adverse prognostic significance and (v) identify, like ABPM, hypertension
phenotypes such as MH or WCH, which are characterized by CV risk levels different from those associated with sustained or
established hypertension. [62,122,131–133]. Although data are not entirely univocal [134], a further possible advantage of
HBPM is that it may improve adherence to treatment, thereby favoring hypertension control, especially when combined with
education, counselling, self-titration algorithms or digital interventions (Section 21.6) [122,134–136]. Combination with
telemonitoring and smartphone applications may offer additional advantages, including the ability to store and transfer home
BP data in a digital format and facilitate their evaluation by healthcare professionals [137,138].

HBPM should be performed using automated upper arm cuff devices validated according to an established protocol
(www.stridebp.org) [62,122]. Devices with automated storage and averaging of multiple readings, mobile phone, PC or
internet link connectivity enabling data transfer may be preferred to facilitate the evaluation of BP values by the physician
[62,122]. The measurement conditions and posture should be similar to those described for OBPM [62,122]. Because HBPM
is devoid or almost devoid of a white-coat effect in most patients [139,140], its values are lower than office BP values, with a
difference that becomes progressively less pronounced as office BP decreases. In the absence of out-of-office BP outcome
data from RCTs, the threshold for home hypertension is defined as the value corresponding to an office BP of 140mmHg
SBP or 90mmHg DBP, i.e. 135 or 85mmHg, respectively. By analogy, the home BP target is regarded as the value
corresponding to the office BP target recommended by guidelines (<130/80mmHg) (Section 10), which is not well defined
but probably just few mmHg lower [141–144]. It is important to mention that these correspondence-based threshold and
target home BP values should be interpreted with caution, because office, home and 24h mean BP values obtained by
ABPM have a limited correlation to one another both in untreated and treated patients [145]. Importantly, in single
individuals, these difference may widely depart from the above reported mean values.

Home BP values should be collected before planned office visits or whenever a clinically significant change in BP is
suspected. Ideally, home BP should be monitored for 7 days and never for less than 3days, with duplicate measurements
(1min apart) in the morning (before drug intake if treated) and the evening [62,122,146,147]. First-day readings (usually
higher and unstable) should be discarded and averages of the remaining values should be considered [62,122,146,147]
(Fig. 5). HBPM helps to improve persistence of BP control during long-term treatment [148] (Section 21).
REC
Home: take 2 readings with 

use averagec

readings use average of the 
last 2d

Bare arm resting on table 
mid-arm at heart level

Remain seated and relaxed 
for 3–5 min

No talking during or between 
measurements

Legs uncrossed, feet fl at on fl oor

9.

8.

7.

Sitting with back supported by chair
6.

5.

4.

Quiet room with comfortable 
temperature

2.

Use validated automated electronic 
upper-arm cuff devicea

1.

Cuff to fi t arm sizeb

Mid-arm at heart level No smoking, caffeine, food, 
drug intake or exercise 30 
min before measurement

3.

FIGURE 5 Recommendations for BP measurements in the office and at home. Adapted from [62]. aUse an automated electronic (oscillometric) device, which is validated
according to an established protocol (www.stridebp.org). A device that takes triplicate readings automatically is preferred. bThe selection of an appropriate cuff size is crucial for
accurate BP measurement and depends on the arm circumference of each individual – a smaller than required cuff overestimates BP and a larger underestimates BP. Using
automated electronic devices select cuff size according to the device’s instructions. At the initial visit, measure BP in both arms. cMeasure in the morning and the evening for 3–
7 days. Use the average of all readings excluding the first day. dStrong data linking OBP with CVD. Used in most observational and interventional outcome trials in hypertension.
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Limitations of HBPM are that it requires patient training, is often performed by inaccurate devices, can induce anxiety and
lead to overly frequent measurements that may be followed by treatment modifications by the patient [122]. Another
limitation is a lack of night-time BP evaluation, which is not a marginal disadvantage, because night-time BP has been shown
to predict outcomes more effectively than daytime BP [122]. However, novel HBPM devices allow automated BP
measurements during sleep, which provide similar asleep BP values as those provided by ABPM, similar correlations
with HMOD [70,149] and have an independent prognostic value [150]. Finally, as mentioned above, a most important
limitation (shared with ABPM) is that there are no studies on HBPM-guided treatment and outcomes.

Home BP monitoring (HBPM)

Recommendations and statements CoR LoE

HBPM is recommended in addition to OBPM to improve CV risk 

prediction due to better reproducibility and prognostic value than 

OBPM, although lacking data on treatment benefit from RCTs. 

II B

HBPM is recommended to identify white-coat hypertension or  

masked hypertension. 
I B

HBPM is recommended for long-term follow-up of treated 

hypertension because it improves BP control, especially when 

combined with education and counselling. 

I B

HBPM should be performed using automated upper arm-cuff BP 

monitors validated according to an established protocol. 

www.stridebp.org

I C

Home BP should be monitored for 7 (not fewer than 3) days with 

duplicate morning (with 1 minute between them)  and evening 

measurements before office visits. Average home BP should be 

calculated after discarding readings of the first day. 

I C

4.8 Ambulatory blood pressure monitoring
Although patients have to remain immobile at the time of the BP measurements, ABPM provides multiple BP readings in
conditions that reflect the usual environment, including daily activities and sleep [62]. ABPM has the same advantages over
OBPM than those reported for HBPM, i.e. greater reproducibility of 24 h mean BP values, closer association with and
prediction of HMOD, better prediction of outcomes and mortality [128,151,152] and the ability to identify WCH and MH. It
has as additional advantages the possibility to discriminate between apparent and true-resistant hypertension [153] and to
quantify BP characteristics such as 24 h BP variability and the morning BP surge, which have been found to have an adverse
prognostic value, independently of 24 h mean BP [133,154,155]. A most important and so far almost unique advantage is the
quantification of the dipping status, i.e. the magnitude of nocturnal BP change, which is clinically relevant because night BP
reduction and absolute night BP values have been found to predict events better than daytime BP, with a markedly elevated
risk in patients with no night-time BP reduction or nocturnal hypertension [156,157]. ABPM may facilitate the identification
of daily life hypotensive episodes and the persistency of BP control by treatment during the periods between drug intakes.
For research on BP-lowering therapies it has the advantage that its use is accompanied by no or a minimal placebo effect
[158]. However, ABPM is not suitable for frequent use, it is rather expensive, it is not widely available in primary care settings,
andmay cause discomfort to some patients, especially during sleep [62]. As for HBPM, themost important limitations are that
(i) no outcome-based RCTs have been conducted to explore the effect of ABPM-guided versus OBPM-guided treatment and
(ii) no BP thresholds and goals for treatment have been directly established [159]. Because ABPM does not elicit a white-coat
effect [139,140], ambulatory BP values are lower than office values. The threshold for ambulatory hypertension is defined
as a 24 h mean SBP of 130mmHg or a DBP of 80mmHg corresponding to office BP values of 140 or 90mmHg, respectively.
As for HBPM, in the absence of trials on the effect of ambulatory BP reduction on outcomes, the ambulatory BP values to
Journal of Hypertension www.jhypertension.com 23
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reach with treatment are inferred from their correspondence with the target office BP of<130/80mmHg, and the ACC/AHA
guidelines have tentatively indicated a value <125/75mmHg [160]. This carries the same limitations as those reported in
Section 4.7.

ABPM is performed using fully automated devices programmed to record BP automatically at preselected intervals for
24 h in a usual workday [62,161]. Patients are instructed to keep a diary of their activities, symptoms, meals, drug intake
times, sleep times or any unusual problem. Average daytime, night-time and 24h BP values are provided by the device
software [62], which also provides the hourly BP profile. Several guidelines require a minimum of 20 valid awake and seven
valid asleep BP readings for a valid 24 h recording [62,162]. However, because some readings may be eliminated by the
device software, this may lead to hours without BP values, particularly during the night. Furthermore, there is evidence that
measuring BP at 60min intervals (i.e. a total of 24 values during the 24 h) may provide an incorrect 24 h mean BP [163,164].
To limit the risk that poor quality of the collected data invalidates the advantages of ABPM, an appropriate procedure can be
to measure BP every 20min throughout the day and night. This will avoid the paradox of making BP information more
scarce during the prognostically more important fraction of the 24 h (night-time) (Table 4).
AFTTABLE 4. Definitions of hypertension according to the correspondence of home and ambulatory BP values with office BP

Method SBP (mmHg) DBP (mmHg)

Office BPa �140 and/or �90

Ambulatory BP
Awake mean �135 and/or �85

Asleep mean �120 and/or �70

24 h mean �130 and/or �80

Home BP mean �135 and/or �85

aRefers to standard office BP measurements (not unattended measurements). Data compare the averages from cohorts of untreated and treated individuals. Given the low correlation
between office and out-of-office BP values, individuals can have considerable discrepancies from the averages.
RECENT D
RAdditional indices derived from ABPM recordings have been considered, and some were found to have an independent

prognostic value, including indices of BP variability [165–168], the morning BP surge [154] and the ambulatory arterial
stiffness index [169–171]. However, their incremental predictive value is still unclear [165]. Thus, at present, these indices
should be regarded as research tools with no indication for routine clinical use.

Ambulatory BP monitoring (ABPM)

Specific recommendations and statements CoR LoE

ABPM is recommended in addition to OBPM to improve CV risk 

prediction due to better reproducibility and prognostic value than 

OBPM, although lacking data on treatment benefit from RCTs.

II B

ABPM is recommended to identify white-coat hypertension, 

masked hypertension and nocturnal BP phenotypes. Repeated 

ABPM may be necessary because these phenotypes have a 

limited reproducibility.

I B

ABPM should be used to diagnose true resistant hypertension. I B

ABPM should be measured using upper arm-cuff automated BP 

monitors validated according to an established protocol. 

www.stridebp.org

I C

The recommended frequency of measurements is 20 minutes 

during day and night to minimize the risk of missing day or night 

periods. 

I C
24 www.jhypertension.com Volume 41 � Number 1 � Month 2023
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TABLE 5. Clinical indications for home and ambulatory BP monitoring

Conditions in which white-coat hypertension is more common, e.g.:
� Grade I hypertension on office BP measurement
� Marked office BP elevation without HMOD

Conditions in which masked hypertension is more common, e.g.:
� High-normal office BP
� Normal office BP in individuals with HMOD or at high total CV risk

In treated individuals:
� Confirmation of uncontrolled and true resistant hypertension
� Evaluation of 24-h BP control (especially in high-risk patients)
� Evaluating symptoms indicating hypotension (especially in older patients)

Suspected postural or postprandial hypotension in treated patients
Exaggerated BP response to exercise
Considerable variability in office BP measurements
Specific indications for ABPM rather than HBPM:
� Assessment of nocturnal BP and dipping status (e.g. sleep apnea, CKD, diabetes, endocrine hypertension, or autonomic dysfunction)
� Patients incapable or unwilling to perform reliable HBPM, or anxious with self-measurement
� Pregnancy

Specific indications for HBPM rather than ABPM:
� Long-term follow-up of treated individuals to improve adherence with treatment and hypertension control
� Patients unwilling to perform ABPM, or with considerable discomfort during the recording

Indications for repeat out-of-office BP evaluation (same or alternative method – HBPM/ABPM)
� Confirmation of white-coat hypertension or masked hypertension in untreated or treated individuals

BP, blood pressure; CKD, chronic kidney disease; CV, cardiovascular; HMOD, Hypertension-mediated organ damage.

2023 ESH Guidelines for the management of arterial hypertension

C

D
ow

nloaded from
 http://journals.lw

w
.com

/jhypertension by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0
hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 06/27/2023
RECENT D
RAF4.9 Clinical indications for HBPM and ABPM

HBPM and ABPM share several clinical indications (Table 5). Both HBPM and ABPM can identify WCH and MH and should
be considered when, based on OBPM, the odds of one or the other condition is higher, i.e. in patients with grade 1
hypertension for WCH and with high-normal BP for MH [62]. Either HBPM and ABPM are diagnostically important in
patients in whom (i) a normal office BP is accompanied by the presence of HMOD or high CV risk and (ii) elevated office BP
(particularly if in the grade 2 or 3 range and long-lasting) is not accompanied by HMOD. A common indication is also the
condition in which a large variability of office BP values does not allow to reach a clear decision on the diagnosis of
hypertension. Finally, HBPM and ABPM can both identify different treated patient phenotypes, i.e. when there is no control
of both office and out-of-office BP, selective control of only one BP or control of both BP values.

There are also selective indications for ABPM or HBPM. ABPM should be performed when postural or postprandial
hypotension is suspected, which is more frequently observed in older patients, diabetic patients, patients with dysauto-
nomia, patients developing anxiety with self-BP measurements or patients who are unable to perform and correctly report
the results of the procedure. HBPM may be indicated in patients reporting discomfort or sleep problems with ABPM as well
for checking long-term BP control during treatment. On the other hand, and despite technological advancement on HBPM,
ABPM remains the best approach to characterize nocturnal BP phenotypes, i.e. the dipping status, which is frequently
altered in conditions such as diabetes, OSA, obesity and CKD, with a prognostic reflection that extends to the general
population. Nevertheless, it is important to know that different dipping patterns and other BP phenotypes based on office
and out-of-office BP measurements have a limited reproducibility [172–174]. Thus, these phenotypes should be identified
by more than one out-of-office BP monitoring, e.g. at least two monitorings spaced by several days or weeks [172,173].

In conclusion, despite the technological and clinical advances obtained in the last decades, use of out-of-office BP
monitoring still faces some unanswered questions. The most important questions are (i) whether the improved prognostic
ability associatedwith addition of out-of-office to office BP is substantial or modest, in particular whenOBPM is appropriately
measured [129,130], (ii) whether HBPM-guided or ABPM-guided therapy results in greater reductions in morbidity and
mortality than conventional office BP-guided treatment and (iii) which are the out-of-office BP thresholds and goals for
treatment. The last two questions will need an answer from outcome-based RCTs comparing out-of-office versus office BP-
based treatments [4,62]. Yet, the large amount of additional clinical information provided by out-of-office BP measurements
cannot be ignored and, therefore, the present guidelines support collection of out-of-office BP data not only for specific
indications but more in general as an important source of useful clinical information whenever collection of these data is
feasible in the individual patient and compatible with the healthcare organization and resources. Data collection extends to
bothHBPMandABPM,because available evidence suggests that their specific indications and clinical value arenot redundant,
competitive or interchangeable but complementary. HBPM is only performed in a standardized sitting posture at home,
whereas ambulatory BP ismeasured at different postures (sitting, standing and lying), in different environments (work, home,
other) andduring routinedaytimeactivities andnight-time sleep [4,62,122,161].Data fromageneralpopulation suggest that the
risk of events increases progressivelywith the progressive elevation of three available BPs (OBPM,HBPM and ABPM) [157]. In
the same population, the risk of CVmortality associatedwithWCHwas lower when normality values extended to both HBPM
and ABPM compared with when it only involved one of these two out-of-office BP [3].

4.10 Blood pressure variability
Old studies on ambulatory intra-arterial BP monitoring have shown that BP is highly variable during the day and to a lesser
extent during the night [175,176] due to the interplay between central factors, humoral influences, local vasoactive
Journal of Hypertension www.jhypertension.com 25
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mechanisms and the buffering influences of the baroreflex [69]. This short-term BP variability was found to be quantitatively
related to the BP levels, and thus greater in hypertension than in normotension [176], and to have an adverse effect on the
genesis of HMOD [177]. These observations were confirmed by studies with noninvasive ambulatory monitoring, which also
showed that 24 h or short-term BP variability is adversely related to the risk of CV outcomes, independently of the 24 hmean
BP value [155,167,178,179]. However, although several studies have shown that treatment lowers 24 h BP variability, no
study has ever addressed whether a treatment-related reduction of 24 h BP variability attenuates CV risk [155,167,178,179].

A number of studies have also focused on other types of BP variability. Conflicting results have been reported on the
prognostic value of within-visit BP variations [180], whereas some studies have reported an association between day-to-day
BP variability as assessed by HBPM and the risk of CV outcomes [166,181]. However, the largest body of available evidence
relates to what is known as visit-to-visit or long-term BP variability. Post hoc analyses of antihypertensive treatment trials
have shown that long-term BP variability such as that measurable as BP differences between visits spaced by 6 or 12months
apart, is associated with CV risk in treated hypertensive patients. In posthoc analyses of three trials, an increase in the
number of medical visits in which office BP was reduced to the recommended control value was accompanied by a
proportional reduction in the risk of CV outcomes and mortality, independently of the mean office BP reached during the
treatment period [182–184]. Furthermore, in trials or treated cohorts of patients with different demographic and clinical
characteristics, between-visit office BP variations were found to be associated with the risk of CV and kidney outcomes, also
independently of the mean BP values reached during the years of treatment [185–187]. In one study, combined use of on-
treatment mean BP and visit-to-visit BP variability identified more accurately the CV risk of treated hypertensive patients
than either measure alone [188]. This suggests that in treated patients, protection depends also on time spent under BP
control, as more recently confirmed by the relationship between CV events and calculated TTR (time on therapeutic BP
range) or BP load (ratio between BP values at BP target and all values during the treatment period) in renal denervated
patients and treated diabetic patients, respectively [189,190]. From a practical perspective, this justifies the recommendation
to pay attention to consistency of BP control in treated patients, because absence of control at a given visit probably does not
represent a fleeting innocent BP elevation but a prolonged period with high BP in the preceding months. Evidence from the
ELSA trial shows that an inconsistent BP control is common in treated hypertensive patients [191].

5. PATIENT WORK-UP

The work-up required to obtain the information that is necessary in patients with suspected or established hypertension has
been accurately described by previous guidelines [4]. Except for some changes or additions to the list of CV risk factors and
measures of HMOD, they have not changed substantially in the last years and will thus be reported in the present guidelines
only in table format,with the exceptionofHMOD, forwhich amoredetaileddescriptionhasbeenmadeavailable (Tables 6–8).

5.1 Personal and medical history
RECENTTABLE 6. Medical and family historya

Personal history
� Time of the first diagnosis of hypertension, including records of any previous medical screening, hospitalization
� Stable or rapidly increasing BP
� Recordings of current and past BP values by self BP measurements
� Current/past antihypertensive medications including their effectiveness and intolerance
� Adherence to therapy
� Previous hypertension in pregnancy/preeclampsia

Risk factorsa

� Family history of hypertension, CVD, stroke or kidney disease
� Smoking history
� Dietary history, alcohol consumption
� Lack of physical exercise/sedentary lifestyle
� Weight gain or loss in the past
� History of erectile dysfunction
� Sleep history, snoring, sleep apnea (information also from partner)
� Distress or eustress with job or at home (subjective stress level)
� Long-term cancer survivor

History and symptoms of HMOD, CVD, stroke and kidney disease
� Brain and eyes: headache, vertigo, syncope, impaired vision, TIA, sensory or motor deficit, stroke, carotid revascularization, cognitive impairment, memory loss,
dementia (in older people)
� Heart: chest pain, shortness of breath, edema, myocardial infarction, coronary revascularization, syncope, history of palpitations, arrhythmias (especially AF), heart failure
� Kidney: thirst, polyuria, nocturia, hematuria, urinary tract infections
� Peripheral arteries: cold extremities, intermittent claudication, pain-free walking distance, pain at rest, ulcer or necrosis, peripheral revascularization
� Patient or family history of CKD (e.g. polycystic kidney disease)

History of possible secondary hypertension
� Young onset of grade 2 or 3 hypertension (<40 years), or sudden development of hypertension or rapidly worsening BP in older patients
� History of repetitive renal/urinary tract disease
� Repetitive episodes of sweating, headache, anxiety or palpitations, suggestive of pheochromocytoma
� History of spontaneous or diuretic-provoked hypokalemia, episodes of muscle weakness and tetany (hyperaldosteronism)
� Symptoms suggestive of thyroid disease or hyperparathyroidism
� History of or current pregnancy, postmenopausal status and oral contraceptive use or hormonal substitution

Drug treatments or use (other than antihypertensive drugs)
� Recreational drug/substance abuse, concurrent therapies including nonprescription drugs, e.g. glucocorticoids, NSAIDs/COX-2 inhibitors, paracetamol
(acetaminophen), immunosuppressive drugs, anticancer drugs, nasal vasoconstrictors

aAdditional factors to be considered are listed in Table 2 (Section 3.5).
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5.2 Physical examination
TABLE 7. Comprehensive physical examination for hypertensiona

Body habitus
� Weight and height measured on a calibrated scale, with calculation of BMI
� Waist circumference
Signs of hypertension-mediated organ damage
� Neurological examination and cognitive status
� Fundoscopic examination for hypertensive retinopathy in emergencies
� Auscultation of heart and carotid arteries
� Palpation of carotid and peripheral arteries
� Ankle–brachial index
Signs of secondary hypertension (Section 6)
� Skin inspection: cafe-au-lait patches of neurofibromatosis (pheochromocytoma)
� Kidney palpation for signs of renal enlargement in polycystic kidney disease
� Auscultation of heart and renal arteries for murmurs or bruits indicative of aortic coarctation, or renovascular hypertension
� Signs of Cushing’s disease or acromegaly
� Signs of thyroid disease

aCan be adapted according to the clinical circumstance.
 T
5.3 Routine clinical chemistry investigations
 D
RAFTABLE 8. Selected standard laboratory tests for work-up of hypertensive patientsa

� Hemoglobin and/or hematocrit
� Fasting blood glucose and HbA1c
� Blood lipids: total cholesterol, LDL cholesterol, HDL cholesterol, triglycerides
� Blood potassium and sodium
� Blood uric acid
� Blood creatinine (and/or cystatin C) for estimating GFR with eGFRa formulas
� Blood calcium
� Urine analysis (first voided urine in the morning), multicomponent dipstick test in all patients, urinary albumin/creatinine ratio, microscopic examination in selected
patients

eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
aCan be adapted according to the clinical circumstance.
NT5.4 Other investigations in hypertension

5.4.1 Electrocardiogram
A 12-lead ECG is part of the routine diagnostic evaluation in all hypertensive patients. LVH represents an important and
typical HMOD, which increases markedly with long-standing hypertension and its severity [192]. The Sokolow–Lyon
voltage criteria and the Cornell voltage-duration product are important criteria for ECG-based LVH (Table 9). The
presence of strain (ST-T depression in lateral anterior leads) is the most serious sign of LVH on ECG [193]. Fulfillment
RECETABLE 9. Assessment of hypertension-mediated organ damage (HMOD)a

Basic screening tests for HMOD
recommended for all hypertensive patients Aim

12 lead ECG Measure HR and AV conduction, detect cardiac arrhythmias, myocardial ischemia and infarction, screen
for LVH

Urine albumin : creatinine ratio (UACR) Detect and classify CKD

Serum creatinine and eGFR Detect and classify CKD

Extended screening for HMOD
Echocardiography Evaluate structure and function of the ventricles and left atrium, detect valvular disease, aortic root

diameter and ascending aortic aneurysm
cfPWV or baPWV Evaluate aortic/large artery stiffness

Carotid artery ultrasound Determine carotid intima-media thickness, plaque and stenosis

Coronary artery calcium scan Determine the presence and extent of coronary calcium to predict CAD events

Abdominal aorta ultrasound Screen for aortic aneurysm

Kidney ultrasound Evaluate size and structure of kidney, detect renovascular disease, determine RRI (by spectral doppler
ultrasonography)

Spectral doppler ultrasonography Diagnosis of renovascular disease and determination of RRI

ABI Screen for LEAD

Retina microvasculature Detect microvascular changes

Cognitive function testing (MMSE, MoCA) Screen for early stages of dementia

Brain imaging (CT, MRI) Detect structural brain damage

aCan be adapted according to the clinical circumstance.
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of the Sokolow–Lyon criteria for LVH is associated with older age, male gender and high BP, whereas fulfillment of the
Cornell voltage-duration criteria is associated with a younger age, female gender, lower BP and obesity. Specificity is high
(about 97%) when using the above ECG criteria together, but sensitivity is low, e.g. in the range of about 40–50% of LVH
cases in persons above 50 years of age and even lower in younger patients. New diagnostic criteria based on machine
learning show a better diagnostic ability [194] but for LVH detection, echocardiography remains more sensitive and
preferable (if available), especially in hypertensive patients below 50 years of age but also in the context of a more advanced
general work-up (see the following). Nevertheless, it should be considered that ECG-based LVH strongly predicts
arrhythmias, including sudden cardiac death, AF, myocardial infarction, HF, stroke and a variety of other cardiac and
vascular conditions in a fashion that does not completely overlap with the morbidity and mortality prediction offered by
echocardiography [195]. It also provides information about heart rate, cardiac rhythm, AV conduction and normality or
abnormality of the repolarization phase, which may influence the selection of antihypertensive therapy, e.g. use of BBs or
non-DHP-CCBs. Thus, ECG has an added value both for risk prediction and more, in general, for the clinical evaluation of
the hypertensive patient.

