
Pathoaetiology, Epidemiology and
Diagnosis of Hypertension
Morris J. Brown and Stephen Haydock

Clinical Pharmacology Unit, Addenbrookes Hospital, University of Cambridge,
Cambridge, England

Abstract Hypertension is currently defined in terms of levels of blood pressure associ-
ated with increased cardiovascular risk. A cut-off of 140/90mm Hg is accepted
as a threshold level above which treatment should at least be considered. This
would give a prevalence of hypertension of about 20% of the adult population in
most developed countries. Hypertension is associated with increased risk of
stroke, myocardial infarction, atrial fibrillation, heart failure, peripheral vascular
disease and renal impairment. Hypertension results from the complex inter-
action of genetic factors and environmental influences. Many of the genetic
factors remain to be discovered, but environmental influences such as salt
intake, diet and alcohol form the basis of nonpharmacological methods of blood
pressure reduction.

Investigation of the individual hypertensive patient aims to identify pos-
sible secondary causes of hypertension and also to assess the individual’s
overall cardiovascular risk, which determines the need for prompt and ag-
gressive therapy. Cardiovascular risk can be determined from (i) target organ
damage to the eyes, heart and kidneys; (ii) other medical conditions associated
with increased risk; and (iii) lifestyle factors such as obesity and smoking. Sec-
ondary causes of hypertension are individually rare. Screening tests should be
initially simple, with more expensive and invasive tests reserved for those in
whom a secondary cause is suspected or who have atypical features to their
presentation.

The main determinants of blood pressure are cardiac output and peripheral
resistance. The typical haemodynamic finding in patients with established
hypertension is of normal cardiac output and increased peripheral resistance.
Treatment of hypertension should initially use nonpharmacological meth-
ods. Selection of initial drug therapy should be based upon the strength of
evidence for reduction of cardiovascular mortality in controlled clinical trials,
and should also take into account coexisting medical conditions that favour or
limit the usefulness of any given drug. Given this approach, it would be reason-
able to use a thiazide diuretic and/or a β-blocker as first-line therapy unless
there are indications to the contrary. Individual response to given drug classes is
highly variable and is related to the underlying variability in the abnormal patho-
physiology.

There are data to suggest that the renin-angiotensin system is more impor-
tant in young patients. The targeting of this system in patients under the age of
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50 years with a β-blocker (or ACE inhibitor), and the use of a thiazide diuretic
(or calcium antagonist) in patients over 50 years, may enable blood pressure to
be controlled more quickly.

1. Classification of Hypertension

The systemic blood pressure in any given pop-
ulation is a continuously distributed variable. This
distribution shifts to the right with advancing age,
while individual blood pressure readings for mem-
bers of the population vary according to the time
of day, level of physical activity and degree of
emotional stress. Therefore, the selection of a sin-
gle threshold level of blood pressure that separates
hypertension and normotension is likely to be mis-
leading. The current definitions and classifications
aim to define hypertension in terms of persistently
elevated levels of blood pressure that are associ-
ated with an increased risk of the recognised com-
plications of hypertension, in particular stroke and
coronary artery disease.

The World Health Organization-International
Society of Hypertension (WHO-ISH) have re-
cently published Guidelines for the Management
of Hypertension.[1] These guidelines now harmo-
nise with those of the US Joint National Committee
on Prevention, Detection, Evaluation and Treat-
ment of High Blood Pressure (JNC VI).[2] Hyper-
tension is defined as a systolic blood pressure
(SBP) of 140mm Hg or greater and/or a diastolic
blood pressure (DBP) of 90mm Hg or greater in
individuals not taking antihypertensive medica-
tion. The WHO-ISH classification of blood pres-
sure levels in adults over the age of 18 years is
shown in table I.

