
demands multidisciplinary teams with considerable skills to
carry out and, above all, interpret the tomograms. Neverthe-
less, experience from over 50 centres in the world has shown
that this essentially non-invasive technique can provide
unique quantitative functional information and that it is an
important addition to our understanding of the pathogenesis
and evolution of human disease.
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Regular Review

Treating mild hypertension

Agreementfrom the large trials

Report of the British Hypertension Society working party

It is now generally accepted that treating moderate or severe
hypertension improves the prognosis. With malignant hyper-
tension the improvement was sufficiently clear for historical
comparisons to justify active treatment,'5 and benefit in more
moderate but still severe hypertension was shown in small
studies of simple design.67 Although the risks of milder
hypertension have been shown,8 the value of treating those
without evidence of damage to end organs such as the heart,
kidney, and eye has until recently remained untested. Many
large, carefully designed studies were, however, started in the
1970s to test the value of treatment (table I).
The last of these studies was reported in 1987,20 and no

major prospective trial remains to be reported in the immediate
future. The British Hypertension Society accordingly set up a
working party to establish how far it is possible to give
firm advice about treating patients with mild hypertension.
Although reached independently, our conclusions are broadly
consistent with those reached by a recent joint conference
organised by the World Health Organisation and the Inter-
national Society of Hypertension.2"

The large scale trials have used fundamentally different
control groups. Some have employed placebo9'" 13-15 or un-
treated 12 16 controls; others have compared two forms of
treatment. In two trials regimens based on 13 blockers have
been compared with regimens that have specifically excluded
1 blockers.'920 In addition, the Medical Research Council
study allocated patients in the treatment group to regimens
based upon bendrofluazide or propranolol.15 These three last
studies therefore deal with the question of possible specific
benefit from 13 blockers. Two United States trials compared
multiple interventions carried out by specialist physicians
with usual ("referred") care.'7 18 The absence of an untreated
control group in these studies reduces their relevance in
assessing the value of treatment. The design of these trials and
a summary of the main results are presented in tables I and II.
The effect of antihypertensive treatment (as opposed to

multifactorial treatments) may be assessed only from trials
that included an untreated or placebo treated control group.
There are appreciable differences in the incidence of end
points (such as deaths or cardiovascular events) among these
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trials because of differing exclusion criteria. Four of the trials
showed few cardiovascular events even in the control group,
and, although the incidence of cerebrovascular events tended
to be lower in the treated subjects, these trials have insufficient
statistical power.9'2 Four trials with placebo treated or
untreated control groups"3-'6 showed a reduction in cerebro-
vascular events of a third to a half; this reduction was
significant in three of the trials.'3 516 It is more difficult to
assess benefit in the two trials in which the control population
was referred for "usual care." In the study organised by the
hypertension detection and follow up program (HDFP)
cooperative group there was also a reduction in strokes of a
third.'7 No reduction in strokes was observed in the hyper-
tensive subgroup of the multiple risk factor intervention trial
(MRFIT), but the incidence in the control group was low,
suggesting that these observations may have been unduly
influenced by a high standard of "usual care" in the control
group. '8
By contrast, the only trial with a placebo treated or

untreated control group to report a significant reduction in
cardiac mortality was that of the European working party on
high blood pressure in the elderly (EWPHE).'4 Treatment
may have reduced deaths from acute left ventricular failure
and cardiac causes other than coronary artery disease. This
may be a particular feature of the elderly population recruited
in this study. The hypertension detection and follow up
program trial reported a small reduction in the number of

coronary deaths, although this was confined to the category
myocardial infarction (51 v 69 deaths) and was not observed in
the category other ischaemic heart disease (80 v 79). '7 The
multiple risk factor intervention trial showed no reduction in
deaths from coronary heart disease. '8
McMahon et al carried out a pooled analysis of nine of the

trials listed in table I9-1' 17 18 and concluded that for an overall
reduction of diastolic blood pressure of 5 *7mm Hg there was a

38% reduction in non-fatal strokes.23 Although there was a

slight overall trend for reduction in fatal and non-fatal

TABLE I-Summary ofdesign of large controlled trials oftreatment in mild hypertension