5.4.2 Kidney ultrasound
Due to its low cost andwidespread availability, ultrasound imaging of the kidney is commonly used for information on renal
morphology (renal size and structure, roughness, adiposity, kidney stones) and, when contrast-enhanced perfusion is
added, microstructure, stiffness, inflammation, edema and abscesses [196]. Kidney ultrasound is a valuable method in the
presence of CKD and also a noninvasive examination method for detecting renal artery stenosis because, on a gray-scale
ultrasound, it can assess the morphology of both the kidney and the renal arteries. Hemodynamic changes in the renal artery
and the kidney can be evaluated with color and spectral Doppler ultrasound. Contrast-enhanced ultrasound may directly
show a diameter change in the renal artery with intravascular contrast material that is not harmful even to patients with poor
renal function [197].

5.4.3 Selected biomarkers and genetic markers
5.4.3.1 Lipoprotein (a)
Epidemiological and genetic studies involving hundreds of thousands of individuals strongly support a causal and
continuous association between Lp(a) concentration and CV outcomes in different ethnicities [198–200]. An elevated
Lp(a) is a CV risk factor even at very low levels of low-density lipoprotein cholesterol.

5.4.3.2 Cardiac biomarkers
A large number of studies indicate that both high-sensitivity troponins (hs-cTnT and hs-cTnI) and natriuretic peptides (BNP
and nt-proBNP) are able to detect individuals that are at higher CV risk.

Studies suggest that on top of their role in the diagnosis and management of several cardiac conditions including
asymptomatic LV dysfunction [201], symptomatic HF [202] and acute coronary syndromes [203,204], these markers may also
have a role in the detection of early functional and structural cardiac changes associated with hypertension. Their
measurement can be extended to primary care patients without the need for high-technology equipment.

5.4.3.3 Kidney markers
Cystatin C, a 13-kDa cysteine proteinase inhibitor protein, is produced by all nucleated cells at a steady rate and is freely
filtered by the kidney with near-complete reabsorption and catabolism in the proximal tubule, and thus no significant
urinary excretion [205]. Serum cystatin-C levels are much less affected than creatinine levels by patient characteristics such as
gender, age, body size and composition, and nutritional status [206]. Cystatin-C has been found to be a more accurate
measure of kidney function than serum creatinine and creatinine-based formulas used to calculate eGFR in different patient
populations. Cystatin-C captures earlier, more subtle changes in kidney function, which makes its use suitable to identify
patients with early impaired function (when serum creatine is in the upper normal or mildly elevated range) and to more
sensitively measure the risk of progression toward CKD. Currently, however, cystatin C has a low availability, and the cost-
effectiveness and clinical relevance of its possible wider use remain to be determined [207,208]. Bioptic detection of
tubulointerstitial damage and fibrosis is highly prognostic for subsequent kidney failure. Considerable research is currently
being devoted to biomarkers that reflect noninvasively kidney tubular damage and provide information on the risk of CKD
progression and associated adverse clinical outcomes beyond the use of eGFR and urinary albumin excretion.

Available kidney tubule biomarkers can be grouped into those that reflect tubule cell injury (kidney injury molecule 1,
epidermal growth factor, monocyte chemoattractant protein one) and those that reflect tubule cell dysfunction
(a1-microglobulin and uromodulin). These biomarkers provide new opportunities to monitor the response to treatments
in CKD patients [209], and, in hypertension, they can be used to distinguish renal injury from hemodynamic causes of a
decline of eGFR. Monitoring these biomarkers serially allows clinicians to monitor persistent beneficial effects of treatment
in the presence of benign eGFR declines [210,211].

5.4.3.4 Genetic markers
A positive family history is a frequent feature of hypertensive patients, with hypertension heritability estimates that vary
between 35 and 50% in most studies. Rare monogenic forms of hypertension belong to secondary forms of hypertension
28 www.jhypertension.com Volume 41 � Number 1 � Month 2023
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(see Section 6) [12]. There are also inherited forms of phaeochromocytoma and paraganglioma [212], which require genetic
testing for early diagnosis and prognosis as certain mutations are more likely to predict malignancy (Section 6). Polygenic
risk scores, or weighted summations of risk conferred by multiple disease-associated single nucleotide variants, are
emerging as tools to improve prediction of common complex CV diseases, including hypertension. For multiple CV
diseases, polygenic risk scores are independently associatedwith respective CVD [213]. Additional potential clinical utility of
these scores includes earlier identification for the need of lifestyle interventions, earlier screening for subclinical
atherosclerosis, time of initiation of pharmacotherapies and use as a risk-enhancing factor for primary prevention in
middle-aged patients at low or moderate conventionally measured 10-year CV risk [214]. However, despite these impressive
studies, the role of polygenic risk scores in hypertension, and their possible use in clinical practice should await
further clarifications.

5.5 Assessment of hypertension-mediated organ damage
HMOD refers to structural or functional changes in large and small arteries or end-organs (brain, heart, kidney and eyes),
caused by elevated BP and is a marker of preclinical or asymptomatic CV or kidney disease [4]. HMOD is common in
severe or long-standing hypertension but can also be found in less severe hypertension. With wider use of imaging,
HMOD is becoming increasingly detected in asymptomatic patients [215,216]. CV risk increases with the presence of
HMOD, and more so when damage increases progressively and affects multiple organs and functions [4,217,218]. Some
types of HMOD can be reversed by antihypertensive treatment, especially when treatment starts early, but with long-
standing hypertension, HMOD may become irreversible despite BP control [219]. Nevertheless, BP-lowering treatment is
important as it may delay further progression of HMOD and oppose the trend toward a progressive increase of CV risk
[215]. Although poor technical provision and cost may limit the search for HMOD in some countries, it is recommended
that basic screening for HMOD be performed in all hypertensive patients and that a more detailed assessment be
implemented when the presence of HMOD is important for treatment decisions. The examinations that can be used to
identify HMOD are shown in Table 9.

5.5.1 HMOD in the heart
In hypertension, the heart is directly exposed to an increased load with consequent development of several structural and
functional alterations, which are asymptomatic at an early stage but represent a potent risk factor for subsequent CV events,
such as HF with HFpEF or HFrEF, AF, CAD, sudden death and also stroke. Preclinical or asymptomatic hypertensive heart
disease includes LVH, LV geometric changes, impaired diastolic and systolic function, LA enlargement and greater incidence
of arrhythmias. In clinical practice, most or all parameters indicating hypertensive heart disease should be evaluated in a
comprehensive examination, using the ECG and available imaging techniques.

5.5.1.1 Left ventricular mass and geometry
As mentioned above, LVH, as detected by two-dimensional transthoracic echocardiography (2D-TE) is a more
sensitive marker of LVH than ECG. It is also a major predictor of morbidity and mortality in both hypertensive
patients and the general population [220–222]. LVH significantly reclassifies CV risk when added to CV risk factors in
most [223,224], although not all [225] studies. In a population-based sample [226], adding LVH to a commonly used
risk score (SCORE) significantly reclassified risk in hypertensive patients. Among a variety of echocardiographic
measurements, LV mass index was the single, probably most important predictor of adverse events in patients with
hypertension [226]. Furthermore, antihypertensive treatment can be accompanied by a regression of LVH, although
only for a fraction of the patients exhibiting this HMOD [219]. Regression of LVH during antihypertensive treatment
predicts a better prognosis [193,227–229]. LVH can be detected by different methods, all with advantages and
disadvantages (Table 10).

When LVH is detected, it is recommended to follow patients, preferably by echocardiography for monitoring the
evolution of LVH and other structural and functional modifications of the heart, the goal being LVH regression. This may
take years, cannot always be achieved, and is less achievable in women, and patients with diabetes, obesity and African
American ethnicity [230].
RTABLE 10. Advantages and disadvantages of methods to assess LVH in clinical practice

ECG ECHO 3D ECHO CMR

Sensitivity þþ þþþ þþþþ þþþþ
Specificity þþþ þþþ þþþþ þþþþ
Reproducibility þþþþ þþþ þþþþ þþþþ
Prognostic significance þþþþ þþþþ þ þþþþ
Availability þþþþ þþþ þþ þþ
Cost þ þþ þþ þþþþ
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5.5.1.2 Transthoracic echocardiography
2D-TE represents the first and most widely used imaging technique to assess LVH. Image quality is the most important factor
for reliable measurements. Use of artificial intelligence has been reported to provide a more accurate measurement of
cardiac structural and functional alterations [231]. Echocardiographic LVH at baseline has important independent adverse
prognostic significance, and adverse or beneficial prognostic changes have also been observed for LVM increases or
reductions during FU or antihypertensive treatment [220,228,229]. 2D-TE also permits the evaluation of LV geometry, LA and
aortic root dimensions, LV diastolic dysfunction, end diastolic diameter and LV systolic dysfunction [215]. LV concentric
geometry is assessed by an increased RWT, and combining RWT and LVM allows to classify the LV geometric adaptation to
hypertension as concentric or eccentric, with or without LVH [232]. A significantly higher risk has been observed in patients
with concentric nondilated LVH, and the highest risk is exhibited by patients with LV enlargement [229,233]. Regression of
LVH during antihypertensive treatment is associated with a reduced risk of CV outcomes but not necessarily with an
improvement of LV diastolic dysfunction [234]. Three-dimensional echocardiography (3D-TE) has a better accuracy and
reproducibility than 2D-TE, as it does not rely on geometric formulas. However, further research is needed to more reliably
establish normality values, prognostic significance and general feasibility [235,236].

5.5.1.3 Cardiac magnetic resonance
Cardiac magnetic resonance is the gold standard for quantification of cardiac structure and function in clinical studies. An
important application of cardiac magnetic resonance is tissue characterization, using late gadolinium enhancement [237]
and T1 mapping [238] for extracellular volume. This allows to detect interstitial myocardial fibrosis, which may precede the
development of LVH. Further studies, together with a wider availability and substantially lower costs, are needed to increase
the clinical use of cardiac MRI. It is also important to mention that the better accuracy and reproducibility of cardiac MRI to
detect LV changes provides an important advantage for research in the cardiac HMOD area [239].

Left atrial and aortic root dimensions. LA dilatation is usually a response to increased LV filling pressure and is
independently associated with adverse CV events and greater incidence of AF [240,241]. Together with LVH and age,
hypertension is also associated with ascending aortic dilatation, which has been found to lead to a greater risk of CV events
and may predict the development of aortic regurgitation [242].

Left ventricular diastolic dysfunction. LV diastolic dysfunction is usually the first manifestation of cardiac damage, even
before the development of LVH. LV diastolic dysfunction can be detected as an alteration of transmitral inflow pattern (E/A
ratio) at Echo-doppler examinations. Initial LV abnormal relaxation may progress to increased LV filling pressure, which
may be detected using additional parameters, such as tissue doppler of mitral annulus (e0 velocity) and estimated pulmonary
pressures (tricuspid regurgitation retrograde velocity) [243]. Echocardiographic LV ejection fraction may not identify early
preclinical LV systolic dysfunction and is also characterized by a large variability at repeated measurements [244]. Speckle
tracking echocardiography is a valuable tool to detect early subclinical LV systolic dysfunction, particularly with the
measurement of global longitudinal strain, which is characterized by high sensitivity and excellent reproducibility, and has
been also standardized in absolute values [245].

5.5.1.4 Computed tomography of the heart
Computed tomography may be used in hypertensive patients to obtain noninvasive coronary angiography, mainly to
exclude coronary artery disease, when signs and symptoms are atypical, and the results of other cardiological examinations
(i.e. exercise ECG, perfusion scintigraphy, stress echocardiography) are ambiguous.

Coronary artery calcium scanning offers the possibility to detect coronary atherosclerosis in its early stages. Coronary
artery calcium is identified by noncontrast cardiac-gated multislice computed tomography of the heart, which is a rapid test
using low radiation (<1 mSv) that can be performed at low cost by any modern multidetector computed tomography
scanner. Coronary artery calcium is increased in individuals with high BP, predicts the risk of new-onset hypertension, and is
also a predictor of CV events in patients with and without hypertension [246,247]. Coronary artery calcium scans have been
proposed as a tool to refine quantification of CV risk, particularly CAD events, in patients with hypertension, and to better
gauge who may benefit from early initiation of BP medications [248,249]. The effect of antihypertensive treatment on this
marker of CV risk is not yet known.

5.5.2 HMOD in the arteries
5.5.2.1 Carotid artery IMT and plaques
Carotid intima–media thickness, combines the thickness of the intimal andmedial layer of the carotid artery, is quantified by
carotid ultrasound, and can be considered a marker for the early stage of atherosclerosis [250]. It is assumed that the IMT
value at the carotid bifurcations primarily reflects atherosclerosis and that the IMT value at the level of the common carotid
artery primarily reflects hypertension-related hypertrophy [217]. Carotid IMT predicts CV risk [251,252], and a carotid IMT of
more than 0.9mm is considered abnormal [253], although the upper limit of normality varies with age. However, the relative
importance of cIMT evaluation in the overall CV risk quantification is still under debate, because in some studies, addition of
cIMT did not improve, or only minimally improved, CV risk stratification [254,255]. The debate includes the prognostic value
of treatment-induced IMT changes. In a recent meta-analysis of 119 RTCs involving 100 667 patients (mean age 62 years), the
progression of cIMT (mean follow-up 3.7 years) [256] was reduced by a combination of antihypertensive, lipid-lowering and
30 www.jhypertension.com Volume 41 � Number 1 � Month 2023
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antidiabetic drugs, as well as by dietary and other interventions. Across all interventions, each 10mm/year reduction of
carotid IMT progression resulted in a significant 9% reduction of the risk of CV outcomes. However, separately analyzed
cIMT changes by antihypertensive treatment did not show a significant relationship with CV events, and this was also the
case for the separately analyzed cIMT changes with lipid lowering and antidiabetic treatment. The presence of a carotid
plaque can be defined by an IMT � 1.5mm, or by a focal increase in thickness of 0.5mm or 50% of the surrounding carotid
IMT value [257]. Carotid plaques have a predictive value for both stroke and myocardial infarction, independent of
conventional CV risk factors and risk scores [251,252]. Detection of carotid plaques confer superior prognostic accuracy for
future myocardial infarction compared with IMT [258]. It also increases CV risk in patients at all CV risk levels [259]. Carotid
imaging is recommended in the presence of carotid bruit, previous TIA or cerebrovascular disease, or as part of the
diagnostic work-up of patients with evidence of vascular disease to detect more than mild carotid stenoses (>50% of the
vessel lumen). Further information can be found in specific guidelines [260].

5.5.2.2 Pulse wave velocity
Increase in large artery stiffness is the most important pathophysiological determinant of age-related increase of SBP and
reduction of DBP (and thus of ISH or predominant systolic hypertension) and increase in pulse pressure in the old
population [261]. The age-related increase of arterial stiffness is accelerated by uncontrolled hypertension [262]. Recent data
suggest that increased arterial stiffness may be involved in the early stages of hypertension, with the stiffening preceding its
development [263–265]. Arterial stiffness can be measured in superficial arteries (carotid, brachial, radial arteries) by the
slope of the relationship between beat-to-beat BP and arterial diameter changes. However, it is now usually measured by
carotid–femoral pulse wave velocity (cfPWV) or brachial–ankle PWV (baPWV). cfPWV is the gold standard for measuring
large artery stiffness in Europe [260,266], and its reference values are available for healthy European populations and
patients at increased CV risk [267]. Currently, reference values for baPWV are available for Asian populations [268,269], with
European studies emerging [270]. Arterial stiffness increases progressively with the BP increase [271], and is thus variable and
greater in the systolic than in the diastolic phase [272]. This is because of the intravascular pressure-related distension, first of
the more distensible elastic tissue and then of the less distensible collagen. Changes in the anatomical structure of the vessel
wall, usually less elastin and more collagen and fibrotic tissue, are responsible for large artery stiffening with age and
diseases. However, stiffness is also modulated by functional factors that may cause fast increases of stiffness in the absence
of BP changes, presumably via contraction of smooth muscle tissue in the vessel wall, because distensibility may differ
between contracted and relaxed vascular smooth muscle. This may account for the acute stiffening influence of increases in
sympathetic activity on large and medium-size arteries [273,274]. In stiffer arteries, the traumatic effect of pulsatile intra-
arterial pressure is greater and favors atherogenesis.

A large body of evidence exists that assessment of large artery stiffness, using cfPWV or baPWV, can be clinically useful in
hypertensive patients. Evidence from the Framingham and European studies has shown that increase of arterial stiffness is
highly prevalent in the hypertensive population [253,275,276]. cfPWV is higher in MH than in normotension, which means
that in patients with a normal office BP, increased PWV may identify those in whom out-of-office BP monitoring should be
performed to detect this higher CV risk condition. In two meta-analyses, cfPWV or baPWV [277,278] have shown the ability
to more accurately classify CV risk compared with conventional risk-based scores, an advantage of particular relevance in
young and middle-aged patients in whom the risk falls into the low or moderate level. Adding cfPWV to conventional
Framingham CV risk factors resulted in an NRI for CV mortality of up to 27%, while addition of baPWV to a model
incorporating the Framingham risk score improved the NRI by 24.7%. Increased cfPWV [263,264] and baPWV [279] values
have been found to predict an increased risk of new-onset hypertension in apparently healthy adolescents [263], young [280]
and middle-aged [264] people. Finally, due to its relationship with age, PWV is considered a main element in the assessment
of vascular aging, a concept of great current interest and considerable research [281]. All antihypertensive drugs reduce
arterial stiffness passively, i.e. by reducing BP and, thus, unloading the stiffer component (collagen) of the arterial wall. The
reduction can be maintained over the long-term [282]. A few studies claim that some drugs may reduce stiffness more
effectively [283], thus possibly improving arterial structure, but evidence is not conclusive because stiffness must
be measured at identical BP levels, which is difficult. There are reports, however, of treatment-induced reductions in
stiffness in the absence of BP reductions [284,285]. No RCT so far has proven that reducing arterial stiffness by
antihypertensive treatment induces a reduction of CV events. In one recent RCT, i.e. the SPARTE trial, a PWV-based
treatment strategy was compared with the classical BP target-based strategy. There was no significant difference in the
primary endpoint (CV outcomes) between the two groups for which, however, the study was underpowered. Nevertheless,
in the group in which treatment was guided by reduction of PWV, the age-related increase of PWVwas significantly lowered
[33,286]. Less cfPWV increase has also been reported with a more intense BP reduction in a post hoc SPRINT study [287], in
which the effect on PWVwas related to less severe outcomes. PWV improvements have also been associated with improved
prognosis in patients with resistant hypertension or on dialysis [288].

5.5.2.3 Ankle–brachial index
ABI is the ratio between SBP in ankle and brachial SBP. Measurements are made with the patient supine, using a continuous
wave Doppler, a BP sphygmomanometer (preferentially) or an automated oscillometric device [275]. A low ABI (i.e. �0.9)
indicates a LEAD condition. A high ABI (�1.40) is also abnormal and indicates medial calcification. In addition to their role
in diagnosing LEAD, both a low (<1.00) and a high ABI are independently associated with incident CV events. In an
Journal of Hypertension www.jhypertension.com 31
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individual-participant meta-analysis [289], the 10 year risk of CV mortality associated with a low ABI was greater (4.2-fold in
men and 3.5-fold in women), compared with a normal ABI. Adding ABI to the Framingham risk score reclassified the risk
category in 19% of men and 36% of women. Measurement of ABI is relatively easy and requires only short training. It should
be performed in all patients with symptoms or signs of LEAD.

5.5.3 HMOD in the kidney
Hypertension is the second most important cause of CKD after diabetes and can also be the consequence of a primary
kidney disease. Deterioration of kidney function can be detected by routine laboratory testing, using widely available
equations for estimation of GFR (eGFR) based on serum creatinine [290]. Serum creatinine alone is an insensitive marker of
renal impairment, because a major reduction in kidney function can occur before serum creatinine rises. CKD is classified
according to eGFR, calculated by the 2009 CKD-Epidemiology Collaboration formula [291,292], and the presence and
amount of albuminuria [290]. The albumin : creatinine ratio (ACR) is measured from a spot urine sample (preferably early
morning urine) and is the preferred method to quantify urinary albumin excretion. The diagnosis of HMOD in the kidney is
based on the finding of reduced kidney function or detection of albuminuria, but in hypertension-induced kidney disease,
albuminuria may not appear until after the reduction in GFR [290].

A lower eGFR and a higher amount of albuminuria, indicating loss of kidney function and kidney damage, are both
independent and additive predictors of increased CV risk and progression of kidney disease [292,293]. In a study based on
more than three million participants, eGFR and ACR improved risk stratification for myocardial infarction, stroke and CV
mortality based on SCORE2 and SCORE2 OP [33] with an NRI improvement of approximately 10%.

On the other hand, whether treatment-induced changes in eGFR and ACR are predictive of kidney and CV outcomes is
still under discussion. Short-term effects of eGFR and albuminuria by pharmacological intervention, either an increase or a
decrease, may bemixed upwith long-term reductions of eGFR and albuminuria. Treatment-associated long-term changes of
eGFR have shown a relationship with kidney failure and CV events, whereas treatment effects on proteinuria or albuminuria
have been inconsistently related with mortality. In the ONTARGET study, change of albuminuria after 2 years was assessed
in more than 20 000 patients at high CV risk, and change of albuminuria was related to total mortality, CV events and kidney
outcomes in both diabetic and nondiabetic patients [294]. That is, patients with a decrease of albuminuria by 50% had a
lower mortality, while an increase of albuminuria by 100% was associated with adverse CV and kidney outcome as well as a
higher mortality. BP reduction by antihypertensive treatment often leads to an acute increase (up to 20–30%) in serum
creatinine, especially if treatment makes use of RAS-blockers. This is interpreted as having a hemodynamic basis (BP-
dependent reduction of GFR) and, thus, not to usually reflect kidney injury. However, the long-term clinical significance of
this early treatment-associated reduction of kidney function is still unclear [295,296]. Serum creatinine, eGFR and ACR
should be documented in all hypertensive patients, and if CKD is diagnosed, repeated at least annually [290]. One negative
urinary dipstick test does not rule out albuminuria, in contrast to a normal ACR [297]. Spectral Doppler ultrasonography
enables to evaluate the renal resistive index (RRI), a noninvasive and reproducible measure of renal and systemic arterial
compliance or resistance. In healthy patients, RRI has been shown to vary from 0.58� 0.05 (mean� SD) to 0.64� 0.04, and a
value slower than 0.7 has been traditionally taken to indicate normal impedence to renal blood flow, although a
considerable heterogeneity has been reported [298]. An elevated RRI is associated with subclinical signs of renal organ
damage in untreated patients with hypertension and normal renal function but it has also a prognostic role for CVmorbidity,
mortality and renal outcomes in essential hypertensive patients, in CKD and in various CV diseases, in addition to
albuminuria and eGFR, independently of the traditional risk factors [299,300].

5.5.4 HMOD in the brain
Hypertension is a major risk factor, not only for acute cerebrovascular events such as ischemic stroke, intracranial
hemorrhage and TIA, but also for chronic and asymptomatic or oligosymptomatic brain damage, which may ultimately lead
to dementia. In particular, long-standing arterial hypertension is known to exert a cumulative effect on cerebrovascular
damage, including atherosclerosis, white matter lesions, silent brain infarcts, microinfarcts, microbleeds and brain atrophy
[301], especially hippocampal atrophy [302].

