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1. Introduction and purposes

For several years the European Society of

Hypertension (ESH) and the European Society of

Cardiology (ESC) decided not to produce their own

guidelines on the diagnosis and treatment of

hypertension but to endorse the guidelines on

hypertension issued by the World Health

Organization (WHO) and International Society of

Hypertension (ISH) (1,2) with some adaptation to

reflect the situation in Europe. However, in 2003 the

decision was taken to publish ESH/ESC specific

guidelines (3) based on the fact that, because the

WHO/ISH Guidelines address countries widely

varying in the extent of their health care and

availability of economic resource, they contain

diagnostic and therapeutic recommendations that

may be not totally appropriate for European

countries. In Europe care provisions may often allow

a more in-depth diagnostic assessment of cardiovas-

cular risk and organ damage of hypertensive

individuals as well as a wider choice of antihyper-

tensive treatment.

The 2003 ESH/ESC Guidelines (3) were well

received by the clinical world and have been the

most widely quoted paper in the medical literature in

the last two years. (4) However, since 2003

considerable additional evidence on important issues

related to diagnostic and treatment approaches to

hypertension has become available and therefore

updating of the previous guidelines has been found

advisable.

In preparing the new guidelines the Committee

established by the ESH and ESC has agreed to

adhere to the principles informing the 2003

Guidelines, namely 1) to try to offer the best

available and most balanced recommendation to all

health care providers involved in the management of

hypertension, 2) to address this aim again by an

extensive and critical review of the data accompa-

nied by a series of boxes where specific recommen-

dations are given, as well as by a concise set of

practice recommendations to be published soon

thereafter as already done in 2003; (5) 3) to

primarily consider data from large randomized trials

but also to make use, where necessary, of observa-

tional studies and other sources of data, provided

they were obtained in studies meeting a high

scientific standard; 4) to emphasize that guidelines

deal with medical conditions in general and there-

fore their role must be educational and not

prescriptive or coercive for the management of

individual patients who may differ widely in their

personal, medical and cultural characteristics, thus

requiring decisions different from the average ones

recommended by guidelines; 5) to avoid a rigid

classification of recommendations by the level or

strength of scientific evidence. (6) The Committee

felt that this is often difficult to apply, that it can only

apply to therapeutic aspects and that the strength of

a recommendation can be judged from the way it is

formulated and from reference to relevant studies.

Nevertheless, the contribution of randomized trials,

observational studies, meta-analyses and critical

reviews or expert opinions has been identified in

the text and in the reference list.

The members of the Guidelines Committee

established by the ESH and ESC have participated

independently in the preparation of this document,

drawing on their academic and clinical experience

and applying an objective and critical examination of

all available literature. Most have undertaken and

are undertaking work in collaboration with industry

and governmental or private health providers

(research studies, teaching conferences, consulta-

tion), but all believe such activities have not

influenced their judgement. The best guarantee of

their independence is in the quality of their past and

current scientific work. However, to ensure open-

ness, their relations with industry, government and

private health providers are reported in the ESH and

ESC websites (www.eshonline.org and www.escar-

dio. org) Expenses for the Writing Committee and

preparation of these guidelines were provided

entirely by ESH and ESC.

2. Definition and classification of hypertension

Historically more emphasis was placed on diastolic

than on systolic blood pressure as a predictor of

cardiovascular morbid and fatal events. (7) This was

reflected in the early guidelines of the Joint National

Committee which did not consider systolic blood

pressure and isolated systolic hypertension in the

classification of hypertension. (8,9) It was reflected

further in the design of early randomized clinical

trials which almost invariably based patient recruit-

ment criteria on diastolic blood pressure values. (10)

However, a large number of observational studies

has demonstrated that cardiovascular morbidity and

mortality bear a continuous relationship with both

systolic and diastolic blood pressures. (7,11) The

relationship has been reported to be less steep for

coronary events than for stroke which has thus been
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labelled as the most important ‘hypertension related’

complication. (7) However, in several regions of

Europe, though not in all of them, the attributable

risk, that is the excess of death due to an elevated

blood pressure, is greater for coronary events than

for stroke because heart disease remains the most

common cardiovascular disorder in these regions.

(12) Furthermore, both systolic and diastolic blood

pressures show a graded independent relationship

with heart failure, peripheral artery disease and end

stage renal disease. (13–16) Therefore, hypertension

should be considered a major risk factor for an array

of cardiovascular and related diseases as well as for

diseases leading to a marked increase in cardiovas-

cular risk. This, and the wide prevalence of high

blood pressure in the population, (17–19) explain

why in a WHO report high blood pressure has been

listed as the first cause of death worldwide. (20)

2.1 Systolic versus diastolic and pulse pressure

In recent years the simple direct relationship of

cardiovascular risk with systolic and diastolic blood

pressure has been made more complicated by the

findings of observational studies that in elderly

individuals the risk is directly proportional to systolic

blood pressure and, for any given systolic level,

outcome is inversely proportional to diastolic blood

pressure, (21–23) with a strong predictive value of

pulse pressure (systolic minus diastolic). (24–27)

The predictive value of pulse pressure may vary with

the clinical characteristics of the subjects. In the

largest meta-analysis of observational data available

today (61 studies in almost 1 million subjects

without overt cardiovascular disease, of which 70%

are from Europe) (11) both systolic and diastolic

blood pressures were independently and similarly

predictive of stroke and coronary mortality, and the

contribution of pulse pressure was small, particularly

in individuals aged less than 55 years. By contrast, in

middle aged (24,25) and elderly (26,27) hyperten-

sive patients with cardiovascular risk factors or

associated clinical conditions, pulse pressure showed

a strong predictive value for cardiovascular events.

(24–27)

It should be recognized that pulse pressure is a

derived measure which combines the imperfection of

the original measures. Furthermore, although figures

such as 50 or 55 mmHg have been suggested, (28)

no practical cutoff values separating pulse pressure

normality from abnormality at different ages have

been produced. As discussed in section 3.1.7 central

pulse pressure, which takes into account the

‘amplification phenomena’ between the peripheral

arteries and the aorta, is a more precise assessment

and may improve on these limitations.

In practice, classification of hypertension and risk

assessment (see sections 2.2 and 2.3) should

continue to be based on systolic and diastolic blood

pressures. This should be definitely the case for

decisions concerning the blood pressure threshold

and goal for treatment, as these have been the

criteria employed in randomized controlled trials on

isolated systolic and systolic-diastolic hypertension.

However, pulse pressure may be used to identify

elderly patients with systolic hypertension who are at

a particularly high risk. In these patients a high pulse

pressure is a marker of a pronounced increase of

large artery stiffness and therefore advanced organ

damage (28) (see section 3.6).

2.2 Classification of hypertension

Blood pressure has a unimodal distribution in the

population (29) as well as a continuous relationship

with cardiovascular risk down to systolic and

diastolic levels of 115–110 mmHg and 75–

70 mmHg, respectively. (7,11) This fact makes the

word hypertension scientifically questionable and its

classification based on cutoff values arbitrary.

However, changes of a widely known and accepted

terminology may generate confusion while use of

cutoff values simplifies diagnostic and treatment

approaches in daily practice. Therefore the classifi-

cation of hypertension used in the 2003 ESH/ESC

Guidelines has been retained (Table 1) with the

following provisos:

1. when a patient’s systolic and diastolic blood

pressures fall into different categories the higher

category should apply for the quantification of

Table 1. Definitions and classification of blood pressure (BP)

levels (mmHg)

Category Systolic Diastolic

Optimal v120 and v80

Normal 120–129 and/or 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

hypertension

>140 and v90

Isolated systolic hypertension should be graded (1, 2, 3) according

to systolic blood pressure values in the ranges indicated, provided

that diastolic values are v90 mmHg. Grades 1, 2 and 3

correspond to classification in mild, moderate and severe

hypertension, respectively. These terms have been now omitted

to avoid confusion with quantification of total cardiovascular risk.
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total cardiovascular risk, decision about drug

treatment and estimation of treatment efficacy;

2. isolated systolic hypertension should be graded

(grades 1, 2 and 3) according to the same systolic

blood pressure values indicated for systolic-

diastolic hypertension. However, as mentioned

above, the association with a low diastolic blood

pressure (e.g. 60–70 mmHg) should be regarded

as an additional risk;

3. the threshold for hypertension (and the need for

drug treatment) should be considered as flexible

based on the level and profile of total cardiovas-

cular risk. For example, a blood pressure value

may be considered as unacceptably high and in

need of treatment in high risk states, but still

acceptable in low risk patients. Supporting

evidence for this statement will be presented in

the section on therapeutic approach (Section 5).

The USA Joint National Committee Guidelines

(JNC 7) on hypertension published in 2003 (30)

unified the normal and high normal blood pressure

categories into a single entity termed ‘prehyperten-

sion’. This was based on the evidence from the

Framingham study (31,32) that in such individuals

the chance of developing hypertension is higher than

in those with a blood pressure v120/80 mmHg

(termed ‘normal’ blood pressure) at all ages. The

ESH/ESC Committee has decided not to use this

terminology for the following reasons: 1) even in the

Framingham study the risk of developing hyperten-

sion was definitely higher in subjects with high

normal (130–139/85–89 mmHg) than in those with

normal blood pressure (120–129/80–84 mmHg)

(32,33) and therefore there is little reason to join

the two groups together; 2) given the ominous

significance of the word hypertension for the layman,

the term ‘prehypertension’ may create anxiety and

request for unnecessary medical visits and examina-

tions in many subjects; (34) 3) most importantly,

although lifestyle changes recommended by the

2003 JNC 7 Guidelines for all prehypertensive

individuals may be a valuable population strategy,

(30) in practice this category is a highly differen-

tiated one, with the extremes consisting of subjects

in no need of any intervention (e.g. an elderly

individual with a blood pressure of 120/80 mmHg)

as well as of those with a very high or high risk profile

(e.g. after stroke or with diabetes) in whom drug

treatment is required.

In conclusion, it might be appropriate to use a

classification of blood pressure without the term

‘hypertension’. However, this has been retained in

Table 1 for practical reasons and with the reservation

that the real threshold for hypertension must be

considered as flexible, being higher or lower based

on the total cardiovascular risk of each individual.

This is further illustrated in section 2.3 and in

Figure 1.

2.3 Total cardiovascular risk (Box 1)

2.3.1 Concept. For a long time, hypertension

guidelines focused on blood pressure values as the

Figure 1. Stratification of CV Risk in four categories. SBP: systolic blood pressure; DBP: diastolic blood pressure; CV: cardiovascular; HT:

hypertension. Low, moderate, high and very high risk refer to 10 year risk of a CV fatal or non-fatal event. The term ‘added’ indicates that in

all categories risk is greater than average. OD: subclinical organ damage; MS: metabolic syndrome. The dashed line indicates how definition

of hypertension may be variable, depending on the level of total CV risk.
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only or main variables determining the need and the

type of treatment. Although this approach was

maintained in the 2003 JNC 7 Guidelines, (30) the

2003 ESH-ESC Guidelines (3) emphasized that

diagnosis and management of hypertension should

be related to quantification of total (or global)

cardiovascular risk. This concept is based on the

fact that only a small fraction of the hypertensive

population has an elevation of blood pressure alone,

with the great majority exhibiting additional

cardiovascular risk factors, (35–39) with a

relationship between the severity of the blood

pressure elevation and that of alterations in glucose

and lipid metabolism. (40) Furthermore, when

concomitantly present, blood pressure and

metabolic risk factors potentiate each other,

leading to a total cardiovascular risk which is

greater than the sum of its individual components.

(35,41,42) Finally, evidence is available that in high

risk individuals thresholds and goals for

antihypertensive treatment, as well as other

treatment strategies, should be different from those

to be implemented in lower risk individuals. (3) In

order to maximize cost-efficacy of the management

of hypertension the intensity of the therapeutic

approach should be graded as a function of total

cardiovascular risk. (43,44)

2.3.2 Assessment. Estimation of total cardiovascular

risk is simple in particular subgroups of patients such

as those with 1) a previous diagnosis of

cardiovascular disease, 2) type 2 diabetes, 3) type 1

diabetes, and 4) individuals with severely elevated

single risk factors. In all these conditions the total

cardiovascular risk is high, calling for the intense

cardiovascular risk reducing measures that will be

outlined in the following sections. However, a large

number of hypertensive patients does not belong to

one of the above categories and identification of

those at high risk requires the use of models to

estimate total cardiovascular risk so as to be able to

adjust the intensity of the therapeutic approach

accordingly.

Several computerized methods have been devel-

oped for estimating total cardiovascular risk, i.e. the

absolute chance of having a cardiovascular event

usually over 10 years. However, some of them are

based on Framingham data (45) which are only

applicable to some European populations due to

important differences in the incidence of coronary

and stroke events. (12) More recently, a European

model has become available based on the large data-

base provided by the SCORE project. (46) SCORE

charts are available for high and low risk countries in

Europe. They estimate the risk of dying from

cardiovascular (not just coronary) disease over 10

years and allow calibration of the charts for

individual countries provided that national mortality

statistics and estimates of the prevalence of major

cardiovascular risk factors are known. The SCORE

model has also been used in the HeartScore, the

official ESC management tool for implementation of

cardiovascular disease prevention in clinical practice.

This is available on the ESC Web Site (www.escar-

dio.org).

The 2003 ESH/ESC Guidelines (3) classified the

total cardiovascular risk based on the scheme

proposed by the 1999 WHO/ISH Guidelines on

hypertension (2) with the extension to subjects with

‘normal’ or ‘high normal’ blood pressure. This

classification is retained in the present Guidelines

Box 1 Position statement: Total cardiovas-

cular risk

N Dysmetabolic risk factors and subclinical organ

damage are common in hypertensive patients.

N All patients should be classified not only in

relation to the grades of hypertension but also

in terms of the total cardiovascular risk

resulting from the coexistence of different risk

factors, organ damage and disease.

N Decisions on treatment strategies (initiation of

drug treatment, BP threshold and target for

treatment, use of combination treatment, need

of a statin and other non-antihypertensive

drugs) all importantly depend on the initial

level of risk.

N There are several methods by which total

cardiovascular risk can be assessed, all with

advantages and limitations. Categorization of

total risk as low, moderate, high, and very high

added risk has the merit of simplicity and can

therefore be recommended. The term ‘added

risk’ refers to the risk additional to the average

one.

N Total risk is usually expressed as the absolute

risk of having a cardiovascular event within 10

years. Because of its heavy dependence on age,

in young patients absolute total cardiovascular

risk can be low even in the presence of high BP

with additional risk factors. If insufficiently

treated, however, this condition may lead to a

partly irreversible high risk condition years

later. In younger subjects treatment decisions

should better be guided by quantification of

relative risk, i.e. the increase in risk in relation

to average risk in the population.
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(Figure 1). The terms ‘low’, ‘moderate’, ‘high’ and

‘very high’ risk are used to indicate an approximate

risk of cardiovascular morbidity and mortality in the

coming 10 years, which is somewhat analogous to

the increasing level of total cardiovascular risk

estimated by the Framingham (45) or the SCORE

(46) models. The term ‘added’ is used to emphasize

that in all categories relative risk is greater than

average risk. Although use of a categorical classifica-

tion provides data that are in principle less precise

than those obtained from equations based on

continuous variables, this approach has the merit

of simplicity. The 2003 WHO/ISH Guidelines (47)

have further simplified the approach by merging the

high and very high risk categories which were

regarded as similar when it came to making

treatment decisions. The distinction between high

and very high risk categories has been maintained in

the present guidelines, thereby preserving a separate

place for secondary prevention, i.e. prevention in

patients with established cardiovascular disease. In

these patients, compared with the high risk category,

not only can total risk be much higher, but multi-

drug treatment may be necessary throughout the

blood pressure range from normal to high. The

dashed line drawn in Figure 1 illustrates how total

cardiovascular risk evaluation influences the defini-

tion of hypertension when this is correctly consid-

ered as the blood pressure value above which

treatment does more good than harm. (48)

Table 2 indicates the most common clinical

variables that should be used to stratify the risk.

They are based on risk factors (demographics,

anthropometrics, family history of premature car-

diovascular disease, blood pressure, smoking

habits, glucose and lipid variables), measures of

target organ damage, and diagnosis of diabetes and

associated clinical conditions as outlined in the

Table 2. Factors influencing prognosis

Risk factors Subclinical organ damage

N Systolic and diastolic BP levels N Electrocardiographic LVH (Sokolow-Lyon w38 mm; Cornell

w2440 mm*ms) or:

N Levels of pulse pressure (in the elderly) N Echocardiographic LVH̊ (LVMI M>125 g/m2, W>110 g/m2)

N Age (Mw55 years; Ww65 years) N Carotid wall thickening (IMTw0.9 mm) or plaque

N Smoking N Carotid-femoral pulse wave velocity w12 m/s

N Dyslipidaemia N Ankle/brachial BP index v0.9

- TCw5.0 mmol/l (190 mg/dl) or:

- LDL-Cw3.0 mmol/l (115 mg/dl) or:

- HDL-C: Mv1.0 mmol/l (40 mg/dl), Wv1.2 mmol/l

(46 mg/dl) or:

- TGw1.7 mmol/l (150 mg/dl)

N Fasting plasma glucose 5.6–6.9 mmol/L (102–125 mg/dl) N Slight increase in plasma creatinine: M: 115–133 mmol/l

(1.3–1.5 mg/dl); W: 107–124 mmol/l (1.2–1.4 mg/dl)

N Abnormal glucose tolerance test N Low estimated glomerular filtration rate{ (v60 ml/min/1.73 m2)

or creatinine clearancee (v60 ml/min)

N Abdominal obesity (Waist circumference w102 cm (M), w88

cm (W))

N Microalbuminuria 30–300 mg/24 h or albumin-creatinine ratio:

>22 (M); or >31 (W) mg/g creatinine

N Family history of premature CV disease (M at age v55 years;

W at age v65 years)

Diabetes mellitus Established CV or renal disease

N Fasting plasma glucose >7.0 mmol/l (126 mg/dl) on repeated

measurements, or

N Cerebrovascular disease: ischaemic stroke; cerebral

haemorrhage; transient ischaemic attack

N Postload plasma glucose w11.0 mmol/l (198 mg/dl) N Heart disease: myocardial infarction; angina; coronary

revascularization; heart failure

N Renal disease: diabetic nephropathy; renal impairment (serum

creatinine Mw133, Ww124 mmol/l); proteinuria (w300 mg/

24 h)

N Peripheral artery disease

Note: the cluster of three out of 5 risk factors among abdominal

obesity, altered fasting plasma glucose, BPw130/85 mmHg, low

HDL-cholesterol and high TG (as defined above) indicates the

presence of metabolic syndrome

N Advanced retinopathy: haemorrhages or exudates, papilloedema

M: men; W: women; CV: cardiovascular disease; IMT: intima-media thickness; BP: blood pressure; TG: triglycerides; C: cholesterol;
eCockroft Gault formula; {MDRD formula; Risk maximal for concentric LVH (left ventricular hypertrophy): increased LVMI (left

ventricular mass index) with a wall thickness/radius ratio w0.42.
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2003 Guidelines. (3) The following new points

should be highlighted:

1. The metabolic syndrome (49) has been men-

tioned because it represents a cluster of risk

factors often associated with high blood pres-

sure which markedly increases cardiovascular

risk. No implication is made that it represents a

pathogenetic entity.

2. Further emphasis has been given to identifica-

tion of target organ damage, since hypertension-

related subclinical alterations in several organs

indicate progression in the cardiovascular dis-

ease continuum (50) which markedly increases

the risk beyond that caused by the simple

presence of risk factors. A separate Section

(3.6) is devoted to searching for subclinical

organ damage where evidence for the additional

risk of each subclinical alteration is discussed

and the proposed cutoff values are justified.

3. The list of renal markers of organ damage has

been expanded, to include estimates of creati-

nine clearance by the Cockroft-Gault formula

(51) or of glomerular filtration rate by the

MDRD formula, (52) because of the evidence

that these estimated values are a more precise

index of the cardiovascular risk accompanying

renal dysfunction.

4. Microalbuminuria has now been considered as

an essential component in the assessment of

organ damage because its detection is easy and

relatively inexpensive.

5. Concentric left ventricular hypertrophy has

been identified as the cardiac structural para-

meter that more markedly increases cardiovas-

cular risk.

6. Whenever possible the recommendation is

made to measure organ damage in different

tissues (e.g. heart, blood vessels, kidney and

brain) because multiorgan damage is associated

with a worse prognosis. (53)

7. Increased pulse wave velocity is added to the list

of factors influencing prognosis as an early

index of large artery stiffening, (54,55) although

with the caveat that it has a limited availability

in the clinical practice.

8. A low ankle to brachial blood pressure ratio

(v0.9) is listed as a relatively easy to obtain

marker of atherosclerotic disease and increased

total cardiovascular risk. (56)

9. Not only is assessment of organ damage

recommended pre-treatment (in order to stra-

tify risk) but also during therapy because of the

evidence that regression of left ventricular

hypertrophy and reduction of proteinuria indi-

cate treatment-induced cardiovascular protec-

tion. (57–61)

10. There may be reasons to include an elevated

heart rate as a risk factor because of a growing

body of evidence that elevated heart rate values

relate to the risk of cardiovascular morbidity

and mortality as well as to all cause mortality.

(62–65) Also, there is evidence that an elevated

heart rate increases the risk of new onset

hypertension (66,67) and is frequently asso-

ciated with metabolic disturbances and the

metabolic syndrome. (67–69) However,

because of the wide range of accepted resting

heart rate normality values (60 to 90 beats/

min), no cutoff heart rate can be offered

presently to increase the accuracy of total

cardiovascular risk stratification.

11. The major diagnostic elements for classifying

subjects in the high or very high risk categories

are summarized in Table 3. It is worth noticing

that multiple risk factors, diabetes or organ

damage invariably place a subject with hyper-

tension, and even with high normal blood

pressure, in the high risk category.

2.3.3 Limitations. All currently available models for

cardiovascular risk assessment have limitations

which must be appreciated. Total cardiovascular

risk models do not consider the duration of exposure

to a risk factor or disease and their quantification is

usually based on some risk factors only, while paying

limited attention to other variables linked to

cardiovascular outcome (e.g. physical activity and

stress). (70) Furthermore, the significance of target

organ damage in determining calculation of overall

risk is dependent on how carefully the damage is

Table 3. High/Very high risk subjects

N BP>180 mmHg systolic and/or >110 mmHg diastolic

N Systolic BPw160 mmHg with low diastolic BP (v70 mmHg)

N Diabetes mellitus

N Metabolic syndrome

N >3 cardiovascular risk factors

N One or more of the following subclinical organ damages:

- Electrocardiographic (particularly with strain) or

echocardiographic (particularly concentric) left ventricular

hypertrophy

- Ultrasound evidence of carotid artery wall thickening or

plaque

- Increased arterial stiffness

- Moderate increase in serum creatinine

- Reduced estimated glomerular filtration rate or creatinine

clearance

- Microalbuminuria or proteinuria

N Established cardiovascular or renal disease
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assessed, based on available facilities. Also, there are

several additional markers of target organ damage

that have not been listed in Table 2 because of a

difficulty in measurement, less well established

prognostic importance or practical problems (low

availability, high dependence on operator’s skill, lack

of standardization, time requirement, invasiveness,

cost, etc.). However, because these measurements

are currently the object of extensive research, which

may make them more useful in the near future they

have been discussed in section 3.6 and listed in

Table 4 together with an assessment of their clinical

value and limitations. The issue is further discussed

in Section 3.6.

Conceptual limitations should also be mentioned.

One should never forget that the rationale of estimat-

ing total cardiovascular risk is to govern the best use of

limited resources to prevent cardiovascular disease,

that is to grade preventive measures in relation to the

increased risk. Yet, stratification of absolute risk is

often used by private or public healthcare providers to

establish a barrier below which treatment is discour-

aged. The threshold of 20% risk of cardiovascular

disease in 10 years is arbitrary and simplistic, and use

of a cutoff value leading to intense interventions above

this threshold and no action at all below cannot be

supported. One should be aware of the strong effect of

age on total cardiovascular risk models. It is so strong

that younger adults (particularly women) are unlikely

to reach high risk levels even when they have more

than one major risk factor and a clear increase in

relative risk (i.e. the existing risk compared to their

peers). By contrast, most elderly men (e.g. w70 years)

will often reach a high total risk level whilst being at

very little increased risk relative to their peers. The

consequences are that most resources are concen-

trated on older subjects, whose potential lifespan is

relatively short despite intervention, and little atten-

tion is given to young subjects at high relative risk

despite the fact that, in the absence of intervention,

their long term exposure to an increased risk may lead

to a high and partly irreversible risk situation in middle

age, with potential shortening of their otherwise longer

life expectancy. As already suggested in the 2003

ESH-ESC Guidelines, (3) these shortcomings may be

avoided by using the relative risk as a guide to the need

and the intensity of therapeutic interventions in young

subjects. This is possible with the HeartScore manage-

ment tool (www.escardio. org), with the update

provided by the guidelines on cardiovascular disease

prevention in clinical practice issued by the Fourth

Joint European Task Force. (71) It is important to

remember that in young individuals who are at low

absolute risk just because of their age but who carry

important risk factors, non-pharmacological and, if

necessary, pharmacological interventions should be

implemented to improve their risk profile and

prevent the development of a high risk condition

later in life. In the absence of treatment, this can

occur even earlier than indicated in risk charts

because risk factors tend to become more pro-

nounced with ageing and a life time blood pressure

elevation is frequently accompanied by development

of organ damage.

3. Diagnostic evaluation

Diagnostic procedures aim at: 1) establishing blood

pressure levels; 2) identifying secondary causes of

hypertension; 3) evaluating the overall cardiovascu-

lar risk by searching for other risk factors, target

organ damage and concomitant diseases or accom-

panying clinical conditions.

The diagnostic procedures comprise:

- repeated blood pressure measurements

- medical history

- physical examination

- laboratory and instrumental investigations. Some

of these should be considered part of the routine

approach in all subjects with high blood pressure;

some are recommended and may be used

extensively in the developed health systems of

Europe; some are indicated only when suggested

by the basic examination or the clinical course of

the patient.

Table 4. Availability, prognostic value and cost of some markers

of organ damage (scored from 0 to 4 pluses)

Markers

CV predictive

value Availability Cost

Electrocardiography ++ ++++ +
Echocardiography +++ +++ ++
Carotid Intima-Media

Thickness

+++ +++ ++

Arterial stiffness (Pulse

wave velocity)

+++ + ++

Ankle-Brachial index ++ ++ +
Coronary calcium content + + ++++
Cardiac/Vascular tissue

composition

? + ++

Circulatory collagen

markers

? + ++

Endothelial dysfunction ++ + +++
Cerebral lacunae/White

matter lesions

? ++ ++++

Est. Glomerular Filtration

Rate or Creatinine

Clearance

+++ ++++ +

Microalbuminuria +++ ++++ +
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3.1 Blood pressure measurement

Blood pressure is characterized by large spontaneous

variations both during the day and between days,

months and seasons. (72–74) Therefore the diag-

nosis of hypertension should be based on multiple

blood pressure measurements, taken on separate

occasions over a period of time. If blood pressure is

only slightly elevated, repeated measurements

should be obtained over a period of several months

to define the patients ‘usual’ blood pressure as

accurately as possible. On the other hand, if the

patient has a more marked blood pressure elevation,

evidence of hypertension-related organ damage or a

high or very high cardiovascular risk profile, repeated

measurements should be obtained over shorter

periods of time (weeks or days). In general, the

diagnosis of hypertension should be based on at least

2 blood pressure measurements per visit and at least

2 to 3 visits, although in particularly severe cases the

diagnosis can be based on measurements taken at a

single visit. Blood pressures can be measured by the

doctor or the nurse in the office or in the clinic

(office or clinic blood pressure), by the patient or a

relative at home, or automatically over 24 h. Based

on specific recommendations of the European

Society of Hypertension, (75) these procedures can

be summarized as follows:

3.1.1 Office or clinic blood pressure. Blood pressure can

be measured by a mercury sphygmomanometer the

various parts of which (rubber tubes, valves, quantity

of mercury, etc.) should be kept in proper working

order. Other non-invasive devices (auscultatory or

oscillometric semiautomatic devices) can also be used

and will indeed become increasingly important

because of the progressive banning of the medical

use of mercury. However, these devices should be

validated according to standardized protocols ((76)

and website: www.dableducational.org), and their

accuracy should be checked periodically by

comparison with mercury sphygmomanometric

values. Instructions for correct office blood pressure

measurements are summarized in Box 2.

3.1.2 Ambulatory blood pressure (Box 3). Several

devices (mostly oscillometric) are available for

automatic blood pressure measurements in patients

allowed to conduct a near normal life. They provide

information on 24-hour average blood pressure as

well as on mean values over more restricted periods

such as the day, night or morning. This information

should not be regarded as a substitute for

information derived from conventional blood

pressure measurements. However, it may be

considered of important additional clinical value

because cross-sectional and longitudinal studies

have shown that office blood pressure has a limited

relationship with 24-h blood pressure and thus with

that occurring in daily life. (77–79) These studies

have also shown that ambulatory blood pressure 1)

correlates with hypertension-related organ damage

and its changes by treatment more closely than does

office blood pressure, (80–85) 2) has a relationship

with cardiovascular events that is steeper than that

observed for clinic blood pressure, with a prediction

of cardiovascular risk greater than, and additional to

the prediction provided by office blood pressure

values in populations as well as in untreated and

treated hypertensives, (86–96) and 3) measures

more accurately than clinic blood pressure the

extent of blood pressure reduction induced by

treatment, because of a higher reproducibility over

time (97,98) and an absent or negligible ‘white coat’

(99) and placebo effect. (100,101) Although some of

the above advantages can be obtained by increasing

the number of office blood pressure measurements,

(82,98) 24-hour ambulatory blood pressure

Box 2 Blood pressure (BP) measurement

When measuring BP, care should be taken to:

N Allow the patients to sit for several minutes in a

quiet room before beginning BP measurements

N Take at least two measurements spaced by 1–2

minutes, and additional measurements if the

first two are quite different

N Use a standard bladder (12–13 cm long and

35 cm wide) but have a larger and a smaller

bladder available for fat and thin arms,

respectively. Use the smaller bladder in chil-

dren

N Have the cuff at the heart level, whatever the

position of the patient

N Use phase I and V (disappearance) Korotkoff

sounds to identify systolic and diastolic BP,

respectively

N Measure BP in both arms at first visit to detect

possible differences due to peripheral vascular

disease. In this instance, take the higher value

as the reference one

N Measure BP 1 and 5 min after assumption of

the standing position in elderly subjects,

diabetic patients, and in other conditions in

which postural hypotension may be frequent or

suspected

N Measure heart rate by pulse palpation (at least

30 sec) after the second measurement in the

sitting position
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monitoring may be useful at the time of diagnosis and

at varying intervals during treatment. Effort should be

made to extend ambulatory blood pressure

monitoring to 24 hours in order to obtain

information on both daytime and nighttime blood

pressure profiles, day-night blood pressure difference,

morning blood pressure rise and blood pressure

variability. Daytime and nighttime blood pressure

values and changes by treatment are related to each

other, (78,79) but the prognostic value of nighttime

blood pressure has been found to be superior to that

of daytime blood pressure. (87,89–92,94) In addition,

subjects in whom nocturnal decrease in blood

pressure is blunted (non-dippers) (102) have been

reported to have a greater prevalence of organ damage

and a less favourable outcome, although in some

studies the prognostic value of this phenomenon was

lost when multi-variate analysis included 24-h average

blood pressure. (87,88,90,92,93,103–106) Evidence

is also available that cardiac and cerebrovascular

events have a peak prevalence in the morning, (107–

110) possibly in relation to the sharp blood pressure

rise occurring at awaking from sleep, (72,111–113) as

well as to an increased platelet aggregability, a reduced

fibrinolytic activity and a sympathetic activation.

(114–118) Worsening of organ damage and the

incidence of events have also been related to blood

pressure variability as quantified by the standard

deviation around mean values. (119–121) Although

in these studies the role of confounding factors was

not always excluded, an independent role of blood

pressure variability has recently been confirmed by a

long-term observational study. (122)

When measuring 24-hour blood pressure (75)

care should be taken to:

N Use only devices validated by international

standardized protocols.

N Use cuffs of appropriate size and compare the

initial values with those from a sphygmoman-

ometer to check that the differences are not

greater than ¡5 mmHg.

N Set the automatic readings at no more than

30 min intervals to obtain an adequate number

of values and have most hours represented if some

readings are rejected because of artefact.

N Automatic deflation of the equipment should be

at a rate of no more than 2 mmHg/s.

N Instruct the patients to engage in normal activities

but to refrain from strenuous exercise, and to

keep the arm extended and still at the time of cuff

inflations.

N Ask the patient to provide information in a diary

on unusual events and on duration and quality of

night sleep.

N Obtain another ambulatory blood pressure if the

first examination has less than 70% of the

expected number of valid values because of

frequent artefacts. Ensure that the proportion of

valid values is similar for the day and night

periods.