Age Diastolic blood Mean (or range)
No of subjects range pressure at entry duration of

recruited (years) (mm Hg) tollow up (years) Control treatment

Untreated controls
V'eterans Administration cooperative studv on antihvpertensive agents' 380* 5 lt 90-114 3 3 Placebo
United States Public Health Services hospitals cooperative study"' 389 21-52 90-144 (6 5-9-0) Placebo
Veterans Administration-National Heart, Lung and Blood Institute

feasibility trial' 1012 21-50 85-105 1-5 Placebo
Oslo trial" 785* 40-49 95-1091 5-5 None
Australian therapeutic trial in mild hypertension" 3427 30-69 95-109 4-0 Placebo
European working party on hypertension in the elderly" 840 >60* 90-119 4-7 Placebo
Medical Research Council trial of treatment of mild hypertension' t -17354 35-64 90-109 5-5 Placebo
Hypertension in elderly patients in primarv care" 884 60-79 105-120t 4-4 None

Treated controls
Hypertension detection and follow up program'- 10940 30-69 90* 5-0 Referred care
Multiple risk factor intervention trial" 8012* 35-57 90-1145 (6 0-8 0) Usual care
International prospective primary prevention study in hypertension" 6357 40-64 100-125 (3-0-5 0) Non-83 blocker drugs (compared with

regimens containing oxprenolol)
Heart attack primary prevention in hypertension2" 6569* 40-64 100-130 3 7 Diuretics and non-l3 blockers (compared

with regimens containing metoprolol or
atenolol)

*Men only. tMean. tSystolic blood pressure > 150 mm Hg. §0r receiving treatment.

TABLE II-Main results oflarge controlled trials oftreatment in mild hypertension

Control group Treated group

No of coronary events No of cerebrovascular events No of coronary events No of cerebrovascular events
No of No of

subjects Fatal Non-fatal Fatal Non-fatal subjects Fatal Non-fatal Fatal Non-fatal

Untreated controls
Veterans Administration cooperative study on

antihypertensive agents' 194 11 2 7 13 186 6 5 1 4
United States Public Health Services hospitals

cooperative study" 196 4 6 2 193 2 7
Veterans Administration-National Heart, Lung and

Blood Institute feasibility trial" 504 5 508 2 6
Oslo trial" 379 2 8 2 3 406 6 8
Australian therapeutic trial in mild hypertension" 1706 11 22 6 16 1721 5 28 3 10
European working party on hypertension in the

elderly" 426 47* 31* 416 29* 21*
Medical Research Council trial of treatment of mild

hypertension" 8654 97 137 27 82 8700 106 116 18 42
Hypertension in elderly patients in primary care" 465 28 10 15 29 419 25 10 4 19

Treated controls
Hypertension detection and follow up program' 5455 148 41 52 106 5485 131 40 29 73
Multiple risk factor intervention trial" 3993 79* 9* 4019 80* 11*
International prospective primary prevention study

in hypertension" 3172t 3 55 8 21 3185t 3 43 3 24
Heart attack primary prevention in hypertension"' 3272t 50 75 10 32 3297t 54 84 3 29

*Number is of fatal and non-fatal coronary and cerebrovascular events. tTreated with regimens other than l; blockers. tTreated with 1J blockers.
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Recommendations

* Treat patients under 80 with diastolic pressures over 100
mg Hg for three to four months

* Observe patients with pressures of 95-99 mm Hg every
three to six months

* Use either diuretics or 13 blockers as first line treatment

* Use other agents if these are contraindicated, ineffective,
or poorly tolerated

* Warn all patients against smoking and heavy alcohol
intake

* Advise weight reduction in obese patients.
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TABLE iii-Rate ofstroke (per 1000 patientyears) in the MedicalResearch Council trial oftreatment ofmild hypertension and ofcardiovascular end points in the Australian therapeutic
trial in mild hypertension

Medical Research Council trial Australian trial

Group given Group given Group given Group given
Diastolic blood pressure at entry to study (mm Hg) placebo active treatment Difference placebo active treatment Difference

<95 1-4 0-8 0-6
95-99 2-3 1-8 05 233 156 67
100-104 3-1 1-6 1 5 24 5 17-5 70
- 105 44 1-4 3-0 30 5 20 7 9-8

TABLE IV-Rate ofend points (per 1000 patient years) in the Australian therapeutic trial in mild hypertension related to diastolic blood pressure at entry and average blood pressure
during the trial

Blood pressure at entry (mm Hg)

95-99 100-104 105-109

Active treatment Placebo treatment Active treatment Placebo treatment Active treatment Placebo treatment