Hypertension causes pathological alterations in cerebral microvessels that damage microvascular structure, network
architecture and function, and contribute to the genesis of cerebral microbleeds and lacunar infarcts. The latter are small
infarcts, 2–20mm in diameter, in the deep cerebral white matter, basal ganglia or pons that are presumed to result from the
occlusion of a single, small perforating artery supplying the subcortical areas of the brain. In addition, white matter lesions, i.
e. areas of abnormal myelination in the brain, that are best visualized as hyperintensities on T2-weighted and fluid-
attenuated inversion recovery (FLAIR) MRI sequences, develop in hypertension [303,304]. White matter hyperintensities and
silent infarcts are associated with an increased risk of stroke and cognitive decline, including dementia [304,305].

In hypertension, aortic stiffening leads to increased propagation of high BP pulsatility to the high flow–low impedance
cerebral circulation [306], leading to small artery remodeling and damage. This arteriolar remodeling can be assessed by
analyzing retinal arterioles by high-end fundoscopic cameras, but this technology is not widely available. In cross-sectional
studies in middle-aged and older adults, the association between stiffening of the aorta, transmission of excessive flow
pulsatility into the brain, microvascular structural brain damage and lower scores in various cognitive domains has been
shown repeatedly [307,308]. The relationship between transmission of higher pulsatile energy to the brain in individuals of
60 years of age and faster cognitive decline 10 years later has been documented in a longitudinal study [309]. In individuals
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older than 80 years, PWV has been associatedwith cognitive decline independently of BP levels [310] A recent meta-analysis,
including 29 cross-sectional and 9 longitudinal studies, confirmed the negative association between large artery stiffness
(measured by PWV) and cognition, specifically executive function, memory and global cognition. This association seemed
to be independent of demographic, clinical and assessment characteristics [311]. Increased BP variability (day-to-day
measurements) may also play a role [312], as well as orthostatic hypotension in older people [301]. In clinical studies, long-
term elevated SBP and pulse pressure in cognitively healthy adults aged 50 years or older was clearly associated with
subsequent cognitive decline and dementia [313].

In hypertensive patients, the presence of lacunes, microbleeds or large white matter hyperintensities on MRI is the
second most prevalent HMOD [276]. Low availability and high cost do not permit the widespread use of brain MRI for the
evaluation of hypertensive patients, but white matter hyperintensity and silent brain infarcts should be sought in all
hypertensive patients with neurological disturbances, cognitive decline or memory loss, if possible [301,305]. For screening
in clinical routine, short cognitive screening tests such as the Mini Mental State Examination (MMSE) or the newer Montreal
Cognitive Assessment (MoCA) are available and might be considered in hypertensive patients>65 years of age [301]. Their
simplicity allows the tests to be performed by primary care physician or referral hypertension specialists. A MMSE score
below 24, a MoCA score below 26 or subjective complains of memory loss should lead to referral to a neurologist or a
geriatrician [301].

5.5.5 HMOD in the eye
The classification of hypertensive retinopathy is based on fundoscopy, which permits the detection of retinal lesions such as
hemorrhages, microaneurysms, hard exudates and cotton wool spots (grade 3), papilloedema and/or macula edema (grade
4). These alterations are indicative of severe retinopathy and are specific, reproducible and predictive of all-cause mortality
[314]. Retinal damage of grades 1 and 2, such as focal or general arteriolar narrowing and/or arteriovenous nicking, are less
specific and reproducible and also have much less predictive value [315]. Hypertension is also a major risk factor for other
retinal vascular diseases, including occlusion of retinal veins and arteries and ischemic optic neuropathy [316]. Fundoscopy
should be performed only in selected patients, particularly in those with hypertensive emergencies, suspected malignant
hypertension or patients with associated diabetes. New techniques to visualize the fundus using smartphone technologies
may help to assess hypertensive retinopathy in a larger number of patients [317].

Retinal arterioles may represent a useful indicator of the remodeling of the microcirculation in other vascular beds of
hypertensive patients. In recent years, Scanning Laser Doppler and Adaptive Optics have been increasingly used to estimate
the wall-to-lumen ratio of retinal arterioles [318]. Retinal wall-to-lumen ratio was found to be directly related to pressure
load, other markers of HMOD and small arteries structural alterations measured in different vascular beds with micro-
myography, which is the gold standard method, albeit invasive, for evaluating microvessels [319]. Although the prognostic
value of small renal artery alterations has been documented in hypertension [320], the predictive value of the retinal wall-to-
lumen ratio and its change for CV events, needs to be demonstrated (Table 11).

5.6 Using HMOD to help stratify risk in hypertensive patients
Assessment of HMOD should be performed at the time when the diagnosis of hypertension has been confirmed in order to
fine-tune the CV and kidney risk stratification. The data may influence the decision to initiate or intensify drug treatment.
However, assessment of HMOD is also relevant during FU, as it can help physicians to evaluate the efficacy of therapy. A
reduction in a previous HMOD may indicate the success of the therapy while, by contrast, the persistence/increment of
HMODmay be a clue to review the prescribed treatment, with lack of adherence being a predominant reason. Likewise, the
absence of HMOD at the time of initial evaluation should be monitored in the future, as new development of HMOD usually
indicates a higher risk. As a consequence, repetition of HMOD assessment should be a main aspect of the FU.

As reported above, HMOD assessment may play a role in stratifying the risk of patients with hypertension. In this regard,
LVH [215,220], baPWV [277] and cfPWV [321], carotid IMT [252,322], carotid plaque [251], CAC [323] and ABI [323] have been
shown to predict CV risk on top of traditional CV risk factors. A higher number of measures of HMOD is associated with
higher CV risk [251]. In multivariable-adjusted models, the presence of HMOD was associated with a two-fold to three-fold
increase in the risk of CVD comparedwith the referent group in the Framingham study in any BP category above the optimal
[276]. Moreover, LVH [223,224], baPWV [277] and cfPWV [321], carotid IMT plus plaque [252], CAC [323] and ABI [289] have
been able to significantly reclassify CV risk, when added to traditional CV risk factors/risk scores.

In post hoc analyses, BP treatment-induced regression of some (but not all) manifestations of HMOD has been associated
with a reduction in CV risk, thereby providing additional information on the effectiveness of treatment in individual patients.
This has been best illustrated for the treatment-induced regression of LVH measured by either ECG or echocardiography
[228,324]. A reduced incidence of CV events and slower progression of kidney disease has been reported with the treatment-
induced reduction in urinary protein excretion in both diabetic and nondiabetic patients [325,326], but results are discordant
[327–330]. There is also evidence that treatment-induced changes in eGFR predict CV events and progression to ESKD
[331,332]. A very large recent meta-analysis, including >100 000 participants [256], showed a reduction of CV risk with
reduced cIMT progression, in contrast with the conclusion of an older and smaller meta-analyses [333]. Improvement in
PWV over a few years is associated with improved prognosis in patients with resistant hypertension [288] or under dialysis
[334]. The predictive power of changes of ABI over time has been mainly investigated in CKD patients [335].
Journal of Hypertension www.jhypertension.com 33
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TABLE 11. Criteria to define HMOD

Measurement Parameter Abnormality threshold

ECG
LVH SV1 þ RV5 (Sokolow–Lyon) >35 mm

R wave aVL �11 mm

SV3 þ RaVL (Cornell voltage) >28mm (M), >20mm (W)

LVH Cornell voltage (þ6 mm in W) � QRS duration
(Cornell duration product)

>2440mms

ECHO
LVH LVM/BSA (g/m2) >115 (M), >95 (W)

LVM/height (g/m2.7) >50 (M), >47 (W)

RWT LV conc. Remodeling �0.43

LV chamber size LVDDim/height >3.4 (M), >3.3 (W) cm/m

LV diastolic dysfunction e0 velocity septal <7 cm/s

e0 velocity lateral <10 cm/s

LV filling pressure E/e0 average ratio >14

LAV/BSA >34ml/m2

LAV/height2 >18.5 (M) or >16.5 (W) ml/m2

LV systolic dysfunction GLS <20%

Kidney
Function eGFR <60ml/min/1.73m2

Albuminuria UACR >30mg/g

Renal resistance index RRI <0.07

RRI ?
Large artery stiffness

Pulse pressure Brachial PP (>60 years) �60mmHg

Pulse wave velocity baPWV (in people 60–70 years) >18m/s

cfPWV (in people 50–60 years) >10m/s

Carotid atherosclerosis
Plaque IMT �1.5mm, or focal increase in thickness �0.5mm, or 50% of surrounding IMT

IMT >0.9mm

Coronary atherosclerosis

CAC Age-specific and sex-specific reference value

LEAD
ABI <0.9

Eye

KWB score Grade III (hemorrhages, microaneurysms, hard exudates and cotton wool spots)
and grade IV (papilloedema and/or macula edema)

Microvascular changes Wall-to-lumen ratio no established reference value

ABI, ankle–brachial index; ACR, albumin : creatinine ratio; baPWV, brachial–ankle pulse wave velocity; BSA, body surface area; CAC, coronary artery calcium; cfPWV, carotid–femoral pulse
wave velocity; DDim, diastolic dimension; ECG, electrocardiogram; eGFR, estimated glomerular filtration rate; GLS, global longitudinal strain; IMT, intima–media thickness; KWB, Keith–
Wagener–Barker; LAV, left atrial volume; LEAD, lower extremity artery disease; LVH, left ventricular hypertrophy; LVM, left ventricular mass; M, men; RWT, relative wall thickness; w, women.
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RECENGuidance on use and repetition of HMOD with time needs to consider several factors, such as the ability of the HMOD
marker to be modified by treatment, the reproducibility of the changes, the time necessary to detect them, their prognostic
value and the costs. The characteristics of the most frequent HMOD are shown in Fig. 6.

5.7 When to refer a patient to a specialist or for hospital-based care
Althoughmost patients with hypertension are managed in the primary care setting, in some circumstances, a hospital- based
evaluation and treatment may be required, keeping in mind that out-of-office or office-based care of hypertensive patients
also depends on the healthcare organization of a given country (Table 12).

6. SECONDARY HYPERTENSION

Secondary forms of hypertension account for only a small fraction of the overall hypertension prevalence, which is largely
due to primary hypertension. However, their true prevalence is not precisely known, because available data may be
confounded by the selection bias of the studies reported in the literature, the number of undiagnosed cases and the varying
definition of secondary forms of hypertension. Hence, the classification of OSA, a phenotype more frequently observed in
obese patients, as a secondary form of hypertension is questioned by many experts. Nevertheless, despite their limited
prevalence, detection and management of secondary forms of hypertension is of utmost importance, because these forms
often carry a high or very-high risk of morbidity and mortality and can possibly be cured by timely treatment of their cause
[336]. Secondary forms of hypertension require specific diagnostic approaches, which allow to detect their specific causes
and to select effective drug treatment or appropriate interventional treatment that control or cure the elevated BP. Secondary
forms of hypertension are a frequent cause of severe or true-resistant hypertension, worsening of previously controlled
hypertension or increased severity of HMOD, which may appear as disproportionate to the duration of hypertension (Table
13). Although secondary forms of hypertension are particularly frequent in younger patients (<40 years) with an elevated
BP, some forms (such as atherosclerotic renovascular disease) are more common at an older age (Fig. 7).
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Marker of HMOD

to changes

Reproducibility and operator

independence

Time to

changes of changes

LVH by ECG
Low High

Moderate

(> 6 months)
Yes

LVH by echocardiogram
Moderate Moderate

Moderate

(> 6 months)
Yes

LVH by MRI
High High

Moderate

(> 6 months)
No data

eGFR
Moderate High

Moderate

(> 6 months)
Yes

UACR
High Moderate

Fast

(weeks to months)
Yes

RRI
Low High

Slow

(>12 months)
Yes

IMT
Very low Low

Slow

(> 12 months)
Limited data

PWV
High Low

Fast

(weeks to months)
Limited data

ABI
Low Moderate

Slow

(> 12 months)
Limited data

a

High High
Moderate

(> 6 months)
No data

a .
FIGURE 6 Characteristics of the most frequent markers of HMOD in hypertension.
aUsing modern adaptive optics technology.

TABLE 12. When to refer a hypertensive patient to a specialist or to hospital

� Patients in whom secondary hypertension is suspected
� Young patients (<40 years) with grade 2 or 3 hypertension in whom secondary hypertension should be excluded
� Patients with sudden onset or aggravation of hypertension when BP was previously normal
� Patients with treatment-resistant hypertension
� Need of more detailed assessment of HMOD, which might influence treatment decision
� Requirement of more in-depth specialist evaluation from the referring doctor
� Hypertensive emergencies (inpatient care will usually be needed)
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TABLE 13. Patient characteristics that should raise the suspicion of secondary hypertension

Younger patients (<40 years) with grade 2 or 3 hypertension or hypertension of any grade in childhood
Sudden onset of hypertension in individuals with previously documented normotension
Acute worsening of BP control in patients with previously well controlled by treatment
True resistant hypertension hypertension
Hypertensive emergency
Severe (grade 3) or malignant hypertension
Severe and/or extensive HMOD, particularly if disproportionate for the duration and severity of the BP elevation
Clinical or biochemical features suggestive of endocrine causes of hypertension
Clinical features suggestive of renovascular hypertension or fibromuscular dysplasia
Clinical features suggestive of obstructive sleep apnea
Severe hypertension in pregnancy (>160/110mmHg) or acute worsening of BP control in pregnant women with preexisting hypertension

FIGURE 7 Incidence of selected forms of secondary hypertension according to age.
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RECENT D
RScreening all hypertensive patients for secondary hypertension is not feasible or cost-effective. However, secondary

hypertensions frequently show clinical findings that suggest their presence and even their specific nature. More common
causes of secondary hypertension are primary aldosteronism, renal parenchymal disease and renovascular disease, while
Cushing syndrome, phaeochromocytoma and paraganglioma, or coarctation of the aorta are less frequently observed. The
different types of secondary hypertension show different age distributions (Fig. 7).

Diagnostic suspicion (Table 13) should prompt immediate referral to specialized hypertension centers where the
appropriate diagnostic tests and subsequent treatments can be performed [212,337–342]. It is beyond the scope of these
Guidelines to describe in detail the clinical management of specific causes of secondary hypertension. For most of them, the
reader may refer to corresponding ESH position papers [212,339–342]. A summary of important features of selected forms of
secondary hypertension is provided in Figs. 8a–e.

6.1 Genetic causes of secondary hypertension
Several rare monogenic forms of hypertension have been described, in which mutations in specific genes, mostly coding for
proteins involved in sodium tubular reabsorption or steroid metabolism account for the pathogenesis of hypertension
(Table 14). An exception represents familial autosomal dominant hypertension with brachydactyly, in which the
pathogenetic mechanism resides inside the vascular smooth muscle cells [343]. Hypertension is usually already present
in childhood or early adulthood, though age of onset and severity of hypertension may be modulated by lifestyle,
environmental factors and genetic susceptibility. Specific drug treatments addressing the corresponding molecular defects
are indicated (for example, amiloride in Liddle’s syndrome or dexamethasone in glucocorticoid remediable aldosteronism)
[12]. Routine genetic testing by approved genetic laboratories should be done in all phaeochromocytomas and para-
gangliomas (PPLG) with a yield of genetic mutation at approximately 40%. PPGL patients with a known succinate
dehydrogenase subunit B mutation carry a higher malignant potential and should be more closely followed with regular
imaging analysis and biochemical screening (Fig. 8).

7. LIFESTYLE INTERVENTIONS

7.1 Relevance of lifestyle changes
The adoption of a heart-healthy lifestyle is a fundamentally important approach to prevent or delay the onset of
hypertension, reduce the elevated BP values and lower the associated increase of CV risk [4,345]. Individuals with a
healthy lifestyle score have an approximately 4–5mmHg lower BP, irrespective of the underlying BP genetic risk, than
those with an unfavorable lifestyle [346]. Further, healthy lifestyle measures can augment the BP-lowering effect of
pharmacological interventions and reduce the number of drugs needed to control BP [347–350]. Each of the lifestyle
interventions has greater efficacy at higher starting levels of BP. However, lifestyle changes should never delay
the initiation of drug therapy in patients in whom the protective effect of antihypertensive drugs is documented and the
related benefits require BP reductions that cannot be obtained by lifestyle-dependent changes only. Although the
36 www.jhypertension.com Volume 41 � Number 1 � Month 2023
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(a) Atherosclerotic renovascular disease 

FIGURE 8 A Atherosclerotic renovascular disease (ARVD). (a) The prevalence of ARVD differs considerably between studied populations – in a population-based cohort
>65 years of age, ARVD (defined as >60% stenosis) was identified in 6.8%. Among hypertensives, the prevalence of ARVD is probably around 1% in patients with mild
hypertension, but may be as high as 14%–24% in patients with severe or resistant hypertension. (b) In view of the frequent association with atherosclerotic lesions in other
arterial beds, a cardiovascular work-up should be considered. (c) Medical management of ARVD should aim to reduction of CV risk and protection of kidney function;
hypertension control is a prominent goal. With regard to antihypertensive treatment, an ACEI or an ARB are considered as first-line option (contraindicated in bilateral renal
artery stenosis or stenosis in a solitary kidney). (d) Observational data showed that renal artery stenting in addition to medical therapy is associated with renal and CV benefits
in patients presenting with high-risk ARVD phenotypes – resistant hypertension, recurrent pulmonary oedema, heart failure and deterioration of kidney function.
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RECEevidence is largely limited to observational studies and their meta-analyses, all lifestyle interventions seem to have
heart-healthy benefits that may go beyond the benefits associated with their effect on BP. The most important and well
established effective lifestyle interventions that have been shown to reduce premature CV morbidity and mortality are
losing weight [350], the DASH diet [351,352], salt reduction [353], augmentation of potassium intake [354–356], engaging
in regular physical activity and structured exercise [357–360] and a moderation of alcohol consumption [361–363]. In
addition, smoking cessation and other lifestyle measures are also important beyond BP. Various other nonpharmaco-
logical interventions (e.g. dietary components like polyphenols, coffee and tea, or stress-reducing therapies) have been
reported to lower BP, but the extent and/or quality of the supporting clinical trial experience is less robust
and persuasive.

The Achilles’ heel of treatment strategies based on or inclusive of nonpharmacological interventions is the low
persistence of the prescribed measures. This is in part the result of the difficulty of permanently adhering to lifestyles
that may interfere with working or home habits and needs. Some lifestyle measures also have a cost, which may not be
reimbursed by healthcare providers. After prescribing to their hypertensive patients lifestyle changes that can help or
achieve BP control, physicians should establish a FU program that allows to check whether there is adherence to the
prescribed measures and whether the therapeutic goal is achieved. This will minimize the risk of the patient continuing with
an uncontrolled BP for a prolonged time.

7.2 Weight reduction
Being overweight or obese has been directly associated with hypertension [364,365], whereas weight-loss interventions
are well established strategies to lower BP [350,366,367]. A network meta-analysis found reductions of 6.5mmHg for
SBP and 4.6mmHg for DBP following a low-caloric diet in adults with prehypertension [367]. In patients with
hypertension, a low-caloric diet was ranked first among all lifestyle interventions in lowering SBP and DBP [367].
Journal of Hypertension www.jhypertension.com 37
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(b) Fibromuscular Dysplasia 

FIGURE 8 B Fibromuscular Dysplasia (FMD). (a) FMD occurs predominantly in young or middle-aged women. However it may be diagnosed at any age, both in women and
men. Renal FMD is the second cause of renovascular hypertension after atherosclerotic renal artery stenosis. (b) Two subtypes of FMD have been described: multifocal
FMD (80–90% of cases) and focal FMD (10–20% of cases). The characteristic lesion of multifocal FMD is the ‘‘string of beads’’, characterized by alternating areas of
stenosis and dilatation in the mid and distal portions of the artery. Focal FMD is characterized by focal stenosis of variable length, which may occur in any part of the
artery and requires exclusion of atherosclerosis, inflammatory or genetic arteriopathies. (c) In a meta-analysis, the rate of cure of hypertension after angioplasty was 36%
(range 14–85%) but may be much higher in younger patients with recent onset hypertension. Angioplasty deserves also to be considered in patients with renal FMD and
resistant hypertension. (d) Stent kinking and fracture have been reported in the setting of renal FMD. Accordingly, stenting is usually not recommended in renal FMD and
reserved for treatment of flow-limiting per-procedural dissection or in case of renal artery aneurysm. (e) In over 50% of cases, patients with renal FMD have lesions in one
or more other arterial beds (multivessel FMD). Patients with FMD also often have arterial dissections, aneurysms or marked arterial tortuosity. For these reasons, it is
recommended to perform at least once a life-time from head to pelvis angio CT or if contra-indicated MR-angiography in all patients with FMD.
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RECESimilarly, a meta-analysis of RCTs further concluded that, for each kilogram of body weight loss, both SBP and DBP were
reduced by approximately 1mmHg [350]. Additionally, attenuation of pressogenic factors such as sympathetic activation
[368] and a 15% lower all-cause mortality has been found following weight loss interventions, irrespective of age [369].
Modest weight loss, is therefore, a key recommendation and should ideally be achieved through a combination of a low-
caloric diet and exercise [367,370]. It should be acknowledged that achievement and maintenance of weight loss through
behavioral changes are often challenging, although feasible, over prolonged periods of FU [371]. A rather frequent
phenomenon is weight cycling (sequential losses and regains of body weight), which may adversely affect BP, CV risk
and the metabolic profile [372]. For those who do not meet their weight loss goals with nonpharmacological
interventions, pharmacotherapy could be considered, although evidence on the effectiveness of weight-loss medicines
on BP is scant, based on a small number of studies, and these drugs are often associated with unwanted side effects
[373]. The GLP-1 receptor agonists reduce body weight and concomitantly lower BP by few mmHg, a favourable
therapeutic effect in patients with diabetes and obesity (section 20.1.3). Alternatively, bariatric surgery is an effective,
longer lasting strategy for morbidly obese patients to manage BP and CV risk factors and might be considered in case of
failure of all of the above measures [374], particularly in patients with severe obesity. Amongst specific predictors
associated with weight loss interventions, greater initial weight loss and higher adherence to lifestyle advice were
accompanied by greater weight loss success [371]. The type of weight loss programme should always be individually
tailored, taking into account setting of realistic goals, tailor-made dietary and exercise regimes and frequent FU to
motivate and address challenges in behavior change [371].

7.3 Restriction of sodium intake
There is strong evidence for an association between high sodium consumption and increased BP in the overall
population [375,376] and hypertensive patients [377]. Furthermore, the relation between sodium-restricted diets and
38 www.jhypertension.com Volume 41 � Number 1 � Month 2023
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(c)  Primary aldosteronism

FIGURE 8 C Primary aldosteronism (PA). (a) Depends on the population screened – ranges from 3.2% to 12.7% in primary practice and from 1% to 30% in referral
centers; prevalence increases with the severity of hypertension to 20%. (b) PA prevalence in patients with adrenal incidentaloma ranges from 1.6% to 4.3%. (c) ARR
requires at least normalization of plasma potassium and interruption of existing treatment with spironolactone and beta-blockers. (d) Overall, seated SIT appears reliable
and less complicated than FST and SLT. CCT may be a good alternative in patients at risk of potential fluid overload (patients with kidney failure or HF). (e) Although the
majority of primary aldosteronism cases are sporadic, up to 5% of patients may have a familial form of the disease. Genetic testing should be performed in all patients
with early onset primary aldosteronism (i.e. <20 years of age), irrespective of the severity of the clinical phenotype, and in patients with a family history of primary
aldosteronism. (f) Steroidal MRAs are the treatment of choice for primary aldosteronism in patients with bilateral adrenal disease or unilateral disease that cannot be
surgically treated.
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REimproved BP control has been widely recognized by randomized trials and confirmed by meta-analyses [378,379].
Greater BP reductions have been observed in hypertensive patients and other patient categories (nonwhite people,
older populations, patients with diabetes, metabolic syndrome or CKD) [379,380], and restriction of sodium intake has
also been reported to lower BP in patients with resistant hypertension [381] and to reduce the number of drugs necessary
to achieve hypertension control [382]. A recent network meta-analysis provided evidence for lifestyle interventions
restricting sodium intake to <100mmol (�5.8 g salt per day) resulting in an average of approximately 5/2mmHg SBP/
DBP reduction in patients with hypertension.

Sodium and corresponding salt (NaCl) values are approximately:

Sodium (Naþ) 2.0 g ¼ 87mmol Naþ ¼ NaCl (salt) 5.0 g.