Box 3 Position statement: Ambulatory and

home BP measurements

Ambulatory BP

N Although office BP should be used as refer-

ence, ambulatory BP may improve prediction

of cardiovascular risk in untreated and treated

patients

N Normal values are different for office and

ambulatory BP (Table 5)

N 24-h ambulatory BP monitoring should be

considered, in particular, when

- considerable variability of office BP is found

over the same or different visits

- high office BP is measured in subjects other-

wise at low total cardiovascular risk

- there is a marked discrepancy between BP

values measured in the office and at home

- resistance to drug treatment is suspected

- hypotensive episodes are suspected, particu

larly in elderly and diabetic patients

- office BP is elevated in pregnant women and

preeclampsia is suspected

Home BP

N Self-measurement of BP at home is of clinical

value and its prognostic significance is now

demonstrated. These measurements should be

encouraged in order to:

- provide more information on the BP lowering

effect of treatment at trough, and thus on

therapeutic coverage throughout the dose-to-

dose time interval

- improve patient’s adherence to treatment regi-

mens

- there are doubts on technical reliability/envir-

onmental conditions of ambulatory BP data

N Self-measurement of BP at home should be

discouraged whenever:

- it causes anxiety to the patient

- it induces self-modification of the treatment

regimen

N Normal values are different for office and home

BP (Table 5)
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N Remember that ambulatory blood pressure is

usually several mmHg lower than office blood

pressure. (123–125) As shown in Table 5, differ-

ent population studies indicate that office values

of 140/90 mmHg correspond to average 24-h

values of either 125–130 mmHg systolic and

80 mmHg diastolic, the corresponding average

daytime and nighttime values being 130–135/85

and 120/70 mmHg. These values may be

regarded as approximate threshold values for

diagnosing hypertension by ambulatory blood

pressure.

N Clinical judgement should be mainly based on

average 24-hour, day and/or night values. Other

information derived from ambulatory blood pres-

sure (e.g. morning blood pressure surge and

blood pressure standard deviations) is clinically

promising, but the field should still be regarded as

in the research phase.

3.1.3 Home blood pressure (Box 3). Self-measurement

of blood pressure at home cannot provide the

extensive information on daily life blood pressure

values provided by ambulatory blood pressure

monitoring. However, it can provide values on

different days in a setting close to daily life. When

averaged over a period of a few days these values share

some of the advantages of ambulatory blood pressure,

that is they are free of a significant white coat effect,

are more reproducible and predict the presence and

progression of organ damage as well as the risk of

cardiovascular events better than office values.

(81,89,90,92,126,127) Therefore, home blood

pressure measurements for suitable periods can be

recommended before and during treatment also

because this relatively cheap procedure may improve

patient adherence to treatment. (128)

When advising self-measurement of blood pres-

sure at home: (75)

N Suggest the use of validated devices. Few of the

presently available wrist devices for measurement

of blood pressure have been validated satisfacto-

rily; (76) should any of these wrist devices be

used, the subject should be recommended to keep

the arm at heart level during the measurement.

N Prefer semiautomatic devices rather than a

mercury sphygmomanometer to avoid the diffi-

culty posed by having to educate the patient on its

use and the error derived from hearing problems

in elderly individuals.

N Instruct the patient to make measurements in the

sitting position after several minutes rest, pre-

ferably in the morning and in the evening. Inform

him or her that values may differ between

measurements because of spontaneous blood

pressure variability.

N Avoid requesting that an excessive number of

values are measured and ensure that those

measurements include the period prior to drug

intake so as to have information on the duration

of treatment effects.

N Remember that, as for ambulatory blood pres-

sure, normal values are lower for home than for

office blood pressure. Take 130–135/85 mmHg

as the values that approximately correspond to

140/90 mmHg measured in the office or clinic

(Table 5).

N Give the patient clear instructions on the need to

provide the doctor with proper documentation of

the measured values and to avoid self-alterations

of the treatment regimens.

3.1.4 Isolated office or white coat hypertension. In some

patients office blood pressure is persistently elevated

while daytime or 24-hour blood pressure, or home

blood pressure, are within their normal range. This

condition is widely known as ‘white coat hypertension’,

(129) although the more descriptive and less

mechanistic term ‘isolated office (or clinic)

hypertension’ is preferable because the office

ambulatory blood pressure difference does not

correlate with the office blood pressure elevation

induced by the alerting response to a doctor or a

nurse, (130) that is the true ‘white coat effect’.

(131,132) Regardless of the terminology, evidence

is now available that isolated office hypertension may

be present in about 15% of the general population

and that it may account for a noticeable fraction

(one third or more) of individuals in whom

hypertension is diagnosed. (106,133,134) There is

evidence that in individuals with isolated office

hypertension cardiovascular risk is less than in

individuals with both raised office and ambulatory

blood pressure. (90,92,106,133–138) However,

several, although not all studies, have reported this

condition to be associated with a prevalence of organ

damage and metabolic abnormalities greater than

Table 5. Blood pressure thresholds (mmHg) for definition of

hypertension with different types of measurement

SBP DBP

Office or clinic 140 90

24-hour 125–130 80

Day 130–135 85

Night 120 70

Home 130–135 85
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that of normotensive subjects, which suggests that it

may not be a clinically innocent phenomenon. (133)

Evidence of its adverse prognostic relevance is less

consistent in outcome studies when data are properly

adjusted for age and gender (92,106,133,138) but

there is one report of its association with a rate of

cardiovascular events that is intermediate between

that of subjects in whom normal blood pressure and

hypertension are found both in and out of office.

(133)

It is difficult to predict which patients found to be

hypertensive in the office will have isolated office

hypertension, but this condition is more common

when there is a grade 1 (mild) hypertension in

females, at older ages, in non-smokers, in hyperten-

sion of recent onset and when there is a limited

number of office blood pressure measurements. (75)

Isolated office hypertension should be diagnosed

whenever office blood pressure is >140/90 mmHg

on at least 3 occasions, while 24-hour mean and

daytime blood pressures are within their normal

range. Its diagnosis can also be based on home blood

pressure values (when the average of several home

readings is v135/85 mmHg and office values >140/

90 mmHg), bearing in mind that subjects with

isolated office hypertension diagnosed by ambula-

tory blood pressure monitoring may not be entirely

the same group identified by home blood pressure

measurements. (133,139) Some individuals may

have a high home and a normal ambulatory blood

pressure and vice versa. Identification of isolated

office hypertension should be followed by a search

for metabolic risk factors and organ damage. Drug

treatment should be instituted when there is

evidence of organ damage or a high cardiovascular

risk profile. However, lifestyle changes and a close

follow-up are recommended in all patients with

isolated office hypertension even when it is decided

not to start pharmacological treatment.

3.1.5 Isolated ambulatory or masked hypertension. The

reverse phenomenon of ‘white coat hypertension’ has

also been described: individuals with normal office

blood pressure (v140/90 mmHg) may have elevated

ambulatory or home blood pressure values, a

condition termed ‘isolated ambulatory hypertension’ or

‘masked hypertension’. (92,95,106,132–134,137,139–

41) The prevalence in the population is about the

same as that of isolated office hypertension

(106,133,134,141) and it has been calculated that

about 1 in 7 or 8 subjects with a normal office blood

pressure may fall into this category. (133) Although

limited information exists on the persistence of this

condition over time, (142) such individuals have been

shown to have greater than normal prevalence of

organ damage, (139) with an increased prevalence of

metabolic risk factors (133) compared with subjects

with a truly normal blood pressure. Outcome studies

have suggested that masked hypertension increases

cardiovascular risk, which appears to be close to that

of in- and out-of-office hypertension. (92,106,133,

134,137,141)

In conclusion, studies made in the last few years

have provided a growing body of evidence on the

clinical importance of out-of-office blood pressure

measurements as these characterize more precisely

the severity of hypertension and identify a higher risk

profile in some apparently normotensive individuals.

In a recent long-term observational study the 12-

year risk of death progressively increased from the

condition of being normotensive on office, home,

and 24-hour definitions to the condition of being

found hypertensive by one, two and all three blood

pressure measurement modalities. (133)

Ambulatory and home blood pressures may provide

useful information even when there is no apparent

elevation in clinic blood pressure, particularly in

subjects in whom multiple risk factors and organ

damage are present.

3.1.6 Blood pressure during exercise and laboratory

stress. Both physical and mental stressors have been

applied in the laboratory to assess the blood pressure

response to challenging stimuli and its potential

clinical utility. Physical stress involves active physical

activity (dynamic or static exercise) or passive

physical stress, such as the cold pressor test.

Mental stress is evoked via a problem of

mathematical, technical or decisional nature. (143)

All stressors increase blood pressure and the

variable individual blood pressure response has been

evaluated with regard to the prediction of new onset

hypertension, target organ damage and incident

cardiovascular disease or death.

Data on the prediction of future hypertension are

conflicting. (144) Some studies reported a signifi-

cant and independent risk for incident hypertension

in subjects who showed disproportionate exercise

blood pressure responses, (145) and in male civil

servants blood pressure reactions to mental stress

predicted future blood pressure values and hyper-

tension at a 10 year follow-up. (146) However, only

a small fraction of the variance of future blood

pressure values was explained by the different

response to mental stress, and other studies (147)

have led to negative results.

As to organ damage, most studies on normoten-

sive and hypertensive subjects did not observe a

significant relationship between the pressor effect of

dynamic exercise and left ventricular hypertrophy
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after proper adjustment for resting blood pressure,

(148–154) but in a recent report the change of

systolic blood pressure from rest to submaximal

exercise was found to be a strong predictor of left

ventricular hypertrophy in prehypertensive indivi-

duals. (155) The significance of blood pressure

reactivity to static exercise has been rarely addressed

but no significant association between the blood

pressure response to handgrip and left ventricular

mass has been reported in one study, (156) while the

blood pressure increase induced by the cold pressor

test predicted left ventricular mass (153) in one but

not another report. (157) The blood pressure effect

of an arithmetic task was significantly related to left

ventricular concentric remodelling but not to left

ventricular mass in one study, (158) while other

studies failed to find positive associations between

left ventricular structure and this type of blood

pressure reactivity. (153,157)

There is conflicting evidence as to whether an

exaggerated blood pressure response to bicycle

exercise can predict cardiovascular morbidity and

mortality independent of resting values, (149,159)

although the results of a 21-year follow up have

recently shown that both supine and 6-min exercise

systolic blood pressures provide predictive informa-

tion on cardiovascular death, particularly in subjects

with mild blood pressure elevation. (160) However,

the matter may be different in more severe hyperten-

sion. Whether an excessive blood pressure rise

during exercise adds prognostic information to

blood pressure at rest may depend on the effect of

exercise on cardiac output. If the exercise-induced

rise in cardiac output is impaired, as it can be seen in

severe hypertension, exercise blood pressure can no

longer carry an independent prognostic significance.

There is some evidence that an impaired reduction

of systemic vascular resistance during exercise

carries a worse prognosis. (159,161)

In conclusion, the results on the independent

relationships of the blood pressure response to

physical and mental stressors, future hypertension

and target organ damage are not consistent and, if

significant, the additional explained variance is

small. As to the prediction of cardiovascular events,

the 21-year follow-up study mentioned above (160)

suggests that an exercise test may provide some

additional prognostic information at least in subjects

with mild blood pressure elevation, because in the

absence of other risk factors or organ damage a

decision on the need for therapeutic intervention

may be difficult. Finally, it should not be forgotten

that non-invasive blood pressure measurements

during exercise are limited to systolic values, and

that their accuracy is much less than that of resting

values.

3.1.7 Central blood pressure. Due to the variable

superimposition of incoming and reflected pressure

waves along the arterial tree, aortic systolic and pulse

pressure (i.e. the pressure exerted at the level of the

heart, brain and kidney) may be different from the

conventionally measured brachial pressure. (162)

Furthermore, the claim has long been made that

peripheral and central systolic and pulse pressures

may be differently affected by antihypertensive

drugs. (163) The need for invasive measurement of

central blood pressure has confined this issue to

research. However, recently a method has been

described to non-invasively estimate aortic blood

pressure by calculating the ‘augmentation index’

from the pulse wave pressure contour recorded from

a peripheral artery. (164,165) Use of this method

has confirmed that the effects of antihypertensive

drugs on central systolic and pulse pressure do not

invariably reflect those seen at the brachial artery

level. (166,167) Furthermore, the results obtained in

a large substudy performed within a randomized trial

have shown that central pulse pressure as assessed

from the ‘augmentation index’ is significantly related

to cardiovascular events. (166) However, the

prognostic role of central as opposed to peripheral

blood pressure needs to be further confirmed in

more large-scale observational and interventional

studies.

3.2 Family and clinical history (Box 4)

A comprehensive family history should be obtained

with particular attention to hypertension, diabetes,

dyslipidaemia, premature coronary heart disease,

stroke, peripheral artery or renal disease.

The clinical history should include: a) duration

and previous levels of high blood pressure; b)

symptoms suggestive of secondary causes of hyper-

tension and intake of drugs or substances that can

raise blood pressure, such as liquorice, nasal drops,

cocaine, amphetamines, oral contraceptives, ster-

oids, non-steroidal anti-inflammatory drugs, ery-

thropoietin, and cyclosporin; c) lifestyle factors,

such as dietary intake of fat (animal fat in particular),

salt and alcohol, quantification of smoking and

physical activity, weight gain since early adult life;

d) past history or current symptoms of coronary

disease, heart failure, cerebrovascular or peripheral

vascular disease, renal disease, diabetes mellitus,

gout, dyslipidaemia, asthma or any other significant

illnesses, and drugs used to treat those conditions; e)

previous antihypertensive therapy, its results and
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adverse effects; and f) personal, family and environ-

mental factors that may influence blood pressure,

cardiovascular risk, as well as the course and

outcome of therapy. Also, physicians should enquire

of the patient and/or partner about snoring which

may be a sign of sleep apnoea syndrome and

increased cardiovascular risk.

3.3 Physical examination (Box 5)

In addition to blood pressure heart rate should be

carefully measured (pulse counting over at least 30 s

or longer if arrhythmias are reported) because the

repeated finding of values above normal may be an

indication of greater risk, increased sympathetic or

decreased parasympathetic activity, (62–65) or of

heart failure. Physical examination should search for

evidence of additional risk factors, for signs suggest-

ing secondary hypertension, and for evidence of

organ damage. Waist circumference should be

measured with the patient standing and body weight

and height should be obtained to calculate body

mass index by a standard formula.

3.4 Laboratory investigations (Box 6)

Laboratory investigations are directed at providing

evidence for additional risk factors, searching for

secondary hypertension and looking for the absence

or presence of organ damage. Investigations should

progress from the most simple to the more compli-

cated. The younger the patient, the higher the blood

pressure and the faster the development of hyperten-

sion, the more detailed the diagnostic work-up

should be. However, the minimum laboratory

investigations needed remain a matter of debate.

In the rather uniform European context, where

cardiovascular diseases are the primary cause of

morbidity and mortality, routine laboratory investi-

gations should include: blood chemistry for fasting

glucose, total cholesterol, LDL-cholesterol, HDL-

cholesterol, triglycerides (fasting), urate, creatinine,

potassium, haemoglobin and haematocrit; urinalysis

by a dipstick test that permits the detection of

microalbuminuria; urine microscopic examination

and an electrocardiogram. Serum creatinine is an

imprecise measure of renal function. Nevertheless,

even a small elevation may indicate substantial renal

damage and an increased risk of cardiovascular

disease. Serum creatinine values should also be used

to estimate creatinine clearance via the Cockroft

Gault formula or glomerular filtration rate by the

abbreviated MDRD formula, (51,52) easy proce-

dures allowing identification of patients with

reduced glomerular filtration and increased cardio-

vascular risk but in whom serum creatinine values

are still in the normal range (see also section 3.6.3).

When fasting plasma glucose is >5.6 mmol/L

(100 mg/dL), a post-load plasma glucose (glucose

tolerance test) is recommended. (168) The repeated

Box 4 Guidelines for family and clinical

history

1. Duration and previous level of high BP

2. Indications of secondary hypertension:

(a) family history of renal disease (polycys-

tic kidney)

(b) renal disease, urinary tract infection,

haematuria, analgesic abuse (parenchy-

mal renal disease)

(c) drug/substance intake: oral contracep-

tives, liquorice, carbenoxolone, nasal

drops, cocaine, amphetamines, steroids,

non-steroidal anti-inflammatory drugs,

erythropoietin, cyclosporin

(d) episodes of sweating, headache, anxiety,

palpitation (phaeochromocytoma)

(e) episodes of muscle weakness and tetany

(aldosteronism)

3. Risk factors:

(a) family and personal history of hyperten-

sion and cardiovascular disease

(b) family and personal history of dyslipi-

daemia

(c) family and personal history of diabetes

mellitus

(d) smoking habits

(e) dietary habits

(f) obesity; amount of physical exercise

(g) snoring; sleep apnoea (information also

from partner)

(h) personality

4. Symptoms of organ damage

(a) brain and eyes: headache, vertigo,

impaired vision, transient ischaemic

attacks, sensory or motor deficit

(b) heart: palpitation, chest pain, shortness

of breath, swollen ankles

(c) kidney: thirst, polyuria, nocturia, hae-

maturia

(d) peripheral arteries: cold extremities,

intermittent claudication

5. Previous antihypertensive therapy:

(a) Drug(s) used, efficacy and adverse

effects

6. Personal, family and environmental factors
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finding of a fasting plasma glucose >7.0 mmol/L

(126 mg/dL), and an abnormal glucose tolerance

test are considered indicative of diabetes mellitus.

(168) Although high sensitivity C reactive protein

(hsCRP) has been reported to predict the incidence

of cardiovascular events in several clinical settings,

(169) its added value in determining total cardio-

vascular risk is uncertain, (170) except in patients

with metabolic syndrome in whom hsCRP values

have been reported to be associated with a further

marked increase in risk. (171,172) The value of

other inflammatory markers (fibrinogen, cytokines,

homeocysteine and brain natriuretic peptide levels

etc.) (173) for cardiovascular risk stratification is the

object of active research, but at present their

measurement for clinical guidance in hypertension

cannot be recommended.

Box 5 Physical examination for secondary

hypertension, organ damage and visceral

obesity

Signs suggesting secondary hypertension

and organ damage

N Features of Cushing syndrome

N Skin stigmata of neurofibromatosis (phaeo-

chromocytoma)

N Palpation of enlarged kidneys (polycystic kid-

ney)

N Auscultation of abdominal murmurs (renovas-

cular hypertension)

N Auscultation of precordial or chest murmurs

(aortic coarctation or aortic disease)

N Diminished and delayed femoral pulses and

reduced femoral BP (aortic coarctation, aortic

disease)

Signs of organ damage

N Brain: murmurs over neck arteries, motor or

sensory defects

N Retina: fundoscopic abnormalities

N Heart: location and characteristics of apical

impulse, abnormal cardiac rhythms, ventricu-

lar gallop, pulmonary rales, peripheral oedema

N Peripheral arteries: absence, reduction, or

asymmetry of pulses, cold extremities, ischae-

mic skin lesions

N Carotid arteries: systolic murmurs

Evidence of visceral obesity

N Body weight

N Increased waist circumference (standing posi-

tion) M: w102 cm; F: w88 cm

N Increased body mass index [body weight (kg)/

height (m)2]

N Overweight >25 kg/m2; Obesity >30 kg/m2

Box 6 Laboratory investigations

Routine tests

N Fasting plasma glucose

N Serum total cholesterol

N Serum LDL-cholesterol

N Serum HDL-cholesterol

N Fasting serum triglycerides

N Serum potassium

N Serum uric acid

N Serum creatinine

N Estimated creatinine clearance (Cockroft-

Gault formula) or glomerular filtration rate

(MDRD formula)

N Haemoglobin and haematocrit

N Urinalysis (complemented by microalbumi-

nuria via dipstick test and microscopic exam-

ination)

N Electrocardiogram

Recommended tests

N Echocardiogram

N Carotid ultrasound

N Quantitative proteinuria (if dipstick test posi-

tive)

N Ankle-brachial BP Index

N Fundoscopy

N Glucose tolerance test (if fasting plasma

glucose w5.6 mmol/L (100 mg/dL)

N Home and 24 h ambulatory BP monitoring

N Pulse wave velocity measurement (where avail-

able)

Extended evaluation (domain of the specia-

list)

N Further search for cerebral, cardiac, renal and

vascular damage. Mandatory in complicated

hypertension

N Search for secondary hypertension when sug-

gested by history, physical examination or

routine tests: measurement of renin, aldoster-

one, corticosteroids, catecholamines in plasma

and/or urine; arteriographies; renal and adrenal

ultrasound; computer-assisted tomography;

magnetic resonance imaging
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3.5 Genetic analysis

There is often a family history of high blood pressure

in hypertensive patients, suggesting that inheritance

contributes to the pathogenesis of this disorder.

Essential hypertension is a highly heterogeneous

disorder, which points to a multi-factorial aetiology

and polygenic abnormalities. (174,175) Variants in

some genes might render an individual sensitive to a

given factor in the environment. A number of

mutations in genes encoding for major blood

pressure controlling systems has been recognized in

humans, but their exact role in the pathogenesis of

essential hypertension is still unclear. However, the

patient’s genetic predisposition might influence

drug-metabolizing enzymes and this in turn might

affect both efficacy and adverse effects of antihyper-

tensive agents. There are emerging examples of

pharmacogenetic and pharmacogenomic studies that

tackle these issues as summarized recently. (176)

Moreover, several rare monogenic forms of hyper-

tension have been described such as glucocorticoid-

remediable aldosteronism, Liddle’s syndrome and

others where single gene mutation fully explains the

pathogenesis of hypertension and dictates the best

treatment modality. (177)

3.6 Searching for subclinical organ damage (Box 7)

Due to the importance of subclinical organ damage

as an intermediate stage in the continuum of

vascular disease and as a determinant of overall

cardiovascular risk, signs of organ involvement

should be sought carefully. It should be pointed

out that a large body of evidence is now available on

the crucial role of subclinical organ damage in

determining the cardiovascular risk of individuals

with and without high blood pressure.

1. Microalbuminuria has been shown repeatedly to

be associated with an increased incidence of

cardiovascular disease not only in diabetes but

also in non-diabetic subjects. (178–184) In

addition, an increased risk has been documented

for urinary protein levels lower than those

defined as microalbuminuria. (181,182,185,

186)

2. There has been further confirmation of the

adverse prognostic role of left ventricular

hypertrophy, (187–189) as well as of carotid

intima-media thickness (190–193) together

with evidence that their prevalence in ordinary

hypertensive individuals is much more common

than observed when only routine investigations

are performed. (194) Without ultrasound

Box 7 Position statement: Searching for

subclinical organ damage

Dueto the importanceof subclinicalorgandamageasan
intermediate stage in the continuum of vascular disease
and as a determinant of total cardiovascular risk, signs of
organ involvement should be sought carefully by
appropriate techniques:

1. Heart - Electrocardiography should be part of all

routine assessment of subjects with high BP in

order to detect left ventricular hypertrophy,

patterns of ‘strain’, ischaemia and arrhythmias.

Echocardiography is recommended when a more

sensitive detection of left ventricular hypertrophy is

considered useful. Geometric patterns can be

defined echocardiographically, of which con-

centric hypertrophy carries the worse prognosis.

Diastolic dysfunction can be evaluated by trans-

mitral Doppler.

2. Blood vessels - Ultrasound scanning of carotid

arteries is recommended when detection of

vascular hypertrophy or asymptomatic athero-

sclerosis is deemed useful. Large artery stiffen-

ing (leading to isolated systolic hypertension in

the elderly) can be measured by pulse wave

velocity. It might be more widely recommended

if its availability were greater. A low ankle-

brachial BP index signals advanced peripheral

artery disease.

3. Kidney - Diagnosis of hypertension-related renal

damage is based on a reduced renal function or an

elevated urinary excretion of albumin. Estimation

from serum creatinine of glomerular filtration rate

(MDRD formula, requiring age, gender, race) or

creatinine clearance (Cockroft-Gault formula,

requiring also body weight) should be routine

procedure. Urinary protein should be sought in all

hypertensives by dipstick. In dipstick negative

patients low grade albuminuria (microalbumi-

nuria) should be determined in spot urine and

related to urinary creatinine excretion.

4. Fundoscopy - Examination of eye grounds is

recommended in severe hypertensives only. Mild

retinal changes are largely non-specific except in

young patients. Haemorrhages, exudates and

papilloedema, only present in severe hypertension,

are associated with increased CV risk.

5. Brain - Silent brain infarcts, lacunar infarctions,

microbleeds and white matter lesions are not

infrequent in hypertensives, and can be detected

by MRI or CT. Availability and costs do not allow

indiscriminate use of these techniques. In elderly

hypertensives, cognitive tests may help to detect

initial brain deterioration.

Table 4 summarizes availability, prognostic value

and cost of procedures to detect subclinical organ

damage.
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investigations for left ventricular hypertrophy

and vascular thickening or plaques, up to 50%

of hypertensive subjects may be mistakenly

classified as at low or moderate added risk,

whereas the presence of cardiac or vascular

damage classifies them within a higher risk

group. (194)

3. Retrospective analyses of prospective trials (57–

61,195) have shown that treatment-induced

reductions in proteinuria and left ventricular

hypertrophy are accompanied by a reduced

incidence of cardiovascular events, suggesting

that measuring organ damage is advisable not

only to quantify total cardiovascular risk initially

but also to monitor treatment-induced protec-

tion.

For these reasons the present guidelines, as was the

case in 2003, (3) devote a special section to a

discussion on the evidence of the risk represented by

various organ abnormalities and the methods for

their detection. In general, screening for microalbu-

minuria should now be considered a routine

procedure to be done in all hypertensive patients as

well as in subjects with metabolic syndrome even in

presence of high normal blood pressure.

Echocardiography and vascular ultrasonography

can be considered as recommended tests, particu-

larly in patients in whom organ damage is not

detected by routine investigations such as the

electrocardiogram, and in the elderly in whom

cardiac hypertrophy and arterial disease are fre-

quent. Also, useful information on vascular damage

may be obtained by measuring arterial stiffness by

pulse wave velocity. However, this technique is

currently not sufficiently widespread, and thus the

information it provides remains desirable but diffi-

cult to obtain.

Methods for evaluating organ damage are men-

tioned in detail below.

3.6.1 Heart. Electrocardiography should be part of

all routine assessment of subjects with high blood

pressure. Its sensitivity in detecting left ventricular

hypertrophy is low, but nonetheless hypertrophy

detected by the Sokolow-Lyons index

(SV1+RV5_6w38 mm) or by the Cornell voltage

QRS duration product (w2440 mm*ms) is an

independent predictor of cardiovascular events,

(187) and its use as a marker of cardiac damage as

well as of regression of this damage and patients’

protection by treatment appears to be valuable, at

least in patients over 55 years of age. (195,196)

Electrocardiography can also be used to detect

patterns of ventricular overload or ‘strain’ (known

to indicate more severe risk), (187) ischaemia,

conduction defects and arrhythmias, including

atrial fibrillation which are not rare in elderly

hypertensives. Holter electrocardiography is

indicated in hypertension when arrhythmias or

ischaemic episodes are to be detected. It may also

provide evidence of reduced heart rate variability,

which can occur in severe hypertension. (72)

However, the negative prognostic significance of

this finding, although demonstrated in heart failure

and after a myocardial infarction (197–199) is

unproved.

Although not immune from technical limitations

(inter-observer variability, low quality imaging in

obese subjects and in subjects with obstructive lung

disease, etc.) echocardiography is more sensitive

than electrocardiography in diagnosing left ventri-

cular hypertrophy (200) and predicting cardiovas-

cular risk, (188) and may help in the more precise

stratification of overall risk and in determining

therapy. (194) Proper evaluation includes measure-

ments of the interventricular septum, left ventricular

posterior wall thickness and end diastolic diameter,

with calculation of left ventricular mass according to

current formulae. (201) Although the relation

between left ventricular mass index and cardiovas-

cular risk is continuous, thresholds of 125 g/m2 for

men, and 110 g/m2 for women are widely used for

conservative estimates of left ventricular hypertro-

phy. Concentric hypertrophy (wall to radius ratio

>0.42 with an increased left ventricular mass), (202)

eccentric hypertrophy (increased left ventricular

mass with a wall-to-radius ratio v0.42) and

concentric remodelling (a wall-to-radius ratio

>0.42 with a normal left ventricular mass) all

predict an increased incidence of cardiovascular

disease, but concentric hypertrophy has consistently

been shown to be the condition which most

markedly increases the risk. (203,204)

In addition, echocardiography provides a means of

assessing left ventricular systolic function; ejection

fraction as well as endocardial and midwall fractional

shortening have been proposed as possible addi-

tional predictors of cardiovascular events. (205,206)

Left ventricular diastolic filling (a measure of the so-

called ‘diastolic function’) can also be assessed by

Doppler measurement of the ratio between the E

and A waves of transmitral blood flow velocity, of

early diastolic relaxation time and of pulmonary vein

outflow into the left atrium. (207) Useful informa-

tion can also be derived from tissue Doppler imaging

at the lateral mitral annulus. (208) All these

measurements are of great current interest because

it is now recognized that a considerable proportion

(about 50%) of heart failure may be explained by
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‘diastolic dysfunction’, with no or little impairment

of systolic function, and that so called ‘diastolic

heart failure’ is an ominous condition. (209)

Alterations of diastolic function are frequent

among hypertensives, and in elderly individuals

with elevated blood pressure at least one in four

patients may be affected. (210) These alterations

may occur in the absence of systolic function

alterations and even without left ventricular hyper-

trophy. There is evidence that diastolic dysfunction

increases the risk of atrial fibrillation. (211)

Furthermore, two studies have reported that

diastolic dysfunction predicts subsequent heart

failure, (206) and is associated with an increased

incidence of all cause mortality, (212) although in

another study this association was found not to be

independent of covariates. (213) Finally, echocar-

diography provides some information on the pre-

sence and degree of left atrial enlargement, which is

related to the risk of atrial fibrillation, cardiovas-

cular disease and death. (214–216) Also, data can

be obtained on segmental defects of left ventricular

wall contraction due to ischaemia or previous

infarction.

Other diagnostic cardiac procedures, such as

nuclear magnetic resonance, cardiac scintigraphy,

exercise testing and coronary angiography are

reserved for specific indications. An X-ray of the

thorax may be a useful additional diagnostic

procedure, when dyspnoea is the presenting com-

plaint or information on large intrathoracic arteries

or the pulmonary circulation is sought, but in

general chest X-ray is an obsolete standard proce-

dure for the identification of hypertensive heart

disease.

In recent years interest has grown in the possibility

of assessing the degree of cardiac fibrosis in order to

improve the ability of increased left ventricular mass

to predict outcome. Techniques based on reflectivity

of cardiac ultrasound imaging have been used:

(217,218) cyclic variations of the backscattering

signal may reflect to some extent the contractile

properties of the myocardium more than collagen

content, whereas echoreflectivity more directly

correlates with histologically measured fibrosis.

Echoreflectivity has shown that the tissue constitu-

tion of left ventricular hypertrophy may vary and

that drugs favouring its regression may differ in

reducing fibrosis. (219) To date the most precise

measurement of cardiac tissue constitution is pro-

vided by nuclear magnetic resonance, the cost of

which, however, prevents large scale use. Also,

under investigation are circulating markers of

collagen tissue composition, (219) but they are only

partly derived from the heart.

3.6.2 Blood vessels. Several non-invasive screening

tests are available for identifying the abnormal

structure and function of large arteries in

hypertension. Ultrasound examination of the

carotid arteries with measurement of intima-media

thickness (IMT) or the presence of plaques has been

shown to predict the occurrence of both stroke and

myocardial infarction. (190–193) The relationship

between carotid IMT and cardiovascular events is a

continuous one but for the common carotid arteries

an IMTw0.9 mm can be taken as a conservative

estimate of existing abnormalities. Ultrasound

scannings limited to the common carotid arteries

(an infrequent site of atherosclerosis) are likely to

measure vascular hypertrophy only, whereas

assessment of atherosclerosis also requires scanning

of the bifurcations and/or internal carotids where

plaques are more frequent. (220–222) Presence of a

plaque can be identified by an IMTw1.3 or 1.5 mm

or by a focal increase in thickness of 0.5 mm or 50%

of the surrounding IMT value. (220–222) There is

evidence that, in untreated hypertensive individuals

without target organ damage at routine

examinations, these alterations are common, and

thus carotid ultrasound examination may often

detect vascular damage and make risk stratification

more precise. (194) Also, evidence of arterial

damage may be suggested by an ankle-brachial

blood pressure index v0.9, using a continuous

wave Doppler unit and a blood pressure manometer.

A low ankle-brachial blood pressure index signals

peripheral artery disease and, in general, advanced

atherosclerosis, (56) whereas carotid IMT

measurements are able to detect earlier changes.

(220) Nevertheless, a reduced ankle-brachial index

relates to further development of angina, myocardial

infarction, congestive heart failure, need for

coronary bypass surgery, stroke, carotid and

peripheral vascular surgery, (15,223–226) and in

patients with multi-vessel coronary disease it confers

additional risk. (227)

Over the past 10 years, a large body of evidence

has been collected on large artery stiffening and the

wave reflection phenomenon, which have been

identified as being the most important pathophy-

siological determinants of isolated systolic hyper-

tension and pulse pressure increases. (228)

Measuring arterial stiffness via changes in vessel

diameter in relation to blood pressure changes is

complex and not suitable for standard clinical use.

On the other hand, measurement of carotid-

femoral pulse wave velocity provides a comprehen-

sive non-invasive assessment of arterial stiffness,

which is simple and accurate enough to be

considered as a diagnostic procedure. (28) This is
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because this measure has been shown to have an

independent predictive value for all cause mortality

and cardiovascular morbidity, coronary events and

strokes in patients with uncomplicated essential

hypertension. (54,55,229,230) Although the rela-

tionship between aortic stiffness and events is

continuous, a threshold w12 m/s has been sug-

gested as a conservative estimate of significant

alterations of aortic function in middle age hyper-

tensives. Though a wider clinical use of pulse wave

velocity and augmentation index measurements

may add further precision to the assessment of

arterial damage, the availability of these technique

is largely limited to research centres.