Average diastolic blood pressure during trial (mm Hg)
<90 12 1 20 5 176 14 7 12-2
90-94 248 15-7 144 17 8 199 12 3
95-99 69-8 24-6 38-4 19 3 58 4 25 4
- 100 46-2 62-2 131-6 64 6

Overall rate for each entry blood pressure 15 6 22-3 17 5 24-5 20-7 30 5

coronary events (8%), this was not significant (95% con-
fidence interval -21% to 6%).
There is strong evidence that within the range of blood

pressure studied in these trials drug treatment of mild
hypertension reduced the risk of stroke by between a third
and a half. By contrast, it is not established that the incidence
of fatal or non-fatal myocardial infarction is reduced. The
reason for the differential impact of treatment is unknown but
may be related to hypertension being the preponderant risk
factor for strokes but only one of several risk factors for
ischaemic heart disease.

Five criteria for starting
The impressive reduction in the risk of stroke is valuable

to hypertensive patients only if their individual risk is
appreciable. The significant reduction in stroke rate of 1 2 per
1000 patient years of treatment in the Medical Research
Council (MRC) trial was interpreted as "an important but
infrequent benefit."5 In the Australian national blood
pressure study the reduction in the rate of end points in the
treated group was 4 8 per 1000 patient years on an intention to
treat basis and 7 3 per 1000 patient years using an on
treatment analysis.'3
We do not believe that drug treatment should be advocated

for all patients meeting the entry criteria of these published
trials. If a single casual diastolic blood pressure measurement
of 90 mm Hg or over were used as a criterion for treatment
more than a fifth of adults would receive drug treatment; both
the economic costs and the exposure of patients to adverse
drug reactions would be unacceptable. The indications for
treatment should be limited by selecting patients at higher
risk. We suggest five criteria for identifying high risk patients
with mild hypertension: blood pressure level, repeated
measurement of blood pressure over a prolonged period, age,
gender, and other cardiovascular risk factors.

BLOOD PRESSURE LEVEL

The higher the blood pressure the greater the risk of stroke
and heart attack. Thus the rate of stroke was correlated with
blood pressure at entry in both the MRC and the Australian
study. 3I5 Further, in the MRC study the absolute reduction

in stroke rate (but not the proportionate reduction) was
greater among patients with the higher blood pressures.5 A
similar relation was seen for total cardiovascular end points
and blood pressure in the Australian study (table III). In both
trials the apparent benefits of treatment were greater in
patients with a diastolic blood pressure at entry of 100mm Hg
or more.

REPEATED MEASUREMENT OF BLOOD PRESSURE OVER A

PROLONGED PERIOD

Though stratification of mild hypertension by initial blood
pressure helps to identify a group of patients who will derive
greater benefit from treatment, the gradient of benefit with
increasing blood pressure is not steep (table III). Discrimina-
tion of a high risk group may be improved by repeated
measurements over a prolonged period.
Thus in the Australian study almost two thirds of the

placebo treated group had an average diastolic blood pressure
throughout the study of less than 95 mm Hg. The rate of end
points in these patients was no higher than those in treated
patients. Average data are not available for the MRC trial, but
between a third and a half of patients taking placebo had
diastolic blood pressures of less than 90 mm Hg at each yearly
measurement. These were not, however, the same patients on
each occasion, although 18% of the placebo treated patients
had a blood pressure of less than 90 mm Hg on the first three
anniversary visits and 23% on two. Observations over a
prolonged period also showed some patients whose blood
pressure rose to values at which the need to treat is no longer
debatable. About a fifth of men and 15% of women in the
MRC trial were withdrawn from the placebo group by the
fifth year of follow up because their blood pressure had risen
high enough to necessitate treatment. These figures represent
1011 subjects in the placebo group compared with 76 subjects
in the actively treated group. In the Australian study diastolic
blood pressure rose to over 110 mm Hg in 12 2% of the
placebo group. Subjects whose diastolic blood pressure
averaged 100 mg Hg or more during the Australian study
showed a much higher incidence of end points: further, the
discriminant value of this average was much greater than that
of the initial blood pressure (table IV).
A sustained fifth phase diastolic blood pressure of 100 mm
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Hg or more on repeated measurement should therefore
discriminate patients most likely to benefit from drug treat-
ment. Patients with sustained blood pressures of95 mm Hg or
below should not usually be treated pharmacologically,
whereas patients with diastolic blood pressures above 95 mm
Hg but below 100 mm Hg should be monitored regularly and
treated only ifthe pressure rises to 100mm Hg or more, unless
the decision to treat is influenced by other risk factors.