Moreover, meta-analysis of RCTs examining sodium intake reduction to as low as 800mg/day showed a linear decrease
in BP [353,379], In addition, a weighted average reduction in dietary sodium intake from about 3.6 g/day to about 2.7 g/day
has been found to be associated with an approximately 18–26% reduction in CV disease [383]. However, whether the best
Journal of Hypertension www.jhypertension.com 39
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(d)  Pheochromocytoma and paraganglioma

FIGURE 8 D Pheochromocytoma and paraganglioma (PPGL). (a) Varying from 0.2% to 0.6% in hypertensive patients to less than 0.05% in the general population. (b)
These symptoms are most commonly reported whereas other (pallor, tremor, nausea, panic/anxiety) occur at a much lower frequency. (c) Routine genetic testing is
recommended in all PPGL. The most frequently involved genes include SDHB, SDHD, VHL, RET and NF1. PPGL in patients with a known SDHB mutation do carry higher
malignant potential and so require close follow-up with regular imaging and biochemical screening. (d) Presurgical medical preparation using an alpha-1 receptor blocker
(doxazosin or phenoxybenzamine) as first choice is always required for preventing life-threatening perioperative cardiovascular complications. (e) All patients operated for a
PPGL should be followed up annually for at least 10 years. The first follow-up should be at 2–6 weeks after surgery to verify completeness of surgical resection.

Mancia, Kreutz et al.

C

D
ow

nloaded from
 http://journals.lw

w
.com

/jhypertension by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0
hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 06/27/2023
RECE
therapeutic strategy should be to pursue unlimited sodium restriction is still a matter of debate [384,385], because there are
observational studies showing that below a sodium intake of approximately 3.5 g/day further BP reduction is associated
with an increased mortality in both hypertensive patients and the general population [377,386,387]. Furthermore, although
no side effects have been reported by epidemiological studies in very low-salt diet populations [354], alterations of BP
control mechanisms with low-sodium diets have been observed in experimental settings and studies on hypertensive
patients [388,389]. Although some intervention studies are available, a lack of proper long-term randomized trials on the
effects of various degrees of sodium restriction on outcomes represents the most important limitation for this medical area.
In the studies in which the relationship between dietary sodium and CV outcomes exhibited a J-shaped curve, sodium intake
was assessed by sodium excretion in spot urine, and this has been criticized as a measure unable to reflect the more accurate
24 h amount of urinary sodium excretion, fromwhich sodium consumption can bemore precisely inferred [390,391]. Larger,
longer and more precisely controlled intervention studies than those currently available are needed to shed more light on
this issue. Sodium is mainly consumed as salt, which in the diet comes from processed foods or is added to the food during
cooking or at the table. For people with a long-established habit of high salt intake, it might be difficult to attain andmaintain
long-term voluntary salt control, and alternative approachesmight be needed. A salt substitute with low-sodium content and
an acceptable salty flavor would be an ideal alternative. Evidence supports the use of salt substitutes in adults with
prehypertension and hypertension [367,392]. In a random-effects model, participants consuming a salt substitute showed
significant SBP andDBP reductions (	4.8 and	1.5mmHg, respectively) comparedwith participants consuming normal salt
[393]. Of the five studies with mortality outcome data, salt substitute also significantly reduced all-cause mortality (hazard
ratio 0.88) [393]. Daily diet modification by this nonpharmacological management may, thus, improve BP control.
40 www.jhypertension.com Volume 41 � Number 1 � Month 2023
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(e) Cushing’s syndrome

FIGURE 8 E Cushing’s syndrome. (a) In specific populations including patients with difficult to control hypertension or type 2 diabetes. The incidence in the general
population is 0.7-2.4 per million per year. (b) In case of abnormal initial result of a first screening test, positivity of at least one of the remaining screening tests is required
to establish the diagnosis.
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REC7.4 Augmentation of dietary potassium intake
Dietary potassium is associated with BP and hypertension [386], with recent data suggesting a U-shape relation, indicating
that an adequate intake of potassium is desirable to achieve a lower BP level but that an excessive potassium intake should
be avoided [356]. Potassium supplementations (especially with intakes of 75–125mmol per day) have been effective in
lowering BP [354,355,394], especially in adults with hypertension [395], adults consuming an excess of sodium and Black
people. The typical BP-lowering effect of a 60mmol (1380mg) administration of potassium chloride has been about 2 and
4–5mmHg in adults with normotension and hypertension, respectively, although the BP response can be up to twice as
much in persons consuming a high-sodium diet [395]. The large recent randomized controlled Salt Substitution and Stroke
Study (SSaSS) trial reported that increasing potassium intake as a sodium substitute, i.e. replacing 25% sodium chloride with
potassium chloride in salt, reduces the risk of stroke, disease and death in patients with increased CV risk plus low-
potassium and high-sodium intake at baseline [392]. A recent meta-analysis [356] provides further support for a population
goal of potassium intake recently set by international authorities, such as 90mmol per day (3500mg/day). In most trials,
potassium supplementation was achieved by administration of potassium chloride pills, but the BP response pattern was
similar when dietary modifications were used [394]. Because potassium-rich diets tend to be heart-healthy, they are
preferred over the use of pills for potassium supplementation. Good sources of dietary potassium include fruits and
vegetables, as well as low-fat dairy products, selected fish and meats, nuts and soy products. Four to five servings of fruits
and vegetables will usually provide 1500 to >3000mg of potassium. This can be achieved by a diet, such as the DASH diet,
that is high in potassium content.
Journal of Hypertension www.jhypertension.com 41

opyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



RAFT

CE: ; JH-D-23-00341; Total nos of Pages: 199;

JH-D-23-00341

TABLE 14. Rare genetic causes of secondary hypertension [344]

Condition Phenotype Mechanism and Treatment

Liddle syndrome Hypokalemia, metabolic alkalosis, low PRA or PRC, low
PAC

Increased renal tubular ENaC activity; responds to
treatment with amiloride

Apparent mineralocorticoid excess Hypokalemia, metabolic alkalosis, low PRA or PRC, low
PAC

Decreased 11b-hydroxysteroid dehydrogenase isoenzyme
2; responds to spironolactone

Gordon syndrome Hyperkaliemia, metabolic acidosis, low PRA or PRC,
low/normal PAC

Overactivity of the sodium-chloride cotransporter; responds
to Thiazide

Geller syndrome Pregnancy-exacerbated hypertension, low PRA or PRC,
low PAC

Agonist effect of progesterone on the mineralocorticoid
receptor (which is constitutively active); responds to
amiloride, spironolactone activates instead of blocking
the receptor

Glococorticoid-remediable
aldosteronism (familial
hyperaldosteronism type I)

Hypokalemia, metabolic alkalosis, low PRA or PRC,
increased PAC

Chimeric CYP11B1/CYP11B2 gene; responds to
glucocorticoids

Familial hyperaldosteronism type 2 Hypokalemia, metabolic alkalosis, low PRA or PRC,
increased PAC

Increased activity of CLCN2 chloride channel; responds to
steroidal MRA

Familial hyperaldosteronism type 3 Hypokalemia, metabolic alkalosis, low PRA or PRC,
increased PAC

Loss of selectivity of KCNJ5 potassium channel; patients
who do not respond to steroidal MRA require bilateral
adrenalectomy

Familial hyperaldosteronism type 4 Hypokalemia, metabolic alkalosis, low PRA or PRC,
increased PAC

Increased activity of CACNA1H calcium channel; responds
to steroidal MRA

PASNA syndrome (primary
aldosteronism, seizures and
neurological abnormalities)

Hypokalemia, metabolic alkalosis, low PRA or PRC,
increased PAC; neurological defects coexists

Increased activity of CACNA1D calcium channel; responds
to steroidal MRA and CCB

11beta-hydroxylase Deficiency Hypokalemia, metabolic alkalosis, low PRA or PRC, low
PAC, virilization of female individuals

Reduced activity of 11b-hydroxylase with increase of DOC
and androgens; responds to glucocorticoids

17alpha-hydroxylase deficiency Hypokalemia, metabolic alkalosis, low PRA or PRC, low
PAC, pseudohermaphroditism in male individuals

Reduced activity of 17a-hydroxylase with increase of DOC
and reduction of androgens; responds to glucocorticoids

Autosomal dominant hypertension
with brachydactyly [343]

Brachydactyly type E (BDE), short stature, severe
hypertension (salt-independent, age-dependent),
high risk of death from stroke before age 50

PDE3A mutations upregulated the cAMP-hydrolytic activity
that results in lower cAMP levels in vascular smooth
muscle cells
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RECENT D7.5 Increase levels of daily physical activity and regular exercise
The acute pressor effect of dynamic and isometric exercise does not contraindicate regular exercise on a chronic basis.
Large epidemiological studies, which allowed for age and other confounding factors, have yielded consistent evidence of
an inverse relation between the incidence of hypertension and habitual levels of physical activity, assessed by means of
questionnaires or sometimes an interview [396,397]. For each 10 metabolic equivalent of task (MET)-hours per week
increment in leisure-time physical activity (which corresponds to the recommended minimum physical activity level of
150min per week), the risk of developing hypertension was found to fall by 6% [396]. In addition, the BP-lowering effect
of structured exercise has been repeatedly demonstrated in RCTs [347,357,360,398], especially when focused on dynamic
aerobic exercise [357,358,399,400] but also, though to a lesser extent, following dynamic resistance training [359,401] and
static isometric exercise [402,403,404]. The BP reductions have been documented irrespective of age [399,405], sex
[406,407] or ethnicity [399,408]. The average SBP reductions with aerobic exercise are approximately 2–4 and 5–8mmHg
in adult patients with normotension and hypertension, respectively [409]. Regarding the exercise intensity, moderate-
intensity aerobic exercise (40–60% heart rate reserve) is recommended to prevent and treat hypertension [358], although
many hypertensive patients present with diverse comorbidities, are older or limited in the level of physical activity they
can undertake. In this context, it is of note that a Cochrane meta-analysis including 73 trials found moderate-certainty
evidence that walking already results in meaningful BP reductions [410]. In patients with hypertension, a daily bout of
exercise is preferred, to minimize the problem of postexercise hypotension [411–413]. Finally, a physically active lifestyle
and regular exercise have positive effects on many other adverse health outcomes and CV risk factors at all ages and sexes,
and across all BP categories [398,401]. BP reductions and cardiometabolic benefits have also been reported with low-
intensity physical activity (6min hourly) in highly sedentary people [414]. In addition to its role in the prevention of
hypertension and reduction of an elevated BP, there is also evidence from observational studies that a physically active
lifestyle prevents the development of CV disease, irrespective of BP level [415–419]. The reduction of risk is continuous
across the full range of physical activity volumes, but the slope of the risk decline is steepest for the least active individuals
[415,418].

7.6 Moderation of alcohol intake
Large-scale observational studies report a strong positive linear association between alcohol consumption and BP [420,421].
Data from epidemiological studies on alcohol consumption largely rely on self-reported alcohol intake of participating
people as defined by drinks per day. Sex differences in the metabolism of alcohol with a lower first-pass metabolism in
female individuals and differences in distribution due to body composition have possibly explained differences in the
42 www.jhypertension.com Volume 41 � Number 1 � Month 2023
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recommended upper limits for daily pure alcohol intake with higher limits for men than for women [4]. This contrasts with
the fact that the global attributable impact of alcohol intake to mortality is more than four-fold higher in men than in women
[422], thus putting in question the recommendation of higher values in men. Previous observational data suggested a
decrease in CVD, particularly CAD, with light drinking compared with abstainers [423,424]. However, this potential
cardioprotective effect of low-to-moderate alcohol intake on CAD seems largely because of a healthier life style in these
individuals, and the effect is attenuated after full adjustment for the confounding factors [425]. Indeed, recent epidemiologi-
cal and genetic Mendelian randomization studies indicated a continuous nonlinear positive relationship between alcohol
intake and BP [425,426]. The risk for hypertension increases in both men and women, if daily alcohol intake is at least one
to two drinks (at least 10–20 g alcohol) per day [427]. An important meta-analysis of 36 RCTs with overall 2865 participants
(a smaller fraction of 14%, i.e. 401, were women) revealed that alcohol reduction close to abstinence was associated with a
3.3/2.0mmHg SBP/DBP reduction [361]. The benefit seems to be consistent across trials but confined to people consuming
�3 drinks/day (equivalent to about �42 g alcohol intake/day according to the definition in this report). A dose-dependent
effect was observed particularly in heavy drinkers, i.e. in people who consume �6 drinks/day at baseline and reduce their
alcohol intake by about 50% experiencing an SBP/DBP reduction of approximately 5.5/4.0mmHg [361]. Additionally, both
trial data and observational literature support the hypertensiogenic effect of binge drinking [428]. In this regard, it is
important to mention that together with hypertension, excessive alcohol intake is the most important risk factor for
intracranial hemorrhage [429]. Consequently, excessive (binge) drinking should be avoided, and patients with high risk for
intracranial bleedings should be adviced accordingly. Unfortunately, recommendations among different guidelines vary
regarding the upper limits and the definition of drinks, and the recommendations of sex-specific upper limits for alcohol
intake appear questionable. Nevertheless, moderation of alcohol intake and implementation of alcohol-free days during the
week in people who consume drinks that contain alcohol are generally recommended to improve BP control and overall
health [430].

7.7 Smoking cessation
Tobacco smoking is the single largest preventable cause of death and is known to significantly increase the risk of CVD
[431,432]. Compared with nonsmokers, smokers more frequently present with MH, documented by normal office and
higher daytime ambulatory BP values [433]. Because smoking a cigarette is accompanied by a sympathetic nervous
system activation and a prolonged BP increase (about 30min) [388], the ups and downs of BP also increase daytime BP
variability [433]. In addition, smoking may impair the BP-lowering effect of some antihypertensive drugs, i.e. BBs [434].
Therefore, the history of tobacco use should be carefully established, and smokers should be encouraged and
counselled regarding smoking cessation. Attention should also be given to passive exposure to smoking, which has
been associated with the risk of CVD and a 24 h BP elevation [435]. Brief advice from a physician may already be
advantageous when time is limited [436], though combining behavioral support with pharmacotherapy increases the
chance of success compared with brief advice alone [437]. Increasing the intensity of this behavioral support, as
measured through the number of contacts, duration of each contact, and programme length, had point estimates
associated with modestly increased chances of quitting [437]. In recent decades, water pipe smoking has developed into
a major and rapidly growing alternative to traditional tobacco smoking within the global tobacco epidemic [438].
Likewise, e-cigarettes [439] originally marketed as potential aids in smoking cessation, have attracted a lot of consumers,
including both smokers and nonsmokers. Recent meta-analyses now highlight that these ‘so-called safer’ alternatives
acutely increase BP [440,441], heart rate and may also be associated with increased risk of CV disease [439,440,442].
Similarly, the few available studies showed no clear difference in the CV disease incidence between waterpipe smoking
and traditional tobacco smokers [443]. Although the available indirect evidence regarding the CV effect of e-cigarette and
water pipe smoking is currently based mainly on nonrandomized observational studies of small sample sizes, overall
moderate quality and short-term follow-up, the evidence to date suggests that they should not be regarded as CV safe
products [441]. Health professionals should, therefore, be cautious in recommending the use of e-cigarettes to their
patients and the general public.

7.8 Other dietary interventions
Diet is an important modifier of vascular health and BP, and it has been shown that targeting the whole diet has
synergistic and cumulative effects on BP beyond individual foods and nutrients. The most well established dietary
interventions for the reduction in BP are the DASH diet [367] and the Mediterranean diet [444,445,446], with the DASH
eating plan offering the best demonstration of BP-lowering effectiveness [348,367]. The DASH diet promotes the
consumption of whole grains, fruits, vegetables and low-fat dairy products. It provides a means to enhance intake of
potassium, calcium, magnesium and fiber [352]. High-quality evidence confirms that the DASH diet results in a
significant reduction in SBP and DBP, irrespective of the hypertension status [348,367]. Even modest adherence to the
DASH diet is associated with a lower risk of all-cause and cause-specific mortality [447]. Greater adherence to a
Mediterranean diet has also been found to be associated with a 10% reduction in CV incidence or mortality [448]. A
higher adherence to the DASH diet also strengthens the risk-reducing association [447]. Other diets including
vegetarian, Paleolithic, low-carbohydrate, low glycemic index, high-protein and low-fat diets have also been shown
to reduce BP, though results are inconsistent and the quality of evidence low [449,450]. Coffee has been reported to
have a modest short-lasting pressor effect but recent data appear to indicate that its moderate regular consumption
Journal of Hypertension www.jhypertension.com 43
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does not adversely affect BP and the CV system [451], including the absence of an effect of acute coffee consumption
on premature atrial contractions [452]. Results from four observational and one quasi-experimental studies have shown
that, depending on individual’s CYP1A2 genetic profile, a high caffeine intake may actually protect nonsmokers but not
smokers from hypertension [453].

7.9 Improve stress management
Stress and anxiety are associated with an increased risk of hypertension and CV events [454,455]. Patients with
mental distress may develop a sudden increase in BP, which may normalize when the distress is relieved [455].
Growing evidence also links the exposure to intensely traumatic life events with an increased risk of hypertension
[455–458]. Recent meta-analyses report promising results for the ability of mind-body stress reducing interventions to
not only reduce stress and mood swings but also SBP and DBP, although the quality of the evidence is low [367,459].
Meditation [460,461] and breathing control through e.g. yoga are considered to be among the better stress-reduction
interventions for lowering BP [367], though their effect sizes are smaller compared with the main lifestyle interventions
[367].

7.10 Exposure to noise and air pollution
Exposure to environmental noise and air pollution are two major risk factors that exert a negative impact on CV health,
particularly in urbanized settings. Both factors are environmental stressors that have been identified as risk factors for
increases in BP, incident hypertension and also HMOD, including vascular stiffness [462]. Air pollution is a complex mixture
of gaseous and particulate matter components, and noise exposure is largely due to traffic noise. Interestingly, clinical and
experimental studies support the two factors may share common mechanistic pathways, leading eventually to vascular
inflammation and endothelial dysfunction that mediate the BP increasing effects. Additional studies showed that that
cessation of air pollution or noise reduce both BP and the intermediate pathways, supporting a causal link [463]. Thus,
reducing traffic noise and air pollution are important general health policy measures in the global and national context and
can make an important contribution to improving BP control and CV health. On an individual level, the possibility to escape
from detrimental environmental exposures is obviously limited. However, hypertensive patients can reduce exposure to air
pollution by modifying the location, timing and type of outdoor activities and may also try to reduce indoor exposure to
noise and air pollution.
RECENT D
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Lifestyle interventions

Recommendations and statements CoR LoE

In adults with elevated BP who are overweight or obese, weight reduction 
is recommended to reduce BP and improve CV outcomes.

I A

Preferred dietary products include vegetables, fruits, beans, nuts, seeds, 
vegetable oils, and fish and poultry among meat products. Fatty meats, 
full-fat dairy, sugar, sweetened beverages, and sweets should be limited. 
Overall, a healthy dietary patterns including more plant-based and less 
animal-based food is recommended. 

I B

In adults with hypertension consuming a high sodium diet (most 
Europeans), salt substitutes replacing part of the NaCl with KCl is 
recommended to reduce BP and the risk for CVD.

I A

Dietary salt (NaCl) restriction is recommended for adults with elevated BP 

to reduce BP. Salt (NaCl) restriction to < 5 g (~2g sodium) per day is 
recommended. 

I B

Increased potassium consumption, preferably via dietary modification, is 
recommended for adults with elevated BP, except for patients with 
advanced CKD.

I B

Daily physical activity and structured exercise is recommended for adults 
with elevated BP to reduce BP and improve cardiovascular risk profile.  It 
is recommended to strive for at least 150-300 minutes of aerobic exercise 
a week of moderate intensity, or 75-150 minutes a week of aerobic 
exercise of vigorous intensity or an equivalent combination. Sedentary 
time should also be reduced and supplemented with dynamic resistance 
exercise (2-3 times per week).   

I B

Adult men and women with elevated BP or hypertension who currently 
consume alcohol (≥3 drinksa/day) should be advised that reduction of 
alcohol intake close to abstinence will lower their BP.

I B

Alcohol should not be recommended for CVD prevention, as previous 
studies linking moderate consumption to lower CV risk are likely 
confounded. 

III B

It is recommended to avoid excessive (binge) drinking to reduce BP, and 
the risks particularly for haemorrhagic stroke and premature death.

III B

Smoking cessation, supportive care and referral to smoking cessation 
programs are recommended for all smokers to avoid ambulatory BP 
increases, reduce the risk of masked hypertension, and improve CV health 
outcome.

I B

Reduced stress via controlled breathing exercises, mindfulness-based 
exercise and meditation may be considered.

II C

aThere are varying definitions for drinks used in the literature; a drink may relate to about 350ml of regular beer containing 5% alcohol by volume or 150ml of wine containing
12% alcohol by volume.
Journal of Hypertension www.jhypertension.com 45
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8. BENEFITS OF ANTIHYPERTENSIVE TREATMENT

Although improvement or correction of inappropriate lifestyle patterns can lower BP and reduce total CV risk [464], most
patients with hypertension require antihypertensive drug treatment alongside lifestyle interventions. A large number of
outcome-based RCTs support preventing CVD by drug treatment [465–467]. Meta-analyses of RCTs have shown that in
hypertensive patients, a 7mmHg average reduction in office SBP substantially reduced major CV events, i.e. stroke, coronary
and HF, as well as CV and all-cause mortality. RCTs have also shown a protective effect against asymptomatic cardiac
[465,466,468] and kidney damage [467], and accumulating evidence supports a BP-dependent prevention of cognitive decline
anddementia [469,470]. Theseprotective effects havebeenobserved irrespectiveof baselineBPwithin thehypertensive range,
the level of CV risk, the presence of comorbidities (e.g. diabetes, dyslipidemia and CKD), age, sex and ethnicity. Furthermore,
the clinical benefits shown bymore recent meta-analysis [471] are similar to those provided bymeta-analysis of the older RCTs
published in 1994 [472], indicating that the benefits of antihypertensive treatment have not been attenuated by thewidespread
concomitantprescription that are common in contemporarymedicineof lipid lowering, antidiabetic and antiplatelet protective
therapies to higher risk patients. It should also be mentioned, that the antihypertensive drug-related benefits are likely to be
even greater than those described by RCTs, because the analyses of trials are usually done according to the intention-to-treat
principle, which means that they include patients irrespective of whether they adhere to their treatment. It is well known that
adherence to the assigned drug treatment strategy is poor in clinical practice but far from being optimal also in trials [473,474–
476], which reduces protection because adherence is closely associated with the benefits of antihypertensive drug treatment
[477,478]. Finally, several comprehensive cost-effectiveness analyses on the use of pharmacological treatment of hypertension
havebeen reported [479–482], and there is a general agreement that treatment of hypertension is highly cost-effective, because
prevention of a large number of fatal and nonfatal events (the latter leading to hospitalization, complex medical interventions
and frequent disabilities) is accompanied by amarked reduction of healthcare-related costs. This canbe effectively reducedby
treatments, which are largely based on inexpensive drug classes that are almost always also available as generics. The
recommendations that follow are based on outcome evidence from RCTs. However, whenever appropriate, mention is also
made of other types of data because in hypertension, outcome-based RCTs have some important limitations, such as that data
are largely restricted to middle-aged, older and higher risk patients and treatment duration covers a relatively short period,
usually 3–5 years. This means that important recommendations such as treatment of hypertension in young patients and
continuation of BP-lowering interventions indefinitively require an extrapolation, the appropriateness of which can be
supported by other sources of evidence. Big data, now being collected by national health system registries, health insurance
companies, health utilization databases and prolonged observational FU of RCTs, are becoming an important source of long-
term information in wider population strata. Evidence from these sources suggests that the benefits of antihypertensive
treatment reported by RCTs for a limited number of years are maintained for many years beyond the trial duration.