The current approach to the treatment of hyper-
tension emphasises that the elevated blood pres-
sure be seen in the context of the overall cardio-
vascular risk of the individual patient. The
requirement for antihypertensive therapy is not
simply based upon the magnitude of the blood
pressure elevation, but must also take into account
the presence of coexisting cardiovascular risk fac-
tors, related medical conditions and target organ

damage. The assessments of overall cardiovascular
risk can be made either by consulting tables or by
using programs such as that easily downloaded
from the British Hypertension Society web site.[3]

2. Epidemiology of Hypertension

2.1 Prevalence of Hypertension

If the WHO-ISH threshold of 140/90mm Hg (or
a level requiring antihypertensive drug treatment)
is chosen, then approximately 20% of the entire US
population are hypertensive, including the major-
ity of those aged over 80 years. A similar overall
prevalence is seen in most developed countries.
Differences in prevalence are seen between ethnic
groups in the US, with hypertension being more
common among Blacks than Whites and being as-
sociated with a higher mortality.[4] Marked differ-
ences in the prevalence of hypertension can be seen
among similar populations living in a single coun-
try. A 3-fold variation in prevalence was seen in
middle-aged men living in 24 towns in England.[5]

Most of this variation remained unexplained de-
spite consideration of other demographic variables.

Table I. Classification of blood pressure levels (from World Health
Organization-International Society of Hypertension Guidelines,
1999[1])

Category Blood pressure (mm Hg)

systolic diastolic

Normal <130 <85

High normal 130-139 85-89

Grade 1 hypertension (mild) 140-159 90-99

subgroup: borderline 140-149 90-99

Grade 2 hypertension (moderate) 160-179 100-109

Grade 3 hypertension (severe) ≥180 ≥110

Isolated systolic hypertension ≥140 <90

subgroup: borderline 140-149 <90
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2.2 Blood Pressure and Advancing Age

Blood pressure is seen to rise with age in most
Western societies. The rate of rise for blood pres-
sure tends to be greater in females than males after
the teenage years (boys of 18 years have SBP up
to 10mm Hg and DBP up to 5mm Hg higher than
girls of the same age), and greater in Blacks than
Whites.[6] Blood pressure tends to track over time
so that individuals maintain the same overall rank
position within the population. A high-normal
blood pressure in a young individual can thus be
predictive of the development of hypertension later
in life.

2.3 Secular Trends in Hypertension

A decline in population blood pressure levels
has been seen in a number of Westernised popula-
tions. The US National Health Examination Sur-
vey data indicate a decline in population blood
pressure between 1960 to 1962 and 1976 to 1980.
SBP in White males fell from 133 to 129mm Hg.[7]

Similar falls were seen in women and across ethnic
groups. The effect was particularly marked with
increasing age.

2.4 Blood Pressure and Cardiovascular
Disease Risk

The treatment of hypertension is aimed at re-
ducing morbidity and mortality from a range of
cardiovascular complications. Levels of blood
pressure are positively correlated with both cere-
bral haemorrhage and cerebral infarction. The
slope of the association with blood pressure de-
clines with increasing age (although stroke is nu-
merically much more common in the elderly). A
reduction in DBP by 5mm Hg lowers the risk of
stroke by one-third.[8] No lower level could be
identified below which the risk of stroke declined.

Levels of blood pressure are positively and con-
tinuously related to the risk of coronary artery
death or non-fatal myocardial infarction. The slope
of the association is only two-thirds that of stroke.
A 5mm Hg reduction in DBP was associated with
a one-fifth reduction in the risk of a coronary

event.[8] As for stroke, no lower level has been
identified below which the risks of myocardial in-
farction declined.

In the Framingham Study, hypertension con-
ferred a 2- to 6-fold increased risk of the develop-
ment of heart failure.[9] Hypertension was also
found to be the most important single risk factor
for the development of atrial fibrillation, confer-
ring a 1.5-fold increased risk in men and a 1.4-fold
increased risk in women. Hypertension was thus
responsible for 14% of the atrial fibrillation in
this population.[10] It was also found to be associ-
ated with a 2.5- to 4-fold increased risk of claudi-
cation.[11]

The role of hypertension as a primary determi-
nant in the development of renal disease remains
unresolved. Few individuals with essential hyper-
tension develop renal failure, but the risk rises in
line with the magnitude of blood pressure eleva-
tion.[12] Hypertension is associated with a more
rapid progression of renal damage regardless of the
aetiology.[13]

There may be ethnic differences in the types of
complications most likely to result from hyperten-
sion. In all populations, it is important to empha-
sise that prevention of stroke is the major objective,
because, of the two most common complications,
stroke has the higher relative risk, which also ap-
pears to be completely reversed by adequate treat-
ment. In populations where myocardial infarction
is more common overall, the attributable risk of
myocardial infarction is also higher in hyperten-
sive individuals; however, treatment of risk factors
other than hypertension may be necessary to re-
verse this risk.