Although the average data from the Australian trial were
obtained from measurements over three to four years, this is
probably unacceptably long for routine clinical practice. In
both the MRC and Australian studies diastolic blood pressure
in the group taking placebo fell to fairly stable values over
three to four months, and we suggest this as a period over
which measurements are made before a final decision about
treatment is reached. We suggest therefore that patients with
initial diastolic blood pressures of 96-110 mm Hg should be
observed regularly (perhaps every two weeks) for three
months. If their average diastolic blood pressure is 100 mm
Hg or more they are likely to benefit from drug treatment.
Average blood pressures in the upper part of this range may
need acting on in a shorter period (for example, one to two
months).

AGE

Both the European working party on high blood pressure in
the elderly and the hypertension in elderly patients trials
showed similar proportionate reductions in cerebrovascular
events in subjects over 60.14 16 22 In the European study there
were no benefits from treatment in patients aged over 80. As
the absolute rate of stroke is higher in the elderly the potential
benefit to the individual patient is correspondingly greater.
There is therefore no justification for withholding antihyper-
tensive drugs from the elderly (at least those under 80) on the
grounds of age alone; indeed, the evidence in favour of
treatment is greater than in younger age groups. At the same
time, hypertension is more common in the elderly so that the
population potentially exposed to drugs is correspondingly
larger. In addition, tolerance of and compliance with drugs
may be poorer in the elderly and, in particular, excessive or
sudden lowering of blood pressure may be hazardous. More
frequent, careful monitoring of elderly patients and a more
gradual reduction of blood pressure may therefore be necess-
ary.

GENDER

Overall mortality and rates of stroke and myocardial
infarction were lower in women than men in the hypertension
detection follow up program and MRC trials.515 These are the
only two relevant trials to report data separately for men and
women (apart from the small study reported by Hamilton
et a16); the reduced rate for these events makes it more difficult
to show benefit from treatment in women. A pooled analysis
of these two trials, however, shows a similar proportionate
reduction in the rate of stroke for women (43%) and men
(37%).23 Gender is thus only a marginal factor in determining
the outcome of treatment in patients with mild hypertension,
although the absolute benefits oftreatment are greater in men.

OTHER RISK FACTORS

If patients have risk factors such as damage to end
organs (including left ventricular hypertrophy), hyper-
cholesterolaemia, diabetes, history of smoking, or a strong
family history of heart diseases then their risk from hyper-
tension is substantially increased and there is a greater

urgency and need for treatment. It may therefore be desirable
to treat people who would not meet the other criteria for
treatment. Unfortunately, none of the published studies has
been designed specifically to consider this point. But the
importance of stopping smoking cannot be overemphasised:
in the MRC trial, for instance, the risks of smoking sub-
stantially outweighed the benefits of antihypertensive treat-
ment.1'

Initial treatment
Three studies have examined the question of benefit or

harm specific to particular drugs. In the MRC study patients
were randomised to be treated with 13 blockers or diuretics. In
the international prospective primary prevention study in
hypertension (IPPPSH) patients were randomised to regimens
that contained the 1 blocker oxprenolol or excluded
13 blockers.'9 Neither trial showed a significant difference in
the incidence of myocardial infarction between the two
groups. As most patients in the international study received a
diuretic the possible selective effects of diuretics could not be
examined.'9 In the MRC trial about a tenth of the 13 blocker
group received diuretics and vice versa.'5 Despite this there
were half as many strokes in the group treated with diuretics.
This may, however, have been caused by the lower blood
pressures attained in this group, as in another study the
incidence of stroke was lower in those treated with 13 blockers
than in those treated with diuretics. In this third study, in
which crossover of diuretics and 13 blockers was avoided,
there was again no evidence for specific drug related effects on
myocardial infarction.20
These three trials and subgroup analysis of another'6 are

concordant in not supporting the hypothesis that 1 blockers
have a specific "cardioprotective" effect in patients with mild
hypertension and no clinical evidence of ischaemic heart
disease. The actively treated patients in the European work-
ing party on high blood pressure in the elderly study-despite
evidence for metabolic effects induced by diuretics -showed
a fall in cardiac mortality.'4 Likewise, the MRC and heart
attack primary prevention in hypertension (HAPPHY) studies
do not support the contention that the metabolic effects of
diuretics increase the rate of myocardial infarction in mild
hypertension. At the end of the heart attack primary pre-
vention in hypertension study the trial was continued for
most of the patients treated with metoprolol and their
controls. Total deaths and deaths from coronary heart disease
and stroke were significantly lower in patients receiving
metoprolol.24 The reason for the divergence between these
results and the outcome of the original study is unknown.