9. ANTIHYPERTENSIVE DRUG TREATMENT INITIATION

9.1 Should treatment initiation be based on total CV risk?
Recent meta-analyses of RCTs reported that BP reduction was beneficial across almost the entire BP range, whereas when BP-
loweringdatawere stratified according toCVrisk, relative risk reductionswere similar for the various risk strata [483–485],while
absolute risk reductions were greater with higher baseline CV risks. These data have been taken as evidence that BP-lowering
treatment should be initiated according to the CV risk level and that target patients should be those at the greatest risk,
irrespective of their BP. The present guidelines do not support this conclusion, because evidence is available that, although
compared with the low-risk condition, patients at high or very-high CV risk exhibit a greater treatment-induced absolute
reduction of CV outcomes, higher CV risk levels are associated with a disproportionately greater residual risk compared with
patients at low–moderate risk. Thismeans that at high-risk, treatment fails to exert an adequateprotection, presumablybecause
a considerable proportion of the high risk is not reversible by treatment anymore [80]. Moreover, failure to recommend
antihypertensive treatment in the low-risk condition, such as in younger patients, does not take into account that under this
circumstance, the benefit cannot be quantified only by reduction of CV events or mortality, but it includes the delay or
preventionof asymptomaticor subclinical organdamageand, thus, progression to ahighand largely irreversible riskyears later.

The above data and considerations support earlier in-life treatment of hypertension as well as treatment implementation
also when CV risk is still low-to-moderate. Although total CV risk provides clinically important information and should
always be quantified, the data also support the decision to start antihypertensive drug treatment based on office BP level
according to the values mentioned in the subsequent sections.

9.2 Office BP thresholds for initiation of drug treatment
All guidelines agree that patients with grade 2 or 3 hypertension should be offered antihypertensive drug treatment
alongside lifestyle interventions [4,32,486,487]. Guidelines are also consistent in recommending that patients with grade 1
hypertension and a high CV risk should also be treated both via lifestyle modifications and BP-lowering drugs. Offering BP-
lowering drugs to patients with grade 1 hypertension and low-to-moderate CV risk (no CVD, diabetes, CKD or HMOD)
has been denied in the past and is still somewhat controversial. The uncertainty originates from the fact that most RCTs
have mainly recruited patients with at least grade 2 hypertension, often within an age range in which age per se
importantly contributes to a high CV-risk level [488]. Furthermore, some RCT-basedmeta-analyses have not found a significant
46 www.jhypertension.com Volume 41 � Number 1 � Month 2023
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Grade 3 
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whenever
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Asymptomatic, without HMOD and CVD Symptomatic, or with HMOD, or CKD stage ≥3, or CVD

 
(e.g. within 4 weeks)

Diagnosis established – initiate lifestyle interventions

Immediate drug treatmentIf
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If 
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Aim for optimal BP control at least within 3 months
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treatment
if BP is not  
controlled 

FIGURE 9 Diagnosis by office BP and initial management of hypertension.

2023 ESH Guidelines for the management of arterial hypertension

C

D
ow

nloaded from
 http://journals.lw

w
.com

/jhypertension by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0
hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 06/27/2023
RECENT D
RAFTtreatment-related CV benefit in patients with grade 1 hypertension and low CV risk [485]. However, three more recent meta-

analyses [80,471,489], have reported significant treatment-induced reductions of CV events andmortality in patients with grade
1 hypertension. The conclusion of one meta-analysis [26] is weakened by the fact that a substantial number of patients was on
antihypertensive treatment, thus having a higher initial BP and thus presumably not always a grade 1 hypertension.
Furthermore, several patients had diabetes and were, therefore, at high CV risk. This was not the case for the second
meta-analysis [490] (five RCTs including 8974 patients), in which untreated patients with grade 1 hypertension and a true low-
risk condition showeda34%combined strokeandCAD reductionwith anabout 7mmHgSBP reduction. Itwas alsonot the case
for the third meta-analysis [489], which demonstrated a reduction of death and CVD by reducing BP in patients with a baseline
BP in the grade 1 hypertension range. These findings have been further supported by the results of the HOPE-3 trial [491],
showing a 27% reduction in major CV outcomes when SBP was lowered by 6mmHg in a subgroup of patients mostly (80%)
untreated, at intermediate CV risk andwith baseline SBP values>143.5mmHg (average 154mmHg). Based on the above data,
we recommend that in all hypertensive patients, lifestyle advice should be accompanied by BP-lowering drug treatment, and
that this should includepatientswith grade 1 hypertension, irrespectiveof theCV risk (Fig. 9).However, inpatientswith grade 1
hypertension in its lower BP range, no HMOD and a low CV risk, the possibility may be considered to start treatment with
lifestyle changes only (Section 7). The duration of a lifestyle-based intervention alone can be of several months (e.g. 6 months)
andwill dependon the level ofBPwithin the grade 1 range (closer to 140mmHgSBP), theopportunities for the implementation
of lifestyle changes and the perceived adherence to the lifestyle regimen, all related to the likelihood of achieving BP control. If
BP control is not achieved within a few months of a lifestyle-based approach, drug treatment will be necessary.

Office BP thresholds for drug treatment initiation

Recommendations and statements CoR LoE 

In patients 18 to 79 years, the recommended office threshold for 

initiation of drug treatment is 140 mmHg for SBP and/or 90 mmHg 

for DBP. 

I A 

In patients ≥80 years, the recommended office SBP threshold for 

initiation of drug treatment is 160 mmHg. 

I B 

However, in patients ≥80 years a lower SBP threshold in the range 

140 – 160 mmHg may be considered. 

II C 

The office SBP and DBP thresholds for initiation of drug treatment 

in frail patients should be individualized.  

I C 

In adult patients with a history of CVD, predominantely CAD, drug 

treatment should be initiated in the high-normal BP range (SBP 

≥130 or DBP ≥80 mmHg).  

I A 
Journal of Hypertension www.jhypertension.com 47
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9.3 Should BP-lowering treatment be initiated in patients with office BP <140/90mmHg?
Previous guidelines [4,492] recommended avoiding antihypertensive treatment in people with high-normal BP and low CV
risk. This decision was based on the following findings: (i) in the RCTs and meta-analyses that reported a reduction of CV
outcomes by lowering an initial high-normal BP, all or many patients were already under antihypertensive treatment and had
thus anoriginal BPhigher than thatmeasured in the trials [467].This hasbeen the case, for example, in theSPRINT trial, inwhich
patients had a baseline SBP slightly below 140mmHg on a background of almost two antihypertensive drugs per patient [11],
(ii) theHOPE-3 trial [491] showed that BP-lowering treatment didnot reduce the risk of CVevents in peoplewith low-moderate
CV risk and SBP values in the high-normal range and (iii) a meta-analysis of 13 RCTs or RCT subgroups of patients at low-
moderateCV risk and anuntreatedbaselineBP in thehigh-normal or normal range showed [467] (n¼ 21128patients) no effect
of BP-lowering treatment on any CV outcomes [493]. The present guidelines reconfirm the recommendation not to initiate
antihypertensive drug treatment in low-to-moderate risk patients with a BP in the high-normal range. In these patients,
intervention shouldbe limited to lifestyle advice, because this reduces their risk of progression to establishedhypertension and
increasedCV risk. It is important to note that the recommendation not to offer drug treatment to peoplewith a high-normal and
low-moderate CV risk does not take into account the results of a large, recent, individual-participant meta-analysis of RCTs,
which has reported that in both primary and secondary CV prevention, an SBP reduction of 5mmHg reduced outcome risk
when baseline SBP spanned almost the entire normality range, including SBP values <120mmHg [483]. However,
interpretation of the data from this meta-analysis is problematic for a variety of reasons [36]. For example, many patients
included in this meta-analysis were previously treated with BP-lowering drugs, which means that their true baseline BP was
variably higher than recorded. Furthermore, data exhibited subgroup inconsistencies, i.e. benefits,were seen inpatientswith a
baseline SBP<120mmHgbut not in some subgroups of patientswith SBPvalues above 120, 130or even 140mmHg. Finally, in
this meta-analysis, the benefits of antihypertensive treatment at normal baseline BP were at least in part inferred from
comparisons of patients in whom BP differences were obtained by increasing treatment in the lower on-treatment BP group
and discontinuing treatment in the higher on-treatment BP Group. Treatment discontinuation might have caused a rebound
increase in outcome and magnified or created the outcome difference with the group at lower BP values [494,495].

The decision regarding treatment may be different in patients with a high-normal BP and a very high CV risk. In a meta-
analysis of 10 RCTs or RCT subgroups that included individuals with established CVD (mainly myocardial infarction) and an
untreated high-normalBP (26 863patients), a fewmmHgSBP reductionwas accompaniedby a reduced riskof stroke, although
not of any other CVevent [493]. In another RCTmeta-analysis of trials in patientswithprevious CADand a baselinemean SBPof
138mmHg, treatmentwas associatedwith a 10% reduction in the risk ofmajor CV events, although notwith prolonged survival
[471]. Thus, treatingpeoplewithhigh-normalBPandestablishedCVD, especiallyCAD, canbe recommendedbecause this has a
protective effect, albeit limited to some BP-dependent outcomes and restricted to patients at very high CV risk. It should be
considered, however, that the vastmajority of thesepatientswill probably alreadybeunderBP-loweringdrugs, administered in
the context of GDMT (e.g. RAS inhibitors or BBs in patients with CAD) for their direct CV protective properties.

9.4 Drug treatment initiation in older people
The present guidelines rely on the definition of older patients as those aged �60 or 65 years [488], although further
definitions of older persons as those aged �80 years are now also used (Section 15.3.2). Evidence that at �60 or 65 years
of age, antihypertensive drug treatment is beneficial, is unequivocal and greater than that available for younger patients.
The BP threshold for drug-based interventions in older patients has for years been an SBP �160mmHg, because this was
the BP recruitment criterion for all RCTs in older hypertensive people [5]. Information on the treatment benefits with a
lower SBP was of little help, because data included a large number of patients who were already treated at trial initiation.
Recently, however, evidence in older patients mostly or entirely untreated at trial initiation has been made available.
Thomopoulos et al. [488] have shown that, in patients from three major trials aged 60–79 years, BP-lowering treatment
was accompanied by a clear reduction of CV death, major CV events and all-cause death [488]. This has been confirmed
in two more recent trials. In the HOPE-3 trial [491], the beneficial effects of BP lowering on CV outcomes were observed
in patients with grade 1 mostly untreated hypertension, whose mean age was about 66 years. In the STEP trial [496],
conducted in patients 60–80 years old, more intense BP lowering reduced the risk of major CV events, and the CV
benefits were obtained primarily in people with a baseline SBP >152mmHg and a Framingham Risk Score �15%. Thus,
the present guidelines recommend antihypertensive drug treatment to be implemented in patients aged �60 or 65 years,
when SBP is � 140mmHg, regardless of the DBP level. In older patients aged 60 to 79 years treatment is recommended
also, when a SBP elevation is accompanied by a normal or even low DBP, because outcome-based RCTs have shown
that in ISH patients within this age range, antihypertensive treatment is beneficial also if DBP is <90 or 80mmHg
[144,497,498]. This has been recently confirmed by a meta-analysis of five RCTs in 15 636 ISH patients aged 70–84 years
(mean 71.5 years) in whom a SBP reduction from 171.3 to 145.2mmHg was accompanied by a 30% reduction of major
CV outcomes compared with placebo patients [143]. Because in ISH-dedicated trials, entry SBP was �160mmHg,
candidates to antihypertensive treatment are definitively patients with grade 2 and 3 ISH [497,498]. However, given the
considerable number of patients with ISH or a prevalent SBP elevation in most RCTs on patients aged 60 to 79 years with
a SBP �140mmHg [499], treatment of patients with grade 1 ISH may be considered. This notion is supported by a recent
meta-analysis of 23 RCTs in which antihypertensive treatment was beneficial in patients aged on average 67 years in
whom mean baseline SBP and DBP values were �140mmHg and <90mmHg, respectively [500]. Antihypertensive
treatment in ISH is further addressed in Sections 14.6 and 15.3.
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Evidence on the BP threshold for treatment is muchmore scant for patients aged�80years in whom the beneficial effect of
SBP reductionhas beendocumented inonly one specifically designedoutcome trial,HYVET [501]. In this trial, recruitmentwas
based on a SBP�160mmHg with or without a DBP elevation, which means that at this more advanced age, antihypertensive
treatment can be recommended in grade 2 or 3 hypertension. This recommendation applies also to patients aged 80years or
morewith ISH, because in this advancedage range, a selectiveor prevalent SBPelevation involvesmost patients, as also shown
by theHYVET trial.However, althoughdirect information fromRCTs is not available, a lower SBP threshold for drug treatment,
i.e.�150mmHgSBP(or rarely�100mmHgDBP)mayalsobeconsideredbasedonextrapolation from theHYVETdata that the
treatment-related benefits were seen at SBP values <150/80mmHg. Furthermore, although BP values were probably
underestimated, in a substudy of SPRINT limited to patients aged 75–84 years (average 80years) treatment-related benefits
were seen with SBP reductions from initial values that were well below 160mmHg [502].

A final important recommendation is that in patients under well tolerated treatment, who reach 80 years of age, treatment
should be continued, because there is evidence that in hypertensive octogenarians, discontinuation of chronically used BP-
lowering drugs is associated with a rebound increase of outcomes. In the HYVET trial, about two-thirds of the overall 3845
patients were on antihypertensive drugs at randomization to either active treatment or placebo [495]. Accordingly, a
substantial number of patients stopped treatment when randomized to the placebo group, and in these patients, the greater
risk of outcomes compared with treated patients was particularly consistent and marked. An exception to the recommen-
dation to continue antihypertensive treatment in octogenarians is represented by very old patients with low SBP values
(120mmHg or less) or with severe orthostatic hypotension, especially in the presence of polypharmacy and a high frailty
level. In these cases, progressive reduction of drug treatment should be considered, but deprescribing should be
implemented cautiosly because data on the effectiveness of this procedure are still missing.

The present guidelines strongly support the concept that age should be no barrier to antihypertensive drug treatment, as
further emphasized in the section specifically devoted to hypertension in old people. However, they also recognize that
evidence on antihypertensive treatment in the old patients has limitations that go beyond the need for more evidence on the
most appropriate BP threshold for treatment. One limitation is that in HYVET, the patient age was close to 80 years (mean
83 years) [501] and that, thus, no RCT-based evidence is available onwhether treatment is beneficial in hypertensive patients
close to or above 90 years of age, an expanding category in Europe. Furthermore, it is widely recognized that evidence is
severely limited in physically and mentally frail older patients, and absent in institutionalized patients, because these
patients were usually excluded from RCTs on hypertension. Thus, the above recommendations mainly relate to relatively fit
and independent older patients. from several observational studies show an inverse relationship between SBP and
morbidity/mortality rates in very old frail patients, especially in those under antihypertensive treatment [503–509]. However,
in one of these studies, better adherence to antihypertensive drug treatment was associated with a reduced mortality,
including in a subgroup of patients in whom a wide number of comorbidities, and a history of multiple previous
hospitalizations increased the risk of mortality to up to about 70% in 6 years. This was the case also for use of a statin in
people older than 85 years, in whom mortality exceeded 80%. With the limitations of their observational nature, these
studies suggest that antihypertensive as well as other CV drug treatments may also be protective in very frail old patients
[510,511]. However, RCTs specifically devoted to frail older patients are necessary to obtain solid evidence on antihyper-
tensive-dependent protective effect as well as on the appropriate BP threshold (and target) values for treatment.

Office BP thresholds for drug treatment initiation

Recommendations and statements CoR LoE

In patients 18 to 79 years, the recommended office threshold for 

initiation of drug treatment is 140 mmHg for SBP and/or 90 mmHg 

for DBP.

I A

In patients ≥80 years, the office SBP threshold for initiation of drug 
treatment is 160 mmHg.

I B

However, a lower SBP threshold in the range of 140 – 160 mmHg 
may be considered.

II C

The office SBP and DBP thresholds for initiation of drug treatment 

in frail patients should be individualised. 

I C

In adult patients with a history of CVD, predominantely CAD, drug 

treatment should be initiated in the high-normal BP range (SBP 

≥130 or DBP ≥80 mmHg). 

I A
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10. OFFICE BP TARGETS FOR TREATMENT

10.1 Office BP targets in the general hypertensive population
Based on RCTs, as well as their meta-analyses and post hoc analyses, the 2018 ESC/ESH guidelines recommended that
the first objective of antihypertensive treatment should be to lower BP to <140/90mmHg in all patients. If drug
treatment is well tolerated, treated BP values should be targeted to 130/80mmHg or lower, with the caveat that in some
clinical conditions (e.g. CKD), the evidence for this lower BP target was uncertain. It was additionally recommended
that treatment should never target BP values to <120/70mmHg because of the lack of consistent evidence that this has
an incremental protective effect, the risk of introducing harm and the increased risk of side effects, leading to treatment
discontinuation and a rebound increase in events. In a large population study from northern Italy, discontinuation of
antihypertensive drugs for several months was associated with an almost 40% increase of hospitalization for CAD,
stroke and HF compared with patients continuing treatment [512]. With the exception of the STEP trial [497], no further
trial on target BP has been made available since the 2018 guidelines, but the issue has been further explored by two
Cochrane meta-analyses of RCTs and by a large individual patient-based meta-analysis [483]. The first Cochrane meta-
analysis [513] assessed whether targeting BP to <135/85mmHg is associated with a reduction in mortality and morbidity
as compared with standard BP targets, i.e. <140/90mmHg, in a rather general hypertensive population. The analysis
included 11 RCTs involving 38 688 patients with a mean follow-up of 3.7 years. Patients randomized to the lower target
achieved a mean SBP/DBP of 122.8/82.0mmHg versus 135.0/85.0mmHg in the standard target group. The authors
concluded that the benefits of trying to achieve the lower BP target did not outweigh the harms associated with that
intervention, because the number of patients needed to treat to the lower target in order to benefit one patient ranged
between 167 and 250 while the corresponding number needed to harm was 37 [513]. However, the results of this meta-
analysis are open to criticisms because the lower BP target was somewhat arbitrary (no major trial has ever compared
targets <140/90 and <135/85mmHg), and its selection had the purpose of enriching the otherwise small number of
trials included in the meta-analysis. Furthermore, the achieved SBP in patients randomized to the lower target was
<123mmHg, which makes the conclusion more against a <120mmHg than against a <135mmHg SBP target. Finally,
SPRINT [97] was one of the trials included, which means that in a nonmarginal proportion of patients, BP data were
obtained by the unattended BP measurement technique, presumably leading to lower BP values than those obtained in
all other trials [514]. A similar absence of clinical benefit in the lower SBP target has been reported by the second
Cochrane meta-analysis, which was performed in hypertensive patients with a history of CVD [515]. However, the
number of trials and patients was smaller than in the first meta-analysis; several major trials on secondary prevention
were not included and among the included trials, the risk of performance bias was high and the quality of the studies
was graded as low. On the other hand, the results were different in a third meta-analysis, which reported that a 5mmHg
SBP reduction is associated with reduced outcomes in patients with and without previous CVD, whose baseline BP
ranged from >170 to <120, which means that protection was found even at a target SBP value <115mmHg [484].
In addition to the problems discussed in this meta-analysis in Section 9.3, patients with a baseline SBP <120mmHg
represented less than 2% of the overall database and included the SPRINT data, in which BP values were probably
underestimated [36].

Thus, information on SBP and DBP targets for drug treatment still substantially rely on the two large meta-analyses of
RCTs referred to in the 2018 ESC/ESH guidelines [465,516]. Both meta-analyses concluded that, compared with on-
treatment SBP values �140mmHg, fatal CV outcomes, nonfatal CV outcomes and all-cause mortality are reduced at on-
treatment SBP values within 130–139mmHg but that a further incremental benefit can be seen when SBP is reduced to the
120–129mmHg range. Stratification of RCTs for achieved DBP also showed an incremental reduction in all types of CV
outcomes and mortality for values <80mmHg compared with 80–89mmHg and �90mmHg. The benefits from intensive
BP lowering referred to patients at all levels of risk, including those with and without existing CVD, diabetes and CKD.
Two important findings of one of the two meta-analyses were also that, in absolute values, the incremental outcome
benefits of BP lowering progressively decreased as the target BP was lowered. Furthermore, permanent treatment
discontinuation (because of treatment-related adverse effects) steeply increased in patients targeted to progressively
lower BP values, a finding consistent with the much greater incidence of kidney and other major side effects reported at
lower BP targets in several major trials [516]. For these reasons, the present guidelines substantially reconfirm the target BP
values for treatment of the general hypertensive population recommended by the 2018 guidelines. That is, to have, as a
goal, a BP <140/80mmHg in most hypertensive patients, mindful of the evidence that this already accounts for the major
portion of the protective effect of BP-lowering treatment [182]. However, despite the smaller incremental benefit, an effort
should be made to reach a BP range of 120–129/70–79mmHg, but only if treatment is well tolerated to avoid the risk of
treatment discontinuation because of adverse events, which might offset, in part or completely, the incremental reduction
in CV outcomes. Attention should also be given to the fact that evidence on the advantages of a lower BP target are not
available or unequivocal in a number of clinically important subgroups of patients. These issues will be discussed in the
sections on special conditions.

10.2 Office versus home and ambulatory BP targets
A crucial gap in hypertension research is that no outcome-based RCT has ever used HBPM or ABPM to guide treatment of
hypertension. One attempt to address this issue was mademore than 20 years ago by a small RCT in which the number of CV
50 www.jhypertension.com Volume 41 � Number 1 � Month 2023
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events registered during a several-year FU did not differ significantly between treatments based on ABPM versus office BP,
although their overall number (n¼ 25) did not make the data conclusive [517]. Another almost simultaneous attempt did not
focus on CV events but showed that over 1 year of antihypertensive treatment, 24 h BP reduction was associated with a more
effective regression of LVH than office BP reduction, home BP reduction having an intermediate favorable effect [518]. Thus,
although HBPM and ABPM have been shown to be prognostically more sensitive and additive to the prognostic value of
office BP [128,519], no information exists on (i) whether guiding antihypertensive treatment by HBPM or ABPM has a greater
protective effect than guiding by office BP and (ii) which are the optimal HBPM and ABPM targets for treatment. As
mentioned in Sections 4.7 and 4.8, currently these targets are indirectly inferred from 24h mean BP corresponding to the
target office BP of <130/80mmHg, which unfortunately has important limitations. In this context, however, an accepted
notion is that the difference between office and HBPM or 24 hmean BP decreases as office BP decreases. This means that the
difference between office and out-of-office BP is considerably less pronounced during than in absence of treatment,
especially when treatment provides office BP values close to target. At a certain value, office and out-of-office BPs coincide,
but this value varies between studies, although for office and 24 h SBP (for which more data are available) is probably
around 120mmHg [520].

10.3 Timing of BP control and time in therapeutic range
RCTs have usually defined the achieved BP target as the mean BP value during the treatment period. However, it is now
clear that this oversimplifies the relationship between BP reduction and outcomes. Post hoc or secondary analyses of several
RCTs such as VALUE have shown that in high-risk patients achieving an earlier BP control (within 6months [521] and or even
within 1 month [522]), the risk of outcomes was lower than in those in whom BP control was achieved later. Furthermore,
post hoc analyses of large RCTs in high-risk patients or large observational studies have consistently documented that the
greater the percentage of visits in which BP is controlled, the lower the risk of outcomes, independently on the mean BP
during the overall treatment period [182,184,523]. Similar observations have recently been made in resistant hypertensive
patients treated with renal denervation [190] and in type 2 diabetic patients in whom the measurement was, respectively, the
number of visits in which BP was within the target BP range and the ratio between the number of visits with BP control and
the overall number of available visits [189]. These data emphasize the importance of avoiding a long titration period during
which patients remain with an uncontrolled BP, particularly if their CV risk is high, which supports the recommendation to
start treatment with two drugs (Section 11). Assuming that an uncontrolled BP at a given visit reflects an uncontrolled BP
during the previous between-visit interval, they also strongly emphasize the importance for a physician to pursue a
consistent BP control across visits, without considering a high BP at a single visit just an occasional and fortuitous finding.
The limitations of outcome data based on average on-treatment BP values suggest that future trials in hypertension should
consider a time-based analysis of BP control.