3. Pathogenesis and Aetiology
of Hypertension

Cardiac output and peripheral vascular resis-
tance are the primary determinants of blood pres-
sure and are regulated by the interaction of many
complex physiological systems. Hypertension is
the result of abnormalities in these physiological
systems that are believed to arise from the interac-
tion of both environmental and genetic factors.
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3.1 Genetic Factors in Hypertension

The blood pressure of relatives is more similar
than can be attributed to chance. The first degree
relatives of hypertensive individuals are more
likely to be hypertensive than first degree relatives
of normotensive individuals. Adoption and twin
studies give heritability estimates for hypertension
(that proportion of total variance that can be ex-
plained genetically) of between 30 and 60%.[14]

Selective breeding has led to the development
of several hypertensive strains of rat. Genetic analy-
ses of these strains have identified a number of ge-
netic loci and individual genes of importance in
blood pressure control in this species.[15] The rele-
vance of such animal data to human essential hy-
pertension remains uncertain.

Some phenotypic characteristics show a strong
hereditary component and are linked to the devel-
opment of high blood pressure.[16] Red blood cell
sodium-lithium countertransport and urinary kalli-
krein excretion are among the best characterised.
Such linkages are complicated by two considera-
tions. Firstly, they may be secondary phenotypic
manifestations of hypertension and, secondly, they
may be spurious associations caused by the action
of environmental factors on both blood pressure
and the intermediate phenotype under study.

Both association and linkage studies[17] have
been used in human populations to relate genetic
loci or single genes to the risk of hypertension.
Such studies have identified a number of potential
genes that show variable associations with the
hypertensive phenotype. The associations are usually
weak, however, and may be found in one study
population and not in another.

A small number of hypertensive disorders with
a clearly defined genetic defect and mode of inher-
itance have been identified.[18] These monogenic
syndromes are individually too rare to arise in the
lifetime practice of most practitioners, but may
give insight into how genetic variants can alter
blood pressure and determine a patient’s best treat-
ment. All the syndromes involve low renin hy-
pertension due to excessive sodium reabsorption,
and patients usually present with stroke or severe

hypertension under the age of 30 years. These syn-
dromes clearly show the potential importance of
salt in causing hypertension; however, their early
onset may suggest that salt-sensitivity is of less im-
portance in essential hypertension, whereas low re-
nin hypertension in Caucasian patients aged less
than 60 years is the exception. Perhaps lifetime salt
intake is more important in essential hypertension,
although this remains controversial.

Could essential hypertension include further
monogenic syndromes that present later than those
described so far? The incidence of hypertension
among siblings of 6000 hypertensive patients was
determined by Brown.[19] Nearly two-thirds of pa-
tients had no known affected siblings, in nearly
one-third all siblings were affected and in <10% of
patients half the siblings were hypertensive. It was
concluded from these unexpected findings that
several more such ‘monogenic’ hypertension dis-
orders might be identified.[19]

Identification of the multiple genes that are be-
lieved to contribute to the development of hyper-
tension remains a major goal in hypertension re-
search. The number of genes involved is uncertain
and each may make a small contribution to the
overall variance in blood pressure in the popula-
tion, but may be important for an individual. Such
work has significant clinical implications. Identifi-
cation of contributory genes will enable individu-
als at risk of hypertension to be identified. An un-
derstanding of the genetic basis of hypertension
(and hence pathophysiology) in any given patient
will enable a rational targeted approach to drug
therapy for that individual. Such a view is sup-
ported by the experience of known monogenic dis-
orders, where single agents targeting an abnormal
pathway are more effective (30 to 40% reduction
in blood pressure) than in essential hypertension
(10% reduction).

3.2 Environmental Factors in Hypertension

Epidemiological associations and intervention
studies (in which the relevant environmental influ-
ence is altered) have identified a number of dietary
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and non-dietary factors that can contribute to the
development of hypertension.