As shown in Table 4 several other methods for

detecting vascular organ damage cannot be sup-

ported for clinical use for a variety of reasons. An

increase in the wall to lumen ratio of small arteries

can be measured in subcutaneous tissues obtained

through gluteal biopsies. These measurements can

demonstrate early alterations in diabetes and hyper-

tension (231–234) and have a predictive value for

cardiovascular morbidity and mortality, (235) but

the invasiveness of the method makes this approach

unsuitable for general use. Increase in coronary

calcium as quantified by high resolution cardiac

computer tomography has also been prospectively

validated as a predictor of cardiovascular disease

(236) but the limited availability and high cost of the

necessary instrumentations are serious problems.

Endothelial dysfunction predicts outcome in several

cardiovascular diseases, (237,238) although data on

hypertension are still rather scant. (239)

Furthermore, the techniques available for investigat-

ing endothelial responsiveness to various stimuli are

invasive, laborious and time consuming. Finally,

methods are not yet standardized and no certainty

exists as to whether endothelial function assessed in

one organ is representative of other vascular beds.

Thus, assessment of endothelial function cannot be

advocated as currently useful in the clinical evalua-

tion of the hypertensive patient. However, current

studies on circulating markers of endothelial activity

as well as on progenitors of endothelial cells are

promising (240) and simpler tests or markers of

endothelial dysfunction or damage may become

available in the future. This might favour prospective

assessment of their prognostic role on a larger scale,

and a more widespread clinical use.

3.6.3 Kidney. The diagnosis of hypertension-

induced renal damage is based on the finding of a

reduced renal function and/or the detection of

elevated urinary excretion of albumin. (241) Renal

insufficiency is now classified according to the

estimated glomerular filtration rate calculated by

the abbreviated MDRD formula that requires age,

gender, race and serum creatinine. (52) Values of

estimated glomerular filtration rate below 60 ml/

min/1.73 m2 indicate chronic renal disease stage 3,

whilst values below 30 and 15 ml/min/1.73 m2

indicate chronic renal disease stages 4 and 5,

respectively. (242) The other formula (the so

called Cockcroft-Gault formula) estimates

creatinine clearance and is based on age, gender,

body weight and serum creatinine. (51) This

formula is valid in the range w60 ml/min, but it

overestimates creatinine clearance in chronic kidney

disease stage 3 to 5. (242) Both formulae help to

detect mild impaired renal function in the face of

serum creatinine values that are still in the normal

range. (242) A reduction in glomerular filtration rate

and an increase in cardiovascular risk may also be

inferred from the increased serum levels of cystatin

C. (243)

A slight increase in serum creatinine (up to 20%)

may sometimes occur when antihypertensive therapy

is instituted or potentiated, but this should not be

taken as a sign of progressive renal deterioration.

Hyperuricaemia is frequently seen in untreated

hypertensives (particularly in pre-eclampsia), and

has also been shown to correlate with reduced renal

blood flow and the presence of nephrosclerosis.

(244)

While an elevated serum creatinine concentration

or a low estimated glomerular filtration rate (or

creatinine clearance) points to a reduced rate of

glomerular filtration, an increased rate of urinary

albumin or protein excretion points to a derange-

ment in the glomerular filtration barrier.

Microalbuminuria (see Table 2) has been shown to

predict the development of overt diabetic nephro-

pathy in both type 1 and type 2 diabetics, (245)

while the presence of overt proteinuria generally

indicates the existence of established renal parench-

ymatous damage. (246) In both diabetic and non-

diabetic hypertensive patients, microalbuminuria,

even below the threshold values currently consid-

ered, (247) has been shown to predict cardiovascular

events, (178–186,248) and a continuous relation-

ship between cardiovascular, as well as non-cardio-

vascular, mortality and urinary protein/creatinine

ratios >3.9 mg/g in men and 7.5 mg/g in women has

been reported in several studies. (185,186) Thus the

term microalbuminuria may be misleading (also

because it falsely suggests a minor damage) and

should in theory be replaced by ‘low grade albumi-

nuria’. (248) Microalbuminuria can be measured

from spot urine samples (24-hour or night urine

samples are discouraged due to the inaccuracy of
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urinary sampling) by indexing the urinary albumin

concentration to the urinary creatinine concentra-

tion. (242) Classic dipstick tests detect albuminuria

above 300 mg/g creatinine and the ‘micro-albumi-

nuric’ dipstick test above 30 mg/g creatinine.

Sensitive dipsticks for the lower range of low grade

albuminuria are under investigation.

In conclusion, the finding of impaired renal

function in a hypertensive patient, expressed as any

of the abnormalities mentioned above, is frequent

and constitutes a very potent predictor of future

cardiovascular events and death even in treated

patients. (179,249–253) Therefore, it is recom-

mended that glomerular filtration rate is estimated,

and the presence of urinary protein (by dipstick)

sought in all hypertensive patients. In dipstick

negative patients low grade albuminuria should also

be determined in spot urine by using one of the

validated commercial methods at least twice on

separate occasions. Albuminuria should be related to

urinary creatinine excretion, with application of sex

specific criteria.

3.6.4 Fundoscopy. In contrast to the 1930s, when

Keith, Wagener and Barker classified hypertensive

retinal changes into four grades (254) most

hypertensive patients today present early in the

process of their illness, and haemorrhages and

exudates (grade 3), not to mention papilloedema

(grade 4), are observed very rarely. Grade 1

(arteriolar narrowing either focal or general in

nature) and 2 (arterio-venous nipping) retinal

changes, on the contrary, are much more

frequently reported than markers of organ damage

with documented clinical significance (left

ventricular hypertrophy, carotid plaques and

microalbuminuria), (255) but the ability of these

milder degrees of retinopathy detected by fundal

analysis to be used for prognosis has been

questioned. (255–257) This is because these

changes appear to be largely non-specific

arteriolar alterations, except perhaps in young

patients in whom deviation from an entirely

normal retina should raise concern. In contrast,

grades 3 and 4 retinal changes are associated with

an increased risk of cardiovascular events.

(258,259) More selective methods for objectively

investigating ocular damage in hypertension have

been developed and studied. (260) For instance,

digitized retinal photographs can be analysed by a

semiautomated program to quantify geometric and

topological properties of arteriolar and venular tree.

This method has identified hypertension-related

topological alterations of retinal vasculature (261)

and showed that retinal arteriolar and venular

narrowing may precede the development of

hypertension. (262,263) However, its use is still

mainly confined to research.

3.6.5 Brain. In patients who have suffered a stroke,

imaging techniques allow improved diagnosis of the

existence, nature and location of a lesion. (264,265)

Cranial computed tomography (CT) is the standard

procedure for diagnosis of a stroke but, with the

exception of prompt recognition of an intracranial

haemorrhage, CT is progressively being replaced by

magnetic resonance imaging (MRI) techniques.

Diffusion-weighted MRI can identify ischaemic

injury within minutes after arterial occlusion.

Furthermore MRI, particularly in fluid attenuated

inversion recovery (FLAIR) sequences, is much

superior to CT in discovering silent brain infarcts,

the large majority of which are small and deep

(lacunar infarctions). Several studies have shown

that MRI-detected small silent brain infarcts,

microbleeds and white matter lesions are not rare

in the general population, (266,267) and that their

prevalence increases with age and hypertension, and

is associated with an increased risk of stroke,

cognitive decline and dementia. (267–269)

Availability and cost considerations do not allow a

widespread use of MRI in the evaluation of elderly

hypertensives, but silent brain infarcts should be

sought in all hypertensives with neural disturbance

and, particularly, memory loss. As cognitive

disturbances in the elderly are, at least in part,

hypertension related, (270–272) suitable cognitive

evaluation tests should be used in the clinical

assessment of the elderly hypertensive.

4. Evidence for therapeutic management of

hypertension

4.1 Introduction

Recommendations about therapy for hypertension

are here preceded by some considerations on the

strength of available evidence on the benefits

associated with antihypertensive treatment as well

as on the comparative benefits of the various classes

of drugs. There is a consensus that large randomized

trials measuring fatal and non-fatal events represent

the strongest type of evidence available. However, it

is commonly recognized that event based rando-

mized therapeutic trials also have limitations.

(3,273,274)

These include the need to select elderly or

otherwise high risk patients in order to maximize

the number of events collected and thus the power of

trials, which means that uncomplicated, younger
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and lower risk patients are rarely represented, with

the unfortunate consequence that little direct infor-

mation is available on treatment benefits in a large

sector of the hypertensive population. Furthermore,

the therapeutic programmes of trials often diverge

from usual therapeutic practice because drugs

randomly allocated at the beginning of a trial are

continued even in absence of blood pressure low-

ering effects, while in practice physicians normally

do not continue prescribing drugs that are not

effective; therefore in trials, but not in practice,

benefits occurring in subjects responsive to the

allocated treatment are diluted by the lack of benefit

in non-responsive subjects.

Perhaps the most important limitation is the

necessarily short duration of a trial (in most cases 4

to 5 years) whereas additional life expectancy, and

hence expectancy of treatment duration, for middle

age hypertensives is 20 to 30 years. Long term

therapeutic benefits, as well as differences in benefit

between various drug classes, have recently been

investigated by prolonging the observation of

patients after the end of trials, (275,276) but this

can only be done in an uncontrolled fashion, which

limits the value of the results.

An additional approach to the assessment of

treatment benefit is use of intermediate endpoints

such as subclinical organ damage. The evidence

from studies using such end-points does not have

the same weight as that based on ‘hard’ endpoints

(fatal or non-fatal myocardial infarction or stroke

and cardiovascular or all cause mortality). However,

a large body of evidence demonstrates that several

measures of subclinical organ damage have a strong

predictive value for subsequent fatal and non-fatal

events, and that changes in proteinuria and echo-

cardiographic or electrocardiographic left ventricu-

lar hypertrophy induced by treatment are predictive

of a reduction in ‘hard’ endpoints (see Sections 3.6

and 4.5). This, and the simple consideration that

events cannot occur in a healthy cardiovascular

system, but must always be preceded by alterations

in organ structure or function, makes this approach

a valuable one, and thus information from trials

using organ damage as end points has been

considered. Similarly, a valuable approach to extend

evidence of the benefit of treatment over a longer

time scale, is to use as endpoint the incidence or

worsening of diseases with an adverse prognostic

impact such as diabetes, metabolic disorders and

end stage renal disease. End stage renal disease is

associated with a striking increase in cardiovascular

risk (186,277) and has indeed been used as end-

point in several therapeutic trials. New onset diabetes

is also being used as intermediate end-point, and

its predictive value is discussed in depth in Section

4.5.5.

Finally, whenever useful, information provided by

meta-analyses has been given due attention, but

meta-analyses have not been considered to necessa-

rily represent the top level of evidence. Indeed,

although meta-analyses have a greater statistical

power than individual trials, and may provide useful

average measurements of treatment effects, they also

have limitations. By definition, they are post-hoc

analyses, the choice of the trials to be included is

often arbitrary, the trials included are not homo-

geneous, with differences not always susceptible to

being assessed by statistical tests. Therefore, meta-

analysis data have been reviewed critically, as have

all other sources of information.

4.2 Event based trials comparing active treatment to

placebo

Randomized placebo controlled trials investigating

the benefits of blood pressure lowering have been

numerous and have given unequivocal results. (278–

291) They have been included in several meta-

analyses which are based on an impressively large

number of patients. (10,292–299) The findings can

be summarized as follows: 1) antihypertensive

treatment translates into significant reductions of

cardiovascular morbidity and mortality while having

a less significant effect on all cause mortality; 2) the

benefit can also be seen at older ages, including

patients with isolated systolic hypertension; 3) the

proportional reduction of cardiovascular risk is

similar in men and women and treatment has a

beneficial effect in Caucasian, Asian and black

populations, which suggests that it is present across

various ethnic groups; and 4) with regard to cause-

specific events antihypertensive treatment is asso-

ciated with a major reduction in the risk of fatal or

non-fatal stroke (about 30–40%), but, coronary

events are reduced as well, though to a lesser degree

(20%). Finally, treatment appears to cause a large

reduction in the incidence of heart failure.

Meta-analyses of placebo controlled trials have

also separately addressed the effect of treatment

initiated with different drugs, though comparisons

are difficult because of variable blood pressure

differences between active and placebo treatments

in the various trials. However, the overall results

show a beneficial effect on cardiovascular morbidity

and mortality, as well as on cause-specific events,

when a thiazide diuretic or a b-blocker was given as

first drug. Beneficial effects, however, have also been

found when treatment was initiated with a calcium

channel blocker or an ACE inhibitor. (292,293)
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The demonstration of the beneficial effects of

blood pressure lowering has made it ethically

unacceptable to perform placebo controlled trials

according to the previous design, i.e. with an

untreated placebo group. For this reason in more

recent trials the drug under investigation was

compared with placebo in groups of patients already

treated with other antihypertensive agents. This has

provided additional evidence on the beneficial effect

of various antihypertensive drugs also documenting

that the benefit may be substantial even when blood

pressure reductions are small and the initial blood

pressure is below the traditional cutoff defining

hypertension. In the HOPE trial in patients with

high cardiovascular risk (mostly because of a history

of myocardial infarction) and thus multiple drug

treatment, administration of ramipril caused a

modest blood pressure reduction (about 3 mmHg

systolic blood pressure) and a clearcut reduction

(222%) in the incidence of cardiovascular events

compared to the placebo group. (300) In the

FEVER trial the calcium antagonist felodipine was

compared to placebo in moderate risk hypertensive

patients whose blood pressure had been brought

below 160/90 mmHg by background therapy. (301)

In the felodipine group in which blood pressure

achieved slightly lower values than in the placebo

group (23.5/21.5 mmHg) the incidence of all

cardiovascular endpoints was significantly reduced

by about 28%. In the EUROPA trial, (302) in

patients with coronary disease (and thus multiple

background treatment), blood pressure lowering

(25/22 mmHg) by an ACE inhibitor (perindopril

with the possible addition of indapamide) was

accompanied by beneficial cardiovascular effects

compared with placebo, independent of the baseline

blood pressure value. In the ACTION trial in

patients with angina pectoris, a modest blood

pressure lowering obtained by slow-release nifedi-

pine on the top of other agents also reduced the

incidence of cardiovascular events compared to

placebo, although only in the subgroup with baseline

hypertension. (303,304) A reduction of cardiovas-

cular events was also observed in the CAMELOT

trial in treated coronary patients in whom the

addition of amlodipine reduced blood pressure by

few mmHg compared to placebo. (305)

Surprisingly, another trial in coronary patients

and with similar blood pressure differences in

which an ACE inhibitor was compared to placebo

was unable to show any benefit. (306)

A similar approach has been used to study newer

drugs such as angiotensin receptor antagonists. In

the SCOPE study (307) in elderly hypertensive

patients (age w70 years) the angiotensin receptor

antagonist candesartan, often administered on top

of a diuretic, reduced blood pressure modestly more

than placebo also frequently administered on top

of diuretic-based conventional therapy (difference

3.2/1.6 mmHg), with a significant concomitant

reduction in non-fatal stroke. In the RENAAL

and IDNT studies on hypertensive patients with

type 2 diabetes and nephropathy, addition of the

angiotensin receptor antagonists losartan (308) and

irbesartan (309) on top of multiple antihypertensive

therapies slowed down the progression of renal

disease (the primary end-point), while showing no

significant beneficial effect on most secondary

cardiovascular endpoints, for the evaluation of

which, however, the studies were not sufficiently

powered. Yet, when these two studies were com-

bined in a meta-analysis a significant reduction of

cardiovascular morbidity was found in the angio-

tensin receptor antagonist treatment group. (310)

Thus, it can be concluded that blood pressure

lowering by angiotensin receptor antagonists is also

beneficial.

4.3 Event based trials comparing more and less intense

blood pressure lowering

Most of the available information still relies on the

largest trial of this type, the HOT study, (311) but

additional data from smaller trials, mostly in

diabetic patients, are also available. Data from five

trials on about 22,000 patients have been included

in the Blood Pressure Lowering Treatment

Trialists’ (BPLTT) collaboration meta-analyses,

(292,296) the results showing significant benefits

from a more intense blood pressure reduction as far

as stroke and major cardiovascular events are

concerned, particularly in diabetics. Further infor-

mation can also be derived from recent placebo-

controlled trials (see above), in which the placebo

group often received a somewhat less intensive

antihypertensive therapy. Finally, some indirect

evidence may be provided by trials such as the

HDFP (312) which compared active treatment

regimens of different intensity and did not achieve

equal blood pressures in the treatment arms.

Almost invariably, a lower blood pressure was

accompanied by at least a trend towards less

strokes (see Section 4.4).

4.4 Event based trials comparing different active

treatments

After publication of the 2003 ESH/ESC Guidelines

a large meta-analysis of trials comparing active

regimens (220,222,313–327) was published by the
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BPLTT’ collaboration. (292) We have taken this

meta-analysis as the basis for the following discus-

sion. However, we have also discussed results of

more recent trials not included in the BPLTT meta-

analysis and critically addressed some of the

problems inherent in many of these trials as well as

in the various types of analyses. (328,329)

Indeed, these studies provide important informa-

tion on the relative efficacy of the various classes of

antihypertensive agents, but their straightforward

interpretation is often made difficult by the failure to

achieve comparable blood pressure values with the

different treatments. Admittedly, differences are

commonly small, but even small blood pressure

differences may be accompanied by large differences

in outcome, (273,274) and statistical adjustment is

an imperfect way to cope with failure of achieving a

protocol requirement. Meta-regression analyses can

provide information that takes into account differ-

ences in blood pressure effects, if it is understood

that homogeneity of the trials included in a meta-

regression is even lower than homogeneity in

classical meta-analyses. Finally, trials comparing

different agents actually compare regimens only

initiated on different agents, since the majority of

randomized subjects ends up with combination

therapy including agents similarly distributed in the

comparison groups.

4.4.1 Calcium antagonists versus thiazide diuretics and

b-blockers. A recent meta-analysis of 9 trials

comparing calcium antagonists with conventional

drugs made use of data on more than 68000

patients. (292) For reductions in blood pressure

that were similar or only slightly different between

groups the odds ratios expressing the possible

benefit of calcium antagonists over conventional

drugs were close to unity and non-significant for

total mortality, cardiovascular mortality, all

cardiovascular events and myocardial infarction.

Calcium antagonists provided a slightly better

protection against stroke, but they showed a

reduced ability, as compared with conventional

therapy, to protect against the incidence of heart

failure. Results were similar when diabetic and non-

diabetic patients were separately analysed. (296)

The ASCOT trial has more recently added further

information on the comparative efficacy of

treatment initiated by either a calcium antagonist

(amlodipine) or a conventional drug. (330)

INVEST, not included in the meta-analysis, also

showed equal incidence of cardiovascular events in

patients with coronary heart disease in whom

treatment was started with a calcium antagonist

(verapamil, often combined with an ACE inhibitor)

or with a b-blocker (atenolol, often combined with

a diuretic). (331) The amlodipine based treatment

resulted in a slightly greater blood pressure

reduction accompanied by a significant reduction

in stroke, cardiovascular and all cause mortality. As

in most trials, the majority of ASCOT patients

received combination therapy (calcium antagonist

with ACE inhibition versus b-blocker with thiazide

diuretic).

4.4.2 ACE inhibitors versus thiazide diuretics and b-

blockers. The BPLTT collaboration analysis

includes 6 trials with a total of about 47000

randomized patients comparing ACE inhibitors

with diuretics and beta-blockers. (292) The pooled

odds ratios expressing the possible benefits of ACE

inhibitors versus conventional treatment were very

close to unity and non significant for total mortality,

all cardiovascular events, cardiovascular mortality

and coronary heart disease. However, there were

non-significant trends towards less effective

protection of ACE inhibitors as far as stroke and

congestive heart failure were concerned.

Nonsignificant differences in odds ratio for total

and cause specific cardiovascular events have also

been reported by the meta-analysis that has

separately examined diabetic and non-diabetic

patients. (296)

It should be mentioned that trials comparing ACE

inhibitors with diuretics have not always given

entirely consistent results. In the second Australian

blood pressure study (327) hypertensive patients

randomized to an ACE inhibitor had a reduced

number of cardiovascular events compared with

those randomized to thiazide diuretics, although the

difference was small, only evident in men, and

significant only if recurrent events were included. In

the ALLHAT trial, (322) on the contrary, hyperten-

sive patients on the diuretic chlorthalidone showed a

similar incidence of coronary heart disease (the

primary end point) as compared to those rando-

mized to the ACE inhibitor lisinopril, but heart

failure and stroke were significantly lower in the

diuretic treated group (which also showed a greater

blood pressure reduction).

4.4.3 ACE inhibitors versus calcium antago-

nists. Comparisons of these two drug classes as

performed in the BPLTT meta-analysis are based on

a total of almost 26000 patients from 6 studies.

(292) The results show the odds ratio expressing

relative benefits of the two regimens to be close to

unity and non-significant for total coronary events,

cardiovascular mortality, total mortality as well as
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coronary heart disease. Protection against stroke

was, on the other hand, significantly more effective

for calcium antagonists, whilst protection against

heart failure was better for ACE inhibitors.

4.4.4 Angiotensin receptor antagonists versus other

drugs. Five trials have compared angiotensin

receptor antagonists with other antihypertensive

agents. The different comparators used make

meta-analysis of these studies difficult. In the LIFE

study (332) in more than 9000 hypertensive patients

with electrocardiographic left ventricular

hypertrophy mean blood pressure was reduced to

the same degree in the groups in which treatment

was initiated with either losartan or the b-blocker

atenolol. Over the about 5 years of follow-up

losartan-treated patients showed a significant 13%

reduction in major cardiovascular events (the

primary end point) with no difference in the

incidence of myocardial infarction, but a 25%

difference in the incidence of stroke. A significant

reduction in non-fatal stroke (although not in the

primary end-point) was also reported in the elderly

patients of the SCOPE trial, in whom candesartan

lowered blood pressure slightly more than placebo

and usual treatment. (307) In the MOSES trial

(333) on about 1500 hypertensive patients with a

previous cerebrovascular event comparison was

made of treatment initiated by either eprosartan or

the calcium antagonist nitrendipine. During a mean

follow-up of 2.5 years, and for a similar blood

pressure decrease, cardiovascular events were

significantly less in eprosartan-treated patients,

whereas incidence of stroke was found to be

decreased only if strokes recurrently seen in the

same patient were considered. In the JIKEI HEART

trial (334) on more than 3000 Japanese treated

hypertensive patients at high risk because of the

concomitance of coronary heart disease, heart

failure, diabetes or multiple risk factors, addition of

valsartan reduced blood pressure from 139/

81 mmHg to 132/78 mmHg. Over a 3 year

treatment period this was accompanied by a

marked reduction in the incidence of stroke (40%)

compared to the group in which only slightly greater

blood pressure values (132/78 mmHg) were

achieved by the addition of drugs other than

angiotensin receptor antagonists. Finally, in the

VALUE trial (335) more than 15000 hypertensive

patients at high risk were randomized to treatment

with either valsartan or the calcium antagonist

amlodipine. Over the 5 year follow-up amlodipine-

treated patients showed a slightly lower blood

pressure value than valsartan-treated patients. The

incidence of cardiac events and death (the primary

outcome) was not significantly different between the

two groups, but there was a significant reduction in

myocardial infarction and a non-significant trend

towards a lower incidence of stroke in the

amlodipine group; on the other hand, the risk of

heart failure showed a trend in favour of valsartan.

Pooled data have shown that the benefits of

angiotensin receptor antagonists for heart failure

prevention are particularly large in diabetic patients,

but the number of observations is small. (296)

The claim has recently been made that angioten-

sin receptor antagonists would provide less protec-

tion against myocardial infarction than other

antihypertensive agents. (336) However, this has

not been confirmed by comprehensive meta-analyses

published recently, which show the incidence of

myocardial infarction to be similar to that occurring

with other drugs. (337,338) Direct comparisons

between the overall and cause-specific beneficial

effects of angiotensin receptor antagonists and ACE

inhibitors (i.e. the classes specifically opposing the

cardiovascular influences of the renin-angiotensin-

system) in hypertension are not available, however;

this makes the results of an ongoing large trial on

high risk hypertensive and normotensive patients

randomized to ramipril or telmisartan

(ONTARGET) of major importance. (339)

Comparative randomized trials in heart failure or

post-myocardial infarction patients with left ventri-

cular dysfunction show no significant between-

treatment differences in the incidence of stroke,

major coronary events and heart failure in patients

treated either with ACE inhibitors or angiotensin

receptor antagonists. (340–342) A recent meta-

regression analysis by the BPLTT indicates that

angiotensin receptor antagonists have the same

blood pressure dependent beneficial effect on

coronary events as ACE inhibitors, although the

latter may exert a small blood pressure independent

effect. (329)

4.4.5 Trials with b-blockers. The benefit of b-blockers

compared with that of other antihypertensive agents

has recently been questioned on the basis of the

results of two large randomized trials, the LIFE

study (332) and the ASCOT study, (330) both of

which showed superiority of an angiotensin receptor

antagonist and, respectively, a calcium antagonist

over therapy initiated by a b-blocker as far as stroke

(LIFE) or stroke and mortality (ASCOT) were

concerned. These two large trials have strongly

influenced a recent meta-analysis (343) which

concluded that b-blocker initiated therapy is

inferior to others in stroke prevention, but not in

prevention of myocardial infarction and reduction in
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mortality. On the basis of a similar meta-analysis, the

National Institute for Health and Clinical Excellence

(NICE) in the United Kingdom has advised the use

of b-blockers only as fourth line antihypertensive

agents. (344) These conclusions must be considered

with care but also with a critical mind. Both the

LIFE and the ASCOT studies were characterized by

a design implicating early use of combination

therapy, so that the vast majority of patients

randomized to a b-blocker actually received a b-

blocker-thiazide combination. A similar

combination was often used in the chlorthalidone

treatment group of the ALLHAT trial, (322) which

failed to find inferiority of this combination even

concerning stroke prevention. Also, in the INVEST

trial, (331) a treatment strategy based on the initial

administration of a b-blocker followed by the

addition, in most patients, of a thiazide diuretic

was accompanied by an incidence of all

cardiovascular and cause-specific events similar to

that of a treatment initiated with the calcium

antagonist verapamil followed by the addition of

the ACE inhibitor trandolapril. Finally, a recent

meta-analysis shows that, when compared with

placebo, b-blocker based therapy did indeed

reduce stroke significantly. (297) This suggests that

at least part of the inferiority of the b-blocker-

thiazide combination reported in ASCOT may be

due to a lesser blood pressure reduction, (330)

particularly of central blood pressure, (166) that

occurred in this trial with this therapeutic regimen.

b-blocker-thiazide combinations have nevertheless

been consistently associated with metabolic distur-

bances and new onset diabetes (see Section 4.5.5)

and may have specific contraindications in patients

prone to diabetes. In any case, the above quoted

meta-analyses of b-blocker initiated trials (297,343)

well illustrate the difficulties inherent in many recent

trials in which combination therapy hinders the

attribution of either benefits or harms to individual

compounds.

4.4.6 Conclusions. Comparative randomized trials

show that for similar blood pressure reductions,

differences in the incidence of cardiovascular

morbidity and mortality between different drug

classes are small, thus strengthening the conclusion

that their benefit largely depends on blood pressure

lowering per se. Because of the unfortunate failure of

several comparative trials to lower blood pressure to

the same extent in the two active treatment arms,

recourse has been made to meta-regression analysis

in which differences in achieved blood pressures are

taken into account.

Despite some limitations in this approach, as

previously outlined, all recent meta-regression ana-

lyses (292,328,329) underline the important role of

blood pressure lowering for all cause-specific events,

with the exception of heart failure: whenever

systolic blood pressure is reduced by 10 mmHg,

independent of the agent used, both stroke and

coronary events are markedly reduced. (328,329)

These meta-regression analyses also suggest that

some antihypertensive agents may exert some cause-

specific beneficial effects that are blood pressure

independent (i.e. an outcome reduction at no blood

pressure difference), calcium antagonists on stroke

and ACE inhibitors on coronary events. This effect,

however, is definitively smaller (5–10%) than the

dominant protective effect exerted by lowering blood

pressure. On the other hand, individual trials and

their meta-analyses (292,296) are generally concor-

dant in reporting less protection of calcium antago-

nists compared with diuretics/b-blockers, ACE

inhibitors and angiotensin receptor antagonists with

respect to prevention of new onset heart failure,

independent of possible differences in blood pres-

sure between treatments. It has been remarked that

new onset heart failure is often a difficult diagnosis

and, when calcium antagonists are administered,

diagnosis may be confounded by ankle oedema

dependent on vasodilatation. Furthermore, drugs

such as diuretics may not prevent new onset heart

failure but just mask its symptoms. (3,345,346) This

has led recent trials, such as VALUE, (335) to

consider only hospitalization for heart failure as a

suitable endpoint, thus providing more convincing

evidence of a limited protective effect of calcium

antagonists as compared with angiotensin receptor

antagonists on appearance of this clinical condition.

It is reasonable to suppose that in prevention of heart

failure humoral effects, differently influenced by

different antihypertensive agents, may play a rele-

vant direct role. Even under this circumstance,

however, blood pressure lowering probably remains

of paramount importance because in the hyperten-

sive coronary patients of the ACTION trial a blood

pressure reduction of 14.6/7.6 mmHg in the group

randomized to slow-release nifedipine administra-

tion was associated with a 38% reduction in the

incidence of hospitalized heart failure compared with

placebo. (304)

4.5 Randomized trials based on intermediate endpoints

The possibility of clinically relevant differences in

the beneficial effects of various classes of antihyper-

tensive agents should not be explored by event based

trials only. Subclinical organ damage occurs much

ESH and ESC Guidelines 159



earlier than events in the continuum of cardiovas-

cular disease and may be more susceptible to

specific, differential actions of the various antihy-

pertensive compounds. (274) For this reason,

randomized trials using subclinical organ damage

as endpoint are discussed.

4.5.1 Heart. Many studies have continued to test the

effects of various antihypertensive agents on

hypertension associated left ventricular hypertrophy,

mostly evaluated by measuring left ventricular mass

on the echocardiogram, but only a few of them have

followed strict enough criteria to provide reliable

information. As studies in hypertensive patients with

left ventricular hypertrophy cannot be placebo

controlled but must compare active treatments, 1) a

large number of patients must be included in order to

have sufficient power to detect presumably small

between-treatment differences, 2) treatment duration

must be of at least 9–12 months, 3) blood pressure

must be equally reduced by the compared treatments,

and 4) special precautions must be taken in order to

avoid regression to the mean and reading bias if the

sequence of scans is not blinded. (347,348) Because

of the limitations of many studies, meta-analyses

cannot offer indisputable evidence of advantages of

specific drug classes. (349)

More reliable information is provided by a

number of large and adequately designed studies.

Three of these studies (350–352) have shown equal

regression with ACE inhibitors (lisinopril, enalapril

and fosinopril, respectively) and with calcium

antagonists (amlodipine, nifedipine and amlodipine,

respectively), one study (347) equal regression with

an angiotensin receptor antagonist (candesartan)

and an ACE inhibitor (enalapril), and another study

(353) equal regression of left ventricular mass with a

calcium antagonist (lacidipine) and a b-blocker

(atenolol). Several studies (354–356) have reprodu-

cibly shown a greater regression with several

angiotensin receptor antagonists (valsartan, irbestar-

tan, losartan, respectively) than with a b-blocker

(atenolol in all studies), and this conclusion has been

greatly strengthened by the large echocardiographic

LIFE substudy (involving 960 patients) confirming a

significantly greater reduction of left ventricular

hypertrophy with losartan than atenolol. (357)

Two other large studies have compared an ACE

inhibitor-diuretic fixed combination (perindopril-

indapamide) with the b-blocker atenolol or, respec-

tively, the ACE inhibitor enalapril, but the greater

reduction of left ventricular mass with the combina-

tion was associated with a greater blood pressure

reduction, (358,359) and significantly correlated

with a greater reduction in central blood pressure.

(360) Further information is provided by two studies

using magnetic resonance imaging to evaluate left

ventricular mass. In a relatively large-size study

(361) the aldosterone blocker, eplerenone, and the

ACE inhibitor, enalapril, were found equally effec-

tive, and their combination more effective than

either agent (but with a greater blood pressure

reduction). A smaller study compared the angioten-

sin receptor antagonist, telmisartan, with the b-

blocker (with a-blocking properties) carvedilol,

reporting a significantly greater effect of telmisartan,

for a similar 24 h blood pressure reduction. (362)

In conclusion, information from adequate trials

shows that blood pressure lowering by whatever

agent or agent combination can be accompanied by

reduction of increased left ventricular mass, that

equivalent efficacy appears to be provided by ACE

inhibitors, angiotensin receptor antagonists and

calcium antagonists, and probably by aldosterone

antagonists, while at least angiotensin receptor

antagonists are superior to b-blockers. As to diure-

tics, the only adequately powered study (363) shows

a significant efficacy of indapamide; the same study

also showed a superiority of indapamide over the

ACE inhibitor, enalapril. As this is the only study in

which an ACE inhibitor was found not to induce left

ventricular mass reduction, no conclusion can be

drawn on the comparative efficacy of diuretics versus

ACE inhibitors in regressing left ventricular hyper-

trophy.