10.4 Residual risk
Although substantially reducing hypertension-related outcomes, effective antihypertensive treatment does not return the
CV risk of treated hypertensive patients to the level of normotensive people when matched for age, sex and ethnicity. In
other words, even when treatment achieves the target BP value that is believed to maximize CV protection, CV risk is not
normalized, the excess risk being referred to as ‘residual risk’ [524–526]. The magnitude of the residual risk varies between
studies, but it has been shown to be consistent up to follow-ups of about 20 years [526,527]. Residual risk can originate
from a considerable number of factors, some of which are still hypothetical, while others are supported by evidence and
can be considered for therapeutic interventions. The possibility exists that the genetic component of hypertension
includes a portion of irreversible risk. It is also possible that the partial risk irreversibility is generated by late treatment, i.e.
by interventions made when risk is too high [484] and alterations of CV structure and function are at least in part
irreversible. On the other hand, studies performed in the last few decades have provided evidence that in treated
hypertensive patients, control of concomitant CV risk factors is poor [528–530], with an obvious adverse impact on total
CV risk. Furthermore, in hypertension, CV risk depends on BP aspects that are much more complex than office BP as
averaged across a number of treatment years. In individual patients, the optimal office BP target may depart from the
average values reported in trials, and residual risk may be generated by failure of apparently effective antihypertensive
treatment to reduce the elevated 24 h BP variability that characterizes hypertension and adversely affects the CV risk
profile [179]. Coexistence of office BP control with imperfect control of the prognostically important real-life mean BP
values and peaks may also be involved (Sections 4.7 and 4.8). In this context, interesting progress has been made in recent
years by the observation that in treated hypertensive patients, the risk of CV events depends on the time in which BP is
controlled, independently of the mean BP value across the entire treatment period (Section 10.3). In a post hoc analysis of
the OnTarget-Transcend study, a greater visit-to-visit BP variability (which reflects the degree of BP inconsistency
between different treatment periods [187] was shown to increase the risk of events when added to mean on-treatment BP
[188]. Thus, in addition to pursuing a better control of concomitant risk factors, another important practical intervention
against residual risk might be to pursue assessment of consistency of BP control during FU, possibly by a widespread use
of HBPM.
Journal of Hypertension www.jhypertension.com 51
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10.5 Challenges associated with evidence on BP targets
For guidelines, recommending the BP targets to reach with treatment is a difficult task. First, recommendations on optimal (i.
e. most protective) target BP values may vary between different guidelines, and often also within guidelines at a few-year
intervals, despite little concomitant increase in available evidence. This is due to the limited consistency of the available data,
an example of which is that the incremental benefit of lowering SBP to<130mmHg shown by some RCTs andmeta-analyses
does not clearly emerge from other major trials. Second, as mentioned by the present guidelines (sections on special
conditions), evidence on optimal BP targets is not always univocal or equally strong for all clinical hypertensive subgroups.
An example can be offered by people with LVH, quite a common condition in hypertensive patients. A real-life study from a
large Korean population has reported a lower risk of CV outcomes in hypertensive patients with ECG-LVH inwhom SBPwas
reduced to <130 or even <120mmHg compared with higher on-treatment values [531]. In contrast, in the LIFE Study on
ECG-LVH patients, all-cause mortality increased with an on-treatment SBP <130mmHg [532] compared with patients who
had an average on-treatment SBP >130mmHg. Likewise, in a post hoc analysis of the high-risk hypertensive population of
the VALUE Trial [522], cardiac and all-cause mortality was found to be greater in the group that had ECG-LVH and achieved
on average a SBP<130mmHg, at variance from hypertensive patients with no LVH in whom an SBP reduction<130mmHg
was protective [533]. Pathophysiologically, this may be explained by the higher oxygen consumption associated with the
increased LVM as well as by the degenerative changes in the microcirculation that accompany a hypertrophic myocardium,
both factors making it more susceptible to a reduction of perfusion pressure. In a small old mechanistic study [534], a
progressive DBP reduction to about 70mmHg (nitroprusside infusion, intra-arterial measurement) did not affect coronary
blood flow (coronary sinus thermodilution measurement) in hypertensive patients without LVH, whereas in hypertensive
patients with LVH, coronary blood flow showed a steep reduction as DBP decreased below 90mmHg. Finally, posthoc
analyses of RCTs, have often shown an increased risk of outcomes in the general trial population or in a usually limited
number of patients exposed to intense BP lowering treatment, i.e. a J-shaped relationship between BP values and outcomes.
Although the observational nature of a posthoc approach does not allow to establish whether the increased risk seen at
lower BP values is caused by vital organ hypoperfusion or by an originally high risk or frailty status [535], this shows that
hypertensive patients may not all uniformly respond to the same BP target. Future studies should expand knowledge on the
optimal BP target for treatment in different clinical subgroups and try to clarify the factors and mechanisms behind its
possible heterogeneity (Fig. 10).
RECENT D

FIGURE 10 Office BP targets in the general adult hypertensive population.
aThe first objective of antihypertensive treatment should be to lower BP to <140/80 mmHg in most patients, because this accounts for the major portion of the protective
effect of BP-lowering.
aIf drug treatment is well tolerated, treated SBP values should be targeted to 130 mmHg or lower in most patients up to 79 years old.
aDespite the smaller incremental benefit, an effort should be made to reach a BP range of 120–129/70–79 mmHg in patients up to 79 years old, but only if treatment is
well tolerated. Evidence on the advantages of this lower BP target range is not available or unequivocal in a number of clinically important subgroups of patients (e.g.
patients with LVH, CKD, or ISH). These issues are discussed in the sections on special conditions (Sections 17 to 20).
aIn patients at least 80 years old who are not frail, the first objective of antihypertensive treatment is to lower BP below 150/80 mmHg. However, a SBP target range
between 130-139 mmHg may be considered, if well tolerated.
aIn very frail patients, treatment targets should be individualized.
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Office BP targets for drug treatment

Recommendations and statements
CoR LoE

Patients 18 to 64 years old

The goal is to lower office BP to <130/80mmHg I A

Patients 65 to 79 years old

The primary goal of treatment is to lower BP to <140/80mmHg I A

However, lowering BP to below 130/80mmHg can be considered 
if treatment is well tolerated.

I B

Patients 65 to 79 years old with ISH

The primary goal of treatment is to lower SBP in the 140 to 
150 mmHg range.

I A

However, a reduction of office SBP in the 130 to 139 mmHg 
range may be considered if well tolerated, albeit cautiously if DBP 
is already below 70 mmHg.

II B

Patients ≥80 years old

Office BP should be lowered to a SBP in the 140 to 150 mmHg 
range and to a DBP <80mmHg.

I A

However, reduction of office SBP between 130 to 139 mmHg may 
be considered if well tolerated, albeit cautiously if DBP is already 
below 70 mmHg.

II B

Additional safety recommendations

In frail patients, the treatment target for office SBP and DBP 
should be individualised. 

I C

Do not aim to target office SBP below 120 mmHg or DBP below 
70 mmHg during drug treatment.

III C

However, in patients with low office DBP, i.e. below 70 mmHg, 
SBP should be still lowered, albeit cautiously, if on-treatment SBP   
is still well above target values

II C

Reduction of treatment of can be consider in patient aged 80 
years or older with a low SBP (< 120 mmHg) or in the presence
of severe orthostatic hypotension or a high frailty level  

III C

11. ANTIHYPERTENSIVE DRUGS AND TREATMENT

In the 2018 ESC/ESH guidelines [4], five major drug classes were recommended as first-line agents for the treatment of
hypertension i.e. ACEis, ARBs, CCBs, Thiazide/Thiazide-like diuretics and BBs. However, the recommendations included
two particular weightings within this group of drug classes. First, the use of an RAS inhibitor (ACEi or ARB), if not
contraindicated, was considered as a common component of the general combination treatment strategy, and second, the
use of BBs was restricted to special clinical conditions or situations. The selection of these five drug classes was based on the
following criteria:
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A proven ability to reduce BP as monotherapy.

2.
 Evidence from RCTs that they reduce morbidity and mortality.

3.
 A favorable tolerability and safety profile.
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Based on RCTs and their meta-analyses [536–538], the 2018 guidelines concluded that all the above drug classes met the
required criteria, i.e. they (i) effectively reduce SBP and DBP; (ii) reduce the major specific outcomes associated with
hypertension when compared with placebo and (iii) exert an overall similar or only slightly different effect on the combined
risk of major CV outcomes and mortality when given as the initial treatment step, albeit with some differences for some
cause-specific outcomes (lesser stroke prevention with BBs and ACE-inhibitors, lesser HF prevention with CCBs and greater
HF prevention with Thiazide diuretics) [536]. Additional considerations were that (iv) the reduction of events is due
essentially to BP lowering per se rather than to specific drug properties, which means that the greater the number of drug
options, the greater is the opportunity of tailoring an effective BP-lowering treatment to the individual patient character-
istics; (v) the antihypertensive effect of these five drug classes extends to ABPM andHBPM; (vi) their BP-lowering ability and
protective effect include use in combination with other drugs as shown in RCTs in which BP-lowering treatment by multiple
drugs was associated with a reduction of CV outcomes and (vii) side effects of drug classes are largely related to the doses
employed and their between-class differences are minimized by use at lower doses in combination treatment. These
considerations and recommendations are shared by the present guidelines, which also share the subordinate position
attributed to other antihypertensive drugs (alpha-blockers, centrally acting agents and MRAs), because these drugs have
been less widely studied in outcome-based RCTs, or are known to be associated with a higher risk of adverse effects. These
drugs can be useful additions to the major antihypertensive armamentarium, in some specific cases, or when BP cannot be
controlled by various combinations of the major drug classes.

Moreover, mention is made of new drug classes, such as SGLT2 inhibitors (SGLT2is) and nonsteroidal MRAs, which have
become available and exhibit BP-lowering effects. These effects may be less pronounced than those of classical
antihypertensive drugs [539], but there is now strong evidence from RCTs that they decrease CV and kidney events in
patients with type 2 diabetes and – in the case of SGLT2i – also in patients without diabetes [540–544]. New criteria for drug
performance are also discussed, such as the evidence of differences in the persistence and discontinuation rates of treatment
between the major drug classes and even between drugs or drug combinations within a given class [545]. This has clinical
relevance because antihypertensive treatment discontinuation leads to increased CV outcomes. Precise and correct
prescriptions of drugs for documented CV or other medical conditions are among the most important decisions that
can be taken by physicians to maintain or improve adherence and persistence to the prescribed drugs (Section 21). A
synopsis of the major drug classes and additional drug classed for BP-lowering therapy in hypertension is shown in Fig. 11.

Compelling or possible contraindications for the selection of drug classes are summarized in Table 15.

11.1 Blockers of the renin–angiotensin system (RAS)

11.1.1 Angiotensin-converting-enzyme inhibitors
ACEis are among the most widely used classes of antihypertensive drugs. Because of their earlier availability and, thus, their
earlier evaluation against placebo in outcome-based RCTs, knowledge about ACEis is based on a large amount of RCT data,
particularly in patients with HF, CAD and at high CV risk [546–548]. In these trials, ACEis have been shown to be associated
with major benefits [547,548]. ACEis are associated with an increased risk of a very rare event such as angioneurotic edema,
especially in people of Black African origin. They are associated with a cough that affects about 5–10% of treated patients,
although with a large variability (1.5–11.0%) between studies and with a greater frequency in women and patients of Asian
origin [549,550]. These side effects may affect their long-term persistence [551], although in a study on about half a million
REC
Prescribing patterns:
� Start with dual combination therapy 

in most patients
� Uptitrate to maximum well tolerated 

doses and to triple therapy if needed
� Once daily (preferred in the morning)
� Add further drugs if needed
� Preferred use of SPCs at any step

ACEi or ARB

T/TL Diuretica CCBb

BBc

BP
control

Additional drug classes

General antihypertensive therapy:
� Steroidal MRA
� Loop Diuretic
� Alpha-1 Blocker
� Centrally acting agent
� Vasodilator

Special comorbidities:
� ARNi
� SGLT2i
� Non-Steroidal MRA

11 Drug classes for BP-lowering therapy.(a) Use of Diuretics: Consider transition to Loop Diuretic if eGFR is between 30 to 45 ml/min/1.73 m2. If eGFR <30 ml/
m2 use Loop Diuretic. (b) Non-DHP CCB should not be combined with BB. (c) BB should be used as guideline directed medical therapy in respective indications or

ed in several other conditions (Table 16).
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TABLE 15. Compelling contraindications and conditions requiring cautious use of BP-lowering drugs

Drug class Contraindications Cautious use

ACEi � Pregnancy
� Women planning pregnancy
� Previous angioneurotic edema
� Severe hyperkalemia (e.g. potassium >5.5mmol/l)
� Bilateral renal artery stenosis or stenosis in solitary
(functional) kidney

� Women of child-bearing potential without reliable
contraception

ARB � Pregnancy
� Women planning pregnancy
� Severe hyperkalemia (e.g. potassium >5.5mmol/l)
� Bilateral renal artery stenosis or stenosis in solitary
(functional) kidney

� Women of child-bearing potential without reliable
contraception

Beta-blocker � Severe asthma
� Any high-grade sino-atrial or atrioventricular block
� Bradycardia (e.g. heart rate <60bpm)

� Asthma
� Glucose intolerance
� Athletes and physically active patients

DHP-CCB � Tachyarrhythmia
� Heart failure (HFrEF, class III or IV)
� Preexisting severe leg edema

Non-DHP-CCB
(verapamil, diltiazem)

� Any high-grade sino-atrial or AV block
� Severe LV dysfunction (LV EF <40%), HFrEF
� Bradycardia (e.g. heart rate <60bpm)
� Co-medications susceptible to significant drug
interactions mediated by P-gp or CYP3A4

� Constipation

Thiazide/Thiazide-like diuretics � Hyponatremia
� CKD due to obstructive uropathy
� Sulfonamide allergies

� Gout
� Glucose intolerance
� Pregnancy
� Hypercalcemia
� Hypokalemia
� Cancer patients with bone metastasis

MRA � Severe hyperkalemia (e.g. potassium >5.5mmol/l)
� eGFR <30ml/min/1.73m2

� Co-medications susceptible to significant drug
interactions mediated by P-gp or CYP3A4 for eplerenone
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RECENT Dindividuals, the discontinuation rate of people taking ACEis was considerably lower than that of BBs, CCBs and Diuretics
and only modestly albeit significantly greater than that of people taking ARBs [512]. With the availability of several
compounds, the class of ACEis represents a relatively homogenous class of drugs.

11.1.2 Angiotensin receptor blockers
ARBs have a similar antihypertensive efficacy and protective effect as ACEis [551–553], albeit with a somewhat different
mechanism for RAS inhibition and a smaller RCT database. A difference between ACEis and ARBs is their tolerability profile,
with ARBs having a rate of side effects similar to placebo. ARBs are associated with the lowest treatment-discontinuation rate
when compared with all other antihypertensive therapies [512]. With several compounds’ availability, the class of ARBs
represents a relatively homogenous class of drugs.

11.1.3 Renin inhibitors
The renin inhibitor aliskiren is a potent, long-acting antihypertensive drug when prescribed alone or in combination with a
diuretic or a CCB [554]. Several RCTs on the impact of aliskiren on HMOD or CV outcomes have been conducted, but two of
them were interrupted prematurely because of an increased incidence of adverse events, mainly when aliskiren was
associated with another RAS blocker [555] Subsequently, aliskiren has almost disappeared from medical practice in
European countries.

11.1.4 Combination of RAS inhibitors
ACEis, ARBs or aliskiren should not be combined because no added benefit on CV outcomes has been shown by dual RAS
inhibition [556]. Although double RAS blockade has been shown to have a greater antialbuminuric effect and might have
favorable effects in HF, the association may cause an excess of adverse events, with an increased risk of kidney function
impairment (40%), hyperkalemia (44%) and hypotension (42%) [557] in patients with a high CV risk [556], type 2 diabetes
[558] and/or a considerable proportion of patients with a BP elevation.

11.2 Calcium channel blockers
CCBs represent a heterogeneous class of drugs that can be divided into vascular-selective dihydropyridine (DHP) and non-
DHP-CCBs. CCBs are widely used for the treatment of hypertension, and they are particularly effective in patients of African
descent as well as in the general older population.

11.2.1 Dihydropyridine CCBs
Most RCTs demonstrating their benefits on outcomes have used DHP–CCBs, especially amlodipine [536]. DHP and non-
DHP-CCBs differ in the tolerability profile and side effects. DHP-CCBsmay be used, if necessary, to control an elevated BP in
Journal of Hypertension www.jhypertension.com 55
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patients with HFrEF, although caution is needed because of their moderate negative inotropic effects. DHP-CCBs have only
a limited potential for drug interactions.

11.2.2 Nondihydropyridine CCBs
Diltiazem and verapamil are not vascular-selective CCBs, but they are also efficacious in reducing BP. A smaller number of
RCTs have compared non-DHP-CCBs with other drugs, while meta-analyses evaluating DHP and non-DHP-CCBs versus
other drugs have not shown substantial differences in effectiveness [536]. Diltiazem and verapamil also belong to the class IV
of antiarrhythmic drugs. Accordingly, they can delay atrioventricular conduction and slow heart rate in patients at sinus
rhythm. DHP-CCBs are also used for heart rate control as an alternative to BBs in AF. Both drugs exhibit a potential for drug
interactions because they inhibit the Cytochrome P450 3A4 enzyme and the drug efflux transporter P-glycoprotein, which
can impair the tolerability and safety of other drugs, some statins (e.g. simvastatin, atorvastatin [559] or oral anticoagulants
[560,561]) by increasing their plasma levels (Section 17.3.4). Use of non-DHP-CCB is not recommended in HFrEF because of
their pronounced negative-inotropic effect.

11.3 Diuretics

11.3.1 Thiazide/Thiazide-like
The effectiveness of Thiazide/Thiazide-like diuretics in preventing CVmorbidity and mortality has been shown in RCTs and
meta-analyses [536–538,562], with an effect similar to the effect of other major antihypertensive agents. In meta-analyses of
RCTs, Thiazide/Thiazide-like appear to be more effective than other major drug classes in preventing HF, but this finding
may be influenced by the results of the ALLHAT study [563], in which patients largely under a background diuretic treatment
were rolled over to comparison drugs, with a possible emergence of HF symptoms previously under diuretic-based
symptomatic control. The thiazide-like diuretics, chlorthalidone and indapamide, are more potent and have a longer
duration of action compared with hydrochlorothiazide, but a greater incidence of side effects has been reported for
chlortalidone in some studies [564]. A meta-analysis of placebo-controlled studies based on thiazides, chlorthalidone, and
indapamide found similar effects for the three types of diuretics on CV outcomes [536]. A greater risk of CV events andHF has
been reported with Thiazide diuretics in another meta-analysis [565]. Yet, no major difference between hydrochlorothiazide
and chlorthalidone has been observed in a large observational cohort study [LEGEND] using a database spanning from
January 2001 to December 2018 [566]. Furthermore, similar results have been obtained by a recent open-label study, DCP,
on hypertensive US Veterans older than 65 years [567]. In this study, patients whowere already on hydrochlorothiazide were
randomized to either chlorthalidone (n¼ 6756) or hydrochlorothiazide continuation (n¼ 6767). Patients on treatment with
hydrochlorothiazide 25 or 50mg were converted to 12.5 or 25mg chlorthalidone, respectively. No difference in CV
outcomes between the two drugs was found, except for patients with a prior stroke in whom there was a greater benefit with
chlorthalidone. Despite some limitations (in the last study, very few patients were on hydrochlorothiazide monotherapy at
baseline, which means that the results could have been affected by concomitant medications and adherence to their use),
the above-mentioned recent observations justify the recommendation of the present guidelines to still consider Thiazide/
Thiazide-like diuretics both as suitable antihypertensive agents and as similarly effective in CV prevention. Both Thiazide/
Thiazide-like can lower serum potassium and have a side-effect profile that is less favorable than RAS blockers. This may
account for their higher rate of treatment discontinuation. Depending on the dose, they may also increase insulin resistance
and, hence, the risk of new-onset diabetes. Potassium plays an important role in the metabolic effects of Thiazide/Thiazide-
like, and evidence is available that these effects are reduced by the combination of Thiazide/Thiazide-like with a potassium-
sparing diuretic [568,569] or with an RAS blocker. A recent placebo-controlled study [570] has demonstrated that
chlorthalidone effectively lowers BP and albuminuria in patients with uncontrolled hypertension and CKD stage 4 (eGFR
<30ml/min/1.73m2) when added to the therapy of these conditions, which often includes a loop diuretic (60% of the
patients) (Section 12).

11.3.2 Loop diuretics
Thiazide/Thiazide-like are considered less effective antihypertensive agents in patients with a reduced GFR (eGFR <30ml/
min/1.73m2). Consequently, while loop diuretics (furosemide, bumetanide, torasemide/torsemide) are usually not
indicated in the treatment of uncomplicated hypertension, they are recommended in patients with CKD stage 4 and 5
(eGFR below 30ml/1.73m2) and in patients with severe fluid overload/retention, e.g. in patients with HF or nephrotic
syndrome. Recently, furosemide and torsemide were found to be equally effective on mortality, independently of ejection
fraction in a RCT comprising 2859 HF patients receiving one drug or the other at discharge from hospital [571]. As indicated
above, a loop diuretic can be combined with chlorthalidone to improve BP control in patients with advanced CKD stage 4
and uncontrolled or resistant hypertension [570].

11.3.3 Potassium-sparing diuretics
Amiloride is an agent that directly inhibits epithelial sodium channels at the luminal side of the late distal tubule and
collecting duct. Hence, it is used as potassium-sparing diuretic in edematous states and for potassium conservation in
combination with Thiazide or loop diuretics in hypertension or HF [572]. Amiloride was used for uncontrolled or resistant
hypertension in the PATHWAY-3 [568] and PATHWAY-2 [4] studies. In the former study, the mean reduction in home SBP
56 www.jhypertension.com Volume 41 � Number 1 � Month 2023
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during a 24-week treatment did not differ significantly between patients taking amiloride (10–20mg once daily,
	12.2mmHg SBP) and those taking hydrochlorothiazide (25–50mg once daily, 	12.9mmHg SBP) However, the effect
of the combination of low doses of amiloride (5–10mg) and hydrochlorothiazide (12.5–25mg) was associated with greater
reductions of BP than those obtained with the higher dose of hydrochlorothiazide alone. Amiloride had no impact on
glucose tolerance in a sub-study of PATHWAY-2. Furthermore, a higher dose of amiloride, i.e. 10–20mg once daily, as
assessed during an optional 6–12-week open-label runout phase reduced office SBP by 20.4mmHg, compared with a
reduction of 18.3mmHg with spironolactone (25mg once daily). No serious adverse events were recorded. Mean plasma
potassium concentrations increased from 4.02mmol/l on placebo to 4.50 on amiloride (P< 0.0001) [573]. Triamterene is
another potassium-sparing diuretic acting on the epithelial sodium channel. Its independent effects on BP have not been
well studied, but the available evidence demonstrates an additive antihypertensive effect when associated with hydro-
chlorothiazide [574]. Triamterene is included as a compound of a quadruple combination that is available to treat
hypertension in China [575].

11.4 Mineralocorticoid receptor antagonists
Steroidal MRAs lower BP as do other diuretics. The MRAs spironolactone and eplerenone are established treatments in
HFrEF based on outcome-based RCTs, but no outcome trial has been carried out in hypertension. Lack of outcome data and
the risk of MRA-induced hyperkalemia and other side effects have restricted the use of MRA in the treatment of hypertension,
except in specific conditions such as hyperaldosteronism or resistant hypertension. In resistant hypertension, a meta-
analysis of 12 RCTs (1655 patients) [576] assessed the effect of spironolactone on BP compared with other therapies or
placebo and showed a significant ability of spironolactone to lower BP, thus confirming the results of PATHWAY-2 [573]
(Section 12). Several new nonsteroidal MRAs are under investigation in patients with hypertension, type 2 diabetes or CKD.
Among them, finerenone, a nonsteroidal MRA, has been shown to lower BP versus placebo [577] and to reduce cardiac and
kidney outcomes in mostly (more than 95%) treated hypertensive patients with diabetic CKD [542–544]. In the Fidelio-DKD
study, finerenone lowered SBP (	2.7mmHg) when administered on top of an RAS blocker [578] mainly in patients who
were hypertensive at baseline. A time-varying analysis revealed that 13.8 and 12.6% of the treatment effect of finerenone
were attributable to the effect of the change in office SBP on the primary kidney composite outcome and the key secondary
CV outcome, respectively [578]. With finerenone, hyperkalemia leading to treatment discontinuation occurred in 1.7% of
patients [542] (Section 19).