Elevated blood pressure is associated with an-
droid (upper body) fat distribution in both adults
and children. Hypertensive, obese patients placed
on a calorie-restricted diet show a fall in SBP of
approximately 2 to 3mm Hg and in DBP of 2mm Hg
per kg bodyweight loss.[20]

The vegetarian diet is associated with lower lev-
els of blood pressure. When hypertensive individ-
uals consumed a vegetarian diet for 6 weeks, an
average fall in SBP of 5mm Hg was seen. This may
be due to the relatively higher intake of fibre in
vegetarians, rather than differences in dietary fat
content.[21]

Populations with a very low sodium intake (<50
mmol/day) had a substantially lower blood pres-
sure than other populations in the INTERSALT
study.[22] Sodium restriction was found to give
only modest falls in SBP of 4mm Hg and in DBP
of 2mm Hg. The response was highly variable be-
tween individuals, and elderly patients may be
more sensitive.[23] The overall lack of effect re-
flects the difficulty in reducing sodium intake suf-
ficiently. The average Western sodium intake is
150 mmol/day. Much of the sodium in the Western
diet is associated with tinned and processed food.
Interventions may reduce the sodium intake to be-
tween 70 and 80 mmol/day at best, but diets below
50 mmol/day would be required to substantially
lower blood pressure. Many of the benefits of a
reduced sodium intake could be due to the recipro-
cal increase in potassium intake that accompanies
diets restricted in sodium. A weak negative asso-
ciation exists between blood pressure and potas-
sium intake. On average, increasing the potassium
intake by 80 mmol/day lowers SBP by 5.9mm Hg
and DBP by 3.4mm Hg.[24] Such an increase re-
quires oral potassium supplements and is probably
only useful in individuals with obvious potas-
sium depletion.

Evidence linking calcium intake and blood
pressure is conflicting. The balance of epidemio-
logical data is in favour of a weak negative associ-
ation.[25] Intervention studies have not supported

an important role for calcium.[26] A weak negative
association with magnesium intake is seen in epi-
demiological studies.[27] There are insufficient
data to support a hypotensive action of magnesium
supplementation, but supplementation could be
beneficial in individuals with demonstrated mag-
nesium deficiency.

Epidemiological data support a positive associ-
ation between blood pressure and alcohol intake.
This effect is particularly marked at a consumption
in excess of 6 units daily. Blood pressure falls on
reduction of alcohol intake and can be an effective
approach in heavy drinkers.[28]

Individuals in Western society are becoming in-
creasingly sedentary. It is now generally accepted
that exercise gives protection from cardiovascular
mortality. A meta-analysis of intervention studies
also suggests that SBP could fall by 11mm Hg and
DBP by 6mm Hg in those individuals with systolic
pressures greater than 140mm Hg.[29]

Repeated exposure to psychogenic stress has
frequently been shown to be related to the devel-
opment of hypertension. High job strain is associ-
ated with a 3.1-fold greater odds ratio for hyper-
tension and an increased left ventricular mass
index by echocardiography.[30]

Low birth weight from intra-uterine growth
retardation is associated with the subsequent de-
velopment of hypertension in most surveys. It
needs to be explained why this association is not
seen in childhood, and is amplified throughout life.
One possibility is that growth retardation reduces
the number of functioning nephrons present at
birth. This cannot be reversed despite excellent
postnatal nutrition. The resulting reduction in
filtration surface leads to a limitation in the ability
to excrete sodium and subsequent development of
hypertension.[31] However, the birthweight hypo-
thesis has its critics, and will be difficult to prove.
The observation that smaller mothers have higher
blood pressure and smaller babies shows the diffi-
culty of unravelling cause and effect.[32]

Caffeine is well known for its sympathomimetic
pressor effects. The incidence of hypertension in a
32-year follow-up of 1017 former medical students
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was about 3-fold higher in those who drank up to
5 cups of coffee per day compared with non-coffee
drinkers.[33] On the other hand, the Multiple Risk
Factor Intervention Trial (MRFIT) showed that
lower blood pressure was associated with an in-
creasing caffeine intake.[34] Smoking can cause an
acute but transient rise in blood pressure.[35] Blood
pressure tends to be higher in cold weather,[36] and
the prevalence of hypertension may be greater in
those living at high altitudes[37] and those exposed
to a noisy working environment.[38]

Identification of environmental factors in the
development of hypertension has been useful in de-
termining lifestyle modifications that can reduce
blood pressure in the clinic as well as the require-
ments for antihypertensive medication.