Recent studies have provided further clinically

useful information: two long-term trials (353,357)

have shown that regression of left ventricular

hypertrophy is maintained over time (but achieves

a maximum by 2–3 years). A large-sized study such

as LIFE has been able to show that a treatment-

induced reduction in left ventricular mass is sig-

nificantly and independently associated with a

reduction of major cardiovascular events, stroke

and cardiovascular and all-cause mortality (57) thus

substantiating findings from other long-term obser-

vational studies. (61,364,365)

Interest in the fibrotic component of left ventri-

cular hypertrophy has been raised by the availability

of non-invasive methodologies: two recent rando-

mized controlled trials of left ventricular hypertro-

phy regression (347,356) have been re-analysed by

the echoreflectivity technique, and have found the

angiotensin receptor antagonist, losartan, to be

significantly more effective than the b-blocker,

atenolol, (219) in decreasing an echoreflectivity

index of myocardial fibrosis, (217,366) and another

angiotensin receptor antagonist, candesartan, to be

effective on the same index to an equal extent as an

ACE inhibitor, enalapril. (367) Biochemical indices
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of fibrosis e.g. propeptide of procollagen types I and

III, were found to change in the direction of

decreased collagen content in patients receiving

losartan but not in those receiving atenolol in one

study, (219) but not in another one. (368) In two

comparative studies, natriuretic peptides decreased

with losartan and increased with atenolol, (356,369)

suggesting opposite effects on left ventricular com-

pliance.

Some evidence for different effects of various

antihypertensive agents on left ventricular hypertro-

phy is also available from electrocardiographic

studies. The LIFE trial showed that losartan was

significantly more effective than atenolol in inducing

regression of electrocardiographic indices of left

ventricular hypertrophy, (370) in parallel with what

was shown in the echocardiographic substudy. (357)

Lower values of in-treatment electrocardiographic

hypertrophy were significantly associated with lower

rates of cardiovascular morbidity and mortality.

(195) In two smaller studies, another angiotensin

receptor antagonist, irbesartan, has also been found

to be more effective than atenolol, (371) and the

ACE inhibitor enalapril more than the calcium

antagonist nisoldipine on electrocardiographic

indices of left ventricular hypertrophy. (372)

Much less information is available on the com-

parative effects of different antihypertensive treat-

ments on the diastolic abnormalities frequently

occurring in hypertensive patients, often but not

always concomitant with ventricular hypertrophy.

(210) Two studies that showed a greater reduction

of left ventricular mass with angiotensin receptor

blockers (losartan, irbesartan) than with atenolol

were both unable to show different effects of the

compared regimens on echocardiographic indices of

diastolic function, (356,373) but neither required

recruited patients to have signs of diastolic abnorm-

alities. Large trials having left ventricular diastolic

dysfunction as primary endpoint are currently

ongoing.

Attention has recently been concentrated on

echocardiographic measurement of left atrial size,

as a frequent correlate of left ventricular hypertrophy

(374) and a predictor of cardiovascular events, (375)

in parallel to growing evidence that antihypertensive

agents may exert different effects on development of

atrial fibrillation. (376) Two large hypertension trials

(377,378) have shown that the angiotensin receptor

blockers, losartan and valsartan, are associated with

a lower incidence of new atrial fibrillation than the b-

blocker, atenolol, and the calcium antagonist,

amlodipine, respectively. A lower incidence of new

atrial fibrillation was also observed in three heart

failure trials, when the ACE inhibitor, enalapril

(379) or the angiotensin receptor antagonists,

candesartan (380) and valsartan (381) were com-

pared with placebo as add-on therapy. In the LIFE

trial decreased incidence of atrial fibrillation corre-

lated with regression of left ventricular hypertrophy.

(382) Smaller studies have addressed the effects of

angiotensin receptor antagonists on recurrent atrial

fibrillation in patients with previous episodes of

arrhythmia. They have reported favourable effects of

either irbesartan versus placebo (383) and losartan

versus amlodipine, (384) the drugs being in both

cases added to amiodarone. Thus there is strong

evidence concerning new atrial fibrillation and less

strong evidence concerning recurrent atrial fibrilla-

tion in favour of beneficial effects of angiotensin

receptor blockers as compared with b-blockers,

calcium antagonists or placebo. No comparative

data are available between angiotensin receptor

blockers and ACE inhibitors. In this area, more

information may come from ongoing specific trials.

(385)

4.5.2 Arterial wall and atherosclerosis. Meta-analyses

of randomized studies using carotid artery intima-

media thickness as an endpoint (386) are made

difficult by the remarkable differences between

studies: a number of them are of insufficient

statistical power for assessing small differences

between difficult measurements, others have not

used internal controls to avoid reading bias and

regression to the mean, and finally those having used

the common carotid only as an endpoint (index of

vascular hypertrophy) can hardly be analysed

together with those that have used a composite

endpoint including the bifurcation and/or the

internal carotid (more reliable index of

atherosclerosis).

As far as the common carotid is concerned, three

studies of active therapy versus placebo were unable

to find any greater efficacy of ACE inhibitors

(387,388) or a b-blocker. (389) Comparison of

different antihypertensive regimens has shown no

different effect of an ACE inhibitor versus a thiazide

diuretic (390) and a consistently greater effect of

various calcium antagonists over, respectively, a

thiazide, (391) a b-blocker (220,221) and an ACE

inhibitor. (392) Therefore, current evidence sug-

gests that calcium antagonists may have a greater

effect on hypertension related thickening (presum-

ably hypertrophy) of the carotid artery than other

antihypertensive agents.

As to the composite endpoint of carotid intima-

media thickening including bifurcation and/or inter-

nal carotid (therefore a likely index of atherosclero-

sis), placebo controlled studies have shown a greater
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effect of active treatment with a calcium antagonist,

(393) an ACE inhibitor, (394) and a b-blocker,

(389) possibly indicating the antiatherosclerotic

effect of blood pressure lowering. Comparison of

different antihypertensive regimens achieving the

same blood pressure levels has also shown consis-

tently greater effects of calcium antagonists than,

respectively, hydrochlorothiazide, (395) chlorthali-

done (222) and atenolol, (220,221) but a recent

study has also shown a greater effect of an ACE

inhibitor than of a thiazide diuretic. (390) The

ELSA study (220,221) has also found that lower

progression of the composite carotid intima-media

thickness is paralleled by lower progression and

greater regression of plaque number with lacidipine

than with atenolol. Composition of the carotid wall,

investigated by an echoreflectivity approach histolo-

gically tested, (396) did not show significantly

different changes with both lacidipine and atenolol,

however. (397) In conclusion, sufficient evidence

appears to be available to conclude that progression

of carotid atherosclerosis can be delayed by lowering

blood pressure, but that calcium antagonists have a

greater efficacy than diuretics and b-blockers, and

ACE inhibitors more than diuretics.

Although pulse wave velocity is acknowledged as a

valid clinical method for assessing large artery

distensibility, there is a paucity of adequate studies

investigating the effects of antihypertensive therapy

per se and of different antihypertensive regimens on

this vascular parameter. Many of the studies have

been small, non-comparative or non-randomized,

and it is difficult to conclude whether the described

decrease in pulse wave velocity (hence in stiffness)

was due to the blood pressure decrease, to specific

properties of the agents employed or to regression to

the mean.

A number of small, placebo-controlled, relatively

short-term (only a few weeks) studies suggests that

several antihypertensive agents can indeed favour-

ably affect pulse wave velocity, (398) but the

observed decrease could well be due to blood

pressure reduction. This conclusion is strengthened

by a recent study of more or less intense blood

pressure lowering, in which a significant reduction in

pulse wave velocity was only found in the more

intensely treated group. (399) Whether different

agents exert different effects is still largely unclear;

four recent comparative studies have given conflict-

ing results, (400–403) probably due to insufficient

statistical power of each study.

4.5.3 Brain and cognitive function. A limited number

of randomized trials of antihypertensive therapy have

used brain lesions and cognitive dysfunction as

endpoints. (404) One small substudy of the

PROGRESS trial has explored the effect of blood

pressure lowering on progression of white matter

disease (magnetic resonance imaging) and shown a

significant reduction in mean total volume of new

lesions in the group in which perindopril plus

indapamide treatment reduced blood pressure by

11/4 mmHg more than placebo. (405)

Trials using cognitive measurements as endpoints

have been the object of a recent meta-analysis. (406)

The three studies on 13143 subjects that have used

the Mini Mental State Evaluation Test for cognitive

performance (283,407,408) found a small but

significant improvement for a blood pressure differ-

ence (versus placebo) of 24.8/22.6 mmHg. The

five studies on 717 subjects that have investigated

the effect of blood pressure reduction on logical

memory test (409–413) found that a reduction in

blood pressure of 3.2/1.5 mmHg (versus placebo)

was associated with a significantly better perfor-

mance both on the immediate and the delayed task

results. On the other hand, the four randomized

studies on 2396 individuals (409–412,414) that have

analysed perceptual processing and sequential abil-

ities found that a mean blood pressure reduction of

17.1/7.0 mmHg was associated with a small but

significant decline in the test. Therefore, it appears

that lowering blood pressure may improve perfor-

mance on screening tests for dementia and memory,

further supporting the benefits of antihypertensive

therapy on cerebrovascular morbidity. However,

performance or perceptual processing and learning

capacity may not benefit from blood pressure low-

ering, suggesting that different cognitive functions

may be differently influenced. It should be empha-

sized that trials showing no benefit in perceptual and

learning tests were associated with a much greater

blood pressure reduction, and thus a J-shaped effect

cannot be excluded. (406)

Finally, many of the trials testing cognitive

function compared active antihypertensive agents

with placebo, and those comparing different anti-

hypertensive regimens are few. Therefore there is no

firm evidence on whether some antihypertensive

agents are more beneficial than others in preserving

or improving cognition. However, it should be

mentioned that the only placebo-controlled study

that reported a significant reduction in incident

dementia used the calcium antagonist nitrendipine

as an active agent. (275,407)

4.5.4 Renal function and disease. A very large number

of randomized studies has investigated the effects of

antihypertensive therapy on a diversity of renal

endpoints such as microalbuminuria or proteinuria,
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glomerular filtration rate and end stage renal

disease in a variety of conditions, such as diabetes,

diabetic nephropathy, non-diabetic renal disease, or

simply hypertension. Because of the diversity of the

clinical conditions, of the endpoint used, as well as

of the size and statistical power of the studies, the

issue is not an ideal one for meta-analyses, as shown

by the hot debate raised by a recent meta-analysis.

(415–417) Probably the best approach is that of

critical and selective reviews of available data.

(418,419)

A major issue is whether in the presence of renal

disease renal function is better preserved by a blood

pressure goal lower than in uncomplicated hyperten-

sion, i.e. below 130/80 mmHg rather than 140/

90 mmHg. Although this is recommended by all

current guidelines, (3,30,420) it must be recognized

that evidence from trials having randomized renal

patients to more versus less intensive blood pressure

lowering is scanty. Evidence is mostly based on the

long-term follow-up of the MDRD trial, (421)

showing a significant reduction of end stage renal

disease in patients with predominantly non-diabetic

kidney disease when randomized to mean blood

pressure reduction v92 mmHg mHg (i.e. below

120/80 mmHg) rather than v107 mmHg (i.e.

below 140/90). However, in other trials randomiza-

tion to these goals in patients with non-diabetic renal

disease (318) or with diabetes (422) was not

accompanied by greater preservation of renal func-

tion than randomization to a somewhat higher blood

pressure. In a further trial in diabetic normotensive

patients, bringing blood pressure to v120/

80 mmHg by valsartan did not influence creatinine

clearance to a greater extent than less intense

treatment achieving blood pressures slightly above

120/80 mmHg, but urinary protein excretion was

favourably influenced by more aggressive therapy.

(423) In another trial on non-diabetic nephropathy,

further blood pressure lowering by adding a calcium

antagonist to an ACE inhibitor (424) did not further

reduce the incidence of end stage renal disease and

proteinuria. However, the positive data of the

MDRD are strengthened by analyses, admittedly

retrospective and observational, of the IDNT trial

(425) and of 11 trials in non-diabetic renal patients,

showing that systolic blood pressure reduction down

to a least 120 mmHg may be beneficial. (426)

Finally the dispute about the blood pressure goal

to preserve renal function in diabetic patients may be

futile in view of the evidence available about the

benefits of intense blood pressure reduction in these

patients, even below 130 mmHg systolic and

80 mmHg diastolic as far as cardiovascular events

are concerned. (311,422,427–429)

Nephroprotective properties of antihypertensive

agents, mostly ACE inhibitors or angiotensin recep-

tor antagonists, have been investigated in a large

number of randomized trials. Several placebo con-

trolled studies have shown angiotensin receptor

antagonists, ACE inhibitors or a low dose ACE

inhibitor-diuretic combination to delay end stage

renal disease or a significant increase in serum

creatinine, and to reduce or prevent microalbumi-

nuria or proteinuria, in patients with both diabetic

and non-diabetic nephropathy. (308,309,428,430–

435) An antiproteinuric effect versus placebo has

been shown also with the use of spironolactone.

(436) Except in one study, (430) in all other placebo

controlled studies the renal effects of the active drug

were accompanied by a slightly greater blood

pressure reduction, which may have been at least

partly responsible for the renal effects. In fact, also a

calcium antagonist (nitrendipine) has been shown in

the SYST-EUR trial to better preserve renal func-

tion than placebo. (437)

Comparison of different active regimens has

provided less clear results. Two trials, one in patients

with proteinuric diabetic nephropathy (309) the

other in non-diabetic nephropathy (317) have shown

superiority of an angiotensin receptor antagonist or

an ACE inhibitor over a calcium antagonist in

delaying end stage renal disease and significant

increases in serum creatinine, but a post-hoc

subanalysis of the ALLHAT trial on those hyperten-

sive patients who had reduced renal function at

baseline (but proteinuria was unknown) showed

equal incidence of these endpoints in patients

treated with a diuretic, a calcium antagonist or an

ACE inhibitor. (438) Studies measuring changes in

glomerular filtration rate have also produced incon-

sistent results: only one study has shown significantly

less decline with an ACE inhibitor than a b-blocker

or a calcium antagonist, (317,318) while other

studies were unable to demonstrate different effects

of ACE inhibitors compared with a calcium antago-

nist, (319,422) or a b-blocker (316) or an angio-

tensin receptor antagonist (439) or both a calcium

antagonist and a diuretic; (438) equal effect of a

calcium antagonist and a diuretic was also shown by

another study. (322)

More clear results were obtained when the effects

of different antihypertensive regimens on microal-

buminuria or proteinuria were compared.

Angiotensin receptor blockers were found to be

more effective in reducing urinary protein excretion

than a b-blocker, (440) a calcium antagonist (441)

or a thiazide, (442) an aldosterone antagonist more

than a calcium antagonist, (443) and an ACE

inhibitor more than a calcium antagonist. (432)
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Divergent results should be mentioned, however, as

ACE inhibitors were reported to be equally effective

as calcium antagonists in three trials, (319,422,444)

or as a diuretic in another one. (445)

Of interest are several recent studies that have

investigated the combination of an angiotensin

receptor antagonist with an ACE inhibitor (com-

pared with monotherapies). The COOPERATE

study has reported a reduced progression of non-

diabetic nephropathy by the combination versus the

combination components in monotherapy without a

blood pressure difference between treatment groups.

(446) Other studies have shown a greater antipro-

teinuric action of the combination, associated,

however, with a greater blood pressure reduction;

(447,448) indeed, when the ACE inhibitor dose was

titrated to obtain the same blood pressure decrease

as the combination, no difference in the antiprotei-

nuric effect was observed. (449) Available studies

have been included in a recent meta-analysis (450)

which has confirmed the greater antiproteinuric

action of the combination, associated with a greater

blood pressure lowering. On the other hand, two

small studies suggest that very high doses of

angiotensin receptor antagonists may exert a sig-

nificantly greater antiproteinuric action than a

standard dose without any increment of the anti-

hypertensive effect. (451,452) These studies deserve

to be confirmed by larger trials.

4.5.5 New onset diabetes. Diabetes and hypertension

are often associated, (453) and their combination is

known to have ominous consequences. (454)

Awareness that several antihypertensive agents may

exert undesirable metabolic effects has prompted

investigation (often post-hoc) of the incidence of

new diabetes in antihypertensive treatment trials.

(455) Almost all trials of antihypertensive therapy

using new onset diabetes as an endpoint have shown

a significantly greater incidence in patients treated

with diuretics and/or b-blockers compared with

ACE inhibitors, (313,322,327,456) angiotensin

receptor antagonists (307,332,457) or calcium

antagonists. (315,321,322,331) Recently,

angiotensin receptor antagonists (335) and ACE

inhibitors (322) have been shown to be associated

with significantly less new diabetes than calcium

antagonists. It is difficult to conclude whether agents

interfering with the renin-angiotensin system exert a

real antidiabetogenic action, or whether they simply

lack a diabetogenic action possessed by b-blockers

and diuretics and, to a lesser degree, by calcium

antagonists. (455,458) The only placebo-controlled

antihypertensive therapy trial that has reported new

diabetes, the SHEP trial, has recently described a

greater incidence of diabetes in the actively treated

arm (with a diuretic and often a b-blocker). (459)

Similar observations appear to have been made in

the MRC trial in the elderly (288) according to a

recent meta-analysis, (460) which reports less new

diabetes in the placebo than either in the diuretic or

the b-blocker group. Other placebo controlled trials

in conditions different from hypertension (high

cardiovascular risk, chronic heart failure) have also

shown a lower new diabetes incidence in patients

treated with ACE inhibitors (306,461,462) or

angiotensin receptor antagonists (463) than in

placebo patients, but in all these trials placebo (as

well as the active agent) was added on top of

multiple drug therapies, among which diuretics and

b-blockers predominated at baseline and could be

varied to an unknown extent during the trial. The

same confounding factor makes interpretation of the

recent negative finding of the DREAM trial (464)

difficult: in this trial administration of ramipril to

subjects with impaired glucose tolerance was not

associated with a lower subsequent incidence of

diabetes than administration of placebo. However,

almost half of DREAM subjects had hypertension

and one third dyslipidaemia, and a large number of

them received various types of antihypertensive

agents and lipid lowering drugs. A very recent

network meta-analysis of 22 trials with more that

160,000 participants (460) has calculated that the

association of antihypertensive agents with new

diabetes is lowest for angiotensin receptor

antagonists and ACE inhibitors followed by

calcium antagonists and placebo, b-blockers and

diuretics in rank order.

It has been suggested that treatment-related new

diabetes may not have the same adverse prognostic

effect as ‘spontaneously’ occurring diabetes. This

claim is based on the observation that during

controlled trials patients developing diabetes have

not had a greater morbidity than patients without

new onset diabetes. (322) However, it is known that

cardiovascular complications follow the onset of

diabetes after a time delay (more than 10 years)

longer than that possible in controlled randomized

trials. (465) Longer term (16–30 years) observa-

tional studies have shown a significantly higher

incidence of cardiovascular complication in patients

having developed diabetes during antihypertensive

treatment predominantly with diuretics and/or b-

blockers. (466–470) A notable exception is a 14-year

follow up of the SHEP study, (459) during which

newly occurring diabetes among actively treated

patients (chlorthalidone plus, eventually, atenolol)

was reported not to be associated with increased

mortality. A limitation of the above long-term
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follow-up studies is that microvascular endpoints,

i.e. complications highly related to hyperglycaemia,

were not assessed. Furthermore, in long-term

studies follow-up cannot be done under controlled

conditions and confounding factors may be frequent

and unknown. Therefore the claim that treatment-

induced and ‘spontaneous’ onset diabetes may be

prognostically different appears impossible to con-

firm or confute. In the absence of more compelling

evidence of an innocuous nature, the increased

diabetes incidence with some antihypertensive

agents currently raises concerns that would be

imprudent to disregard.

5. Therapeutic approach

5.1 When to initiate antihypertensive treatment

The decision to start antihypertensive treatment

should be based on two criteria, i.e. 1) the level of

systolic and diastolic blood pressure as classified in

Table 1, and 2) the level of total cardiovascular risk.

This is illustrated in Figure 2.

All patients in whom repeated blood pressure

measurements show grade 2 or 3 hypertension are

definite candidates for antihypertensive treatment

because, as detailed in the 2003 ESH/ESC

Guidelines, (3) a large number of placebo controlled

trials have conclusively demonstrated that in patients

with these blood pressure values blood pressure

reduction lowers the incidence of cardiovascular

morbid and fatal events, independently of their level

of total risk (i.e. moderate, high or very high).

(10,23,292,471) Evidence for the benefit of treating

grade 1 hypertensives is admittedly more scant, as

specific trials have not addressed the issue. However,

the recent finding of the FEVER study on the

protective effect of lowering systolic blood pressure

to v140 rather than slightly w140 mmHg even in

hypertensive patients at moderate risk (301) lends

support to the recommendation to consider anti-

hypertensive interventions when systolic blood pres-

sure is >140 mmHg.

In all grade 1 to 3 hypertensives, lifestyle instruc-

tions should be given as soon as hypertension is

diagnosed or suspected, while promptness in the

initiation of pharmacological therapy depends on the

level of total cardiovascular risk. In the high risk

hypertensives of the VALUE study the treatment

arm in which blood pressure control was somewhat

delayed was associated with a trend towards more

cardiovascular events. (335) Furthermore, in the

hypertensive patients of the ASCOT study (who had

additional risk factors although total cardiovascular

risk was less than that of the VALUE patients) the

beneficial effect of the treatment associated with a

Figure 2. Initiation of antihypertensive treatment.
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better blood pressure control was evident within a

few months. (472) Therefore in Figure 2 the

acceptable time delay to assess the results of life

style changes is prudently shorter than indicated in

previous guidelines. (3) Drug treatment should be

initiated promptly in grade 3 hypertension, as well as

in grade 1 and 2 when total cardiovascular risk is

high or very high. In grade 1 or 2 hypertensives with

moderate total cardiovascular risk drug treatment

may be delayed for several weeks and in grade 1

hypertensives without any other risk factor (low

added risk) for several months. However, even in

these patients lack of blood pressure control after a

suitable period of non-pharmacological interven-

tions should lead to the institution of drug treatment

in addition to lifestyle changes.

When initial blood pressure is in the high normal

range (130–139/85–89 mmHg), the decision on

drug intervention heavily depends on the level of

risk. In case of diabetes, history of cerebrovascular,

coronary or peripheral artery disease, randomized

trials (283,300,302,305,319) have shown that anti-

hypertensive treatment is associated with a reduction

in cardiovascular fatal and non-fatal events, although

in two other trials on coronary patients no benefit of

blood pressure lowering was reported (306) or a

reduction of cardiovascular events was only seen

when initial blood pressure was in the hypertensive

range. (304) Evidence is also available that in

diabetic patients with an increased urinary protein

excretion reductions in blood pressure to very low

values (v125/75 mmHg) are associated with reduc-

tions in microalbuminuria or proteinuria (i.e. pre-

dictors of renal deterioration and cardiovascular

risk) (473) as well as with a reduced rate of

progression to more severe proteinuric states. This

is the case also when initial blood pressure values are

below 140/90 mmHg and drugs with a direct

antiproteinuric effect such as blockers of the renin-

angiotensin system are used. (319,474,475) This

justifies the recommendation to start administration

of blood pressure lowering drugs (together with

intense lifestyle changes) even in patients in whom

blood pressure is not elevated but in the high normal

(and sometimes normal) range, provided that there

is associated cardiovascular disease or diabetes.

Whether a similar therapeutic approach (i.e.

intense lifestyle changes combined with antihyper-

tensive drug treatment) may also benefit individuals

with high normal blood pressure who are at high risk

because of the presence of three or more additional

risk factors, the metabolic syndrome or organ

damage is uncertain. It should be emphasized that

prospective observational studies have demonstrated

that subjects with high normal blood pressure have a

greater incidence of cardiovascular disease com-

pared to people with normal or optimal blood

pressure. (7,11,33) Furthermore, the risk of devel-

oping hypertension is greater in subjects with high

normal than in those with normal or optimal blood

pressure with an additional increase in risk when, as

often occurs, concurrent multiple risk factors and

the metabolic syndrome are present. (31,32,69)

Finally, new onset hypertension can be delayed by

some time by administration of an antihypertensive

agent. (476) In contrast with these potentially

favourable arguments stand the negative results of

the DREAM trial, (464) which showed that admin-

istration of ramipril to subjects with metabolic

disturbances (mostly with high normal blood pres-

sure or grade 1 and 2 hypertension) did not

significantly delay onset of diabetes or reduced

cardiovascular events despite blood pressure low-

ering. Unfortunately, the DREAM study was not

powered for assessing effects on cardiovascular

events, and sufficiently powered trials are necessary

to clarify this important issue. For the time being,

subjects with a high cardiovascular risk due to

factors other than diabetes but a blood pressure still

in the high normal range should be advised to

implement intense lifestyle measures (including

smoking cessation) and blood pressure should be

closely monitored because of the relatively high

chance these individuals have to progress to hyper-

tension, (31,32) which will then require drug

treatment. However, physicians and patients may

sometimes consider antihypertensive drugs, particu-

larly those more effective in protecting against organ

damage, new onset hypertension and new onset

diabetes. Lifestyle measures and close blood pres-

sure monitoring should be the intervention proce-

dures in subjects with a normal blood pressure who

are at low or moderate added risk.

5.2 Goals of treatment (Box 8)

The primary goal of treatment of the hypertensive

patient is to achieve the maximum reduction in the

long-term total risk of cardiovascular morbidity and

mortality. This requires treatment of all the rever-

sible risk factors identified, including smoking,

dyslipidaemia, abdominal obesity or diabetes, and

the appropriate management of associated clinical

conditions, as well as treatment of the raised blood

pressure per se.

5.2.1 Blood pressure target in the general hypertensive

population. The 2003 ESH-ESC Guidelines, (3)

while recommending to lower blood pressure

below 140/90 in all hypertensive subjects, admitted
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that this was only a prudent recommendation, since

trial evidence of the benefit of achieving this goal was

limited to patients with diabetes or previous

cardiovascular disease, and to a post-hoc analysis

of the HOT trial, (311) indicating the lowest event

incidence to be at blood pressures around 138/

83 mmHg. In addition to the evidence reviewed in

the 2003 guidelines, (3) further indirect evidence

supporting a blood pressure goal v140 mmHg has

been provided by post-hoc analyses of the VALUE

and INVEST trials. In the VALUE study (477)

hypertensive patients in whom blood pressure was

‘controlled’ by treatment (v140/90 mmHg) had a

significantly lower incidence of stroke, myocardial

infarction, heart failure as well as cardiovascular

morbidity and mortality than those remaining

‘uncontrolled’, independent of the antihypertensive

regimens to which they were allocated. Lower rates

of non-fatal and fatal cardiovascular events have also

been reported in ‘controlled’ versus ‘uncontrolled’

hypertensive patients of the INVEST study. (478)

All this is consistent with what has been reported in

studies on hypertensive patients followed in the

setting of clinical practice, those achieving blood

pressure values v140/90 mmHg showing a

cardiovascular morbidity and mortality rate much

less than those treated but uncontrolled. (479)

Admittedly, data obtained outside intention-to-

treat analyses of randomized trials should be

interpreted with caution. However, it should be

pointed out that the recommendation of achieving a

target blood pressure below 140/90 mmHg is

founded now on direct data, since the recent

FEVER study (301) showed that hypertensive

patients randomized to active treatment, who

achieved blood pressure values of 138.1/

82.3 mmHg, had a 28% reduction in stroke,

coronary events, and cardiovascular mortality as

compared with those randomized to placebo, who

remained at values of 141.6/83.9 mmHg.

There are also arguments in favour of trying to

achieve values below 90 mmHg diastolic and

140 mmHg systolic, i.e. as close as possible to

optimal blood pressure, if well tolerated by the

patient. 1) The results of the HOT study (311) have

shown that there was no increase in cardiovascular

risk in patients randomized to the lowest target

blood pressure group, a finding that is relevant to

clinical practice because setting lower blood pressure

goals would allow a greater number of subjects to at

least meet the traditional goals. 2) Observational

studies show a direct linear relationship with

cardiovascular events of systolic and diastolic blood

pressure values as low as 115–110 and 75–

70 mmHg, respectively, without evidence within

this range of a J curve phenomenon. (7,11) 3)

Evidence that achieving lower blood pressure targets

by treatment may enhance protection in hyperten-

sive patients at higher risk, is detailed below.

5.2.2 Blood pressure targets in diabetic and very high or

high risk patients. In order to maximize

cardiovascular protection, in diabetic patients it has

been recommended that antihypertensive treatment

should be more intense, and a goal blood pressure of

v130/80 mmHg has been proposed. There is very

solid evidence of a beneficial effect (reduction in

macro and microvascular complications) of a greater

versus a smaller blood pressure reduction in type 2

diabetic patients as demonstrated by the HOT and

UKPDS trials, (311,427) and confirmed by the

ABCD studies. (319,422) A recent meta-analysis of

available trials in diabetic patients has calculated a

reduced incidence of cardiovascular events

(particularly stroke) with more versus less intense

treatment, for a between-group difference in systolic

and diastolic blood pressure averaging 6.0 and

4.6 mmHg, respectively. (296) Nevertheless,

evidence on the benefit of the strict goal of v130/

80 mmHg is more limited. Several randomized trials

have shown the benefit of reducing diastolic blood

Box 8 Position statement: Goals of treat-

ment

N In hypertensive patients, the primary goal of

treatment is to achieve maximum reduction in

the long-term total risk of cardiovascular

disease.

N This requires treatment of the raised BP per se as

well as of all associated reversible risk factors.

N BP should be reduced to at least below 140/

90 mmHg (systolic/diastolic), and to lower

values, if tolerated, in all hypertensive patients.

N Target BP should be at least v130/80 mmHg

in diabetics and in high or very high risk

patients, such as those with associated clinical

conditions (stroke, myocardial infarction, renal

dysfunction, proteinuria).

N Despite use of combination treatment, reducing

systolic BP to v140 mmHg may be difficult

and more so if the target is a reduction to

v130 mmHg. Additional difficulties should be

expected in elderly and diabetic patients, and, in

general, in patients with cardiovascular damage.

N In order to more easily achieve goal BP, anti-

hypertensive treatment should be initiated before

significant cardiovascular damage develops.
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pressure to values very close to or even below

80 mmHg, (311,319,422,427) but very few data are

available on the beneficial effect of systolic blood

pressure targets v130 mmHg. However, 1) in the

ABCD studies (319,422) on diabetic hypertensives

or nor-motensives achieved systolic blood pressure

values of 132 and 128 mmHg, respectively, were

associated with lower incidence of outcomes (total

mortality and stroke, respectively) than in the groups

with slightly less rigorous blood pressure control

(systolic blood pressure of 138 and 137 mmHg,

respectively), and 2) a prospective observational

study within the UKPDS programme has found a

significant relationship between follow-up systolic

blood pressure and incidence of macro and

microvascular complications in diabetic patients,

with a continuous increment in complications for

values w120 mmHg. (429)

Data favouring lower blood pressure targets in

patients in whom a high risk condition is due to

factors other than diabetes are of variable strength.

The most clear evidence concerns patients with

previous stroke or transient ischaemic attack, since

in the PROGRESS study (283) subjects with a

history of cerebrovascular disease in whom treat-

ment reduced blood pressure from 147/86 mmHg to

138/82 mmHg showed a 28% reduction in stroke

recurrence and 26% reduction in the incidence of

major cardiovascular events compared with placebo

in which the blood pressure reduction was negligi-

ble. There were substantial cardiovascular benefits

also in normotensive patients in whom on-treatment

values were reduced to 127/75 mmHg.

Furthermore, in a recent post-hoc analysis of the

PROGRESS data a progressive reduction in the

incidence of stroke recurrence (particularly haemor-

rhagic stroke) has been reported until achieved

systolic blood pressure values of about 120 mmHg.

(480) Lower levels of evidence are available for other

high risk groups. In a post-hoc subgroup analysis of

the HOT study (481) greater reductions in diastolic

and systolic blood pressure (82 versus 85 mmHg

and 142–145 versus 145–148 mmHg) were asso-

ciated with a greater benefit in patients with a high or

very high total cardiovascular risk (50% of the HOT

population) but not in patients at a lower level of

risk. In placebo controlled trials in survivors from a

myocardial infarction administration of b-blockers

or ACE inhibitors (482,483) reduced the incidence

of recurrent myocardial infarction and death even

when blood pressure was normal. However, because

of the assumption of a protective effect of these

drugs per se, blood pressure was seldom considered

as a possible mechanism and often unreported,

although when mentioned it was lower in the actively

treated than in the placebo groups. Yet, it has been

noted in section 5.1 that most placebo controlled

trials in patients with angina pectoris or coronary

heart disease (302,304,305) have provided evidence

of reduced incidence of cardiovascular events by

bringing blood pressure to rather low levels

(EUROPA: 128/78 rather than 133/80 mmHg;

ACTION-hypertensives: 137/77 rather than 144/

81 mmHg; CAMELOT: 124/76 rather than 130/

77 mmHg) although in another trial on anginal

patients similar blood pressure targets (129/

74 mmHg rather than 132/76 mmHg) provided no

further benefit. (306)

There are no sufficient cardiovascular outcome

data upon which to recommend a lower target blood

pressure in patients with non-diabetic renal disease,

but sufficient though not conclusive evidence sug-

gests that values lower than 130/80 mmHg may help

preserve renal function, especially in the presence of

proteinuria (see Section 4.5.4).