11.5 Beta-blockers
RCTs andmeta-analyses have demonstrated that when compared with placebo, first-generation and second-generation BBs
like propranolol, atenolol and metoprolol significantly reduce the risk of stroke, HF and major CV events in hypertensive
patients. When compared with other BP-lowering drugs, BBs were almost equivalent in preventing major CV events, except
for a less effective prevention of stroke [536–538,579,580]. It is possible that this difference on stroke data between BBs and
other antihypertensive drug classes originates from small differences in achieved BP, including central SBP, to which
cerebrovascular events may be, especially sensitive. BBs are also associated with increased risk of new-onset diabetes in
predisposed individuals (mostly those with the metabolic syndrome). They also exhibit a less favorable side-effect profile
than that of RAS blockers, with a higher rate of treatment discontinuation when assessed in real-life conditions [512]. In
previous guidelines [4,32,487], BBs were included among the five major antihypertensive drug classes. However, in the
general treatment algorithm, they were recommended only when there is a specific indication, e.g. in patients with HF,
angina, post-MI, AF or in younger hypertensive women of child-bearing potential or planning pregnancy. BBs do not
constitute an homogeneous class but show several pharmacological differences, among which beta1-selectivity and an
additional direct vasodilating property are of special interest. Third-generation BBs, such as nebivolol or carvedilol, exhibit
direct vasodilating properties. Studies not only with nebivolol but also with bisoprolol, i.e. BBs with higher beta-1 selectivity
and limited to nebivolol an added vasodilatation via increased release of nitric oxide, reported a more favorable side effect
profile than other BBs, including fewer adverse effects on sexual function [581,582]. RCTs with carvedilol, bisoprolol,
metoprolol and nebivolol showed improved outcomes in patients with HFrEF [583]. However, there are no outcome trials
with vasodilating BBs in hypertensive patients, and the same applies to bisoprolol. There are also some recent large real-
world studies with vasodilator BBs conducted in the USA, with inconsistent results. In one study, there was no statistically
significant difference in CV outcomes between 118 133 patients receiving either nebivolol or carvedilol and 267 891 patients
receiving atenolol [584]. In other three studies, use of nebivolol led to greater CV protection compared with use of atenolol
or metoprolol [585–587].

A recent pragmatic review scrutinized the use of BBs in medical treatments [588]. It was seen that, in addition to
their compelling use as GDMT in specific diseases, BBs exhibit favorable effects in about 50 clinical conditions including
(i) various cardiac diseases less or not related to hypertension, (ii) other vascular conditions and (iii) non-CV diseases
(Table 16). Finally, increased resting heart rate (>80 bpm) is common in hypertension, in which it reflects an increased
sympathetic activity [589]. A progressive increase in resting heart rate is accompanied by a progressive increase in the risk of
AF, HF and mortality both in the general population and in hypertensive patients [590–592]. Although in hypertension, the
advantage of reducing heart rate is limited to post hoc analysis of RCTs [593–595], the available evidence makes treated
hypertensive patients with an increased heart rate a clinical phenotype supporting the use of BBs [596].
Journal of Hypertension www.jhypertension.com 57
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TABLE 16. Selected diseases and conditions for the use of BBs in patients with hypertension [588]

Selected indications with guideline directed medical therapy for BBs

Chronic coronary syndromes, antiischemic therapy
Postmyocardial infarction: arrhythmias, angina, known incomplete re-vascularization, HF
Acute coronary syndrome
HFrEF and HFpEF if coronary disease (ischemia), arrhythmias and tachycardia
Atrial fibrillation: prevention, rhythm control, heart rate control
Women with child-bearing potential/planning pregnancy
Hypertension disorders in pregnancy

Selected other conditions in which therapy with BBs can be favourable
Hypertension with elevated resting heart rate >80 bpm
Emergency, urgency and parenteral administration
Perioperative hypertension
Major noncardiac surgery
Excessive pressor response to exercise and stress
Hyperkinetic heart syndrome
Postural orthostatic tachycardia syndrome
Orthostatic hypertension
OSA
Peripheral arterial disease with claudication
COPD
Portal hypertension, cirrhosis-related esophageal varices and recurrent variceal bleeding
Glaucoma
Thyrotoxicosis, hyperthyroidism
Hyperparathyroidism in uremia
Migraine headache
Essential tremor
Performance anxiety and anxiety disorders
Psychiatric disorders (posttraumatic stress)
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R11.6 Alpha-1 blockers

Treatment with the alpha-1 blocker doxazosin was equally effective as chlorthalidone in preventing the primary endpoint in
ALLHAT [563], which was incident or fatal CAD. However, doxazosin was associated with a marked increase of incident HF,
which led to stopping the doxazosin arm early. This was a controversial decision, because the increased incidence of HF in
the doxazosin arm could have resulted from a HF misdiagnosis due to doxazosin-related fluid retention as well as
discontinuation of diuretic treatment in patients with background HF in order to randomize them to doxazosin. In the
ASCOT trial [597], doxazosin was given as a third-line therapy, and it showed no increase in the risk of HF. In the PATHWAY-
2 study, it was more effective than placebo but less effective than spironolactone at lowering BP in resistant hypertension
[598]. Alpha-1 blockers may also be required in specific conditions (e.g. treatment of benign prostatic hyperplasia).
Orthostatic hypotension and fluid retention may be a concern with the use of alpha-1 blockers, especially in the older
patients [599]. In a real-life study on older patients, administration of alpha-1 blockers in newly treated old hypertensive
patients was followed by a significant increase of hospitalization for hip fracture over the following month, presumably as a
result of orthostatic BP reductions and injurious falls [600].

11.7 Centrally acting drugs
In recent decades, centrally active drugs have been less frequently used, principally because of the lack of evidence by
outcome RCTs and/or their poorer tolerability relative to the newer major classes of drugs. Thus, older compounds such as
reserpine, alpha-methyldopa, clonidine, moxonidine or rilmenidine are no longer recommended for the routine treatment
of hypertension and are primarily reserved for add-on therapy in the rare cases of resistant hypertension where other
treatment options have failed or for specific conditions such as the use of methyldopa in pregnancy. It is worth noting that a
recent study demonstrated a significant BP-lowering effect of clonidine in resistant hypertension that was similar to that of
spironolactone [601] (Section 12).

11.8 Vasodilators
Vasodilators are a heterogeneous groups of drugs, which exert a direct relaxing effect on vascular smooth muscle cells,
thereby reducing BP via vasodilation and reduction of systemic vascular resistance. Powerful vasodilators, such as
hydralazine and minoxidil were occasionally used in the past, but they have been now virtually abandoned because of
their association with serious side effects. Side effects includemarked baroreflex inactivationwith tachycardia and increased
activity of the sympathetic nervous system and activation of the RAS system resulting in tachycardia and fluid retention.
Hydralazine may be occasionally considered in resistant hypertension that is unresponsive to multiple attempts to control
BP, always in combination with BBs and diuretics to limit its side effects. A serious specific side effect for minoxidil is
hirsutism. Nitrates and nitroprussiate also relax vascular smooth muscle cells and can lower BP. Intravenous nitroprussiate
has a very efficacious and well controllable BP-lowering effect and is, therefore, used to manage hypertension emergencies
(Section 16.2).
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11.9 Angiotensin receptor-neprilysin inhibitor (ARNI)
ARNI is a chemical combination of the ARB valsartan and the neprilysin inhibitor sacubitril, which simultaneously blocks the
effects of angiotensin II at the AT-1 receptor (by valsartan) and inhibits the degradation of natriuretic peptides, thus
promoting peripheral vasodilatation (by sacubitril) [602]. Initial studies including a successful phase 2 RCT were performed
in patients with hypertension [603–605], but the manufacturer later switched the focus to the treatment of HF. Currently, in
most countries, the drug is only approved for the treatment of HF, where it showed better effects on outcomes than
treatment with an ACEi alone in patients with HFrEF. In a recent meta-analysis of 10 studies including 5931 hypertensive
patients, sacubitril–valsartan reduced office SBP by 6.5mmHg and DBP by 3.3mmHg [602] compared with placebo. 24 h
SBP was reduced by 7.0mmHg and 24 h DBP by 3.2mmHg. ARNI is not approved for the treatment of hypertension in
Europe or in the USA, while it was approved as an antihypertensive agent in China and Japan.

11.10 Antihypertensive drug combinations

11.10.1 Impact on hypertension drug treatment strategy
Guidelines have generated a variety of different strategies to initiate and increase BP-lowering medications in order to
control an elevated BP. Before 2018, guidelines largely focused on the stepped care approach, initiating treatment with a
variety of different monotherapies and then sequentially adding other drugs, until BP control was achieved. Starting with a
two-drug combination was proposed only for patients with marked BP elevations and/or a high/very-high CV risk. Despite
this, BP control rates have remained poor in Europe and worldwide. Failure to achieve BP control in most hypertensive
patients, despite numerous iterations of guidelines, suggested that, whatever the reasons, the step care treatment strategy
was not sufficiently effective and that a different approach was needed. The new strategy elaborated by the 2018 ESC/ESH
guidelines was based on the following main considerations:

1. Efficacy of pharmacological therapies. Evidence from RCTs investigating BP responses to antihypertensive drugs
demonstrates that BP control can be achieved in most patients and that no more than 5–10% of these patients exhibit
resistance to the selected treatment regimen [606]. Thus, ineffective drug therapy is unlikely to be the source of the problem.

2. Physician or treatment inertia. Evidence suggests that medical inertia, i.e. failure to adequately intensify or up-
titrate treatment, contributes to failure or delay of treatment initiation but exerts an important adverse role also on
suboptimal BP control with many patients remaining on monotherapy and/or suboptimal drug doses [607,608]. This was
found to be the main reason for lack of BP control in major RCTs [609]. ACCOMPLISH achieved BP control in approximately
80% of study participants (the highest BP control achieved in major antihypertensive treatment RCTs from the Western
World), but most of the remaining uncontrolled patients had not been up-titrated [610]. As expected, treatment inertia is
quantitively much more important in real-world practice where it can be rated as a major factor responsible for poor BP
control [608]. Addressing clinical inertia with specific measures is associated with an improvement in BP control [611].

3. Patient adherence to treatment. Evidence is accumulating that adherence to treatment is a fundamental factor to
consider. Studies using urine or blood assays for the presence or absence of medication have shown that low or partial
adherence to treatment is frequent, in particular, among patients with an uncontrolled BP [612]. This was also shown in
studies of the general population, in which adherence to treatment based on prescription refilling was less than 50% in half
of the patients [475,613]. Poor adherence has been associated with increased risk of developing CV complications in several
studies, as reviewed recently [477,478,614].

4. Insufficient use of combination treatment. BP is amultiregulated variable depending onmany pathophysiological
pathways. Therefore, monotherapy is likely to be inadequate or insufficient to control BP in most patients, and
combinations of drugs, working through different mechanisms, are necessary to achieve BP targets in most people with
hypertension [609,615]. Indeed almost all patients in RCTs have required combinations of drugs to control their BP [616].

5. Complexity of current treatment strategies. There is also evidence that adherence to treatment is adversely
affected by the complexity of the prescribed treatment regimen [478,617]. Several studies have demonstrated that adherence
to treatment is strongly influenced by the number of pills a patient was prescribed for the treatment of hypertension as well
as by the dosing frequency; the higher the number of pills, the lower the adherence.

The above considerations suggest that the most effective evidence-based treatment strategy to improve BP control would
be one that:
Jou

op
1.
rna

yr
encourages the use of combination treatment in most patients, especially in the context of lower BP targets

2.
 promotes the use of simplified single-pill-based combination therapies to support long-term persistence to treatment

3.
 recommends initial combination treatment in most hypertensive patients, as evidence is available that compared with

monotherapy, initial combination treatment bypasses the problem of inertial monotherapy [608], improves long-term
adherence to treatment [618–620], is accompanied by a better short-term and long-term BP control [618,621] and, in
observational studies, reduces the incidence of outcomes [613,622–624].
These are the main reasons why the 2018 ESC/ESH guidelines recommended a new simple and pragmatic treatment
algorithm applicable to most patients, with the use of SPC therapy as first-line initial therapy. Exceptions are frail and very
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old patients, because of the impairment of the baroreflex and greater risk of hypotension, and very high-risk patients with
high-normal BP, in whom the small BP reduction associated with monotherapy may allow to reach the BP target. For the
same reason, initial monotherapy may also be considered in grade 1 hypertensive patients at low risk with a BP only
modestly elevated above the BP threshold for drug treatment.

11.10.2 Drug combinations
Among the large number of RCTs of antihypertensive therapy, only a few have directly compared two different drug
combinations, with systematic use of the two combinations in both arms. In most trials, treatment was initiated using
monotherapy in either arm and another drug (and frequently more than one drug) was added, usually in a nonrandomized
fashion, according to a prespecified treatment algorithm. In a few trials, such as ALLHAT [563], the design precluded the use
of what could be optimal combinations, because multiple monotherapies were evaluated. With this caveat, Table 17 shows
that a variety of drug combinations have been used in at least one active arm of placebo-controlled trials and have been
associated with significant benefit on major CV events.

In trials comparing different regimens [625] (Table 18), all combinations have been used in a larger or smaller proportion
of patients, without major differences in benefits. The only exceptions are two trials in which a large proportion of the
patients received either an ARB/diuretic combination or a CCB/ACEi combination, with both regimens being superior to a
BB (atenolol)diuretic combination in reducing CV outcomes [597,626]. Three outcome trials directly compared two different
combinations, each involving a combination of an RAS blocker (ACEi or ARB) and a CCB with other combinations. In the
ACCOMPLISH study [627], the ACEi/CCB combination was superior to the same ACEi in combination with a Thiazide
diuretic at preventing major CV outcomes and CKD progression, despite only a small difference in BP between the two arms
(SBP/DBP: 0.7/1.7mmHg). The ACCOMPLISH finding [627] was not confirmed in the COLM and COPE [628] trials, which
reported no significant difference in CV events, when an RAS blocker–CCB combination was compared with an RAS
blocker–Thiazide diuretic combination [628,629]. However, these two last trials were statistically underpowered, and their
results on the outcomes, thus, have limited value.

Based on the results of outcome RCTs, recent meta-analyses and evidence of BP-lowering effectiveness, all five major
drug classes can in principle be combined with one another, except for ACEis and ARBs (Section 11.10). However, we
recommend that treatment of hypertension should be preferentially based on combinations of an ACEi or an ARB with CCB
or a Thiazide/Thiazide-like diuretic. These combinations are now widely available in a single pill and in a range of doses,
facilitating flexible prescribing and up-titration from lower to higher doses. They also (i) limit potential adverse effects
associated with diuretic or CCB monotherapy, i.e. reduce the risk of hypokalemia due to diuretics, or the prevalence of
peripheral edema due to CCBs and (ii) ensure that the RAS is inhibited as part of the treatment strategy, which is important
for many patient groups (patients with diabetes, LVH, CKD with or without proteinuria etc.). Other combinations, such as
CCB or BB plus a diuretic, also have RCT-based evidence supporting their use, as mentioned by the 2018 ESC/ESH
guidelines. In addition, they can be the preferred combinations in a number of conditions. In black patients in sub-Saharan
RECENT
TABLE 17. Major drug combinations used in trials of antihypertensive treatment in a stepped approach or as a randomized combination

Trial Comparator Type of patients
SBP difference
(mmHg)

Outcomes (change in relative risk)

ACEi and diuretic combination
PROGRESS [630] Placebo Previous stroke or TIA 	9 –28% strokes (P <0.001)

ADVANCE [631] Placebo Diabetes 	5.6 –9% micro/macrovasc. events (P ¼ 0.04)

HYVET [501] Placebo Hypertensive; �80 years 	15 –34% CV events (P<0.001)

ARB and diuretic combination
SCOPE [632] Diuretic þ placebo Hypertensive; �70 years 	3.2 –28% nonfatal strokes (P ¼ 0.04)

HOPE-3 [633] Placebo Patients at intermediate CV
risk without CV disease
(38% hypertensive patients)

	6 NS overall difference in CV events but
-27% in CV events in patients with baseline
BP>143.5mmHg

ARB and CCB
OSCAR [634] ARB Older, high-risk hypertensive patients 	2.4 NS overall difference in CV events -31% events,

patients with CV disease (P¼0.02)
CCB and diuretic combination
FEVER [635] Diuretic þ placebo Hypertensive 	4 –27% CV events (P<0.001)

ACEi and CCB combination
Syst-Eur [498] Placebo Older with ISH 	10 –31% CV events (P<0.001)

Syst-China [144] Placebo Older with ISH 	9 –37% CV events (P<0.004)

BB and diuretic combination
Coope and Warrender [636] Placebo Older hypertensive 	18 –42% strokes (P<0.03)

SHEP [637] Placebo Older with ISH 	13 –36% strokes (P<0.001)

STOP-Hypertension [638] Placebo Older hypertensive 	23 –40% CV events (P¼0.003)

STOP-Hypertension 2 [639] ACEI or conv. antiHT Hypertensive 0 NS difference in CV events

Combination of two RAS blockers/ACEi þ ARB or RAS blocker þ renin inhibitor
ONTARGET [641] ACE inhibitor or ARB High-risk patients More renal events

ALTITUDE [558] ACE inhibitor or ARB High-risk diabetic patients More renal events

Combinations versus placebo or monotherapy
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TABLE 18. Major drug combinations used in trials of antihypertensive treatment in a stepped approach or as a randomized combination

Trial Comparator Type of patients SBP diff (mmHg) Outcomes (change in relative risk)

ACE inhibitor and diuretic combination
CAPPP [641] BB þ diuretic Hypertensive þ3 þ5% CV events (NS)

ACCOMPLISH [642] ACE inhibitor þ CCB Hypertensive with risk factors þ1 þ21% CV events (P<0.001)

ARB and diuretic combination
LIFE [643] BB þ diuretic Hypertensive with LVH 	1 –26% stroke (P<0.001)

Calcium channel blocker and diuretic combination
ELSA [644] BB þ diuretic Hypertensive 0 NS difference in CV events

CONVINCE [645] BB þ diuretic Hypertensive with risk factors 0 NS difference in CV events

VALUE [522] ARB þ diuretic High-risk hypertensive 	2.2 –3% CV events (P¼NS)

COPE [646] CCB þ BB Hypertensive þ0.7 NS difference in CV events or stroke

CREOLE [647] ACEIþCA
ACEIþD

Black Hypertensives uncontrolled 	0.14
	3.14

No outcome data; CCBþD and ACEþCCB
superior to ACEIþD in BP control

ACE inhibitor and CCB combination
NORDIL [648] BB þ diuretic Hypertensive þ3 NS difference in CV events

INVEST [649] BB þ diuretic Hypertensive with CAD 0 NS difference in CV events

ASCOT [597] BB þ diuretic Hypertensive with risk factors 	3 –16% CV events (P<0.001)

ACCOMPLISH [642] ACE inhibitor þ diuretic Hypertensive with risk factors 	1 –21% CV events (P<0.001)

Beta-blocker and diuretic combination
CAPPP [641] ACE inhibitor þ diuretic Hypertensive 	3 –5% CV events (P¼NS)

LIFE [643] ARB þ diuretic Hypertensive with LVH þ1 þ26% stroke (P<0.001)

ALLHAT [650] ACE inhibitor þ BB Hypertensive with risk factors 	2 NS difference in CV events

ALLHAT [650] CCB þ BB Hypertensive with risk factors 	1 NS difference in CV events

CONVINCE [645] CCB þ diuretic Hypertensive with risk factors 0 NS difference in CV events

NORDIL [640] ACE inhibitor þ CCB Hypertensive 	3 NS difference in CV events

INVEST [649] ACE inhibitor þ CCB Hypertensive with CAD 0 NS difference in CV events

ASCOT [597] ACE inhibitor þ CCB Hypertensive with risk factors þ3 þ16% CV events (P<0.001)

Beta-blocker and CCB combination
COPE [629] ARBþCCB Hypertensive þ0.8 NS difference in CV events or stroke

ARB and CCB combination
COPE [629] CCB þ diuretic Hypertensive 	0.7 NS difference in CV events or stroke

COPE [629] CCB þ BB Hypertensive 	0.8 NS difference in CV events or stroke

COLM [630] ARB þ diuretic Older hypertensive 0 NS difference in CV events

Combinations versus other combinations.
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RECENTAfrica, amlodipine plus either hydrochlorothiazide or perindopril was more effective than perindopril plus hydrochloro-
thiazide at lowering BP [648].

11.10.3 Rationale for initial two-drug combination therapy
As discussed above and with the emphasis in the present guidelines on achieving a BP target of <130/80mmHg in most
patients, the majority of patients will require combination therapy. Although no RCT has ever comparedmajor CV outcomes
between initial combination therapy and monotherapy, multiple arguments support combination of two antihypertensive
drugs as the initial treatment step. One, initial combination therapy is invariably more effective at BP lowering than
monotherapy, and indeed even low-dose combination therapy is usually more effective than maximal dose monotherapy.
Furthermore, the combination of medications targeting multiple mechanisms (i) reduces the heterogeneity of the BP
response to initial treatment and (ii) provides a steeper dose–response effect than that observed with escalating doses of
monotherapy and (iii) is safe and well tolerated, with no or only a small increase in the risk of hypotensive episodes, even
when given to patients with grade 1 hypertension. Two, initial two-drug combination is associatedwith a faster BP reduction
compared with monotherapy, and observational evidence suggests that the time taken to achieve BP control is an important
determinant of clinical outcomes, especially in high-risk patients, with a shorter time to control associated with lower risk
[651]. Three, evidence from the more general hypertensive population shows that compared with patients on initial
monotherapy, those who start treatment with a two-drug combination reach more frequent BP control after 1 year [621],
probably because initial combination treatment prevents therapeutic inertia [608,618], and initial two-drug combination is
associated with a better long-term adherence and persistence [620] to the prescribed treatment regimen. Studies from large
treated cohorts of patients under antihypertensive treatment have also shown that initial combination treatment resulted in a
lower risk of CV events compared with initial monotherapy followed by the traditional stepped-care approach
[608,623,624,652]. In one study, it was possible to analyze more than 2200 patients who experienced during the
follow-up (1 year) a hospitalization for CV disease, while also showing a shift from initial combination treatment to
monotherapy or vice versa. The results of this within-patient comparison (which removed a major limitation of
observational studies, i.e. confrontation of external and possibly different patient groups) showed that the risk of
hospitalization was much reduced when patients were on combination treatment compared to when they were on
single-drug therapy [653].
Journal of Hypertension www.jhypertension.com 61
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General recommendations for antihypertensive drug treatment

Recommendations and statements CoR LoE
BP lowering should be prioritized over the selection of specific 
antihypertensive drug classes because treatment benefit largely originates 
from BP reduction. 

I A

Five major drug classes including, ACEis, ARBs, BBs, CCBs, and 
Thiazide/Thiazide-like diuretics have effectively reduced BP and CV 
events in RCTs. These drugs and their combinations are recommended 
as the basis of antihypertensive treatment strategies.

I A

Initiation of therapy with a two-drug combination is recommended for most 
hypertensive patients. Preferred combinations should comprise a RAS 
blocker (either an ACE inhibitor or an ARB) with a CCB or 
Thiazide/Thiazide-like diuretic. Other combinations of the five major drug 
classes can be used.

I A

Initiation with monotherapy can be considered in patients with:

� grade 1 hypertension and low-risk if BP is only marginally 
elevated (less than 150 mmHg SBP and 95 mmHg DBP) 

� high-normal BP and very high CV risk, 
� frailty and/or and advance age.

I C

If BP is not controlled with the initial two-drug combination by using the 
maximum recommended and tolerated dose of the respective 
components, treatment should be increased to a three-drug combination, 
usually a RAS blocker + CCB + Thiazide/Thiazide-like diuretic.

I A

If BP is not controlled with a three-drug combination by using the maximum 
recommended and tolerated dose of the respective components, it is 
recommended to extend treatment according to the recommendations for 
resistant hypertension.

I A

The use of single pill combinations (SPCs) should be preferred at any 
treatment step, i.e. during initiation of therapy with a two-drug combination 
and at any other step of treatment.