4. Investigation of the
Hypertensive Patient

The clinical assessment and investigation of the
hypertensive patient aim to assess the overall car-
diovascular risk for the individual and to exclude a
secondary cause of hypertension. Previous intoler-
ance of medication and coexisting medical condi-
tions that could contraindicate the use of certain
classes of antihypertensive medication should be
documented. The consultation also provides the
opportunity to obtain information regarding life-
style factors, modification of which provides the
basis of nonpharmacological approaches to lower-
ing blood pressure.

4.1 Assessment of Cardiovascular Risk

The magnitude of both SBP and DBP are not the
only determinants of outcome for the hypertensive
patient. Evidence of the following risk factors
should be sought by clinical assessment and simple
laboratory tests:
• a family history of premature cardiovascular

disease
• a high risk socioeconomic group, geographical

region and ethnic group
• a sedentary lifestyle
• diabetes
• smoking

• alcoholism
• lipid profile.

The presence of cerebrovascular, cardiac, renal
and other vascular disease is associated with a con-
siderably worse outcome and should be docu-
mented.

All patients should have a thorough physical ex-
amination to determine their physical state of
health and to look for clues to an underlying cause
of hypertension. A full cardiovascular examination
with auscultation is undertaken. The radial and
femoral pulses are compared to exclude coarctation
of the aorta. The kidneys are carefully palpated and
the renal angles auscultated for the bruit suggestive
of renal artery stenosis. The presence of target or-
gan damage is sought by clinical examination and
noninvasive investigation. Fundoscopy should be
undertaken in all patients and the state of the retinal
vasculature determined. The presence of arterial
narrowing and arterio-venous crossing changes
should be documented. Retinal infarction, haemor-
rhages and papilloedema will only occasionally be
seen. Retinal photography may be undertaken.

The blood pressure should be measured seated
with the arm at the level of the heart with a device
that has validated accuracy and is properly cali-
brated and maintained. Two measurements should
be made at each visit. In cases of uncomplicated
mild hypertension, the decision to treat should be
based upon the sustained elevation of blood pres-
sure measured at monthly intervals over 4 to 6
months. In more severe hypertension, or hyperten-
sion associated with target organ damage, repeated
observation before treatment is not necessary or
warranted.

Clinical trials that have demonstrated benefit
from treating hypertension have used clinic blood
pressure readings. There is still debate surrounding
the use of ambulatory blood pressure monitoring
for the diagnosis of hypertension and the monitor-
ing of its treatment. It can be usefully undertaken
in cases with unusual blood pressure variability,
treatment-resistant hypertension (>150/90mm Hg
on 3 drugs) and in the diagnosis of white coat hyper-
tension. The latter constitutes a group of patients
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Table II. Investigation of likely causes of secondary hypertension

Condition Clinical features Screening tests Confirmation Definitive diagnosis

Renoparenchymal disease History of reflux; family history of
polycystic disease; drugs causing
renal disease; history of prostatism;
renal masses; chronic urine retention

Raised urea, creatinine; proteinuria;
abnormal urine sediment

Renal ultrasound;
creatinine clearance and
24-hour protein excretion;
isotope renogram

Renal biopsy

Renovascular disease Abrupt onset <30 or >50 years; severe
or resistant hypertension; absence of
family history of hypertension; heavy
smoking; diabetes; other symptoms
of vascular disease; deterioration in
renal function with ACE inhibitor;
abdominal or other vascular bruits

May be normal; hypokalaemia (secondary
hyperaldosteronism); proteinuria; raised
urea and creatinine due to bilateral
disease (ischaemic nephropathy)

Captopril enhanced
renogram

Angiography;
MR angiography or
spiral CT are increasingly
acceptable noninvasive
alternatives, where available

Coarctation of aorta Young age of patient; pain in legs
on exercise; cold feet; weak femoral
pulses; radiofemoral delay; murmurs
over anterior and posterior chest wall

Screening tests normal; clinical features
are indication for chest radiograph, which
may show rib notching or ‘3’ sign

Echocardiography with
colour flow doppler;
CT scan

Aortography or MR
angiography

Primary hyperaldosteronism Usually asymptomatic; cramps and
fatigue from severe hypokalaemia