5.2.3 Home and ambulatory blood pressure targets. The

growing evidence of the prognostic importance of

home and ambulatory blood pressure makes these

measurements more and more commonly employed

to evaluate efficacy of treatment. For ambulatory

blood pressure this approach is supported by the

evidence that for similar achieved office blood

pressure values, lower achieved ambulatory blood

pressures are associated with a lower rate of

cardiovascular outcomes. (88) However, no

evidence is so far available indicating which values

of home and ambulatory blood pressure should be

considered as optimal targets. Home and

ambulatory blood pressures are several mmHg

lower than office blood pressures (Table 5), but

these differences are proportional to the level of

office blood pressure values, (484) i.e. they are

usually larger when office blood pressure is high and

smaller at the lower office blood pressure values

representing treatment goals. (77) This, and the

greater blood pressure lowering effect of treatment

on clinic as compared with 24-h blood pressure

values, (485) makes it likely that optimal target

blood pressures are not too different when measured

in- and out-of-office.

5.2.4 Conclusions. On the basis of current evidence it

can be recommended that blood pressure be lowered

at least to below 140/90 mmHg in all hypertensive

patients and that lower values be pursued if

tolerated. Antihypertensive treatment should be

more aggressive in diabetics, in whom a target

blood pressure of v130/80 mmHg appears a

reasonable one. Similar targets should be adopted
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in individuals with a history of cerebrovascular

disease and can at least be considered in patients

with coronary disease. Although differences between

individual patients may exist, the risk of

underperfusion of vital organs is very low, except

in episodes of postural hypotension that should be

avoided, particularly in the elderly and diabetic. The

existence of a J-shaped curve relating outcomes to

achieved blood pressure has so far been suspected as

a result of post-hoc analyses (486–490) which have

reported, however, the rate of events to increase at

quite low diastolic pressures. Further evidence that

an inflection of the curve may only occur at blood

pressure levels much lower than those aimed at with

intense antihypertensive therapy is provided by

randomized studies in post-myocardial infarction

or chronic heart failure patients, in whom b-blockers

or ACE inhibitors reduced the incidence of

cardiovascular events despite lowering blood

pressure from already quite low initial systolic and

diastolic values. (482,491)

It should be mentioned that, despite wide use of

multidrug treatment, in most trials the achieved

average systolic blood pressure remained above

140 mmHg, (492) and even in trials achieving

average blood pressure values v140 mmHg, the

control rate included at most 60–70% of recruited

patients. In diabetic subjects average on-treatment

values v130 mmHg were never obtained, (492)

except in the ABCD normotensive trial that

recruited subjects with initially normal or high

normal blood pressures. (319) Reaching the target

blood pressures recommended above may thus be

difficult and the difficulty may be greater when

initial blood pressures are higher and in the elderly

since age makes the elevation in systolic blood

pressure strictly dependent on increased aortic

fibrosis and stiffness. Trial evidence also shows that

for the same or even a greater use of combination

treatment achieved systolic blood pressure remains

usually somewhat higher in diabetics than in non-

diabetics. (249,428,493)

5.3 Cost-effectiveness of antihypertensive treatment

Several studies have shown that in high or very high

risk patients, treatment of hypertension is largely

cost effective, that is that the reduction in the

incidence of cardiovascular disease and death largely

offsets the cost of treatment despite its lifetime

duration. (494) Indeed, it is likely that the benefit is

even greater than that calculated by the number of

events saved per year of treatment and expressed by

the so called number needed to treat or ‘NNT’.

(495) 1) In several placebo-controlled trials a

substantial number of patients randomized to

placebo received treatment and a number of patients

allocated to active treatment actually withdrew from

it while continuing to be considered in the original

groups according to the intention-to-treat principle;

(273) 2) Some trials show that the difference in

event incidence between treated and placebo groups

increases progressively over the few years of the trial

duration, raising the possibility of a greater long-

term protective effect of blood pressure reductions;

3) In younger low risk hypertensives what appears to

be as a relatively small benefit when calculated over a

treatment period of 5 years may translate into a more

substantial number of added life years compared

with elderly high risk hypertensives. (274) This

implies that in younger subjects actuarial informa-

tion may provide a better assessment of the benefit

than data obtained in trials. (496) In young patients

the purpose of treatment is not to prevent an unlikely

morbid or fatal event in the subsequent few years,

but rather to prevent onset and/or progression of

organ damage that will, in the long term, convert the

low risk patient into a higher risk one. Several trials

of antihypertensive therapy, foremost the HDFP

(312) and HOT (497) studies, have shown that

despite intense blood pressure lowering the inci-

dence of cardiovascular events remains much higher

in high risk hypertensives or hypertensives with

complications than in hypertensives with initial low

or moderate risk. This suggests that some of the

major cardiovascular risk changes may be difficult to

reverse, and that restricting antihypertensive therapy

to patients at high or very high risk may be far from

an optimal strategy. Finally, the cost of drug

treatment of hypertension is often contrasted to

lifestyle measures, which are considered cost-free.

However, real implementation, and therefore effec-

tiveness, of lifestyle changes requires behavioural

support, counselling and reinforcement, the cost of

which may not be negligible. (498,499)

6. Treatment strategies

6.1 Lifestyle changes (Box 9)

Lifestyle measures should be instituted, whenever

appropriate, in all patients, including subjects with

high normal blood pressure and patients who require

drug treatment. The purpose is to lower blood

pressure, to control other risk factors and clinical

conditions, and to reduce the number and doses of

antihypertensive agents which might have to be

subsequently used. The lifestyle measures that are

widely agreed to lower blood pressure or cardiovas-

cular risk, and that should be considered in all
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patients are: 1) smoking cessation, 2) weight

reduction in the overweight, 3) moderation of

alcohol consumption, 4) physical activity, 5) reduc-

tion of salt intake and 6) increase in fruit and

vegetable intake and decrease in saturated and total

fat intake. (500) Healthy eating habits should always

be promoted. However, lifestyle measures are

unproved in preventing cardiovascular complica-

tions in hypertensive patients, and long-term com-

pliance with their implementation is notoriously low.

(501) They should never delay unnecessarily the

initiation of drug treatment, especially in patients at

higher levels of risk.

6.1.1 Smoking cessation. Smoking causes an acute

increase in blood pressure and heart rate, persisting

for more than 15 minutes after smoking one

cigarette. (502) The mechanism is likely to be a

stimulation of the sympathetic nervous system at

central level and at nerve endings, which is

responsible for an increase in plasma

catecholamines parallel to the blood pressure

increase. (503,504) Paradoxically, several

epidemiological studies have found that blood

pressure levels among cigarette smokers were the

same as, or lower than, those in non-smokers. (505)

However, studies using ambulatory blood pressure

monitoring have shown that both untreated

hypertensive and normotensive smokers present

higher daily blood pressure values than non-

smokers, (506–508) the increase being particularly

pronounced in heavy smokers. (502) Smoking has

also been reported to predict a future rise in systolic

blood pressure, (509) but no independent chronic

effect of smoking on blood pressure has been found

in all studies (510) and smoking cessation does not

lower blood pressure. (511)

Smoking is a powerful cardiovascular risk factor

(512) and smoking cessation is probably the single

most effective lifestyle measure for the prevention of

a large number of cardiovascular diseases including

stroke and myocardial infarction. (512–514) This is

supported by the observation that those who quit

smoking before middle age typically have a life

expectancy that is not different from that of lifelong

non-smokers. (515,516) Therefore, hypertensive

smokers should be counselled regarding smoking

cessation.

Where necessary, nicotine replacement (517) or

bupropion therapy should be considered since they

appear to facilitate smoking cessation. (518)

Varenicline is a novel selective nicotine acetylcholine

receptor partial agonist developed specifically for

smoking cessation, with documented short- and

long-term efficacy versus placebo. (519) Passive

smoking has now been shown to produce an increase

in the risk of coronary and other smoking-related

diseases. (520,521) Exposure to passive smoking

may have declined in those countries where regula-

tions have been introduced to protect the non- and

ex-smokers from environmental tobacco smoke. It is

desirable that this become commonplace all over

Europe.

6.1.2 Moderation of alcohol consumption. Many

studies have shown a U or J shaped association of

mortality with alcohol consumption, in which light

and moderate drinking results in a reduced mortality

compared with non-drinkers, while heavy drinkers

have a rising death rate, (522) but this relationship

has recently been challenged by a meta-analysis of

available data. (523) The relationship between

alcohol consumption, blood pressure levels and the

Box 9 Position statement: Lifestyle changes

N Lifestyle measures should be instituted, when-

ever appropriate, in all patients, including

those who require drug treatment. The pur-

pose is to lower BP, to control other risk factors

and to reduce the number of doses of

antihypertensive drugs to be subsequently

administered.

N Lifestyle measures are also advisable in sub-

jects with high normal BP and additional risk

factors to reduce the risk of developing

hypertension.

N The lifestyle measures that are widely recog-

nized to lower BP or cardiovascular risk, and

that should be considered are:

- smoking cessation

- weight reduction (and weight stabilization)

- reduction of excessive alcohol intake

- physical exercise

- reduction of salt intake

- increase in fruit and vegetable intake and

decrease in saturated and total fat intake

N Lifestyle recommendations should not be given

as lip service but instituted with adequate

behavioural and expert support, and reinforced

periodically.

N Because long-term compliance with lifestyle

measures is low and the BP response highly

variable, patients under non-pharmacological

treatment should be followed-up closely to

start drug treatment when needed and in a

timely fashion.

170 G. Mancia et al.



prevalence of hypertension is linear in populations.

(524) Beyond that, high levels of alcohol

consumption are associated with high risk of

stroke; (525) this is particularly so for binge

drinking. Alcohol attenuates the effects of

antihypertensive drug therapy, but this effect is at

least partially reversible within 1–2 weeks by

moderation of drinking by around 80%. (526)

Heavier drinkers (five or more standard drinks per

day) may experience a rise in blood pressure after

acute alcohol withdrawal and be more likely to be

diagnosed as hypertensive at the beginning of the

week if they have a weekend drinking pattern. Trials

of alcohol reduction have shown a significant

reduction in systolic and diastolic blood pressures.

(500) Hypertensive men who drink alcohol should

be advised to limit their consumption to no more

than 20–30 g ethanol per day, and hypertensive

women to no more than 10–20 g ethanol per day.

They should be warned against the increased risk of

stroke associated with binge drinking.

6.1.3 Sodium restriction. Epidemiological studies

suggest that dietary salt intake is a contributor to

blood pressure elevation and to the prevalence of

hypertension. (527,528) Randomized controlled

trials in hypertensive patients (500) indicate that

reducing sodium intake by 80–100 mmol (4.7–5.8 g

of sodium chloride) per day from an initial intake of

around 180 mmol (10.5 g of sodium chloride) per

day reduces blood pressure by an average of 4–

6 mmHg, (529–533) although with a large between

patient variability. Sodium restriction may have a

greater antihypertensive effect if combined with

other dietary counselling (500) and may allow

reduction of doses and number of antihypertensive

drugs employed to control blood pressure. The

effect of sodium restriction on blood pressure is

greater in blacks, middle-aged and older people as

well as in individuals with hypertension, diabetes, or

chronic kidney disease, i.e. groups that have a less

responsive renin-angiotensin-aldosterone system,

(534) whose activation, together with an activation

of the sympathetic nervous system, (535,536) may

counteract the blood pressure lowering effect of

sodium restriction. In a restricted salt diet, patients

should be advised to avoid added salt, and obviously

oversalted food (particularly processed food) and to

eat more meals cooked directly from natural

ingredients containing more potassium. (537) An

excessive intake of salt may be a cause of resistant

hypertension. The recommended adequate daily

sodium intake has been recently reduced from 100

to 65 mmol/day corresponding to 3.8 g/day of

sodium chloride, which may be currently difficult

to achieve. An achievable recommendation is less

than 5 g/day sodium chloride (85 mmol/day). (538)

6.1.4 Other dietary changes. Over the past decade,

increased potassium intake and dietary patterns

based on the DASH diet (a diet rich in fruits,

vegetables, and low-fat dairy products, with a

reduced content of dietary cholesterol as well as

saturated and total fat) (539) have emerged as also

having blood pressure lowering effects. Several small

clinical trials and their meta-analyses have

documented that high-dose omega-3

polyunsaturated fatty acid supplements (commonly

called fish oil) can lower blood pressure in

hypertensive individuals although the effect can

usually be seen only at relatively high doses (>3 g/

day). (500,540,541) In hypertensive individuals,

average systolic and diastolic blood pressure

reductions were 4.0 and 2.5 mmHg, respectively.

(542) As to an increased intake of fibre alone,

(543,544) the data are insufficient to recommend it

for blood pressure lowering. Supplemental calcium

or magnesium (500,545,546) has been proposed as a

means to lower blood pressure, but data are not

entirely consistent and additional research is

warranted before recommendations on other

specific diets can be made, including diets with a

modified content in carbohydrates. (500,547,548)

As a general measure, hypertensive patients should

be advised to eat more fruits and vegetables (4–5

servings or 300 grams of vegetables per day), (549)

to eat more fish (550) and to reduce intake of

saturated fat and cholesterol. Counselling by trained

dieticians may be useful.

6.1.5 Weight reduction. A substantial body of

evidence from observational studies documents

that body weight is directly associated with blood

pressure (551) and that excess body fat predisposes

to increased blood pressure and hypertension. (552)

There is also conclusive evidence that weight

reduction lowers blood pressure in obese patients

and has beneficial effects on associated risk factors

such as insulin resistance, diabetes, hyperlipidaemia,

left ventricular hypertrophy, and obstructive sleep

apnoea. In a meta-analysis of available studies, the

mean systolic and diastolic blood pressure

reductions associated with an average weight loss

of 5.1 kg were 4.4 and 3.6 mmHg, respectively.

(553) In a further subgroup analysis, blood pressure

reductions were similar for non-hypertensive and

hypertensive individuals, but were greater in those

who lost more weight. Within trial dose-response

analyses (554,555) and prospective observational

studies (556) also document that greater weight loss
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leads to a greater blood pressure reduction. Modest

weight loss, with or without sodium reduction, can

prevent hypertension in overweight individuals with

high normal blood pressure, (557) and can facilitate

medication step-down and drug withdrawal.

(558,559) Because in middle aged individuals body

weight frequently shows a progressive increase (0.5–

1.5 kg per year), weight stabilization may also be

considered a useful goal to pursue.

6.1.6 Physical exercise. Lack of physical fitness is a

strong predictor of cardiovascular mortality

independent of blood pressure and other risk

factors. (560) A recent meta-analysis of

randomized controlled trials (561) concluded that

dynamic aerobic endurance training reduces resting

systolic and diastolic blood pressures by 3.0/

2.4 mmHg, and daytime ambulatory blood

pressure by 3.3/3.5 mmHg. The reduction in

resting blood pressure was more pronounced in the

hypertensive group (26.9/24.9 mmHg) than in the

normotensive one (21.9/21.6 mmHg). Even

moderate levels of exercise lowered blood pressure,

(562) and this type of training also reduced body

weight, body fat and waist circumference, and

increased insulin sensitivity and HDL-cholesterol

levels. Dynamic resistance training decreased resting

blood pressure by 3.5/3.2 mmHg. (563) Thus,

sedentary patients should be advised to take up

exercise of moderate intensity on a regular basis, e.g.

30–45 min daily. (564) The type of exercise should

be primarily endurance physical activity (walking,

jogging, swimming) supplemented by resistance

exercise. (144,564,565) The extent of pre-training

evaluation of the cardiovascular status will depend

on the extent of the envisaged exercise and on the

patient’s symptoms and signs, total cardiovascular

risk and associated clinical conditions. However,

intensive isometric exercise such as heavy weight

lifting can have a marked pressor effect and should

be avoided. If hypertension is poorly controlled,

heavy physical exercise as well as maximal exercise

testing should be discouraged or postponed until

appropriate drug treatment has been instituted and

blood pressure lowered. (566)

6.2 Pharmacological therapy (Boxes 10 and 11)

6.2.1 Choice of antihypertensive drugs. The large

number of randomized trials of antihypertensive

therapy, both those comparing active treatment

versus placebo and those comparing treatment

regimens based on different compounds, confirm

the conclusion of the 2003 ESH/ESC Guidelines (3)

that 1) the main benefits of antihypertensive

Box 10 Position statement: Choice of anti-

hypertensive drugs

N The main benefits of antihypertensive therapy
are due to lowering of BP per se.

N Five major classes of antihypertensive agents –
thiazide diuretics, calcium antagonists, ACE
inhibitors, angiotensin receptor antagonists and
b-blockers – are suitable for the initiation and
maintenance of antihypertensive treatment,
alone or in combination. b-blockers, especially
in combination with a thiazide diuretic, should
not be used in patients with the metabolic
syndrome or at high risk of incident diabetes.

N Because in many patients more than one drug
is needed, emphasis on identification of the
first class of drugs to be used is often futile.
Nevertheless, there are many conditions for
which there is evidence in favour of some drugs
versus others either as initial treatment or as
part of a combination.

N The choice of a specific drug or a drug
combination, and the avoidance of others,
should take into account the following:

1. The previous favourable or unfavourable
experience of the individual patient with a
given class of compounds.

2. The effect of drugs on cardiovascular risk
factors in relation to the cardiovascular
risk profile of the individual patient.

3. The presence of subclinical organ
damage, clinical cardiovascular disease,
renal disease or diabetes which may be
more favourably treated by some drugs
than others (Box 11 and Table 6).

4. The presence of other disorders that may
limit the use of particular classes of
antihypertensive drugs (Table 7).

5. The possibilities of interactions with
drugs used for other conditions.

6. The cost of drugs, either to the individual
patient or to the health provider, but cost
considerations should never predominate
over efficacy, tolerability, and protection
of the individual patient.

N Continuing attention should be given to side
effects of drugs, because they are the most
important cause of non-compliance. Drugs are
not equal in terms of adverse effects, particu-
larly in individual patients.

N The BP lowering effect should last 24 hours.
This can be checked by office or home BP
measurements at trough or by ambulatory BP
monitoring.

N Drugs which exert their antihypertensive effect
over 24 hours with a once-a-day administration
should be preferred because a simple treatment
schedule favours compliance.
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treatment are due to lowering of blood pressure per

se, and are largely independent of the drugs

employed, and 2) thiazide diuretics (as well as

chlorthalidone and indapamide), b-blockers,

calcium antagonists, ACE inhibitors and

angiotensin receptor antagonists can adequately

lower blood pressure and significantly and

importantly reduce cardiovascular outcomes.

Therefore all these drugs are suitable for the

initiation and maintenance of antihypertensive

treatment either as monotherapy or in some

combinations with each other. Each of the

recommended classes may have specific properties,

advantages and limitations, which are discussed in

the following paragraphs so that doctors may make

the most appropriate choice in individual patients.

We have mentioned in Section 4.4.5 that in two

recent large scale trials (330,332) and in a recent

meta-analysis (343) b-blockers had a reduced ability

to protect against stroke, though being equally

effective for protection from coronary events and

mortality. Administration of beta-blockers has

proved to be beneficial in patients with angina

pectoris, heart failure and a recent myocardial

infarction, important hypertension-related compli-

cations. (482,483,567) Thus b-blockers may still be

considered an option for initial and subsequent

antihypertensive treatment strategies. Because they

favour an increase in weight, (568) have adverse

effects on lipid metabolism and increase (compared

with other drugs) the incidence of new onset

diabetes, (455,458) they should not be preferred,

however, in hypertensives with multiple metabolic

risk factors including the metabolic syndrome and its

major components, i.e. abdominal obesity, high

normal or impaired fasting glucose, and impaired

glucose tolerance, conditions that make the risk of

incident diabetes higher. (569,570) This applies also

to thiazide diuretics, which have dyslipidaemic and

diabetogenic effects when used at high doses. (455)

Thiazides have often been administered together

with b-blockers in trials showing a relative excess of

new diabetes, thus making a distinction between the

contribution of the two agents difficult. It may not

apply, however, to vasodilator b-blockers, such as

carvedilol and nebivolol, which have less or no

dysmetabolic action, as well as a reduced incidence

of new onset diabetes compared with classical b-

blockers. (571,572) b-blockers, ACE inhibitors and

angiotensin receptor antagonists are less effective in

blacks in whom diuretics and calcium antagonists

should be preferred. (299,573)

Trials assessing intermediate endpoints (subclini-

cal organ damage) suggest other differences between

various antihypertensive agents or compounds: ACE

inhibitors and angiotensin receptor antagonists have

been reported to be particularly effective in reducing

left ventricular hypertrophy, (349) including the

fibrotic component; (219,367) they are also quite

effective in reducing microalbuminuria and protei-

nuria (308,309,430–432,437) and in preserving

renal function and delaying renal disease;

(308,309,430,431,434) calcium antagonists, beside

being effective on left ventricular hypertrophy,

appear beneficial in slowing down the progression

of carotid hypertrophy and atherosclerosis. (220–

222,391,392,395)

Evidence concerning the benefits of other classes

of antihypertensive agents is much more limited. a1-

blockers, central agents (a2-adrenoreceptor agonists

and modulators of imidazoline receptors) have been

shown to adequately lower blood pressure and to

also have favourable metabolic effects. (574) A

blood pressure lowering effect has also been demon-

strated with aldosterone antagonists. (575) As the

only trial testing an a1-blocker (the doxazosin arm of

the ALLHAT trial) was interrupted before crucial

evidence could be obtained, (576) the overall

benefits or harm of a1-blockers for antihypertensive

therapy remain unproved. This is the case also for

centrally acting drugs and aldosterone antagonists.

However, all these agents have been frequently used

as added drugs in trials documenting cardiovascular

Box 11 Position statement: Antihypertensive

treatment: Preferred drugs

Subclinical organ damage

LVH ACEI, CA, ARB

Asympt. atherosclerosis CA, ACEI

Microalbuminuria ACEI, ARB

Renal dysfunction ACEI, ARB

Clinical event

Previous stroke any BP lowering agent

Previous MI BB, ACEI, ARB

Angina pectoris BB, CA

Heart failure diuretics, BB, ACEI, ARB,

antialdosterone agents

Atria l fibrillation

Recurrent ARB, ACEI

Permanent BB, non-dihydropiridine CA

ESRD/proteinuria ACEI, ARB, loop diuretics

Peripheral artery disease CA

Condition

ISH (elderly) diuretics, CA

Metabolic syndrome ACEI, ARB, CA

Diabetes mellitus ACEI, ARB

Pregnancy CA, methyldopa, BB

Blacks diuretics, CA

Abbreviations: LVH: left ventricular hypertrophy; ISH:

isolated systolic hypertension; ESRD: renal failure; ACEI:

ACE inhibitors; ARB: angiotensin receptor antagonists; CA:

calcium antagonists; BB: b-blockers
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protection and can thus be employed for combina-

tion treatment. a1-blockers have a specific indication

in the presence of benign prostatic hypertrophy.

Aliskiren, a new drug that is targeting the renin

system at its point of activation (577) is already

available in the USA and may soon be made

available in Europe. This drug has been shown to

effectively lower blood pressure in hypertension,

both alone and in combination with a thiazide

diuretic, (578–580) and also to have an antiprotei-

nuric effect in pre-clinical studies. (581) It has been

suggested that renin may have effects not connected

to the classical renin-angiotensin cascade (577) and

be a prognostic factor independent of angiotensin II

production. (582) Conclusive evidence that this is

the case as well as data on the cardiovascular

Table 7. Compelling and possible contraindications to use of antihypertensive drugs

Compelling Possible

Thiazide diuretics Gout Metabolic syndrome

Glucose intolerance

Pregnancy

Beta-blockers Asthma Peripheral artery disease

A-V block (grade 2 or 3) Metabolic syndrome

Glucose intolerance

Athletes and physically active patients

Chronic obstructive pulmonary disease

Calcium antagonists (dihydropiridines) Tachyarrhythmias

Heart failure

Calcium antagonists (verapamil,

diltiazem)

A-V block (grade 2 or 3)

Heart failure

ACE inhibitors Pregnancy

Angioneurotic oedema

Hyperkalaemia

Bilateral renal artery stenosis

Angiotensin receptor antagonists Pregnancy

Hyperkalaemia

Bilateral renal artery stenosis

Diuretics (antialdosterone) Renal failure

Hyperkalaemia

Table 6. Conditions favouring use of some antihypertensive drugs versus others

Thiazide diuretics Beta-blockers Calcium antagonists

(dihydropyridines)

Calcium antagonists

(verapami l/di ltiazem)

N Isolated systolic hypertension

(elderly)

N Angina pectoris N Isolated systolic

hypertension (elderly)

N Angina pectoris

N Heart failure

N Post-myocardial infarction

N Angina pectoris

N Carotid

atherosclerosis

N Hypertension in blacks

N Heart failure

N LV hypertrophy N Supraventricular

tachycardia

N Tachyarrhythmias

N Carotid/Coronary

Atherosclerosis

N Glaucoma

N Pregnancy

N Pregnancy

N Hypertension in blacks

ACE inhibitors Angiotensin receptor antagonists Diuretics

(antialdosterone)

Loop diuretics

N Heart failure N Heart failure

N Heart failure N End stage renal

disease

N LV dysfunction N Post-myocardial infarction

N Post-myocardial

infarction N Heart failure

N Post-myocardial infarction N Diabetic nephropathy

N Diabetic nephropathy N Proteinuria/Microalbuminuria

N Non-diabetic nephropathy N LV hypertrophy

N LV hypertrophy N Atrial fibrillation

N Carotid atherosclerosis N Metabolic syndrome

N Proteinuria/Microalbuminuria N ACEI-induced cough

N Atrial fibrillation

N Metabolic syndrome

ACEI: ACE inhibitors; LV: Left Ventricle.
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protective effects of renin inhibition are not yet

available.

Identification of the first class of drugs to be used

in the management of hypertension has always been

a debated issue. However, there is now conclusive

evidence from trials that combination treatment is

needed to control blood pressure in the majority of

patients. (583) Thus, if two or more drugs are taken

for the lifetime of the patients it is of marginal

relevance which is the one used alone for the first few

weeks of therapy. However, drug classes (and even

compounds within a given class) differ in type and

frequency of adverse effects they may induce, and

different individuals may be differently prone to

develop a given adverse effect. Furthermore, drugs

may have different effects on risk factors, organ

damage and cause-specific events and show specific

protective influences in special groups of patients.

This makes selection of a given agent alone or in

association with other drugs mandatory or advisable

according to the circumstances. As a general

scenario the choice or the avoidance of drugs should

take into account the following: 1) the previous

favourable or unfavourable experience of the indivi-

dual patient with a given class of compounds both in

relation to blood pressure lowering and side effects;

2) the effect of drugs on cardiovascular risk factors in

relation to the cardiovascular risk profile of the

individual patient; 3) the presence of subclinical

organ damage, clinical cardiovascular disease, renal

disease or diabetes which may be more favourably

treated by some drugs than others; 4) the presence of

other disorders that may limit the use of particular

classes of antihypertensive drugs; 5) the possibility of

interactions with drugs used for other conditions

present in the patient; 6) the cost of drugs, either to

the individual patient or to the health provider. Cost

considerations, however, should never predominate

over efficacy, tolerability, and protection of the

individual patient. Physicians should give preference

to drugs that have a long lasting effect and a

documented ability to effectively lower blood pres-

sure over the 24 hours with once a day administra-

tion. Simplification of treatment improves adherence

to therapy, (584) while effective 24-hour blood

pressure control is prognostically important in

addition to office blood pressure control. (88)

Long-acting drugs also make the antihypertensive

effect more homogeneous over the 24 hours, thus

minimizing blood pressure variability. (585)

The criteria listed in this section allow the

selection of specific drugs or drug combinations in

many patients. Conditions favouring or not favour-

ing, and sometimes contraindicating, various agents

are known and listed in detail in Tables 6 and 7, and

in Box 11 while specific therapeutic approaches in

special conditions and groups of patients are

discussed in more detail in Section 7.

In the initial choice of drugs as well as in the

subsequent treatment modifications, particular

attention should be given to adverse events, even

when of a purely subjective nature, because adverse

events are the most important cause of non-

compliance. (584,586) Adverse events during anti-

hypertensive treatment are not entirely avoidable

because they may have, in part, a psychological

nature and indeed are also reported during admin-

istration of placebo. (291) Great effort should be

devoted, however, to limitation of drug-related side

effects and preservation of the quality of life either by

switching treatment from the responsible drug to

another agent or by avoiding unnecessary increases

of the dose of the drug employed. Side effects of

thiazide diuretics, b-blockers and calcium antago-

nists are dose related whereas there is little or no

dose-dependent increase in side effects with angio-

tensin receptor antagonists and ACE inhibitors.

(587)

6.2.2 Monotherapy (Box 12). Treatment can start

with a single drug, which should initially be

administered at low dose. If blood pressure is not

controlled, either a full dose of the initial agent can

be given or patients can be switched to an agent of a

different class (which should also be administered,

first at low and then at full dose). Switching to an

agent from a different class is mandatory in case the

first agent had no blood pressure lowering or

induced important side effects. This ‘sequential

monotherapy’ approach may allow to find the drug

to which any individual patient best responds both

in terms of efficacy and tolerability. However,

although the so called ‘responder rate’ (systolic

and diastolic blood pressure reduction >20 and

10 mmHg, respectively) to any agent in

monotherapy is approximately 50%, (588) the

ability of any agent used alone to achieve target

blood pressure values (v140/90 mmHg) does not

exceed 20–30% of the overall hypertensive

population except in subjects with grade 1

hypertension. (589,590) Furthermore the

procedure is laborious and frustrating for both

doctors and patients, leading to low compliance

and unduly delaying urgent control of blood

pressure in high risk hypertensives. Hopes are

placed on pharmacogenomics, which in the future

may succeed in identifying the drugs having the

best chance of being effective and beneficial in

individual patients. Research in this area should be

encouraged.
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6.2.3 Combination treatment (Box 12). In most trials

combination of two or more drugs has been the most

widely used treatment regimen to reduce blood

pressure effectively and reach the predetermined

goal. Use of combination therapy has been found to

be even more frequently needed in diabetic, renal

and high risk patients and in general whenever lower

blood pressure targets are pursued. (311) For

example, in a recent large scale trial on high risk

hypertensives about 9 out of 10 patients were given

two or more antihypertensive drugs in order to

reduce blood pressure to v140/90 mmHg. (330)

In the 2003 ESH/ESC Guidelines (3) the recom-

mendation was given not to limit two-drug treatment

to a frequently necessary step after attempting

monotherapy, but also to consider two-drug treat-

ment as an alternative to monotherapy as a first

choice therapeutic approach (Figure 3). An obvious

disadvantage of initiating treatment with two drugs

is that of potentially exposing some patients to an

unnecessary agent. The advantages, however, are

that 1) by using a combination both the first and the

second drug can be given in the low dose range

which is more likely to be free of side effects

compared to full dose monotherapy; 2) the frustra-

tion of repetitively and vainly searching for effective

monotherapies in patients with very high blood

pressure values or organ damage may be avoided; 3)

fixed low dose combinations are available, allowing

the two agents to be administered in a single tablet,

the treatment simplification optimizing compliance;

and 4) starting treatment with a two-drug combina-

tion may allow blood pressure targets to be reached

earlier than with monotherapy. This may be of

critical importance in high risk patients, because in

the VALUE trial greater blood pressure reduction

(23.8/22.2 mmHg) seen in amlodipine versus

valsartan-treated patients in the first 6 months was

accompanied by a difference in cardiovascular event

rate in favour of the more effectively treated group.

(335) Accordingly, combination treatment should

be considered as first choice particularly when there

is a high cardiovascular risk, i.e. in individuals in

whom blood pressure is markedly above the hyper-

tension threshold (e.g. more than 20 mmHg systolic

or 10 mmHg diastolic), or milder degrees of blood

pressure elevation are associated with multiple risk

factors, subclinical organ damage, diabetes, renal or

associated cardiovascular disease. In all these con-

ditions, there is the need to obtain a large blood

pressure reduction (due to the high initial values or

the low targets), which is difficult to achieve with

monotherapy.

Antihypertensive drugs of different classes can be

combined if 1) they have different and complementary

mechanisms of action, 2) there is evidence that the

antihypertensive effect of the combination is greater

than that of either combination component, 3) the

combination may have a favourable tolerance

profile, the complementary mechanisms of action

of the components minimizing their individual side

effects. The following two-drug combinations have

been found to be effective and well tolerated, and

have been favourably used in randomized efficacy

trials. They are indicated with a continuous thick

line in the diagram of Figure 4

N Thiazide diuretic and ACE inhibitor

N Thiazide diuretic and angiotensin receptor

antagonist

N Calcium antagonist and ACE inhibitor

N Calcium antagonist and angiotensin receptor

antagonist

N Calcium antagonist and thiazide diuretic

N b-blocker and calcium antagonist (dihydropiridine)

Box 12 Position statement: Monotherapy

versus combination therapy

N Regardless of the drug employed, monotherapy

allows to achieve BP target in only a limited

number of hypertensive patients.

N Use of more than one agent is necessary to

achieve target BP in the majority of patients. A

vast array of effective and well tolerated

combinations is available.

N Initial treatment can make use of monotherapy

or combination of two drugs at low doses with

a subsequent increase in drug doses or

number, if needed (Figures 3 and 4).

N Monotherapy could be the initial treatment for

a mild BP elevation with a low or moderate

total cardiovascular risk. A combination of two

drugs at low doses should be preferred as first

step treatment when initial BP is in the grade 2

or 3 range or total cardiovascular risk is high or

very high (Figure 3).

N Fixed combinations of two drugs can simplify

treatment schedule and favour compliance.

N In several patients BP control is not achieved

by two drugs, and a combination of three of

more drugs is required.