Retrospective subgroup analysis of two studies showed a
possible interaction between smoking and treatment with 1
blockers. Thus the rates of coronary events, stroke, and total
cardiovascular events in non-smokers taking propranolol
were reduced in the MRC study whereas propranolol had no
impact on these rates in smokers.'5 No such relation was seen
with bendrofluazide treatment. Non-smoking men treated
with oxprenolol in the international prospective primary
prevention study in hypertension also showed a reduction in
cardiac events, although when the results for men and women
were pooled the interaction between treatment and smoking
was non-significant. Smoking did not affect the rate of stroke
in patients treated with 13 blockers. The heart attack primary
prevention in hypertension trial showed no preferential
benefit of 13 blockers in non-smokers. This might be attributed
to using a selective 13 blocker in this study (metoprolol or
atenolol), but it is more likely that the interaction between
smoking and treatment is an artefact of retrospective sub-
group analysis.
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We thus conclude that ( blockers or diuretics are equally
acceptable first line treatments for mild hypertension. The
only contraindications are the established clinical ones for
individual patients. Unfortunately, these large scale trials
have not used newer antihypertensives such as calcium
antagonists and angiotension converting enzyme inhibitors.
There are therefore no comparable data for these widely used
drugs, and we urgently need large scale comparative trials to
assess the role of these agents as first line treatments in mild
hypertension.

How far should blood pressure be lowered?
A recent retrospective study of902 patients treated with the

cardioselective I; blocker atenolol reported a "J shaped"
relation between deaths from myocardial infarction and
treated diastolic blood pressure: mortality was at its nadir
with treated diastolic blood pressures of 85 to 90 mm Hg.25
This was not observed with stroke and was seen only in
patients with evidence of ischaemic heart disease before
treatment. A similar J shaped curve was reported in the heart
attack primary prevention in hypertension study, which
excluded patients with ischaemic heart disease. Whether this
is a genuine treatment effect related to reduced coronary
perfusion remains to be seen. Thus a similar relation was
found in untreated patients in the hypertension in elderly
patients study26 and by Anderson in a reanalysis of Framing-
ham data.27 It might be argued therefore that low diastolic
blood pressures were a marker for established cardiac disease,
although there was no overt evidence of such disease in the
heart attack primary prevention in hypertension study. These
observations do not provide a sufficient basis for firm advice,
but if they were confirmed a diastolic blood pressure of 85-90
mm Hg would be the aim of treatment.

Systolic blood pressure
Systolic blood pressure is an important risk factor and in

some studies has proved a better predictor of strokes and heart
attacks than diastolic pressure. The reported trials have,
however, been designed primarily to assess the importance of
reducing diastolic blood pressure. Although factors such as
obesity and alcohol intake are epidemiologically associated
with both systolic and diastolic blood pressures, the patho-
genesis of systolic blood pressure may be different in many
patients. In elderly people it reflects loss of elasticity in the
large arteries ("Windkessel" vessels); thus findings on treat-
ing diastolic pressure may not readily be extrapolated to
lowering systolic blood pressure. In the hypertension in
elderly patients trial no benefit could be shown from treating
isolated systolic hypertension. Studies underway may throw
light on this important question. Until they are reported we
cannot give firm advice on treating isolated systolic hyper-
tension.

Conclusions
Although the large scale trials of treating hypertension are

characterised by widely divergent protocols, examining trials
in detail yields a fairly concordant picture. On the basis of
existing evidence we suggest that drug treatment of mild
hypertension is indicated in men and women under 80 whose
diastolic blood pressure averages 100 mm Hg or more over
three to four months. Patients with a diastolic blood pressure
of95-99mm Hg over this period should not usually be treated
but should be carefully followed up at intervals of three to six
months. Patients whose blood pressure is initially raised but

falls below 95 mm Hg should have their blood pressure
measured yearly. All patients should be warned against
smoking and heavy alcohol intake, and dietary weight
reduction may be advised. First line treatment with a diuretic
or ( blocker is equally acceptable; other agents may be
necessary when these drugs are contraindicated or ineffective.
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