Raised sodium, low potassium, raised
bicarbonate; in the majority of cases, all
these may be normal, and the diagnosis
suspected from the combination of high-
normal sodium and bicarbonate, plus
low-normal potassium

Aldosterone : renin ratio
>850

Selenium cholesterol
radionuclide scan; CT
or MRI of adrenals;
selective adrenal vein
sampling; genetic analysis
to exclude corticosteroid-
remediable aldosteronism

Phaeochromocytoma Family history of phaeochromocytoma
or associated conditions; headaches,
sweating, palpitations, dizzy spells

Abnormal 24-hour VMA collection Pentolinium or clonidine
suppression tests

CT or MRI of adrenals and
other chromaffin tissues;
MIBG radionuclide imaging;
venous sampling

Cushing’s syndrome Cushingoid features of bodyweight
gain, striae, etc.

Usually normal Overnight or low dose
dexamethasone
suppression test

Corticotropin-independent:
CT or MRI of adrenals;
corticotropin-independent:
CT or MRI of pituitary

CT = computed tomography; MIBG = meta-iodobenzylguanidine; MR = magnetic resonance; MRI = magnetic resonance imaging; VMA = vanillylmandelic acid.



with consistent hypertension in the clinic and con-
sistent normotension by ambulatory monitoring. It
must be appreciated that a difference between
clinic and ambulatory pressures is normally seen.
This difference is approximately 12/7mm Hg. This
difference is reflected in the optimal levels of blood
pressure control of less than 130/80mm Hg for non-
diabetic hypertensives when assessed by ambula-
tory monitoring.

Plasma urea and creatinine should be measured
in all individuals. Urine should be tested for the
presence of protein. Any abnormalities may re-
quire further assessment, with estimation of renal
function by measurement of creatinine clearance
and accurate quantification of 24-hour protein
excretion.

The presence of left ventricular hypertrophy
(LVH) defines a high risk group of hypertensive
patients. Clinical and ECG assessment are insensi-
tive in this regard. Echocardiography is commonly
employed to more accurately quantify LVH and
assess diastolic dysfunction.

Ultrasound or other radiological evidence of
atherosclerotic disease is not routinely sought un-
less indicated by history (transient ischaemic at-
tacks, claudication etc.) or examination (vascular
bruits, reduced pulses). Subsequent radiological
investigation is aimed at determining the severity
and distribution of disease for the purpose of inter-
vention rather than risk assessment.

4.2 Diagnosis of Secondary Causes
of Hypertension

The true frequencies of various secondary
causes of hypertension in the general hypertensive
population are uncertain, since many of the data
relate to populations with severe hypertension or
those referred specifically for exclusion of a sec-
ondary cause. The overall prevalence of all second-
ary causes is considered to be no more than 5%. It
should be appreciated that, given the low preva-
lence of all secondary causes of hypertension, a
positive screening test is neither proof nor even
strong evidence for the existence of the disease. It
is thus reasonable to begin investigation with the

simplest, cheapest and least invasive tests. Further
investigation would be indicated in patients whose
clinical assessment or screening tests are indicative
of an underlying cause, or who have atypical fea-
tures associated with their presentation. The latter
category might include new onset before the age of
20 years or after the age of 50 years, blood pressure
>180/110mm Hg, or marked end-organ damage.
Poor response to therapy without evidence of com-
pliance problems is an important reason for return-
ing to consider secondary causes later in the man-
agement of the patient.

Most medical textbooks give daunting lists of
the potential secondary causes of hypertension. A
more useful approach to the aetiology of secondary
hypertension is based upon knowing the prob-
ability of actually encountering particular condi-
tions in the course of clinical practice and guiding
the patient assessment to look specifically for
those conditions. The aetiology of secondary hy-
pertension has been addressed in a number of
published studies examining the general popula-
tion or patients referred specifically to a hospital
clinic for further evaluation.[39-43] These studies
identified renoparenchymal disease, renovascular
disease, primary aldosteronism, phaeochromocy-
toma, Cushing’s syndrome, coarctation and drug-
induced (the oral contraceptive pill) as the only
causes in a total of about 10 000 individuals. It is
conceivable that a more exhaustive search may
have identified other causes, but the yield is likely
to have been low and at the expense of costly and
invasive investigation. It is thus reasonable to plan
the investigation on the basis of these likely condi-
tions while at the same time always considering the
possibility of other potential causes. Table II shows
an approach to the diagnosis of secondary hyper-
tension based upon simple screening tests inter-
preted in the context of features suggestive of an
underlying aetiology from the history and exami-
nation. It is advocated that the following investiga-
tions are routinely performed:
• serum levels of creatinine and electrolytes,