N In uncomplicated hypertensives and in the

elderly, antihypertensive therapy should nor-

mally be initiated gradually. In higher risk

hypertensives, goal blood pressure should be

achieved more promptly, which favours initial

combination therapy and quicker adjustment

of doses.
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The combination of a thiazide diuretic and a b-blocker

is also a time honoured combination which has been

used successfully in many placebo and actively

controlled trials, but evidence is now available that

these drugs have dysmetabolic effects which may be

even more pronounced when they are administered

together (Sections 4.4.5 and 4.5.5). Thus, this

combination, although still valid as a therapeutic

alternative, should be avoided in patients with the

metabolic syndrome and when there is a high risk of

incident diabetes. The combination of a thiazide and a

potassium sparing diuretic (amiloride, triamterene or

spironolactone) has been widely used for years in

order to prevent the loss of potassium associated with

thiazide administration, possibly reducing the inci-

dence of sudden death, (591) preventing glucose

intolerance and decreasing the incidence of diabetes

associated with thiazide-induced hypokalaemia.

(592,593) The combination of an ACE inhibitor

and an angiotensin receptor antagonist has become a

focus of recent studies. Although the drugs included

in this combination may interfere, albeit at different

Figure 3. Monotherapy versus combination therapy strategies.

Figure 4. Possible combinations between some classes of antihypertensive drugs. The preferred combinations in the general hypertensive

population are represented as thick lines. The frames indicate classes of agents proven to be beneficial in controlled intervention trials.
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levels, with the same physiological mechanism, never-

theless their combination has been reported to exert a

somewhat greater blood pressure reduction and a

more pronounced antiproteinuric effect than either

component alone both in diabetic and non-diabetic

nephropathy. (446,594) This combination has also

been shown to improve survival in heart failure. (595)

Although it remains unclear whether the advantage of

this combination can be replicated by simply increas-

ing the dose of either component in monotherapy,

(449,596) more evidence on the benefits of combining

an angiotensin receptor antagonist and an ACE

inhibitor will be provided by the ONTARGET trial.

(339) Other combinations are possible, but these are

less frequently used and evidence on their therapeutic

efficacy is more limited. Some of these combinations

are indicated by the dotted line in the diagram of

Figure 4.

Finally, combinations between two drugs in a single

tablet, usually at low doses, (but sometimes both at

lower and at higher doses), are now widely available,

particularly those of an angiotensin receptor antago-

nist with a thiazide diuretic, or of an ACE inhibitor

with a thiazide diuretic or with a calcium antagonist,

of a b-blocker with a diuretic, and of a thiazide with a

potassium sparing diuretic. Although the fixed dose of

the combination components limits the flexibility of

upward and downward treatment strategies, fixed

combinations reduce the number of tablets to be

taken by the patient, and this has some advantage for

compliance with treatment. (584,597) Fixed dose

combinations can substitute extemporaneous combi-

nations that have successfully controlled blood pres-

sure, but, when at low doses, they can also be

considered for first step treatment, provided that

initial use of two drugs rather than monotherapy is

indicated. It should be emphasized that two-drug

combinations are not invariably capable of controlling

blood pressure and use of three or four drugs may be

necessary in several patients, particularly in those with

renal disease and other complicated types of hyperten-

sion. Further information on the advantages of this

therapeutic approach will be available after comple-

tion of the ACCOMPLISH trial, (598) which

compares the effect on cardiovascular morbidity and

mortality of treatment initiated with a fixed dose

combination of an ACE inhibitor with a calcium

antagonist or a diuretic.

7. Therapeutic approach in special conditions

7.1 Elderly (Box 13)

Older patients benefit from antihypertensive drug

treatment in terms of reduced cardiovascular

morbidity and mortality, irrespective of whether

they have systolic-diastolic hypertension or isolated

systolic hypertension. (294,471) This has been

shown in a large number of randomized trials that

have included patients aged 60 or 70 years or more.

A meta-analysis of these trials has shown that a

reduction of fatal and non-fatal cardiovascular

events, as well as of stroke, also occurred in treated

patients aged 80 years or more although all cause

mortality was not reduced. (599) Beneficial effects

on morbidity but not on mortality in the very

elderly have recently been confirmed in the

HYVET (600) pilot trial.

Box 13 Antihypertensive treatment in the

elderly

N Randomized trials in patients with systolic-

diastolic or isolated systolic hypertension aged

>60 years have shown that a marked reduction

in cardiovascular morbidity and mortality can

be achieved with antihypertensive treatment.

N Drug treatment can be initiated with thiazide

diuretics, calcium antagonists, angiotensin

receptor antagonists, ACE inhibitors, and b-

blockers, in line with general guidelines. Trials

specifically addressing treatment of isolated

systolic hypertension have shown the benefit of

thiazides and calcium antagonists but sub-

analysis of other trials also shows efficacy of

angiotensin receptor antagonists.

N Initial doses and subsequent dose titration

should be more gradual because of a greater

chance of undesirable effects, especially in very

old and frail subjects.

N BP goal is the same as in younger patients, i.e.

v140/90 mmHg or below, if tolerated. Many

elderly patients need two or more drugs to

control blood pressure and reductions to

v140 mmHg systolic may be particularly

difficult to obtain.

N Drug treatment should be tailored to the risk

factors, target organ damage and associated

cardiovascular and non-cardiovascular condi-

tions that are frequent in the elderly. Because

of the increased risk of postural hypotension,

BP should always be measured also in the erect

posture.

N In subjects aged 80 years and over, evidence

for benefits of antihypertensive treatment is as

yet inconclusive. However, there is no reason

for interrupting a successful and well tolerated

therapy when a patient reaches 80 years of age.
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The randomized controlled trials that have shown

the benefit of antihypertensive treatment versus

placebo or no treatment in elderly patients with

systolic-diastolic hypertension used either a diuretic

or a b-blocker as first line therapy.

(281,282,287,288) A recent meta-analysis has sug-

gested that in the elderly b-blockers may have a less

pronounced preventive effect on cardiovascular

events than diuretics, but in many of these patients

diuretics and b-blockers were used together. (601)

In trials of isolated systolic hypertension, first-line

drugs comprised a diuretic (280) or a dihydropyr-

idine calcium channel blocker. (284) Treatment was

initiated with the latter drug class also in two

Chinese trials, one in systolic-diastolic hypertension

(285) and the other in isolated systolic hypertension,

(286) in which alternate rather than random alloca-

tion was used. In all these trials active therapy was

superior to placebo or no treatment. Other drug

classes have only been used in trials in which ‘newer’

drugs were compared with ‘older’ drugs. The

STOP-2 trial (314) found that the incidence of

cardiovascular events was similar in elderly hyper-

tensives randomized to a calcium antagonist, an

ACE inhibitor, or conventional treatment with a

diuretic or a b-blocker, and ALLHAT (322) showed

a diuretic, a calcium channel antagonist and an ACE

inhibitor influenced cardiovascular events to the

same extent also in the subgroup of patients older

than 65 years. The LIFE trial (332) showed that, in

55-to-80-year old hypertensive patients with evi-

dence of left ventricular hypertrophy, the angioten-

sin receptor antagonist losartan was more effective in

reducing cardiovascular events, particularly stroke,

than the b-blocker atenolol, this being also true for

patients with isolated systolic hypertension. (602)

SCOPE (307) showed a reduction in non-fatal

strokes in hypertensive patients aged 70 years or

older treated with an antihypertensive regimen

containing the angiotensin receptor antagonist can-

desartan, in comparison with patients receiving an

antihypertensive treatment without candesartan. A

subgroup analysis of SCOPE patients with isolated

systolic hypertension showed a significant 42%

reduction of stroke in candesartan-treated patients.

(603) Therefore, it appears that benefits have been

demonstrated in older hypertensive patients for at

least one representative agent of several drug classes,

i.e. diuretics, b-blockers, calcium antagonists, ACE

inhibitors and angiotensin receptor antagonists.

Thus there are insufficient grounds for an age-

depending strategy in the choice of antihypertensive

agents. (344)

Initiation of antihypertensive treatment in elderly

patients should follow the general guidelines. Before

and during treatment blood pressure should always

be measured both in the sitting and in the standing

position, because their higher risk of postural

hypotension may be enhanced by antihypertensive

drugs. (604) Older patients more frequently have

other risk factors, target organ damage and asso-

ciated cardiovascular or non cardiovascular clinical

conditions than younger ones. This means that the

choice of the first drug often needs to be precisely

tailored to individual characteristics. Furthermore,

many patients will need two or more drugs to control

blood pressure, since in the elderly it is often

particularly difficult to lower systolic pressure to

below 140 mmHg. (492,605)

The optimum diastolic blood pressure to be

achieved by treatment is not clear. In a post-hoc

analysis the SHEP investigators assessed the role of

the on-treatment diastolic blood pressure in patients

with isolated systolic hypertension. (606) They

concluded that an achieved diastolic pressure of less

than 70 mmHg, and especially below 60 mmHg,

identifies a high-risk group that has a poorer

outcome. They suggested that this was possibly

due to overtreatment. However, in the Syst-Eur trial

there was no evidence of harm down to a diastolic

blood pressure of 55 mmHg (below which there

were insufficient data), except in the presence of a

history of coronary heart disease at baseline. (607) In

addition, in the same trial a low diastolic blood

pressure was associated with higher non-cardiovas-

cular mortality also in the placebo group, suggesting

that the excess risk of these patients is not due to

overtreatment. A higher cardiovascular and non-

cardiovascular mortality for diastolic and systolic

blood pressure values below 60 and 120 mmHg,

respectively, has been reported in a meta-analysis of

several thousand patients. (487) This suggests

reverse casualty, i.e. that an initially high risk may

be responsible for an excessive blood pressure

reduction during treatment and not vice versa.

Further studies are needed to determine how far

blood pressure can be safely lowered in elderly

patients and, in particular, which levels of diastolic

blood pressure can be accepted in order to pursue

optimal control of isolated systolic hypertension by

treatment.

7.2 Diabetes mellitus (Boxes 14 and 15)

Diabetes consists of two distinct forms, ‘type 1’,

which occurs usually in younger subjects and is

characterized by (b cell destruction and absolute

insulin deficiency, and ‘type 2’, which is more typical

of the middle to older age range and is characterized

by a reduction in the ability of insulin to favour
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transportation of glucose across the membrane of

skeletal muscle cells, although insulin secretory

defects may also be present. (168) By far the

commoner form of the disease is type 2 diabetes,

which occurs about 10–20 times more frequently

than insulin dependent type 1 diabetes, and has a

prevalence of hypertension up to 70–80%. (453)

It has been clearly established that the co-

existence of hypertension and diabetes mellitus of

either type substantially increases the risk of devel-

oping renal and other organ damage, leading to a

much greater incidence of stroke, coronary heart

disease, congestive heart failure, peripheral artery

disease and cardiovascular mortality. (454) As

described in section 3.6.3, the presence of micro-

albuminuria is an early marker of renal disease (245)

and an indicator of increased cardiovascular risk.

(178,186,248) Data on cardiovascular protection by

antihypertensive treatment are limited in type 1

diabetes, in which, however, there is evidence that

conventional and ACE inhibitor treatment delay

progression of nephropathy. (434,608)

Available evidence discussed in section 4.4 leaves

no doubt that in type 2 diabetes blood pressure

lowering has a remarkable cardiovascular protective

effect regardless of the drug(s) employed. (296,609)

Placebo controlled studies with positive results have

used diuretics (often combined with b-blockers),

calcium antagonists, and ACE inhibitors. This

allows the conclusion that even in diabetes cardio-

vascular benefit largely originates from blood pres-

sure lowering per se. A recent meta-analysis suggests

that lower blood pressure goals may induce even

greater cardiovascular benefits in type 2 diabetics

than in non-diabetics. (296) The recommendation

of initiating treatment when blood pressure is still in

the high normal range and of bringing blood

pressure to below 130/80 mmHg is supported by

Box 14 Antihypertensive treatment in dia-

betics

N Where applicable, intense non-pharmacologi-

cal measures should be encouraged in all

diabetic patients, with particular attention to

weight loss and reduction of salt intake in type

2 diabetes.

N Goal BP should be v130/80 mmHg and

antihypertensive drug treatment may be started

already when BP is in the high normal range.

N To lower BP, all effective and well tolerated

drugs can be used. A combination of two or

more drugs is frequently needed.

N Available evidence indicates that lowering BP

also exerts a protective effect on appearance

and progression of renal damage. Some addi-

tional protection can be obtained by the use of

a blocker of the renin-angiotensin system

(either an angiotensin receptor antagonist or

an ACE inhibitor).

N A blocker of the renin-angiotensin system

should be a regular component of combination

treatment and the one preferred when mono-

therapy is sufficient.

N Microalbuminuria should prompt the use of

antihypertensive drug treatment also when

initial BP is in the high normal range.

Blockers of the renin-angiotensin system have

a pronounced antiproteinuric effect and their

use should be preferred.

N Treatment strategies should consider an inter-

vention against all cardiovascular risk factors,

including a statin.

N Because of the greater chance of postural

hypotension, BP should also be measured in

the erect posture.

Box 15 Antihypertensive therapy in patients

with renal dysfunction

N Renal dysfunction and failure are associated

with a very high risk of cardiovascular events.

N Protection against progression of renal dys-

function has two main requirements: a) strict

blood pressure control (v130/80 mmHg and

even lower if proteinuria is w1 g/day); b)

lowering proteinuria to values as near to

normal as possible.

N To achieve the blood pressure goal, combina-

tion therapy of several antihypertensive agents

(including loop diuretics) is usually required.

N To reduce proteinuria, an angiotensin receptor

blocker, an ACE inhibitor or a combination of

both are required.

N There is controversial evidence as to whether

blockade of the renin–angiotensin system has a

specific beneficial role in preventing or retard-

ing nephrosclerosis in non-diabetic non-pro-

teinuric hypertensives, except perhaps in Afro-

American individuals. However, inclusion of

one of these agents in the combination therapy

required by these patients appears well

founded.

N An integrated therapeutic intervention (anti-

hypertensive, statin and antiplatelet therapy)

has to be frequently considered in patients with

renal damage because, under these circum-

stances, cardiovascular risk is extremely high.
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the data discussed in Sections 5.1 and 5.2. Whether

these lower blood pressure levels also help retard

diabetic nephropathy is less clearly established (see

Section 4.5.4).

Several controlled randomized trials have investi-

gated whether in type 2 diabetes some antihyperten-

sive drugs may have specific renal protective

properties that could enhance the protection asso-

ciated with blood pressure lowering per se. As

discussed in Section 4.5.4 there is evidence for

superiority of angiotensin receptor antagonists and

ACE inhibitors, which is particularly strong for

prevention and reduction of microalbuminuria and

proteinuria.

In conclusion, in type 2 diabetic patients it can be

recommended to lower blood pressure, whenever

possible, to v130/80 mmHg. Intensive lifestyle

measures should be implemented with particular

emphasis on interventions (caloric restriction and

increased physical activity) favouring weight reduc-

tion, because overweight and obesity are common in

type 2 diabetes, and weight reduction is associated

with some decrease in blood pressure and an

improvement in glucose tolerance. (168)

Antihypertensive drugs should also be considered

when blood pressure is in the high normal range and

in the presence of microalbuminuria. (319,473–475)

All antihypertensive agents can in principle be

considered, keeping in mind that effective blood

pressure control can be particularly difficult to

achieve in diabetes and that combination of two or

more agents may frequently be needed. b-blockers

and thiazide diuretics should not be preferred as the

first step drugs because they may worsen insulin

resistance and lead to increased doses or numbers of

anti-diabetic agents. (316,331) Available evidence

suggests that in the presence of microalbuminuria or

diabetic nephropathy, treatment must start with or

include a drug acting against the renin-angiotensin

system. Because of the recent evidence that in type 2

diabetics ACE inhibition prevents appearance of

microalbuminuria (432) ACE inhibitors may be

recommended also as primary preventive interven-

tion against nephropathy. Lipid lowering agents

should also be considered because of the result of

the CARDS trial, which indicated that diabetic

patients benefit from having their lipids tightly

controlled. (610)

7.3 Cerebrovascular disease (Box 16)

7.3.1 Stroke and transient ischaemic attacks. The

2003 ESH-ESC Guidelines already presented

evidence that antihypertensive therapy provides a

benefit in patients with a history of stroke or

transient ischaemic attacks. This was based on the

results of two double-blind placebo-controlled

randomized trials (PATS using the diuretic

indapamide (289) and PROGRESS using the

ACE inhibitor perindopril in frequent association

with indapamide (283)), both showing an about

30% reduction in recurrent stroke in actively

treated patients. These two trials reported benefits

both in patients who were hypertensive and in those

who were normotensive at baseline. A trend

towards a beneficial effect of ACE inhibitors

versus placebo was also observed in a subgroup of

patients recruited in the HOPE trial who had a

history of stroke. (611) Thus blood pressure

reduction represents an effective secondary

preventive strategy in patients with

Box 16 Antihypertensive treatment in

patients with cerebrovascular disease

N In patients with a history of stroke or transient

ischaemic attacks, antihypertensive treatment

markedly reduces the incidence of stroke

recurrence and also lowers the associated high

risk of cardiac events.

N Antihypertensive treatment is beneficial in

hypertensive patients as well as in subjects

with BP in the high normal range. BP goal

should be v130/80 mmHg.

N Because evidence from trials suggests that the

benefit largely depends on BP lowering per se,

all available drugs and rational combinations

can be used. Trial data have been mostly

obtained with ACE inhibitors and angiotensin

receptor antagonists, in association with or on

the top of diuretic and conventional treatment,

but more evidence is needed before their

specific cerebrovascular protective properties

are established.

N There is at present no evidence that BP

lowering has a beneficial effect in acute stroke

but more research is under way. Until more

evidence is obtained antihypertensive treat-

ment should start when post-stroke clinical

conditions are stable, usually several days after

the event. Additional research in this area is

necessary because cognitive dysfunction is

present in about 15% and dementia in 5% of

subjects aged >65 years.

N In observational studies, cognitive decline and

incidence of dementia have a positive relation-

ship with BP values. There is some evidence

that both can be somewhat delayed by anti-

hypertensive treatment.
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cerebrovascular disease even when initial blood

pressure is below 140/90 mmHg, as discussed in

Section 5.1.

Since the publication of the 2003 Guidelines,

further evidence has accumulated to clarify the role

of antihypertensive therapy in patients with cere-

brovascular disease. Additional analysis of

PROGRESS shows that the benefit involves both

ischaemic and haemorrhagic stroke, (283) and that

its size is proportional to the magnitude of the blood

pressure reduction. (480) In this trial combination

treatment with perindopril and indapamide lowered

systolic blood pressure by 12.3 mmHg and stroke

incidence by 43% (36% ischaemic stroke and 76%

haemorrhagic stroke), whereas perindopril alone

caused only a small systolic blood pressure reduction

and a non significant (5%) stroke protective effect.

The level to which blood pressure should be lowered

to achieve maximal benefits among survivors from

stroke and transient ischaemic attacks is not pre-

cisely known, though this post-hoc analysis of the

PROGRESS (480) suggests a goal of below

130 mmHg systolic.

Data concerning the use of angiotensin receptor

antagonists have also accumulated. A subgroup

analysis of the SCOPE trial has shown a significant

reduction of strokes and major cardiovascular events

in patients with a history of stroke, who were

randomized to candesartan rather than to control

therapy plus placebo. (612) As summarized in

section 4.4.4, in the MOSES trial (333) in hyper-

tensive patients with previous cerebrovascular events

incidence of cardiovascular events was 31% less with

the angiotensin receptor antagonist eprosartan than

with the calcium antagonist nitrendipine, but reduc-

tion of stroke recurrence (12%) did not reach the

level of statistical significance. Overall, if the role of

blood pressure reduction appears to be very well

established, the comparative efficacy of different

antihypertensive agents in preventing recurrence of

stroke requires to be investigated further.

Limited information is available on the desired

extent and best methods of blood pressure lowering

in acute stroke. Anecdotal evidence and pathophy-

siological data suggest that, because in acute stroke

cerebral autoregulation is impaired (particularly in

and around the infarcted or haemorrhagic area),

rapid blood pressure reductions may lead to under-

perfusion of the penumbra area and extension of the

damage. (613) However, in a recent trial on 339

hypertensive patients, administration of candesartan

from the first day after stroke significantly and

markedly reduced cumulative 12 months mortality

and number of cardiovascular events. (614) As

candesartan was administered to both treatment

groups, except during the first few days during which

one group only received the angiotensin receptor

antagonist, this might have exerted either a blood

pressure independent protective effect or a protec-

tive effect due to prompter blood pressure control.

Other randomized studies on blood pressure man-

agement during acute stroke are necessary to clarify

the matter, and a few are under way. (615,616) For

the time being, caution should be used in lowering

blood pressure in the first hours after a stroke, also in

view of the finding that the elevated blood pressure

values often seen in these circumstances tend to

spontaneously decrease over the following days.

(614) On the other hand, marked blood pressure

elevations may be life threatening in these severely

compromised patients, and a prompt blood pressure

reduction is necessary in the presence of pulmonary

oedema, aortic dissection and a recent myocardial

infarction. Under all circumstances blood pressure

should be reduced slowly under carefully controlled

conditions.

7.3.2 Cognitive dysfunction and dementia. Several

observational studies show that high blood pressure

is associated with cognitive dysfunction and that in

hypertensive subjects or in subjects with a history of

hypertension several forms of dementia are more

frequent than in people with normal blood pressure.

(270–272) High blood pressure is known to lead to

small vessel disease which is responsible for lacunar

infarcts and white matter lesions, both of which are

more frequent in hypertensive individuals and

associated with cognitive deterioration. (270,617–

620)

Whilst there is unequivocal evidence that reduc-

tion in blood pressure is associated with a decrease in

the risk of stroke, more subtle forms of cerebrovas-

cular disease such as white matter lesions, cognitive

impairment and dementia progression are influ-

enced less clearly. In Section 4.5.3 results of trials

that have explored the effects of antihypertensive

therapy, mostly versus placebo, on various cognitive

functions have been discussed, with the help of a

recent meta-analysis. (406) Overall, lowering blood

pressure was found to slightly improve cognitive

performance and memory, but not to benefit

learning capacity. For the present time cognitive

impairment in hypertensives may be considered as

an indication for blood pressure reduction, but

additional research in this area is necessary because

evidence is preliminary and cognitive dysfunction is

present in about 15% of individuals aged >65 years

with a 5% prevalence of dementia rising to 25% at

age >85 years. (621)
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7.4 Coronary heart disease and heart failure (Box 17)

Patients with coronary heart disease often have

elevated blood pressure values or a history of

hypertension, (622) and after a myocardial infarc-

tion the risk of a subsequent fatal or non-fatal

coronary event is greater if blood pressure is raised.

(623,624) Immediately or some time after a myo-

cardial infarction, several b-blockers and ACE-

inhibitors and angiotensin receptor antagonists have

been tested in placebo or active controlled rando-

mized trials, commonly with significant reductions

in cardiovascular morbidity or mortality.

(340,341,482,483,625) In many instances the trial

design focused on investigating direct organ protec-

tive properties of the agents rather than the effect of

blood pressure reduction, to the point that in some

of these studies blood pressure changes were

unreported. When blood pressure changes were

reported, almost invariably blood pressure was

found to be lower in actively treated patients, so

that the relative weight of direct and blood pressure

mediated benefits cannot be easily unravelled.

Independently of the mechanisms, there is clear

evidence favouring administration of antihyperten-

sive agents such as b-blockers, ACE inhibitors and

angiotensin receptor antagonists in patients with a

recent myocardial infarction, particularly if compli-

cated by systolic dysfunction. (482,483,625)

As to patients with chronic coronary heart disease,

the results of four recent placebo-controlled trials

have been summarized in Section 4.2, with three

trials, (302–305) but not the fourth one, (306)

showing improved cardiovascular outcome asso-

ciated with blood pressure lowering. The important

role of blood pressure lowering in patients with

coronary heart disease is supported by a post-hoc

analysis of the INVEST study showing that,

irrespective of the type of treatment, in hypertensive

patients with known coronary heart disease the

incidence of cardiovascular events decreased steeply

in relation to the achieved blood pressure value and

was markedly less in patients with blood pressure

control versus those without control. (478)

Among trials comparing different antihypertensive

regimens the INVEST study reported the incidence

of coronary and cardiovascular events to be similar

in hypertensive coronary patients treated with

verapamil (plus eventually trandolapril) or atenolol

(plus eventually hydrochlorothiazide). (330) This

finding has been complemented by the data from a

large subgroup of hypertensive coronary patients in

the ALLHAT trial which showed similar incidences

of coronary and cardiovascular events by treatment

with chlorthalidone, lisinopril or amlodipine. (322)

Thus it appears that patients with coronary heart

disease benefit from blood pressure lowering inter-

ventions and that it does not matter much by which

drug blood pressure is reduced; in particular claims

that calcium antagonists may be dangerous in

coronary patients have been disproved. Obviously,

in coronary patients it may be prudent to lower

blood pressure gradually and to avoid tachycardia.

Raised blood pressure is infrequently seen in

patients with overt heart failure because of pump

failure and reduction in cardiac output. A number of

randomized trials has shown improved survival or

less hospitalization by the administration of anti-

hypertensive drugs. Treatment can make use of

thiazide and loop diuretics, as well as b-blockers,

antialdosterone drugs, ACE inhibitors and angio-

tensin receptor antagonists administered on top of

diuretic therapy (see Section 4). In patients with

Box 17 Antihypertensive treatment in

patients with coronary heart disease and

heart failure

N In patients surviving a myocardial infarction,

early administration of b-blockers, ACE inhi-

bitors or angiotensin receptor antagonists

reduces the incidence of recurrent myocardial

infarction and death. These beneficial effects

can be ascribed to the specific protective

properties of these drugs but possibly also to

the associated small BP reduction.

N Antihypertensive treatment is also beneficial in

hypertensive patients with chronic coronary

heart disease. The benefit can be obtained with

different drugs and drug combinations (includ-

ing calcium antagonists) and appears to be

related to the degree of BP reduction. A

beneficial effect has been demonstrated also

when initial BP is v140/90 mmHg and for

achieved BP around 130/80 mmHg or less.

N A history of hypertension is common while a

raised BP is relatively rare in patients with

congestive heart failure. In these patients,

treatment can make use of thiazide and loop

diuretics, as well as of b-blockers, ACE

inhibitors, angiotensin receptor antagonists

and antialdosterone drugs on top of diuretics.

Calcium antagonists should be avoided unless

needed to control BP or anginal symptoms.

N Diastolic heart failure is common in patients

with a history of hypertension and has an

adverse prognosis. There is at present no

evidence on the superiority of specific anti-

hypertensive drugs.
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heart failure, if hypertension persists after the use of

these agents, dihydropiridine calcium antagonists

can be added, particularly if there is concomitant

angina. Evidence is growing, however, that a

significant proportion of chronic heart failure

patients, particularly hypertensive and elderly sub-

jects, do not present with systolic dysfunction, but

rather with ‘diastolic’ dysfunction of the left ventricle

(see Section 3.6.1). A recent trial has reported

angiotensin receptor antagonist administration to be

associated with a modest degree of benefit in

patients with heart failure and preserved systolic

function, (626) but the evidence is still limited and

the advantage of antihypertensive drug administra-

tion in this common form of heart failure needs

confirmation from ongoing trials.

7.5 Atrial fibrillation

Hypertension is the most important risk factor for

atrial fibrillation on a population basis. (627) Atrial

fibrillation increases the risk of cardiovascular

morbidity and mortality by approximately 2 to 5

fold with a marked increase in the risk of embolic

stroke. (628) Increased left ventricular mass and

enlargement of the left atrium have been identified

as independent determinants of new onset atrial

fibrillation. (215) Hypertensive patients with these

alterations appear to require intensive antihyperten-

sive therapy. Blood pressure control appears to be

strictly required when anticoagulant treatment is

given because stroke and bleeding episodes are more

frequent when systolic blood pressure is

>140 mmHg. (629) In view of the results of post-

hoc analyses of two recent trials, (376–378) showing

less incidence of new atrial fibrillation with angio-

tensin receptor antagonists (see Section 4.5.1), these

agents may be preferable, although confirmation

from ongoing trials is desirable.

In patients with previous atrial fibrillation, two

studies have reported less recurrence by adding

angiotensin receptor antagonists to amiodarone

(383,384) (see Section 4.5.1). The studies men-

tioned above were both relatively small, and con-

firmation by large ongoing trials is desirable before

administration of these agents is firmly recom-

mended for secondary prevention of atrial fibrilla-

tion. For the time being, however, angiotensin

receptor antagonists may be preferred also in

patients with previous episodes of atrial fibrillation

who require antihypertensive therapy. In a meta-

analysis involving published data on primary and

secondary prevention of atrial fibrillation, ACE

inhibitors and angiotensin receptor antagonists

reduced the incidence of these episodes to a similar

extent in patients with paroxis-mal atrial fibrillation

and congestive heart failure. (630) This suggests that

blockade of the renin-angiotensin system by either

class of agents is beneficial. In permanent atrial

fibrillation, b-blockers and non-dihydropiridine cal-

cium antagonists (verapamil and diltiazem) remain

important classes of drugs in order to control

ventricular rate.

7.6 Non-diabetic renal disease (Box 15)

Before antihypertensive treatment became available,

renal involvement was frequent in patients with

primary hypertension. In 1955 Perera (631)

described that proteinuria was present in 42%, and

chronic renal failure in 18%, in a series of 500

patients he had followed until death. In this series,

life expectancy after the onset of renal involvement

was reported to be no more than 5–7 years. After the

advent of antihypertensive agents, renal complica-

tions of hypertension were considered to be relatively

infrequent, but with the introduction of formulae

estimating either glomerular filtration rate or crea-

tinine clearance it has been realized that a not

insignificant proportion of hypertensive patients has

deranged renal function, which in turn is an

important risk factor for cardiovascular disease.

(252)

As summarized in Section 4.5.4, there is sufficient

evidence to recommend that blood pressure be

lowered to at least 120/80 mmHg in these patients,

particularly when proteinuria is present. In several

studies blockade of the renin-angiotensin system has

been shown to be superior in delaying end stage

renal disease and increase of serum creatinine, and

in reducing proteinuria and microalbuminuria.

(318,430,442) Admittedly, this has not been found

in other studies, e.g. in ALLHAT, (438) but

reaching a very low blood pressure goal usually

requires combination therapy, and therefore it

appears reasonable to suggest that any combination

should include either an ACE inhibitor or an

angiotensin receptor antagonist and that in the few

cases in which a single agent can be used, this should

be a blocker of the renin-angiotensin system. If the

blood pressure goal is achieved, but proteinuria

remains w1.0 g/day (or w1 g/g creatinine) therapy

should be further intensified. (632) In this regard,

there are promising data by the use of ACE

inhibitors and angiotensin receptor antagonists in

combination (446,450) or of high doses of angio-

tensin receptor antagonists, (451,452) provided

careful attention is paid to possible rises in serum

creatinine and potassium. However, this is an area
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where additional research is required before firm

recommendations can be made.

7.7 Hypertension in women (Box 18)

Women typically have lower systolic blood pressure

levels than men in the 30- to 44 year age groups.

(633) However, systolic blood pressure rises more

steeply with age in females than in males (634)

which means that at or beyond 60 years of age,

women have a higher blood pressure and greater

prevalence of hypertension. The continuous rela-

tionship between blood pressure and cardiovascular

disease is similar in females and males, except for the

lower absolute incidence of coronary disease in

females before old age. (635) In a meta-analysis of

individual patients, the beneficial effect of antihy-

pertensive treatment versus placebo was found to be

similar in the two genders. (295) No gender-based

meta-analysis has yet been made of trials comparing

different active treatments but most studies have

shown similar risk reductions by the various regi-

mens in either gender group, with the exception of

the ANBP 2 trial, which reported the benefit of

enalapril- over the hydrochlorothiazide-based treat-

ment to be limited to males, (327) and the VALUE

trial, which reported amlodipine to be more effective

than valsartan in lowering blood pressure and

reducing cardiac events in women but not in men.

(636)

A most important recommendation about anti-

hypertensive treatment in women is avoidance of

potentially teratogenic drugs in the child bearing

age. Among current antihypertensive agents, ACE

inhibitors and angiotensin receptor antagonists

should be avoided in fertile women, or immediately

withdrawn in case of pregnancy.

7.7.1 Oral contraceptives. Oral contraceptives result

in a mild elevation of blood pressure in most women

and in established hypertension in about 5%.

(637,638) The risk of cardiovascular complications

is found primarily in women over 35 years of age and

in those who smoke. (638) Hypertension induced by

oral contraception is usually mild and blood pressure

returns to normal within 6 months of withdrawal.

There are conflicting reports on the role of oral

contraceptives in the induction of accelerated

hypertension (639) whereas some studies have

related oral contraceptives to biopsy-proven renal

damage in the absence of primary renal disease.

(640) Oestrogens are commonly believed to be the

main factor responsible for the blood pressure

raising effect, but the mechanisms are as yet

unknown. (640) Although oestrogens have been

Box 18 Hypertension in women

1. Treatment of hypertension in women

1. Response to antihypertensive agents and
beneficial effects of BP lowering appear to be
similar in women and in men. However, ACE
inhibitors and angiotensin receptor antagonists
should be avoided in pregnant and pregnancy
planning women because of potential terato-
genic effects during pregnancy.

2. Oral contraceptives

2. Even low oestrogen oral contraceptives are
associated with increased risk of hyperten-
sion, stroke and myocardial infarction. The
progestogen-only pill is a contraceptive
option for women with high BP, but influ-
ence on cardiovascular outcomes has been
insufficiently investigated.

3. Hormone replacement therapy

3. There is evidence that the only benefit of this
therapy is a decreased incidence of bone
fractures and colon cancer, accompanied,
however, by increased risk of coronary
events, stroke, thromboembolism, breast
cancer, gallbladder disease, and dementia.
This therapy is not recommended for cardi-
oprotection in postmenopausal women.