I B

BBs should be used at initiation of therapy or at any treatment step as 
GDMT, examples:

� Heart failure with reduced ejection fraction HFrEF
� Anti-ischemic therapy in chronic coronary syndromes
� Heart rate control in atrial fibrillation

I A

BBs can be considered in the presence of several other conditions in which 
their use can be favorable as summarized in Table xx.

I C

The combination of two RAS blockers is not recommended due to 

increased risk of adverse events, in particular AKI. 

III A
62 www.jhypertension.com Volume 41 � Number 1 � Month 2023

opyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



CE: ; JH-D-23-00341; Total nos of Pages: 199;

JH-D-23-00341

2023 ESH Guidelines for the management of arterial hypertension

C

D
ow

nloaded from
 http://journals.lw

w
.com

/jhypertension by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0
hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 06/27/2023
RECENT D
RAFT

11.10.4 Up-titration of treatment to three-drug combination
Evidence from RCTs shows that two-drug combination therapy will control BP in approximately half to two-thirds of
patients [654]. For patients whose BP is not controlled by two-drug combination therapy, an option may be to use a different
two-drug combination, or as suggested by the ISH guidelines [32], to use the same two-drug combination at higher doses of
the combination components. A third logical option, however, is treatment with three-drug combination therapy, usually an
RAS blocker, a CCB and a Thiazide/Thiazide-like diuretic. A three-drug combination can control BP in up to 90% of patients,
which is a rate of BP control that is much greater than the current rate of BP control across Europe in treated hypertensive
patients. There is also evidence that an SPC of three drugs achieves better BP control than usual care [655]. The present
guidelines do not recommend to start treatment with a three-drug combination because of the risk of a BP reduction that is
too fast and/or excessive, particularly in older patients.

11.10.5 Rationale for single-pill combination therapy
The 2013 and 2018 ESH/ESC guidelines [3,4] favored the use of two antihypertensive drugs as an SPC, because reducing the
number of pills to be taken daily improves adherence to treatment and increases the rate of BP control. This recommen-
dation is endorsed by the present guidelines. Use of SPCs is further supported by data from recent studies using various
methods to assess adherence to treatment, including quantification of antihypertensive drugs in urine and blood, estimates
such as prescription refills and calculation of the percentage of days covered by the treatments, which, although indirectly,
enable to measure adherence on a prolonged basis, thereby accounting for its time-variable nature [478,617,622,652]. These
studies have unequivocally shown a direct inverse relationship between the number of pills and the likelihood of
adherence. This approach is now facilitated by the availability of several SPCs with a range of dosages, which eliminates
the often-stated disadvantage of SPC therapy, i.e. the inability to increase the dose of one drug independently of the other. It
is also convenient that the most widely available SPCs mirror the major drug class combinations recommended by the
present guidelines. The major advantage of an SPC as the usual therapeutic approach for hypertension is that patients can
progress from one, two or three drug treatments, remaining on a simple treatment regimen with a single pill throughout,
thus increasing the likelihood of adherence to therapy while progressing to BP control. Such an approach can markedly
increase the percentage of patients achieving high adherence to treatment (e.g. >80% of the treatment time covered by
prescription) while markedly reducing patients characterized by low adherence to treatment (e.g. <20% of treatment time
covered by prescription) with a clear reflection independently on age, sex, co-treatment and clinical status, with a clear
reflection on patients’ protection [652]. It showed the potential to double BP control rates in treated patients from the present
low level also with an improvement of outcomes [656]. SPCs of a BB plus a diuretic or a CCB have been available since many
years, while at the time of the 2018 ESC/ESH Hypertension Guidelines, additional SPCs were almost exclusively limited to a
RAS blocker (ACEi or ARB) plus a CCB or a diuretic. In the 5 years from the 2018 Guidelines, a large number of new two-drug
SPCs have been developed and tested for their ability to improve adherence to treatment and reduce CV outcomes.
Available two-drug SPCs now extend to most ACEIs or ARBs in combination with a long-acting CCB or a diuretic belonging
to the Thiazide (usually hydrochlorothiazide) or Thiazide-like (indapamide or chlorthalidone) class. Moreover, two-drug
SPCs are now available for a RAS blocker (ACEi or ARB) with a BB, including SPC containing nebivolol with additional
vasodilatory action, and a CCB with a diuretic (e.g. amlodipine plus indapamide or nifedipine plus a Thiazide). The
availability of three-drug SPCs has also grown and, although almost invariably based on a diuretic, a RAS blocker and a CCB,
it now extends to different compounds within each of the three drug classes involved. This enables to tailor SPC treatment to
different clinical requirements [652,656–658].

11.10.6 The quadpill concept
Another innovative therapeutic approach to increase BP control while improving tolerability is to use combinations of low or
even ultralow doses of the recommended antihypertensive drugs. With this approach, the ability to effectively reduce an
elevatedBP appears to bemaintainedwhilemost side effects are avoided. A proof-of-concept study and a systematic reviewof
quarter-dose BP-lowering drugs was reported in 2017 [659,660]. The systematic review included 36 trials (n¼ 4721
participants) of one drug at quarter-dose and 6 trials (n¼ 312) of two drugs at quarter-dose against placebo. The pooled
placebo-corrected SBP/DBP-lowering effects were, respectively, 5/2mmHg and 7/5mmHgwith no reported side effects. The
BP-lowering effect was even greater when quarter-doses of four drugs, i.e. quadpill, were used. These preliminary data have
been supported by a phase 3 study by the same authors, in which 591 patients were randomized to the quadpill or to full-dose
monotherapy with an ARB. BP changes were assessed at 12weeks and 12months. The BP control rate was greater in the
quadpill group at both time points. Studies in broader populations are needed, andmore information is required on a number
of issues such as the strategy to adopt when side effects occur or hypotension develops using the quadpill approach.

11.10.7 The polypill concept
Polypills consist of SPCs of one or two antihypertensive agents and a statin with or without low-dose acetyl salicylic acid
(aspirin) [661]. Different doses of antihypertensive agents, usually including an ACEi, are available. The rationale is that (i)
hypertensive patients often also have dyslipidemia and an elevated CV risk and (ii) treatment simplification, i.e. a single pill
rather than multiple pills daily, improves adherence to treatment, which is low in hypertension [478,613,662–664].
Bioequivalence studies suggest that, when combined in the polypill, different agents maintain their expected effect
[665], including the BP-lowering efficacy. Furthermore, studies performed in the setting of secondary CV prevention,
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particularly in patients with a previous myocardial infarction, have shown that use of the polypill is accompanied by better
adherence to treatment compared with separately administered medications [661]. This is true for treatment simplification in
general. Based on this evidence, the use of the polypill has been recommended for the management of myocardial
infarction [665]. However, present data also document that the polypill reduces the risk of CV outcomes. This was initially
reported by large observational studies in patients with established atherosclerotic CVD [661] and has more recently been
proven by the results of large outcome-based randomized trials in patients with and also without previous CV events
[666,667]. In an individual-participant meta-analysis of three primary prevention trials, a combination of two antihyperten-
sive agents and a statin at low doses reduced the risk of CV outcomes by 38%. A polypill including low-dose aspirin was
associated with a nearly 50% outcome reduction. The benefits were seen across various subgroups (different lipid and BP
levels, diabetic patients, smoking, obesity) with the smallest effect in patients<55 years of age [668]. In a fourth randomized
control trial in patients with a recent myocardial infarction, the polypill (aspirin, ACE-inhibitor and statin) treatment strategy
reduced the risk of the primary outcome (CV death, myocardial infarction, ischemic stroke and urgent revascularization) by
24% compared with usual care, again across subgroups with different clinical characteristics and with the additional
evidence of an improved adherence to treatment in the polypill group. Adverse events were similar between groups and the
most common adverse event in the polypill group was dizziness [667]. The above evidence supports use of currently
available polypills in hypertensive dyslipidemic patients at elevated CV risk. Polypills without low-dose aspirin may be used
in primary prevention, while use of those with aspirin should be restricted to secondary prevention. The previously issued
recommendation to check the efficacy of the combination components in separate tablets before switching to the polypill
appears impractical [4,669]. Potential inconveniences may be the limited dose flexibility of the polypill components as well
as the limited potential of the available polypills to reach the lower LDL-cholesterol and BP targets at present recommended
by guidelines. This may require the separate administration of additional drugs in a number of patients, with partial loss of
the polypill advantages.

11.10.8 Choice of drug combinations for initiation of treatment
Reflecting on the evidence discussed above and recognizing the need to avoid or minimize the factors contributing to poor
BP control in treated hypertensive patients, the following few simple and pragmatic recommendations for the treatment of
hypertension can be listed (Figs. 11 and 12):
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In most patients, treatment should be initiated with an SPC of two drugs to improve the speed, efficiency and
predictability of BP control.
2.
  DAlthough several two-drug combinations can be used, the preferred two-drug combinations should be an RAS blocker
with a CCB or a Thiazide/Thiazide-like diuretic.
3.
 A BB can be used at any step of combination with any drug from the other major drug classes as GDMT or in several
other conditions (Table 16).
4.
 TInitial monotherapy is recommended for very-high-risk patients with a high-normal BP as well as (for cautionary
reasons) for very old and frail patients. It may also be considered in low-risk patients with stage 1 hypertension whose
SBP is more modestly elevated (<150mmHg).
RECEN
True resistant Hypertension d

 up to ~ 5%

Start with Dual Combination  
Therapy in most patients

ACEi or ARB + CCB + T/TLDiuretic
Increase to full-dose if well tolerated

 up to ~ 90% controlled c

Step 1
Dual combination

Step 2
Triple combination

Step 3
Add further drugs

Prefer SPCs 
at any step

ACEi or ARB + CCB or T/TLDiuretica

Increase to full-dose if well tolerated

 up to ~ 60% controlled c

Consider to consult hypertension 
specialist in patients who are still 

not controlled

BBb

Can be used 
as monotherapy 
or at any step 

of combination 
therapy

Start with Monotherapy only in selected patients:
� Low risk hypertension and BP <150/95 mmHg
� or high-normal BP and very high CV risk
� or  frail patients and/or advanced age

12 General BP lowering strategy in patients with Hypertension.
Diuretics:
er transition to Loop Diuretic if eGFR is between 30 to 45 ml/min/1.73 m2

<30 ml/min/1.73 m2 use Loop Diuretic
uld be used als guideline directed medical therapy in respective indications or considered in several other conditions (Table 16)
lled below 140/90mmHg
SBP is �140mmHg or DBP is �90 mmHg provided that:
um recommended and tolerated doses of a three-drug combination comprising a RAS blocker (either an ACEi or an ARB), a CCB and a Thiazide/Thiazide-like
were used
ate BP control has been confirmed by ABPM or by HBPM if ABPM is not feasible
causes of pseudo-resistant hypertension (especially poor medication adherence) and secondary hypertension have been excluded (Section 12).
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An SPC comprising an RAS blocker þ CCB þ Thiazide/Thiazide-like diuretic, should be used if two-drug
combinations do not achieve BP control (at the maximum tolerated doses) and a BB is not indicated.
6.
 Regardless the initial treatment choice, ultimately most patients should be on combination treatment, using SPC
whenever possible.
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11.10.9 Tolerability and side effects of drugs
All antihypertensive drugs can elicit side effects, which can be modest or, in some instances, serious, leading to treatment
discontinuation. Side effects play a major role for treatment nonadherence and discontinuation [670] and can be either
related to BP lowering per se or because of class-specific effects [671,672]. Nevertheless, the recommended major
antihypertensive drug classes show by and large a good tolerability, which is one of the criteria that supports the
recommendation for their use, in addition to their BP-lowering effect and proven outcome reduction. Side effects vary not
only between different classes but also within a drug class, e.g. between different BBs and between DHP and non-DHP-
CCBs. Fortunately, the potential for pharmacokinetic drug–drug interactions that may influence plasma concentration of
drugs is marginal for any of the major BP-lowering drug classes, thereby providing the basis for their safe use in combination
therapy. It should also be mentioned that there are clinically favorable interactions between major antihypertensive drugs, a
most important one being their additive BP-lowering effect. Furthermore, there are interactions that increase drug
tolerability, i.e. reduced incidence or intensity of ankle edema by adding an RAS blocker to a CCB or reduced hypokalemia
by adding an RAS blocker to a Thiazide/Thiazide-like diuretic [670].

11.10.10 Prescribing of antihypertensive drugs
11.10.10.1 Standard drug administration
The primary goal of antihypertensive treatment is to provide BP control over the 24- h period (short-term) and to maintain
this control over time (long-term). To achieve this goal, clinicians must consider (1) the half-lives and dose of the used drugs,
as well as their interactions with the concomitantly used drugs (pharmacokinetics), (2) the mechanism of action of the drugs
(pharmacodynamics) and (3) patient characteristics that might influence absorption, metabolism or elimination of the drug
[673]. It is generally accepted that use of multiple daily doses during the day may achieve BP control at the expense of
reduced patient adherence to treatment [478,613,662,664,674]. For this reason, drugs that have a duration of action that
covers the 24 h period with a single daily administration should be preferred. This is not fulfilled by all agents [675] within
major antihypertensive drug classes. This shortcoming has been accounted for by giving a drug at higher doses, which can
also prolong the effect of short-acting agents albeit with the risk of inducing hypotension at the time of the peak effect. To
allow once-daily drug administration, extended release formulations have also been developed. Different durations of
action of antihypertensive drugs given once daily [675] may also affect short-term or long-term BP variability [179] and
perhaps outcomes, but the extent of these influences is still unclear.

Most of the available evidence on the outcome benefit of BP-lowering therapy has come from RCTs usingmorning dosing
of the drugs. However, recent evidence that night-time hypertension is not rare as well as that a nondipping profile may
have adverse prognostic consequences [676] has favored the hypothesis that bedtime administration of antihypertensive
drugs should be preferred to more effectively reduce night-time BP and CV outcome risk [676,677]. The limitations of the
supporting data have been discussed by some critical articles [676,677] and by a systematic review of eight studies on the
effects of morning versus bedtime dosing of antihypertensive agents. Reaching a conclusion was considered problematic
because of major methodological limitations and bias [678]. In this regard, the recent TIME pragmatic trial [675] has provided
important data. In TIME, 21 104 participants from the United Kingdom were randomized in a 1 : 1 ratio to take their usual BP
medications in the morning or in the evening. The average age of participants was 65 years and 58% were men. The median
follow-up was 5.2 years, but some patients were followed up for more than 9 years [675]. Overall, no safety concerns were
detected in the study. The reported nonadherence to therapy was significantly higher with evening versus morning dosing
(39.0 versus 22.5%, P< 0.0001). However, there was no significant difference in the primary outcome (hospitalization for
major CV events and vascular death) between the evening-dosing and the morning-dosing groups. Thus, data do not
support preferential use of antihypertensive drugs at bedtime, which is, however, also not harmful. Based on TIME, patients
have a choice as to when to take their medication, while physicians may consider bedtime dosing in patients with
documented high night-time BP [679]. In general, the present guidelines recommend taking BP in themorning, as adherence
to antihypertensive medication is worse at bedtime [675,679,680].

11.10.10.2 Partial treatment reduction or complete withdrawal
Complete withdrawal of antihypertensive drug therapy, because of side effects or other reasons, is accompanied by a more
or less rapid return of BP to the pretreatment elevated values [681]. With centrally acting agents, especially clonidine, an
abrupt rebound BP increase may occur, whereas abrupt withdrawal of BBs in patients with CAD may result in angina or
other symptoms or complications of CAD, e.g. arrhythmias. Headache, joint pain, palpitations, edema and a general feeling
of being unwell have also been reported [681]. A marked increase in CV risk after antihypertensive treatment withdrawal has
been documented in many studies [494,682,683], although no adverse consequences have also occasionally been reported
[681,684]. Some studies observed no or little BP increases after treatment withdrawal in a sizeable fraction (up to 25%) of the
hypertensive population, but the interpretation of this finding is uncertain and possibly related to an erroneous
l of Hypertension www.jhypertension.com 65
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TABLE 19. Withdrawal of BP-lowering drugs

Drug class Effects of abrupt withdrawal

CCBs � Risk of angina

BBs � Risk of angina and other complications in CAD patients

Centrally acting agents � Sympathetic overactivity (nervousness, tachycardia, headache, agitation and nausea for 36–72 h after drug cessation)
� Rapid rebound BP increase even above pretreatment levels
� Angina and other complications in CAD patients

Diuretics � Fluid retention, aedema, HF decompensation
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hypertension diagnosis or withdrawal of hypertensiogenic risk factors such as overweight [681] during the treatment period.
The possibility that a long-term effective antihypertensive treatment reverses the structural changes of hypertension and
favors prolonged BP normality after treatment cannot be excluded. To date, little or no evidence exists on the BP and
outcome effects of partial deprescribing of BP-lowering drugs (Table 19).

11.10.10.3 Antihypertensive drugs and cancer risk
Whether hypertension per se or treatment with antihypertensive drugs may influence the risk of cancer has been a matter of
debate for many years [685–687]. More recently, two case–control studies suggested that the use of hydrochlorothiazide is
associated with an increased risk of developing squamous cell carcinoma in the skin and lip [688,689]. This was not the case
with other diuretics or antihypertensive drugs. However, although it cannot be denied that most diuretics (including
hydrochlorothiazide) are potentially photosensitizing drugs [690] and that this can be a basis for an adverse influence on skin
cancer, the studies had methodological limitations [686] and were confirmed by some, but not by all, subsequent studies
carried out in other countries or ethnicities [691]. The issue is confusing also because a recent study from the UK Clinical
Research Database again also reported an increased risk of skin squamous cell carcinoma in users of hydrochlorothiazide.
However, the increased risk was seen only in women, and no biological rationale was offered for this finding [692]. Finally, a
large propensity-matched cohort study in Germany found that hydrochlorothiazide was associated with not only a small
increase of skin cancer risk but also with an overall lower risk for any cancer compared with other diuretics [693]. Further
well designed observational studies are needed to provide a more solid evidence on the association between hydrochlo-
rothiazide and skin cancer risk. In the meantime, important evidence to quote is that in a recent individual participant data
meta-analysis of 33 RCTs, involving 260 447 participants and 15 012 cancer cases, no significant association between
Thiazides (including hydrochlorothiazide) and skin cancer was observed. Furthermore, no significant association with any
cancer was found for ACEis, ARBs and BBs. Only for CCBs, a small but significant effect size was found for all cancer risk
(hazard ratio 1.06, 95% CI 1.01–1.11). Although the relatively short duration of the trials (slightly more than 4 years)
represents a limitation, this supports the recommendation not to consider cancer risk a barrier to any drug management of
hypertension including hydrochlorothiazide, which is a frequent component of SPCs [694] and has a documented
protective effect.

11.10.11 Concomitant medications
11.10.11.1 LDL-cholesterol lowering
Hypertension and dyslipidemia are highly prevalent in the general population and often coexist, contributing to CV risk in
an additive way [529]. Lipoproteins in plasma are classified according to size, and differ with respect to lipid content and
apolipoprotein expression [695]. Several different lipid- and lipoprotein measures (including total cholesterol, non-HDL
cholesterol, LDL cholesterol and triglycerides) have been associated with the risk of CVD in a log-linear fashion. Current
evidence suggests that all ApoB-containing lipoprotein with a diameter <70 nm may cross the endothelial barrier and
contribute to the formation of atherosclerosis. This explains why different lipid measures are used in different contexts, such
as non-HDL cholesterol in the SCORE2 and SCORE2-OP models to estimate CV risk, whereas treatment targets are generally
guided by levels of LDL-cholesterol. These guidelines support the concept of risk-based lipid-lowering treatment suggested
by the 2021 ESC guidelines on CVD prevention [33]. Apparently healthy adults should undergo a CV risk assessment using
the SCORE2 or SCORE2-OP tools [33]. In low-risk patients, no specific treatment is needed except for general lifestyle advice.
For high-risk or very-high risk primary preventive patients, it is recommended to initially aim for a LDL-cholesterol level
below 2.6mmol/l (100mg/dl). Depending on 10-year and lifetime risk, comorbidities, frailty and patient preference, the
ultimate goal may be an LDL-cholesterol level below 1.8mmol/l (70mg/dl) in high-risk patients, and below 1.4mmol/l
(55mg/dl) in very high-risk patients [33].

The ASCOT trial [507] demonstrated that in people with hypertension and moderately elevated CV risk, treatment with
10mg/day of atorvastatin reduced the risk of composite CV outcome by 36%. Numerous RCTs and multiple meta-analyses
have shown that statin treatment is associated with a reduction of CV outcomes that is proportional to the LDL-cholesterol
reduction [696]. In recent years, evidence from RCTs on ezetimibe and PCSK9-inhibitors have accumulated, adding to the
overall body of evidence supporting the causal role of LDL-cholesterol reduction for CV protection [697]. Importantly, the
relative benefit of lipid-lowering treatment in patients at moderately elevated risk seems to be independent of BP level
[698,699], although the absolute benefit is more pronounced in people with hypertension because of elevated CV risk [700].
66 www.jhypertension.com Volume 41 � Number 1 � Month 2023
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Based on the results of the ASCOT and HOPE-3 trials [507,698], among others, people with hypertension and elevated CV
risk should be treated with amoderate dose of a statin, whereas hypertensive patients classified as having a high or very high
CV risk, thus fulfilling the criteria for intensive LDL-cholesterol-lowering treatment the required lower LDL-cholesterol goals
for CV prevention should be attained by uptitrating statins to the maximally tolerated dose [695]. It is of note that most side
effects, including muscle symptoms, are nonspecific and not related to statin treatment per se [701]. According to the recent
guidelines on dyslipidemia ezetimibe should be added if LDL-cholesterol control is not achieved (preferably as SPC to
improve adherence to treatment) [321,702] and PCSK9 inhibitors or siRNA may be considered in very high-risk patients to
attain the LDL-C target.

In isolated triglyceridemia, statin therapy should be the initial drug class of choice to reduce CV risk, and may be
considered if triglyceride levels are �2.3mmol/l (200mg/dl), especially in diabetic patients. Treatment with fenofibrate has
been suggested to provide additional benefit, proportional to its effect on non-HDL-cholesterol [695,697]. The role of n3
polyunsaturated fatty acids (PUFA) is uncertain because of the conflicting results of twomajor trials published in recent years
[703,704].

On the antihypertensive treatment side, BBs and diuretics may be regarded as less preferable in difficult-to-treat
dyslipidemia because of their modest dyslipidemic effects, more evident in combination treatment. However, their ability to
reduce CV risk through BP lowering greatly outweighs their metabolic downsides, and they should be used to control BP
if necessary.

Recommendations for LDL-cholesterol-lowering therapy in hypertension

Recommendations and statements CoR LoE 

The decision to initiate LDL-cholestrol lowering treatment, as well 

as treatment goals, should be based on an estimation of total CV 

risk, with priority given to high-risk patients. 

I A 

Statin treatment is recommended in patients with hypertension 

and elevated CV risk. 
I A 

Statin treatment at maximum tolerated dose is recommended as 

the first-line drug class to achieve LDL-cholesterol targets in 

patients with hypertension and high CV risk. 

I A 

Ezetimibe may be added to maximum tolerated statin dose to 

attain LDL-cholesterol targets. 
I A 

PCSK9-inhibitors and siRNA targeting PCSK9 may be considered 

in selected high-risk patients not attaining target LDL-cholesterol 

levels with statin/ezetimibe combination therapy. 

II A 

Use of a polypill containing two BP lowering drugs and a statin for 

LDL-cholestrol lowering can be considered in hypertensive 

patients for primary prevention. 

II A 

11.10.11.2 Antiplatelet therapy
Common complications of hypertension are related to atherothrombotic diseases, i.e. CAD, ischemic stroke, and LEAD
[705]. The decision to recommend antiplatelet therapy in hypertension should be based on the individual CV risk, similarly
to normotensive patients, i.e. according to their belonging to the primary prevention versus the secondary prevention
setting, and to the bleeding risk. In secondary prevention, use of antiplatelet therapy [usually low-dose acetylsalicylic acid
(aspirin)] is required, because in patients with established CVD, low-dose aspirin is associated with clinically important
reductions of major CV events although with an increase of bleeding risk, especially from the gastrointestinal tract [706]. In
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