including bicarbonate
• urinalysis for cells and protein
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• 24-hour urine collection for vanillylmandelic
acid (VMA) or metanephrines, according to
local expertise.
Other investigations of increasing sophistica-

tion may be indicated according to the clinical pic-
ture and the results of the above studies.

5. Pathophysiological Rationale
for Treatment

As previously discussed, cardiac output and pe-
ripheral resistance are the primary determinants of
the systemic blood pressure. The development and
persistence of hypertension are therefore due to ab-
normalities in the control of either or both of these
primary determinants. An increase in cardiac out-
put is seen in some young hypertensive patients
and may be involved in the development of hyper-
tension, although the typical haemodynamic find-
ing in patients with established hypertension is one
of normal cardiac output and elevated peripheral
resistance.[44] Given our current ignorance about
the specific causes of hypertension, most of the
pharmacological (and nonpharmacological) treat-
ments of hypertension are aimed at reducing pe-
ripheral resistance and/or cardiac output through
modulation of the physiological regulatory path-
ways.

5.1 Determinants of Cardiac Output and
Peripheral Resistance

An increase in cardiac output can arise from
either an increase in myocardial contractility due
to neural stimulation of the heart or an increase in
preload. Preload is itself dependent upon the level
of venous tone and the circulating fluid volume.
Peripheral resistance is determined by both func-
tional constriction and structural hypertrophy of
the arterial resistance vessels. We are able to ma-
nipulate these parameters in the following ways:
• direct inhibition of renal sodium and water

retention
• blockage of sympathetic nervous activity, either

centrally or peripherally
• inhibition of the renin-angiotensin system, result-

ing in reduction in arterial tone and blockade of
aldosterone-mediated salt and water retention

• arteriolar dilation by direct action on the vessel
wall to block smooth muscle contraction.
The current range of antihypertensive medica-

tions act through one or more of these systems to
effect a fall in blood pressure. This is summarised
in table III.

5.2 Selection of Appropriate Drug Therapy

Appropriate drug therapy should be initiated
after a trial of, or in addition to, nonpharmaco-

Table III. Mechanism of action of the main classes of antihypertensive agents

Class Example Principal mechanisms of action

β-Blockers Atenolol, metoprolol Reduction in cardiac output; reduction in α-adrenoceptor–mediated
arteriolar tone; reduction in β-adrenoceptor–mediated renin release

Thiazide diuretics Bendrofluazide,
hydrochlorothiazide, indapamide
(thiazide-related)

Promotion of salt and water excretion; direct arteriolar dilation

α-Blockers Doxazosin, prazosin Reduction in α-adrenoceptor–mediated arteriolar tone

ACE inhibitors Captopril, enalapril, lisinopril,
perindopril

Blockade of effects of angiotensin on arteriolar tone, and aldosterone on
salt and water retention

Angiotensin antagonists Candesartan, irbesartan,
losartan, valsartan

As for ACE inhibitors but selectively block the AT1 receptor subtype

Calcium antagonists Amlodipine, diltiazem, nifedipine,
verapamil

Arteriolar dilation

Vasodilators Hydralazine, minoxidil Arteriolar dilation

Central acting Clonidine, methyldopa,
moxonidine

Central sympathetic blockade
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logical methods of blood pressure control. The se-
lection of initial drug therapy is influenced by a
number of factors:
• strength of evidence for a reduction in cardio-

vascular complications
• known tolerability and adverse-effect profile of

the different drug classes
• coexisting medical conditions that either favour

or limit use of particular drug classes
• cardiovascular risk profile of the individual
• likely response to different drug classes based

on age and ethnic group.
The best data available in terms of outcome are

still for thiazide diuretics and β-blockers, in that
order, although data are accumulating for other
drug classes, particularly calcium antagonists and
ACE inhibitors. Since it is already clear that blood
pressure on treatment is the best predictor of out-
come, it is likely that in any individual patient the
best treatment is the one that lowers blood pressure
the most. Given that hypertension is a hetero-
geneous disorder with regard to aetiology, it is also
to be expected that the individual patient response
to different drug classes is also highly vari-
able.[45,46]