4. Hypertension in pregnancy

N Hypertensive disorders in pregnancy, parti-
cularly pre-eclampsia, may adversely affect
neonatal and maternal outcomes.

N Non-pharmacological management (includ-
ing close supervision and restriction of
activities) should be considered for pregnant
women with SBP 140–149 mmHg or DBP
90–95 mmHg. In the presence of gestational
hypertension (with or without proteinuria)
drug treatment is indicated at BP levels
>140/90 mmHg. SBP levels >170 or DBP
>110 mmHg should be considered an
emergency requiring hospitalization.

N In non-severe hypertension, oral methyl-
dopa, labetalol, calcium antagonists and (less
frequently) b-blockers are drugs of choice.

N In pre-eclampsia with pulmonary oedema,
nitroglycerine is the drug of choice.
Diuretic therapy is inappropriate because
plasma volume is reduced.

N As emergency, intravenous labetalol, oral
methyldopa and oral nifedipine are indi-
cated. Intravenous hydralazine is no longer
the drug of choice because of an excess of
perinatal adverse effects. Intravenous infu-
sion of sodium nitroprusside is useful in
hypertensive crises, but prolonged adminis-
tration should be avoided.

N Calcium supplementation, fish oil and low
dose aspirin are not recommended.
However, low dose aspirin may be used
prophylactically in women with a history of
early onset pre-eclampsia.
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reported to improve endothelial function, (641) their

administration may also stimulate the hepatic

synthesis of angiotensinogen. (642) Furthermore,

arterial distensibility fluctuates during the menstrual

cycle in relation to changes in oestrogen

concentration, (643) and the use of oral

contraceptives has been reported to be associated

with an increased albuminuria. (644)

Preparations with an oestrogen content of 30 mg

and progestogen of 1 mg or less are regarded to be

relatively safe. However, a cross-sectional survey of a

stratified random sample of English women showed

that, despite the fact that most combined oral

contraceptives used in England in 1994 contained

low-dose oestrogen, there were slightly but signifi-

cantly higher blood pressure values (2.3/1.6 mmHg)

among oral contraceptive users. (637) In a large

prospective cohort study in American nurses, a

doubling in the adjusted relative risk for hyperten-

sion was documented in current users of low-dose

oral contraceptives. (638)

Several case-control studies performed in the late

1960s supported an association between use of oral

contraceptives and stroke. (645–647) Despite recent

data (648) questioning whether this association is

clinically important when low-dose oral contracep-

tives are used, a recent systematic review of

combined oral contraceptive use in women with

hypertension does show a higher risk for stroke and

acute myocardial infarction in contraceptive users

than in non-users. (649) Thrombotic stroke has also

been reported to be more frequent with use of oral

contraceptives which is associated with a 2- to 6-fold

increase in the relative risk of venous thromboem-

bolic disease. (650)

The progestogen-only pill is a contraceptive

option for women shown to have high blood

pressure, either induced by use of combined oral

contraceptives or due to other causes. So far no

significant association between hypertension and use

of progestogen-only pills has been found over 2–4

years of follow-up, (651) but this matter has not

been addressed by randomized studies because

family planning is largely a matter of personal

choice, which makes random allocation to interven-

tional and control arms difficult and ethically

questionable.

7.7.2 Hormone replacement therapy. In Western

societies, women show a steeper increase in systolic

blood pressure after the menopause, but whether

this is due to the effect of age or the menopause is

debated because studies that have explored this issue

have obtained diverging results, i.e. an association of

the menopause with higher blood pressure values,

(652–655) but also no significant blood pressure

differences. (656–658) The most recent cross-

sectional study in 18,326 women (652) indicates

that the menopause has some blood pressure

increasing effects, but this is small (about 3/

3 mmHg) and largely masked by the pressor effect

of ageing.

There is no question, however, that after the

menopause women are at an increased risk of

cardiovascular disease and that the menopause has

an adverse impact on many cardiovascular risk

factors. This has brought about the interest in

investigating the cardiovascular impact of hormone

replacement therapy. A number of observational

studies showed that women taking hormone replace-

ment therapy had better cardiovascular risk profiles

(659) and a reduced prevalence of coronary disease

(660) and stroke (661,662) compared to those not

taking hormone replacement therapy. Furthermore,

a smaller increase in systolic blood pressure over

time was reported in postmenopausal women taking

hormone replacement therapy compared to controls.

(663) However, rather than confirming cardiovas-

cular benefit, recent large intervention trials have

shown an increased risk of cancer and cardiovascular

disease with hormone replacement therapy.

(664,665) A recent Cochrane systematic review

indicates that the only significant benefit of this

therapy was a decreased incidence of bone fractures

and colon cancer, accompanied, however, by a

significantly increased risk of coronary events,

stroke, thromboembolism, breast cancer, gallbladder

disease and, in women over 65 years of age,

dementia. (666) Therefore, at the present time,

hormone replacement therapy is not recommended

forcardioprotection in postmenopausal women.

(667)

7.7.3 Hypertension in pregnancy. Hypertensive

disorders in pregnancy remain a major cause of

maternal, fetal and neonatal morbidity and mortality

worldwide. Blood pressure normally falls in the

second trimester, reaching values that are

approximately 15 mmHg lower than before

pregnancy. In the third trimester values return to,

or may exceed, the pre-pregnancy levels. The above

fluctuations occur in normotensive women as well as

in those who were previously hypertensive or

develop pregnancy-specific hypertension.

The definition of hypertension in pregnancy is not

uniform. (2,668) However, while in the past the

definition was based on an elevation in blood

pressure during the second trimester from a baseline

reading in the first trimester or before pregnancy, a

definition based on absolute blood pressure values
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(systolic blood pressure >140 mmHg or diastolic

blood pressure >90 mmHg) is now preferred. (669)

The diagnosis of hypertension in pregnancy should

be based on at least two high blood pressure readings

on two separate occasions. However, 24 hour blood

pressure values have been shown to be superior to

conventional measurements in predicting protei-

nuria, risk of pre-term delivery, infant weight at

birth and in general outcome of pregnancy. (670–

672) For both diagnostic and treatment purposes it

may thus be useful to perform ambulatory blood

pressure monitoring, particularly in high-risk preg-

nant women with hypertension, or those with

diabetic or renal damage. Until recently, the

recommendation was to identify diastolic blood

pressure by the Korotkoff phase IV (muffling of

the sound), which was reported to more closely

correspond to intra-arterial diastolic blood pressure,

in contrast to phase V (disappearance of the sound)

which was believed to often indicate too low values.

(673) However, phase IV is more difficult to detect

and has a limited reproducibility. (674) Korotkoff

phase V is now recommended for the measurement

of diastolic blood pressure in pregnancy, (675,676)

with phase IV being indicated only if Korotkoff

sounds persist at cuff pressures approaching

0 mmHg.

Hypertension in pregnancy comprises:

N Pre-existing hypertension, which complicates 1–5%

of pregnancies and is defined as blood pressure

>140/90 mmHg that either predates pregnancy

or develops before 20 weeks of gestation, usually

persisting more than 42 days post partum. It may

be associated with proteinuria.

N Gestational hypertension, which is pregnancy-

induced hypertension without proteinuria.

Gestational hypertension associated with signifi-

cant proteinuria (w300 mg/l or w500 mg/24-h

or dipstick 2+ or more) is known as pre-eclampsia.

Hypertension develops after 20 weeks of gestation

and, in most cases, it resolves within 42 days post

partum. Gestational hypertension is characterized

by poor organ perfusion.

N Pre-existing hypertension plus superimposed gesta-

tional hypertension with proteinuria. Pre-existing

hypertension is associated with further worsening

of blood pressure and a protein excretion rate

>3 g/day in 24-hour urine collection after 20

weeks of gestation. It corresponds to the previous

definition of ‘chronic hypertension with super-

imposed pre-eclampsia’.

N Antenatally unclassifiable hypertension. Hyper-

tension with or without systemic manifestations

based on blood pressure measurements after 20

weeks of gestation with no confirmation of

previous values. Under these circumstances re-

assessment is necessary at or after 42 days post

partum. If hypertension is resolved, the condition

should be re-classified as gestational hypertension

with or without proteinuria. If hypertension is not

resolved, the condition should be reclassified as

pre-existing hypertension.

Oedema occurs in up to 60% of normal pregnancies,

and is no longer used in the diagnosis of pre-

eclampsia.

Hypertensive disorders in pregnancy, particularly

gestational hypertension with or without proteinuria,

may produce haematologic, renal and hepatic

alterations that may adversely affect both neonatal

and maternal outcomes.

Non-pharmacologic management (677) should

be considered for pregnant women with systolic

blood pressure of 140–149 mmHg and/or diastolic

blood pressure of 90–95 mmHg as measured in the

clinical setting. Depending on the blood pressure

level, gestational age and presence of maternal and

fetal risk factors, management may include close

supervision and limitation of activities. A normal

diet without salt restriction is advised.

Interventions aimed at reducing the incidence of

gestational hypertension, especially pre-eclampsia,

such as calcium supplementation (2 g/d), (678)

fish oil supplementation (679) and low-dose

acetylsalicylic acid therapy (680) have failed to

consistently produce the benefits expected, espe-

cially on the fetus, and are thus not recommended.

However, low-dose aspirin is used prophylactically

in women who have a history of early onset (v28

weeks) pre-eclampsia. Although helpful in redu-

cing blood pressure, weight reduction is not

recommended during pregnancy in obese women

because of its possible association with reduced

neonatal weight and lower subsequent infant

growth. (681)

The value of continued administration of anti-

hypertensive drugs to pregnant women with pre-

existing mild to moderate blood pressure elevations

continues to be an area of debate. First, these

women are at low risk for cardiovascular complica-

tions within the short time frame of pregnancy with

good maternal and neonatal outcomes. (682,683)

Second, although it might be beneficial for the

hypertensive mother, a reduction in blood pressure

may impair uteropla-cental perfusion and thereby

jeopardize fetal development. (684,685) Finally,

data on pharmacological treatment of mild to

moderate hypertensive pregnant women largely

originate from trials that were too small to be
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able to detect a predictably modest reduction in

obstetrical complications. Nevertheless, it appears

reasonable to recommend drug treatment when

systolic blood pressure is >150 mmHg or diastolic

blood pressure is >95 mmHg. However, a lower

threshold (140/90 mmHg) is indicated in women

with gestational hypertension (with or without

proteinuria), pre-existing hypertension with the

superimposition of gestational hypertension, or

hypertension with subclinical organ damage or

symptoms at any time during pregnancy. A systolic

blood pressure >170 or a diastolic blood pressure

>110 mmHg should be considered an emergency

requiring hospitalization. Under emergency circum-

stances, a reduction in blood pressure may be

obtained by intravenous labetalol, oral methyldopa,

or oral nifedipine. Intravenous hydralazine should

no longer be considered because its use is associated

with more perinatal adverse effects than use of other

drugs. (686) Intravenous infusion of sodium nitro-

prusside remains the treatment of choice in hyper-

tensive crises, although its prolonged administration

carries an increased risk of fetal cyanide poisoning

since nitroprusside is metabolized into thiocyanate.

(687) In pre-eclampsia associated with pulmonary

oedema, nitroglycerin is the drug of choice. In non-

severe hypertension and out-of-emergency situa-

tions, methyldopa, labetalol, and calcium antago-

nists are the preferred drugs. Atenolol should be

given with caution during pregnancy because of

reports of an association with fetal growth retarda-

tion which is related to the duration of treatment.

(688) ACE inhibitors and angiotensin receptor

antagonists should never be used in pregnancy.

Unless there is oliguria, diuretic therapy is inap-

propriate in pre-eclampsia, in which plasma volume

is reduced. Magnesium sulfate i.v. has been proved

effective in the prevention of eclampsia and the

treatment of seizures. (689) Induction of delivery is

appropriate in gestational hypertension with protei-

nuria and adverse conditions such as visual dis-

turbances, coagulation abnormalities or fetal

distress.

All administered antihypertensive agents are

excreted into breast milk. However, for most

antihypertensive drugs, concentration in breast milk

is very low, except for propranolol and nifedipine

whose concentrations are similar to those in mater-

nal plasma.

Women with previous gestational hypertension

seem to be at increased risk for cardiovascular

disease in later life. (690,691) This may depend on

a relative hyperandrogenic state. It may further

depend on alterations in endothelial function,

carbohydrate and lipid metabolism, which have been

shown in otherwise healthy women with previous

gestational hypertension.

7.8 Metabolic syndrome (Box 19)

The metabolic syndrome embraces conditions char-

acterized by various combinations of abnormalities

in glucose metabolism, lipid metabolism, and blood

Box 19 The metabolic syndrome

N The metabolic syndrome is characterized by

the variable combination of visceral obesity

and alterations in glucose metabolism, lipid

metabolism and BP. It has a high prevalence in

the middle age and elderly population.

N Subjects with the metabolic syndrome also

have a higher prevalence of microalbuminuria,

left ventricular hypertrophy and arterial stiff-

ness than those without the metabolic syn-

drome. Their cardiovascular risk is high and

the chance of developing diabetes markedly

increased.

N In patients with a metabolic syndrome diag-

nostic procedures should include a more in-

depth assessment of subclinical organ damage.

Measuring ambulatory and home BP is also

desirable.

N In all individuals with metabolic syndrome,

intense lifestyle measures should be adopted.

When there is hypertension drug treatment

should start with a drug unlikely to facilitate

onset to diabetes. Therefore a blocker of the

renin-angiotensin system should be used fol-

lowed, if needed, by the addition of a calcium

antagonist or a low-dose thiazide diuretic. It

appears desirable to bring BP to the normal

range.

N Lack of evidence from specific clinical trials

prevents firm recommendations on use of

antihypertensive drugs in all metabolic syn-

drome subjects with a high normal BP. There

is some evidence that blocking the renin-

angiotensin system may also delay incident

hypertension.

N Statins and antidiabetic drugs should be given

in the presence of dyslipidaemia and diabetes,

respectively. Insulin sensitizers have been

shown to markedly reduce new onset diabetes,

but their advantages and disadvantages in the

presence of impaired fasting glucose or glucose

intolerance as a metabolic syndrome compo-

nent remain to be demonstrated.
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pressure, a simple and widely (though not uni-

versally) adopted definition being that proposed by

the National Cholesterol Education Program Adult

Treatment. (49) The most common features of the

metabolic syndrome are: 1) a high age-related

prevalence (up to 30–40%) in middle aged and

elderly population; 2) cardiovascular morbidity

and mortality markedly higher than those of

individuals without the syndrome; (69,692–694)

3) a 3- to 6-fold increase in the risk of developing

diabetes (695,696) as well as a greater risk of new

onset hypertension; (31–33,476) and 4) a frequent

association with subclinical organ damage such as

microalbuminuria and reduced glomerular filtra-

tion rate, (697–699) arterial stiffening, (700) left

ventricular hypertrophy, diastolic dysfunction,

atrial enlargement (69,697,698,701–703) and, in

some studies, carotid artery wall thickening, (704)

with some types of damage being detectable

irrespective of the presence or absence of hyperten-

sion as a metabolic syndrome component. (69,705)

The presence of left ventricular hypertrophy con-

fers a higher risk (69) as does an elevation in home

and ambulatory blood pressure levels in addition to

the office values. (69) The metabolic syndrome is

also frequently accompanied by an increased level

of inflammatory markers such as hsCRP which

may contribute to its atherogenic effect (706) and

cause a further increase in cardiovascular risk.

(172,707)

Current guidelines consider a reduction in body

weight by low caloric diet and physical exercise as

the first and main treatment strategy in subjects with

the metabolic syndrome. (708) A realistic goal is to

reduce body weight by 7–10% over 6 to 12 months

via a relatively modest reduction of caloric intake (by

500–1000 calories/day), which is usually more

effective than an extreme dietary approach. (709)

Nutritional therapy also calls for low intake of

saturated fats, trans-fatty acids, cholesterol, and

simple carbohydrates with an increased consump-

tion of fruits, vegetables, and whole grains. (710)

Long-term maintenance of weight loss can be best

achieved if regular exercise (e.g. a minimum of

30 min of daily moderate physical activity) is also

implemented. (711) In the Diabetic Prevention

Program and in the Finnish Diabetes Prevention

Study, (712,713) behavioural modifications reduced

progression to type 2 diabetes by almost 60%, the

effect being greater than that obtained by metfor-

min. In a secondary analysis of the Diabetes

Prevention Program, the prevalence of the metabolic

syndrome decreased over 3.2 years from 51–43% in

the lifestyle intervention group whereas, in the

conventional care group, an increase from 55–61%

was observed. (714) Thus lifestyle modifications

have a protective effect.

In patients with the metabolic syndrome, addi-

tional administration of antihypertensive, antidia-

betic or lipid lowering drugs is required when there is

hypertension, diabetes or frank dyslipidaemia,

respectively. Because cardiovascular risk is high in

hypertensive patients with the metabolic syndrome it

would appear advisable to pursue a rigorous blood

pressure control, i.e. to lower blood pressure to

values less than the high normal ones that are a

common component of the syndrome. (69)

However, the optimal blood pressure values to

achieve in these patients have never been investi-

gated. As mentioned in sections 4.4.5, 5.5 and 6.2.1,

unless required by specific indications, b-blockers

should be avoided in subjects with the metabolic

syndrome because of their adverse effect on the

incidence of new onset diabetes as well as on body

weight, (715) insulin sensitivity and the lipid profile.

(716) However, these effects appear to be less

pronounced or absent with the new vasodilating b-

blockers such as carvedilol and nebivolol. (572,717)

Diabetogenic and other dysmetabolic actions also

characterize thiazide diuretics, especially at high

doses, (455) and therefore their use as the first-line

treatment is not recommended in subjects with a

metabolic syndrome. Classes to be considered are

angiotensin receptor antagonists or ACE inhibitors,

which are associated with a lower incidence of

diabetes compared to other antihypertensive drugs

(455,458,460,718) and can also have a favourable

effect on organ damage (see Section 4.5). If blood

pressure is not controlled by monotherapy with one

of these agents, a dihydropyridine or a non-

dihydropyridine calcium antagonist can be added,

because calcium antagonists are metabolically neu-

tral and also have favourable effects on organ

damage (see Section 4.5). In addition, the combina-

tion of a blocker of the renin-angiotensin system and

a calcium antagonist has been shown to be asso-

ciated with a lower incidence of diabetes than

conventional treatment with a diuretic and a b-

blocker. (330,331) Because subjects with the meta-

bolic syndrome are frequently obese and have a salt-

sensitive blood pressure, (719) a low-dose thiazide

diuretic might also represent a reasonable second or

third step therapy. Thiazide diuretics at low dose,

although they may still have some dysmetabolic

effect, (331,455,720) reduce serum potassium con-

centration to a lower degree, which attenuates the

adverse effect of hypokalaemia on insulin resistance,

carbohydrate tolerance and new onset diabetes.

(721) Maintenance of body potassium has been

shown to prevent the glucose intolerance induced by
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thiazides, (592,593) which suggests that the combi-

nation of thiazide and potassium-sparing diuretics

may have a metabolic advantage compared to

thiazide diuretics alone.

Lack of specific intervention trials in the metabolic

syndrome prevents any firm recommendation to be

given on whether lifestyle modifications should be

associated with antihypertensive drug treatment in

non-hypertensive and non-diabetic patients with the

metabolic syndrome, although the clustering of

various risk factors and the frequent presence of

organ damage make the cardiovascular risk of these

patients rather high. The pros and cons of admin-

istration of a blocker of the renin-angiotensin system

when these subjects have blood pressure in the high

normal range have been summarized in Section 5. It

has been concluded that, for the time being, intense

lifestyle measures should remain the main treatment

approach, but that, in some cases, consideration

might be given to drugs such as blockers of the

renin-angiotensin system for their potential ability of

preventing new onset hypertension and new onset

diabetes, and some of the organ damage that is

particularly common in this high risk condition.

Evidence is also inconclusive as to whether, in the

absence of diabetes, metabolic syndrome subjects

might benefit from the use of antidiabetic drugs. In a

review of five prospective trials using alpha-glucosi-

dase inhibitors in individuals with impaired fasting

glucose, a decreased incidence of type 2 diabetes has

been reported. No significant difference was found,

however, on mortality, other types of morbidity,

glycated haemoglobin and blood pressure. (722)

The insulin sensitizers thiazolidinediones have

received approval to be used for the treatment of

type 2 diabetes, because of their ability to stimulate

the peroxisome proliferator-activated receptor-

gamma (PPRc), which is, to a lesser extent, also a

property of some angiotensin receptor antagonists.

(723,724) One of these compounds (rosiglitazone)

has been tested in patients with impaired glucose

tolerance and has been shown to be significantly

effective in preventing new onset diabetes. (725)

However, these agents increase weight and induce

fluid retention, which makes the balance of their

benefits and disadvantages in the absence of overt

diabetes unclear. In diabetic patients, however,

pioglitazone has been shown to induce a significant

reduction in the incidence of major cardiovascular

events (726) and this class of drugs has been

reported to exert a small but significant blood

pressure lowering effect. (727) Long-term reduc-

tions in body weight and waist circumference, as well

as favourable changes in other metabolic risk factors

for cardiovascular disease, such as plasma glucose,

HDL-cholesterol, serum triglycerides and insulin

resistance, have recently been reported with the use

of the endocannabinoid C1-receptor blocker rimo-

nabant in placebo controlled studies. (728–731)

There is also some evidence that administration of

the drug does not increase and may even cause some

blood pressure reduction. The impact of rimonabant

on cardiovascular risk is currently being investigated

in a prospective study. (732)

In conclusion, in hypertensive subjects with the

metabolic syndrome, diagnostic procedures should

be more extensive than usual because of the higher

prevalence of multiple organ damage and increased

levels of inflammatory markers. Intense lifestyle

measures should be adopted and antihypertensive

drug treatment instituted whenever blood pressure is

>140/90 mmHg, by preferably blocking the renin-

angiotensin system with the addition, when needed,

of a calcium antagonist or a low dose thiazide

diuretic. Administration of a renin-angiotensin

system blocker when blood pressure is still in the

high normal range, in order to protect against organ

damage and prevent new onset diabetes or hyperten-

sion, cannot be generally recommended at present.

Similarly, antidiabetic drug treatment should be

instituted in metabolic syndrome patients with type-

2 diabetes, but no firm recommendation can as yet

be given on use of antidiabetic drugs or insulin

sensitizers in subjects who only have an impaired

glucose tolerance. A lower incidence of events has

been reported in subjects who were given a statin,

which suggests that lipid lowering treatment may

also be considered. (733) Pharmacological

approaches to subjects with the metabolic syndrome

who are not hypertensive or diabetic are worth being

investigated in consideration of the fact that, at

variance with results of clinical trials, in real life

adherence to lifestyle modifications is low and

persistent reduction in body weight rare. (734)

7.9 Resistant hypertension

Hypertension is usually defined as resistant or

refractory to treatment when a therapeutic plan that

has included attention to lifestyle measures and the

prescription of at least three drugs (including a

diuretic) in adequate doses has failed to lower

systolic and diastolic blood pressure to goal.

According to this definition prevalence of resistant

hypertension is high: for instance in the ALLHAT

cohort 8% of the patients were prescribed 4 or more

drugs, and it has been calculated that a minimum of

15% would have been classified as having resistant

hypertension. (322) In such situations, referral to a

specialist or a hypertension centre should be
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considered, because resistant hypertension is recog-

nized to be often associated with subclinical organ

damage and a high added cardiovascular risk. (735)

Causes of resistant hypertension are listed in 20.

One of the most common causes of resistant

hypertension is poor compliance or adherence to

drug treatment or recommended lifestyle changes

(particularly elimination of alcohol abuse). In this

situation two options are possible. It can be helpful

to suspend all drug therapy under close medical

supervision, and begin again with a new simpler

regimen; or arrange a brief admission to hospital to

administer therapy under supervised conditions

whilst monitoring blood pressure. Another not

infrequent cause of resistant hypertension is obstruc-

tive sleep apnoea, (736–739) possibly because of the

long term effects of night time hypoxia and

chemoreceptor stimulation as well as of sleep

deprivation. In addition, it is imperative that

secondary causes of hypertension are excluded (see

section 9). For example, an occult renal artery

stenosis can lead to blood pressure being refractory

to therapy and, although the chances of ameliorating

blood pressure are greater in younger subjects, it is

still possible to reduce treatment load as a result of

interventions such as a revascularization procedures,

which can often be done by balloon angioplasty and

stenting. Difficulties in lowering blood pressure to

goal may also be due to extensive cardiovascular

damage scarcely or very slowly reversible. Volume

overload may be due to progressing renal insuffi-

ciency, excessive salt intake, hyperaldosteronism,

and, most often, insufficient diuretic therapy.

Finally, one must also consider the possibility of a

spurious hypertension, such as isolated office (white

coat) hypertension, and failure to use large cuffs on

large arms (which leads to an overestimation of

blood pressure values). In elderly patients one must

exclude also the possibility of pseudohypertension, a

condition in which an extreme degree of stiffness

makes compression of the vascular wall by an

external cuff difficult, with blood pressure readings

falsely higher than the real intra-arterial ones.

In consequence, the first step in managing

resistant hypertension lies in a careful elicitation of

the history, a meticulous examination of the patient

and good investigational back-up, primarily to

exclude secondary causes of hypertension.

Investigation should include ambulatory blood

pressure monitoring, which may further characterize

the degree of blood pressure elevation and increase

in cardiovascular risk. (96) It will be necessary to test

whether compliance is good or not, and careful

history taking may provide the key to the cause:

binge drinking of alcohol, for example, may explain

why blood pressure of an individual is difficult to

control.

Ultimately, many patients will need administra-

tion of more than three drugs. At present, the

optimal choice of the 3rd, 4th and 5th line anti-

hypertensive agents has not been addressed by

proper randomized trials. However, recent observa-

tional studies suggest that the aldosterone antagonist

spironolactone provides significant additional blood

pressure reduction when added to multidrug treat-

ment regimens of patients with resistant hyperten-

sion. (575,740) In the only placebo-controlled

randomized trial, Saha et al. (741) found a greater

additional antihypertensive effect of amiloride than

spironolactone. Spironolactone, however, was found

to cause a good additional antihypertensive response

when given at a relatively small dose (25–50 mg/

day). (742) A good response to amiloride has also

been reported. (743) Whether the good response to

antialdosterone agents of some resistant hyperten-

sives is due to undiscovered primary aldosteronism

or to secondary aldosteronism induced by multiple

therapy is at present unknown. The reported

effectiveness of small doses of these agents makes

the adverse effects of spironolactone less likely to

occur, but attention to serum potassium and

creatinine concentrations is necessary because many

of these patients may have poor renal function and

are likely to concomitantly take renin-angiotensin

system blockers. The advantage of administering

Box 20 Causes of resistant hypertension

N Poor adherence to therapeutic plan

N Failure to modify lifestyle including:

weight gain

heavy alcohol intake (NB: binge drinking)

N Continued intake of drugs that raise blood

pressure (liquorice, cocaine, glucocorticoids,

non-steroid anti-inflammatory drugs, etc.)

N Obstructive sleep apnoea

N Unsuspected secondary cause

N Irreversible or scarcely reversible organ damage

N Volume overload due to:

inadequate diuretic therapy

progressive renal insufficiency

high sodium intake

hyperaldosteronism

Causes of spurious resistant hypertension:

N Isolated office (white-coat) hypertension

N Failure to use large cuff on large arm

N Pseudohypertension

ESH and ESC Guidelines 191



endothelin antagonists in patients defined as having

resistant hypertension is under investigation. In

these patients a blood pressure reduction has

recently been reported by chronic field stimulation

of carotid sinus nerves via implanted electrical

devices. (744)

7.10 Hypertensive emergencies

Hypertensive emergencies are observed when severe

forms of high blood pressure are associated with

acute damage to target organs. Marked rises in blood

pressure associated with acute worsening of organ

damage, such as those sometimes occurring in the

elderly with isolated systolic hypertension, are

improperly defined emergencies, and should be

treated promptly but in the same way as chronic

blood pressure elevations are. The most important

emergencies are listed in Table 8. Such emergencies

are rare but can be life threatening. In these

conditions, the management of hypertension must

be rapid. Care should be taken, however, that

extremely rapid falls in blood pressure may not be

associated with complications such as underperfu-

sion of the brain and cerebral infarction or damage

to the myocardium and kidneys.

Excessive or rapid reductions in blood pressure

should be avoided in acute stroke (see section 7.3.1).

7.11 Malignant hypertension

Whilst there is a clear overlap between resistant and

malignant hypertension, in most developed societies

malignant phase hypertension is observed infre-

quently and mostly in economically deprived strata.

Malignant hypertension embraces a syndrome of

severe elevation of arterial blood pressure (diastolic

blood pressure usually but not always w140 mmHg)

with vascular damage that can be particularly

manifest as retinal haemorrhages, exudates and/or

papilloedema. (745) Some physicians use the term

accelerated hypertension when such a syndrome

appears but papilloedema on retinal examination is

absent. Malignant hypertension may be seen in a

variety of conditions. Severe or poorly treated

essential hypertension is usually the commonest

harbinger of malignant phase hypertension, although

in various studies the presence of a secondary cause

of hypertension has probably been underestimated.

(746) Anecdotally, it has been reported that a large

number of patients with malignant hypertension are

current smokers and blacks are known to be more

frequently affected than Caucasians. (747) The

prevalence of this condition amongst hypertensive

patients has obviously diminished as a result of

earlier treatment of hypertension and more efficient

therapeutic programmes, as well as a decrease of

most predisposing causes. What causes malignant

hypertension to be a condition with such a sinister

prognosis is the breakdown of autoregulation as a

result of the arterial wall being continuously exposed

to extremely high levels of blood pressure.

Pathological studies of the vascular wall demonstrate

that there is myointimal proliferation and fibrinoid

necrosis. The severity of the proliferative response

parallels the severity and length of exposure to the

high blood pressure. (748) The fibrinoid necrosis

represents spasm and forced dilatation of small

arterioles. The leaking of fluid into the extracellular

space is associated with small haemorrhages and of

course target organ damage. (748)

The most dangerous condition that is associated

with malignant phase hypertension is hypertensive

encephalopathy. (745,747) It is associated with

reversible alterations in neurological function and

can include headache, disturbed mental status and

visual impairment. Also associated with this condi-

tion is a deterioration in renal function, which has

been described as being prognostically important,

with more severe forms of renal failure being

associated with reduced life expectancy despite

prompt and effective management of the hyperten-

sion. In some patients there is irreversible renal

damage necessitating renal replacement therapy

including dialysis on a permanent basis. Malignant

phase hypertension is also associated with haemo-

lysis, red blood cell fragmentation and evidence of

disseminated intravascular coagulation.

When malignant hypertension is untreated, its

prognosis is extremely poor, with 50% of individuals

dying within 12 months. (254,749) However,

following the institution of effective management

programmes the incidence of such initial problems

has declined. (750,751) Survival is better and

reflects not only improved blood pressure control,

but also good identification of secondary causes and

Table 8. Hypertensive Emergencies

N Hypertensive encephalopathy

N Hypertensive left ventricular failure

N Hypertension with myocardial infarction

N Hypertension with unstable angina

N Hypertension and dissection of the aorta

N Severe hypertension associated with subarachnoid

haemorrhage or cerebrovascular accident

N Crisis associated with phaeochromocytoma

N Use of recreational drugs such as amphetamines, LSD, cocaine

or ecstasy

N Hypertension perioperatively

N Severe pre-eclampsia or eclampsia
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more widely available services such as renal dialysis

and transplantation.

Malignant phase hypertension must be regarded

as a hypertension emergency. Oral medication can

be used if blood pressure is responsive, with the goal

to bring diastolic blood pressure down to 100–

110 mmHg over 24 hours.

8. Treatment of associated risk factors (Box 21)

8.1 Lipid lowering agents

Several randomized secondary and primary preven-

tion trials have allowed to be analysed the effect of

lipid lowering interventions with statins. (752–754)

Although epidemiological data show serum choles-

terol concentration to be closely associated with

coronary events but not with stroke, (755) statins

have been shown to be effective in preventing both

coronary and cerebrovascular events, prevention of

both outcomes being similar in hypertensives and

normotensives. (752–754) In the largest randomized

trial so far performed with a statin, the Heart

Protection Study, (756) administration of simvasta-

tin to patients with established cardiovascular dis-

ease markedly reduced cardiac and cerebrovascular

events compared to placebo. The effects were

manifest in the hypertensive subpopulation (41%

of the total cohort) regardless of the type of

antihypertensive treatment employed. Similar results

were obtained with pravastatin in the elderly patients

of the PROSPER study, (757) 62% of whom were

hypertensive. Effective prevention was also found

with another statin, atorvastatin, in patients with a

previous stroke. (758) Therefore, patients up to the

age of at least 80 years who have an established

cardiovascular disease such as coronary heart dis-

ease, peripheral artery disease, previous stroke or

long-term (at least 10 years) diabetes should receive

a statin. In all these patients the goal for total and

LDL serum cholesterol should be set at respectively

v4.5 mmol/l (175 mg/dl) and v2.5 mmol/l

(100 mg/dl), and lower goals may also be consid-

ered, i.e. v4.0 and v2 mmol/l (155 and 80 mg/dl).

Two trials, ALLHATand ASCOT, have evaluated

the benefits associated with the use of statins

specifically among patients with hypertension. In

ALLHAT the administration of 40 mg/day of

pravastatin to 10,000 hypertensive patients (about

two thirds of whom had established vascular disease)

reduced serum total and LDL cholesterol (by 11%

and 17%, respectively) compared to usual care, but

had no significant effect on coronary heart disease,

stroke and all cause mortality. (759) In contrast, in

ASCOT (760) administration of 10 mg/day of

atorvastatin in over 10,000 hypertensive patients

with additional cardiovascular risk factors and a

serum total cholesterol v6.5 mmol/l reduced serum

total cholesterol by 19.9% compared to placebo.

This was accompanied by substantial benefits both

with regard to total cardiovascular events (36%

Box 21 Position statement: Treatment of

associated risk factors

Lipid lowering agents

N All hypertensive patients with established

cardiovascular disease or with type 2 diabetes

should be considered for statin therapy aiming

at serum total and LDL cholesterol levels of,

respectively, v4.5 mmol/l (175 mg/dl) and

v2.5 mmol/l (100 mg/dl), and lower, if possi-

ble.

N Hypertensive patients without overt cardiovas-

cular disease but with high cardiovascular risk

(>20% risk of events in 10 years) should also

be considered for statin treatment even if their

baseline total and LDL serum cholesterol

levels are not elevated.

Antiplatelet therapy

N Antiplatelet therapy, in particular low-dose

aspirin, should be prescribed to hypertensive

patients with previous cardiovascular events,

provided that there is no excessive risk of

bleeding.

N Low-dose aspirin should also be considered in

hypertensive patients without a history of

cardiovascular disease if older than 50 years,

with a moderate increase in serum creatinine or

with a high cardiovascular risk. In all these

conditions, the benefit-to-risk ratio of this

intervention (reduction in myocardial infarc-

tion greater than the risk of bleeding) has been

proven favourable.

N To minimize the risk of haemorrhagic stroke,

antiplatelet treatment should be started after

achievement of BP control.

Glycaemic control

N Effective glycaemic control is of great impor-

tance in patients with hypertension and dia-

betes.

N In these patients dietary and drug treatment of

diabetes should aim at lowering plasma fasting

glucose to values (6 mmol/l (108 mg/dl) and

a glycated haemoglobin of v6.5%.
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reduction) and stroke (27% reduction). The bene-

ficial effect seen in the ASCOT trial as compared to

the lack of benefit reported in ALLHAT may

depend on the greater relative difference in total

and LDL cholesterol achieved among the actively

treated versus the control group.

In view of the results of the ASCOT trial (760) it

seems reasonable to consider statin therapy in

hypertensive patients aged less than 80 years who

have an estimated 10 years risk of cardiovascular

disease >20% or of cardiovascular death (based on

the SCORE model) of 5% or more. There are

reports that the benefit of statin administration in

hypertensive patients may include some blood

pressure reduction, (761) although in the ASCOT

(760) and the PHYLLIS (390) trials addition of

statin to antihypertensive treatment was not accom-

panied by a further clear blood pressure lowering

effect. Target levels should be a serum total and

LDL cholesterol of respectively v5 mmol/l

(190 mg/dl) and v3 mmol/l (115 mg/dl). The

majority of patients will reach these targets using a

statin at appropriate doses in combination with non-

pharmacological measures. For patients who do not

reach targets or whose HDL-cholesterol or triglycer-

ide levels remain abnormal (e.g. v1.0 mmol/l,

w2.3 mmol/l, respectively) addition of ezetimibe

(762) or other therapies as well as referral to a

specialist service may be indicated.

8.2 Antiplatelet therapy

Antiplatelet therapy, in particular low dose aspirin

(i.e. 75–100 mg/day), has been shown to reduce the

risk of stroke and/or myocardial infarction in several

populations ranging from asymptomatic middle-

aged subjects at low cardiovascular risk to patients

with established cardiovascular disease. (763) The

risk of a serious vascular event is reduced by

approximately 25%. However, long-term therapy

with low-dose aspirin approximately doubles the risk

of major extracranial bleedings. For patients with

established cardiovascular disease taking low dose

aspirin, the number in whom a serious vascular event

would be avoided clearly outweighs the number with

major bleeding problems. (764,765) Whether the

benefits of aspirin exceed the risks of bleeding in

lower risk subjects is uncertain. Therefore the

decision to add aspirin in hypertensive patients

should be taken in accordance with the total

cardiovascular risk and/or with the presence of organ

damage. Evidence about benefits and possible harms

of administering low dose aspirin to hypertensive

patients was obtained from the HOT study. (311)

Overall, the study showed a 15% reduction in major

cardiovascular events, and a 36% reduction in acute

myocardial infarction, with no effect on stroke and

no increased risk of intracerebral haemorrhage but

an associated 65% increased risk of major haemor-

rhagic events. However, subgroup analyses of the

HOT data (764) identified subgroups of hyperten-

sive patients who are likely to have greater absolute

benefits than harm. Patients with serum creatinine

w115 mmol/l (w1.3 mg/dl) had a significantly

greater reduction of cardiovascular events and

myocardial infarction (213 and 27 events/1000

patient-years) while the risk of bleeding was not

significantly increased. A favourable balance

between benefits and harm of aspirin was also found

in patients at higher global baseline risk and higher

baseline systolic or diastolic blood pressure (benefit

23.1 to 23.3 cardiovascular events/1000 patient-

years versus harm: 1.0 to 1.4 bleeds/1000 patient-

years), while in hypertensives at lower baseline risk

the harm of aspirin counterbalanced the benefits.

These observations are in line with those of several

meta-analyses of primary prevention studies, also

including non-hypertensive patients, (766–769) and

with the recent results of the Women Prevention

Study in a large cohort of very low risk subjects,

showing little net benefit of aspirin. (766) Therefore,

treatments with a low-dose aspirin have favourable

benefit/risk ratios only if given to patients above a

certain threshold of total cardiovascular risk (15–

20% in 10 years). This is the case for hypertensive

patients with a moderate increase in serum creati-

nine, hypertensive patients aged 50 years or more at

high or very high total cardiovascular risk or with

higher initial blood pressure values. It should be

stressed that in the HOT study low dose aspirin did

not interfere with a blood pressure lowering effect of

concomitant antihypertensive therapy. (770) The

benefits were seen in patients with effective blood

pressure control (virtually all patients had a diastolic

blood pressure (90 mmHg) and it is possible that

this control was instrumental in avoiding an incre-

ment in intracerebral haemorrhage which was

reported in some studies. (311,765,766–769) It thus

appears reasonable to suggest that in high or very

high risk hypertensive individuals aspirin be intro-

duced only when effective blood pressure control has

been achieved.

8.3 Glycaemic control

Diabetes but also impaired glucose tolerance are

major risk factors for cardiovascular disease. (771–

773) As mentioned in Section 7.2, hypertension is

common with type 2 diabetes and diabetic hyper-

tensive patients have a marked increase in total
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cardiovascular risk. Moreover, hypertension per se is

associated with a doubling of risk of developing type

2 diabetes. (774) Effective glycaemic control is of

great importance in patients with hypertension and

diabetes. In the UKPDS study hypertensive patients

with type 2 diabetes benefited from intensive blood

glucose control mainly in terms of microvascular

complications. (775) However, other studies have

shown that more intense lifestyle or drug interven-

tions to normalize the deranged glucose metabolism

protect against macrovascular complications as well

(776–778) and the EDIC follow-up has recently

shown this to be true at least in type 1 diabetics.

(779) A direct association exists between macro and

microvascular complications and the mean HbA1c,

with no indication of a threshold of HbA1c values

below which the risk no longer decreases. (778,780)

According to Guidelines for the management of

diabetes the treatment goals are set to (6.0 mmol/l

(108 mg/dl) for plasma preprandial glucose concen-

trations (average of several measurements), and at

less than 6.5% for glycated haemoglobin. (168,781)

Because of the known effect of thiazide diuretics and

b-blockers on glucose metabolism, use of these

antihypertensive agents in subjects with impaired

glucose tolerance may require earlier and more

intense antidiabetic medication. (316,331) Further

information on the cardiovascular beneficial effects

of tight blood glucose control will be available after

the completion of two large scale randomized trials

on type 2 diabetic patients, ACCORD (www.ac-

cord-trial.org) and ADVANCE, (782) which also

examine the additional protective effects of tight

blood pressure control.

9. Screening and treatment of secondary forms

of hypertension

A specific cause of blood pressure elevation can be

identified in a small proportion of adult patients with

hypertension. Simple screening for secondary forms

of hypertension can be obtained from clinical

history, physical examination and routine laboratory

investigations. Furthermore, a secondary form of

hypertension is suggested by a severe blood pressure

elevation, sudden onset or worsening of hyperten-

sion and blood pressure responding poorly to drug

therapy. In these cases, specific diagnostic proce-

dures may become necessary, as outlined below.

9.1 Renal parenchymal disease

Renal parenchymal disease is the most common

cause of secondary hypertension. The finding of

bilateral upper abdominal masses at physical exam-

ination is consistent with polycystic kidney disease

and should lead to an abdominal ultrasound

examination. Renal ultrasound has now almost

completely replaced intravenous urography in the

anatomical exploration of the kidney. While the

latter requires the injection of potentially nephro-

toxic contrast medium, ultrasound is non-invasive

and provides all the necessary anatomic data about

kidney size and shape, cortical thickness, urinary

tract obstruction and renal masses. (783) Assessing

the presence of protein, erythrocytes and leucocytes

in the urine, as well as measuring serum creatinine

concentration, are the appropriate functional screen-

ing tests for renal parenchymal disease. (784,785)

These tests should be performed in all patients with

hypertension (see Section 3.4). Renal parenchymal

disease may be excluded if urine analysis and serum

creatinine concentration are normal on repeated

determinations. The presence of erythrocytes and

leucocytes should be confirmed by microscopic

examination of the urine. If the screening tests for

renal parenchymal hypertension are positive, a

detailed work-up for kidney disease should ensue.

9.2 Renovascular hypertension

Renovascular hypertension is the second most

common cause of secondary hypertension, its pre-

valence being approximately 2% of adult patients

with blood pressure elevation when assessed in

specialized centres. (786) This is caused by one or

more stenoses of the extra-renal arteries which in the

elderly population have frequently an atherosclerotic

nature. Fibromuscular dysplasia accounts for up to

25% of total cases and is the most common variety in

young adults. Hypertension of abrupt onset or

worsening as well as high blood pressures increas-

ingly difficult to treat suggest the presence of this

condition. Signs of renal artery stenosis include

abdominal bruit with lateralization, hypokalaemia

and progressive decline in renal function. However,

these signs are not present in many patients with

renovascular hypertension. Determination of the

longitudinal diameter of the kidney using ultrasound

can be used as a screening procedure. However, a

difference of more than 1.5 cm in length between

the two kidneys, which is usually considered as being

diagnostic for renal artery stenosis is only found in

60–70% of the patients with renovascular hyperten-

sion. (787) Colour Doppler ultrasonography is often

able to detect stenosis of the renal artery, particularly

when localized close to the origin of the vessel. (788)

In addition, it allows determination of the resistance

index that can be predictive of outcome from
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angioplasty and stenting. There is evidence that

investigations of the renal vasculature by breath-hold

three-dimensional, gadolinium-enhanced magnetic

resonance angiography is the diagnostic procedure

of choice for renovascular hypertension. (789)

Another imaging procedure with similar sensitivity

is spiral computed tomography, which, however,

requires the application of contrast media and the

use of relatively high X-ray doses. Once there is a

strong suspicion of renal artery stenosis, intra-

arterial digital subtraction angiography should be

performed for confirmation. This invasive procedure

is still the gold standard for the detection of renal

artery stenosis. The determination of the renal vein

renin ratio requires multiple catheterization and its

invasiveness and complexity is not compensated by

an acceptable level of sensitivity or specificity. It

cannot thus be recommended as a screening

procedure.

Treatment of patients with renovascular hyperten-

sion is a controversial issue due to the limited

number of large scale long-term outcome trials

comparing different therapeutic approaches, and to

the difficulty of predicting the blood pressure

response to renal revascularization procedures in

individual patients. (786) However, available data

justify the following recommendations: 1) refractory

hypertension (i.e. elevated blood pressure values

despite administration of at least three drugs,

including a diuretic at adequate doses) as well as a

progressive decline in renal function represent an

indication for revascularization; 2) although differ-

ent opinions exist, surgical revascularization is now

performed less frequently and is being progressively

replaced by angioplasty; (790) 3) angioplasty alone

is the treatment of choice in fibromuscular dysplasia

in which it is followed by a high rate of therapeutic

success, i.e. persistent blood pressure normalization

or reduction with values more responsive to drug

treatment. (787,791) Success rate is less common in

atherosclerotic disease, which has a greater incidence

of restenosis, (791) but restenosis can be reduced by

stenting which is thus now almost regularly added to

angioplasty in renovascular stenoses of atherosclero-

tic nature. 4) Medical treatment has been compared

with angioplasty in a number of trials, (792–794) the

meta-analysis of which has shown a modest but

significant advantage of angioplasty. (795) The

result of this procedure, however, heavily depends

on the physician’s skill and experience, and medical

treatment remains of paramount importance for

patients with atherosclerotic renovascular disease. It

should be regarded as the preferable option when

renal function is preserved, blood pressure control

can be achieved, renal artery stenosis is not tight or

there is a long (e.g. w10 years) history of hyperten-

sion. Because of the high risk of progression of

atherosclerotic lesions, their treatment consists of

intense lifestyle modifications, low dose aspirin,

statin and multiple antihypertensive drug adminis-

tration. Use should be made of a thiazide diuretic at

appropriate doses and a calcium antagonist with the

possible addition of a renin-angiotensin blocker,

except in the presence of bilateral renal artery

stenosis. This treatment can lower blood pressure

in the majority of patients with renovascular disease.

The main risk is acute deterioration of renal function

and increase in serum creatinine due to a marked

reduction in perfusion pressure beyond the stenotic

site. This is more common when a blocker of the

renin-angiotensin system is used, but the serum

creatinine change normally reverts when treatment is

withdrawn.

9.3 Phaeochromocytoma

Phaeochromocytoma is a very rare secondary hyper-

tensive state (0.2–0.4% of all cases of elevated blood

pressure) with an estimated annual incidence of 2–8

per million population. (796) It can be inherited or

acquired. Hypertension occurs in about 70% of all

cases of phaeochromocytoma, being stable or

paroxysmal (presenting with symptoms such as

headache, sweating, palpitations and pallor) in

approximately equal proportions. The diagnosis is

based on establishing an increase in plasma or

urinary catecholamines or their metabolites. It can

be supported by pharmacological tests which should

precede the carrying out of functional imaging

procedures designed to localize the tumour. The

test that achieves the highest sensitivity (97–98%) is

the measurement of plasma free metanephrines,

together with urinary fractionated metanephrines.

However, because measurement of plasma free

metanephrines is not available for routine diagnosis,

measurement of urinary fractionated metanephrines

and urinary cathecolamines remains the diagnostic

test of choice. (797) Very high values require no

further testing. (798) On the other hand, when

plasma or urine values are only modestly elevated,

despite there being a strong clinical suspicion of

phaeochromocytoma, then stimulation or suppres-

sion tests with glucagon or clonidine, respectively,

can be carried out, although in case of borderline

results of biochemical tests (and given the limited

specificity of the responses to pharmacological tests)

many clinicians prefer to proceed directly to imaging

methods. (799) The glucagon test must be per-

formed after the patient has been effectively treated

with an a-adrenoreceptor antagonist to prevent
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marked blood pressure increases after injection of

the hormone. The clonidine suppression test is

regarded as negative when there is a marked

reduction of plasma catecholamines. (800)

After the diagnosis of phaeochromocytoma has

been made, localization of the tumour is mandatory.

(801) Ninety-five per cent are located in or close to

the adrenal glands and, since they are often large

tumours, they can sometimes be detected by

ultrasound. However, the most sensitive procedures

(98–100%) are CT and, particularly, magnetic

resonance imaging (MRI), which, however, has a

low specificity (50%). Complementary to a CT scan

or MRI, isotopic scanning using meta-iodobenzyl-

guanidine may be useful in localizing extra-adrenal

phaeochromocytomas and metastases from the 10%

of phaeochromocytomas that are malignant, or to

functionally confirm phaeochromocytomas localized

by CTor MRI. There are several familial disorders

that are associated with an increased incidence of

phaeochromocytoma, and these include multiple

endocrine neoplasia type 2 (MEN2), von Hippel-

Lindau disease (VHL), and neurofibromatosis type

1. Familial paragangliomas also cluster with pheo-

chromocytoma. It is therefore recommended to offer

genetic tests to patients and their family members,

especially if phaeochromocytoma is associated with

hereditary syndromes. To date, germline mutations

in five genes have been described leading to familial

disorders associated with phaechromocytomas.

(802) Definite treatment requires excision of the

tumour. In advance of this the patient must be

adequately prepared. This requires the introduction

of an a adrenoreceptor blocker and, after adequate

treatment with this blocker, b-blockers can be

introduced. Surgical excision, these days often

carried out laparoscopically, can then follow, but

after adequate fluid replacement had been effected.

This is necessary because protracted exposure to

phaeochromocytoma causes pressure natriuresis and

venoconstriction with a marked volume depletion.

9.4 Primary aldosteronism

Primary aldosteronism has become a prominent area

of controversy in hypertension management in

recent years. This is because the prevalence varies

in different studies of unselected primary hyperten-

sives from 1% to 11%. (803,804) As a screening test

the determination of serum potassium levels is

regarded as important but only a small number of

patients will have hypokalaemia at an early stage in

their disease. (805,806) Thirty per cent of cases of

primary aldosteronism are caused by adrenal ade-

nomas which are commoner in women and rarer in

children. Seventy per cent of cases are caused by

adrenal hyperplasia and there are rare cases of

adrenal carcinoma and the autosomal dominant

condition of glucocorticoid remediable aldosteron-

ism. (806) The blood pressure profile is one of a

moderate or marked elevation resistant to treatment.

Glucocorticoid remediable hypertension appears

early in life and usually in childhood. There are

associations of primary aldosteronism with phaeo-

chromocytoma, hyperparathyroidism and acrome-

galy. It has been suggested (807) that only patients

with unprovoked hypokalaemia or truly resistant

hypertension should be evaluated for primary

aldosteronism. The condition should be suspected

in resistant hypertension and in unprovoked hypo-

kalaemia. It can be confirmed by the fludrocortisone

suppression test (failure of 4 day administration of

the hormone to reduce plasma aldosterone below its

threshold value), and measurement of aldosterone

and renin under standardized conditions. (808) In

recent years there has been a move to measure the

aldosterone-to-renin ratio. (809) However, aldoster-

one can be high or the renin low in elderly people or

black patients. Also, a high aldosterone-to-renin

ratio is seen in chronic renal disease, where a high

potassium stimulates aldosterone release, and in the

case of rare genetic mutations leading to increased

aldosterone levels. In a meta-analysis carried out on

19 studies including 10,396 patients, there was a

high variation in the aldosterone-to-renin ratio. High

ratios were observed in 5.5 to 39% of patients, but

adenomas were only established in between 0 to

6.5% of individuals. (810) The usefulness of these

measurements is therefore controversial. Imaging of

the adrenal glands is now usually carried out using

CT, magnetic resonance imaging or isotopic techni-

ques using radio labelled cholesterol. However,

adenomas on CT or magnetic resonance imaging

can turn out to be due to hyperplasia. False positive

results are likely to be relatively frequent, because

nodular hyperplasia of the zona glomerulosa is

reported even in the presence of functioning

adenomas, and observed adenomas may actually be

non-functioning. (811) This means that, if imaging

is used, it may have to be supplemented with adrenal

venous sampling. There are reports suggesting that

unless this is carried out, on the basis of CT alone,

25% of patients would have had unnecessary

adrenalectomy. (812) The surgical technique for

removal of a suspected adenoma is laparoscopic

adrenalectomy. Series report no deaths and minimal

morbidity with a mean post-operative stay of 2.6

days. Prior to surgery or in the case of adrenal

hyperplasia, treatment with an aldosterone antago-

nist such as spironolactone is advised. However, this
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is associated with side effects such as gynaecomastia

which may reduce its usefulness. In this case

eplerenone may be considered, although at recom-

mended doses its effect is less than that of

spironolactone. (813)

9.5 Cushing’s syndrome

Cushing’s syndrome affects v0.1% of the total

population. (814) Hypertension is a very common

finding and is reported in about 80% of such

patients, with a 50% prevalence when the disease

occurs in children and adolescents. Usually, the

syndrome is suggested by the typical body habitus of

the patient. The determination of 24-hour urinary

cortisol excretion is the most practical and reliable

diagnostic test and a value exceeding 110 mmol

(40 mg) is highly suggestive of Cushing’s syndrome.

The diagnosis is confirmed by the 2-day, low-dose

dexamethasone suppression test (0.5 mg every 6 h

for eight doses) or the overnight dexamethasone

suppression test (1 mg at 23.00 h). In the 2-day test,

a urinary cortisol excretion higher than 27 mmol

(10 mg) per day on day 2 indicates Cushing’s

syndrome. The same is true if plasma cortisol

concentration is greater than 140 mmol/l (5 mg/dl)

at 8.00 h in the overnight test. A normal result

excludes the possibility of Cushing’s syndrome.

Recently the determination of mid/late-night serum

or salivary cortisol has been suggested as a simpler

approach to the diagnosis. (815) Further tests and

imaging procedures have to be used to differentiate

the various forms of the syndrome.

9.6 Obstructive sleep apnoea

Obstructive sleep apnoea (OSA) is characterized by

recurrent episodes of cessation of respiratory airflow

caused by upper airway inspiratory collapse during

sleep, with a consequent decrease in oxygen satura-

tion. (816) It is important to consider sleep apnoea

in the characterization of obese patients, especially

those with hypertension resistant to conventional

drug therapy. (736–739) Furthermore, hypertensive

patients, who are classified as ‘non-dippers’ on

ambulatory pressure measurements, should be

investigated for obstructive sleep apnoea. Signs and

symptoms include daytime somnolence, impaired

concentration, unrefreshing and restless sleep, chok-

ing episodes during sleep, witnessed apnoeas,

nocturia, irritability and personality changes,

decreased libido and increased motor vehicle acci-

dents. Where suspected, one should use one of the

validated questionnaires: the Epworth Sleepiness

Scale or the Berlin Questionnaire. Polysomnography

remains the ‘gold standard’ diagnostic tool for

assessing sleep-disordered breathing. The apnoea-

hypopnoea index (i.e. the number of apnoeic and

hypopnoeic events per hour) is used as an index of

the presence and severity of the syndrome. An

apnoea-hypopnoea index of 5 to 15 indicates mild

apnoea; of 15 to 30, moderate apnoea; and of greater

than 30, severe apnoea. Untreated obstructive sleep

apnoea may have direct and deleterious effects on

cardiovascular function and structure through sev-

eral mechanisms, including sympathetic activation,

oxidative stress, inflammation and endothelial dys-

function. (738) The syndrome may contribute to the

elevated pressure in a large proportion of hyperten-

sive patients, (817,818) the pressor effect being

possibly generated by an impairment of reflex

cardiovascular regulation and endothelial dysfunc-

tion. (819) Weight loss in obese subjects ameliorates

the syndrome, which is also improved by using

positive pressure breathing equipment.

9.7 Coarctation of the aorta

Coarctation of the aorta is a rare form of hyperten-

sion in children and young adults. The diagnosis is

usually evident from physical examination. A mid-

systolic murmur, which may become continuous

with time, is heard over the anterior part of the chest

and also over the back. The femoral pulse is absent

or delayed relative to the radial pulse. Hypertension

is found in the upper extremities concomitantly with

low or unmeasurable blood pressure in the legs.

After repair or stenting, especially in adults, hyper-

tension may persist due to haemodynamic and

vascular effects, and many patients need to continue

antihypertensive therapy.

9.8 Drug-induced hypertension

Substances or drugs that can raise blood pressure

include: liquorice, oral contraceptives, steroids, non

steroidal anti-inflammatory drugs, cocaine and

amphetamines, erythro-poietin, cyclosporins, tacro-

limus. The patient should be asked about their

medication at the time their clinical history is taken,

and the use of drugs that can raise blood pressure

should be monitored carefully.

10. Follow-up (Box 22)

During the drug titration phase patients should be

seen often (e.g. every 2 to 4 weeks) in order to adjust

the chosen treatment regimen (increase in drug

dose, addition of other drugs, dose reduction or drug
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withdrawal) in accordance with the achieved blood

pressure or the appearance of side effects. In this

phase dose titration and goal achievement may be

helped by instructing the patient to self-measure

blood pressure at home. Once the goals of therapy

have been reached, including the achievement of

target blood pressure and control of all correctable

risk factors, the frequency of visits can be reduced

considerably. Patients with low cardiovascular risk

and mild degrees of blood pressure elevation may be

seen every 6 months whereas patients with a higher

initial blood pressure or a high or very high

cardiovascular risk should be seen more often.

Frequent follow-up visits are also needed in patients

on non-pharmacological treatment because 1) com-

pliance with this intervention is low, (500,584) 2)

the blood pressure response is variable, (820) and 3)

this treatment requires reinforcement, and in case of

failure, timely shift to drug administration.

Home measurement of blood pressure may allow

the periods between visits to be extended and further

simplification of the follow-up visit schedule may be

offered by new technologies, such as teletransmis-

sion of home blood pressure values to the physician’s

office, which has been shown to further improve

patient’s adherence to treatment. (821) In general,

however, it is not advisable that follow-up visits be at

excessively wide intervals, because treatment cru-

cially depends on a good doctor-patient relationship,

which frequent visits help to maintain. If blood

pressure goals are not achieved within 6 months, or a

previously good control is lost, referral to a

hypertension specialist or clinic should be consid-

ered. Although it is recognized that this poses

considerable difficulties, follow-up may take advan-

tage of periodical assessment of organ damage

because its regression or lack of progression has

favourable prognostic implications (see Section 4.5).

No definite time schedule can be given, but it is

useful to remember that treatment-induced changes

in urinary protein excretion can be expected to occur

in weeks (473) whereas changes in left ventricular

hypertrophy are usually not evident before one year

with some further modification thereafter. (357)

Cessation of treatment by patients who have been

correctly diagnosed as hypertensive is usually fol-

lowed, sooner or later, by the return of blood

pressure to the elevated pretreatment levels.

Nevertheless, after prolonged blood pressure control

it may be possible to attempt a careful progressive

reduction in the dose or number of drugs used,

particularly among patients strictly observing life-

style measures. This can be done because blood

pressure control may reverse, at least in part, the

anatomical vascular changes (i.e. arteriolar remodel-

ling) that help maintaining blood pressure at

elevated values on a structural basis. (476)

However, attempts to ‘step down’ treatment should

be done prudently and accompanied by continued

supervision of blood pressure values, preferably

associated with home monitoring.

11. Implementation of guidelines Closing the

gap between experts’recommendations and

poor blood pressure control in medical practice

Despite overwhelming evidence that hypertension is

a major cardiovascular risk factor and that blood

pressure lowering strategies substantially reduce the

risk, studies performed on various continents, as well

Box 22 Patients’ follow-up

N Titration to BP control requires frequent visits

in order to modify the treatment regimen in

relation to BP changes and appearance of side

effects.

N Once target BP has been obtained, the

frequency of visits can be considerably

reduced. However, excessively wide intervals

between visits are not advisable because they

interfere with a good doctor-patient relation-

ship, which is crucial for patient’s compliance.

N Patients at low risk or with grade 1 hyperten-

sion may be seen every 6 months and regular

home BP measurements may further extend

this interval. Visits should be more frequent in

high or very high risk patients. This is the case

also in patients under non-pharmacological

treatment alone due to the variable antihyper-

tensive response and the low compliance with

this intervention.

N Follow-up visits should aim at maintaining

control of all reversible risk factors as well as at

checking the status of organ damage. Because

treatment-induced changes in left ventricular

mass and carotid artery wall thickness are slow,

there is no reason to perform these examina-

tions at less than 1 year intervals.

N Treatment of hypertension should be contin-

ued for life because in correctly diagnosed

patients cessation of treatment is usually

followed by return to the hypertensive state.

Cautious downward titration of the existing

treatment may be attempted in low risk

patients after long-term BP control, particu-

larly if non-pharmacological treatment can be

successfully implemented.
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as in several European countries, (822) consistently

show that 1) a noticeable proportion of hypertensive

individuals are unaware of their condition or, if

aware, do not undergo treatment, (605,823) and 2)

goal blood pressure levels are seldom achieved,

regardless of whether treatment is prescribed and

patients are followed by specialists or practitioners.

(824,825) Systolic blood pressure control is parti-

cularly rare, and the lower values (v130 mmHg)

recommended in diabetics and very high risk

patients almost exceptionally reached. (825) This

explains why high blood pressure remains a leading

cause of death and cardiovascular morbidity both

worldwide and in industrialized countries. It also

emphasizes the strong need to extend to a larger

fraction of the population the procedures that allow

hypertension to be detected, as well as to ‘capture’

for effective treatment a substantially greater number

of patients (Box 23).

The purpose of the present guidelines is to help

achieve this goal. However, producing guidelines

alone is insufficient to address the above problem.

There must be a continuous process of implementa-

tion involving education and audit. The successful

implementation of guidelines requires a concerted

effort of medical professionals to realize its full

potential. With regard to hypertension the approach

may differ between European countries. In some

countries prevention of cardiovascular disease,

including detection and control of hypertension, is

carried out in the primary care setting under the

responsibility of general practitioners as well as

dedicated nurses and other health professionals. In

other countries specialists and hospital physicians

may be more extensively involved. Therefore guide-

lines issued by an international expert committee

should be adapted at the national level, depending

on local cultural background, socioeconomic situa-

tions, and health care organization.

A broad acceptance of the present guidelines by

national hypertension societies and leagues is a

prerequisite to promote management implementa-

tion in practice and improve patient outcomes. In

this context, the present guidelines have been

prepared in close cooperation with the Fourth Joint

Task Force of European and other Societies of

Cardiovascular Disease Prevention. (71) Their

recommendations are thus consistent with the

recommendations that will appear in the Fourth

Joint Task Force Guidelines which will also be

published in 2007. Also important is that the ESH

and the ESC are both part of a platform for Societies

interested in the implementation of prevention of

cardiovascular disease in clinical practice in the Joint

Prevention Committee. The other partners in that

platform are: the European Atherosclerosis Society,

the European Association for the Study of Diabetes,

the International Diabetes Federation-Europe,

WONCA-Europe (European Society of General

Practice/Family Medicine), the European Heart

Network and the International Society of

Behavioural Medicine. This partnership is crucial

because general practitioners are more likely to

accept and to use guidelines when these are

developed with the involvement of those known to

them.

Successful implementation of guidelines requires

awareness of the barriers interposed between recom-

mendations and practice. The first barrier is knowl-

edge and acceptance by physicians. Knowledge is

hampered by the high number of guidelines doctors

receive, by their duplication by too many scientific

societies, local organizations, health providing agen-

cies. Confusion is raised by even small differences in

the recommendations, and the suspicion is culti-

vated that some guidelines may be excessively

influenced by the scientific biases of the experts, or

by extrinsic influences such as those of the pharma-

ceutical industry or of private or public health

providers. Furthermore, doctors are correctly aware

that their task is to manage individuals, so often

different from each other, while guidelines, by

necessity, are dealing with a medical condition in

general. This aspect was carefully considered when

the 2003 ESH-ESC Guidelines (3) were prepared,

Box 23 How to improve compliance with

treatment

N Inform the patient of the risk of hypertension

and the benefit of effective treatment.

N Provide clear written and oral instructions

about treatment.

N Tailor the treatment regimen to patient’s

lifestyle and needs.

N Simplify treatment by reducing, if possible, the

number of daily medicaments.

N Involve patient’s partner or family in informa-

tion on disease and treatment plans.

N Make use of self measurement of BP at home

and of behavioural strategies such as reminder

systems.

N Pay great attention to side effects (even if

subtle) and be prepared to change drug doses

or types if needed.

N Dialogue with patient regarding adherence and

be informed of his/her problems.

N Provide reliable support system and affordable

prices.
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and the choice of making them widely informative

and minimally prescriptive has likely been an

important reason for their acceptance. This choice

has been reiterated when preparing the current

guidelines.

Barriers to implementation relate not only to the

clinician but also to the patient. Adherence to

lifestyle changes and longterm compliance with

multiple drugs are major problems. Lifestyle changes

have too often been conceived as an object of

preaching rather than an approach to be implemen-

ted, and as a cheap alternative to the costs of drug

therapy, while a costly professional approach guided

by experts in behavioural medicine is often needed.

Besides the doctor and the patient, the health care

system by itself may be a barrier. Indeed, health

providers sometimes wrongly consider the manage-

ment of hypertension as the matter of few minute

visits, and reimburse doctors accordingly. They

often see guidelines as an instrument to reduce cost

and limit reimbursement to high risk conditions

defined by arbitrary cutoffs. Therefore policy makers

and all those responsible for the organization of the

system should be involved in the development of a

comprehensive preventive programme.

The Committee is well aware of the fact that

issuing these guidelines on its own may not make the

difference, but it can be helpful as part of a more

comprehensive strategy of evidence based preventive

medicine where it may serve as:

- a consensus among all partners involved in

detection and control of arterial hypertension,

- a basis for education and training,

- a template for national joint task forces to adopt

and/or adapt these guidelines in accord with

national health policies and available resources,

- a reference point based on scientific evidence to

identify the most appropriate management tools

for hypertension control,

- a good basis for health economic purposes.

Key to References

CT: controlled trial; GL: guidelines/experts’ opi-

nion; MA: meta-analysis; OS: observational study;

RT: randomized trial; RV: review.
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