This variable response has been studied by
Dickerson et al.,[47] who conducted a prospective
rotation of 4 major drug classes (ACE inhibitor,
β-blocker, calcium antagonist and diuretic) in
young hypertensive patients. A significant vari-
ability in response was found. In addition, it was
discovered that there were correlations between the
response to ACE inhibitors and β-blockers and also
between the response to diuretics and calcium an-
tagonists. The probable drug response was also re-
lated to patient age. Patients under the age of 50
years were more likely to respond to an ACE in-
hibitor or a β-blocker, whereas patients over the
age of 50 years were more likely to respond to the
diuretic or calcium antagonist. These findings can
be explained by the efficacy of ACE inhibitors and
β-blockers in high renin hypertension and the effi-
cacy of diuretics and calcium antagonists in low
renin hypertension. Younger patients are more

likely to have high renin levels contributing to their
hypertension, but this becomes less likely with age.

Use of these data concerning the correlations
between drug response and the importance of the
renin-angiotensin system in young hypertensive
individuals suggests a scheme for drug prescrib-
ing in hypertension that aims to optimise the like-
lihood of obtaining a good response in individual
patients. This approach is shown in figure 1. It
should be pointed out that the currently available
data still support the first-line use of diuretics and
β-blockers in the management of hypertension.
This scheme suggests that an appropriate first-
choice therapy would be a diuretic in the elderly

Patient with hypertension

Young Old
High renin
High relative cardiovascular risk
Low absolute cardiovascular risk

Low renin
Low relative cardiovascular risk
High absolute cardiovascular risk

Step1

Step 2

Step 3

Step 4 
(resistant
hypertension or
drug intolerance)

A or B C or D

C or D

C or D

A or B

A or B

Add or substitute an α-blocker

+

Fig. 1. The Cambridge AB/CD rule for optimisation of anti-
hypertensive treatment. A = ACE inhibitor; B = β-blocker; C =
calcium antagonist; D = diuretic. Steps 1 and 2 are mono-
therapy, with the order influenced by the patient’s renin status.
This is partly determined by the patient’s age and ethnic group,
permitting initial selection without actual measurement of renin.
Steps 3 and 4 are combination therapy. Progress to each step
is determined by failure to meet treatment target. Drugs A and
B block the renin-angiotensin system, whereas drugs C and D
stimulate it.[47]
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and a β-blocker in younger patients. More data on
the comparison of older and newer drugs will be
available in 2000.[48] The current treatment guide-
lines are based upon clinical trials comparing sin-
gle therapies with optional additional therapies to
reach a goal blood pressure. Most such strategies
will therefore result in patients receiving combina-
tion therapies rather than single treatment. This
results from the fact that for most patients their
randomly chosen first drug is unlikely to be that
agent to which they have the best response. Any
treatment will tend to have a placebo effect and this
will be compounded by a tendency for treatment
values to regress to the mean. It is thus difficult for
the prescribing physician to detect a nil-effect
drug. The data from the rotational study may facil-
itate treatment selection and should be seen as
complementing existing treatment guidelines.

6. Conclusions

Hypertension is a common condition associated
with serious morbidity and mortality. Treatment
by nonpharmacological and pharmacological
means should be considered in individuals with a
blood pressure greater than 140/90mm Hg. The
current best trial evidence favours the use of a
thiazide diuretic and/or a β-blocker as a first-
choice therapy. The initial selection of these agents
can be guided by the age of the patient at presen-
tation: younger patients (under 50 years) respond
to a β-blocker (or ACE inhibitor), whereas older
patients (over 50 years) respond to a diuretic (or
calcium antagonist). Further understanding of the
genetic basis of hypertension may enable us to
identify the specific abnormalities underlying the
rise in blood pressure in any given individual. The
future may see us targeting specific abnormal sys-
tems in a given individual with specific drug
classes.
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