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Abstract
Objective-To establish whether stress manage-

ment had a larger effect than a control treatment on
resting blood pressure, ambulatory blood pressure,
and left ventricular mass.
Design-A 12 week baseline period of habituation

to measurement of blood pressure was followed by
randomisation to either stress management or mild
exercise for six months and follow up six months
later.
Setting-General practice, district general

hospital, and medical school.
Patients-Of the 184 patients aged under 60 with

mild primary hypertension who entered the baseline
habituation period, 88 were excluded because they
failed to meet the entry criteria or they withdrew
from the study. The remaining 46 men and 50 women
underwent treatment.
Interventions-10 clinical sessions and daily

practice at home of either stress management based
on relaxation or non-aerobic stretching exercises.
Mildly stressful 15 minute interviews before and
after treatment.
Main outcome measures-Diastolic and systolic

blood pressure in the clinic and during 12 hours of
ambulatory recording, and left ventricular mass
measured by echocardiography.
Results-The patients' blood pressure fell during

habituation (systolic pressure from 152 mmHg to
140mm Hg, diastolic pressure from 98 to 93 mmHg),
but neither resting nor ambulatory blood pressure
was changed by the treatments. Left ventricular
mass was also unchanged. Blood pressure rose
during the stressful interview, but this rise was
reduced by stress management (systolic pressure
rose by 7*4 mmHg before treatment and by 3-7
mmHg after treatment).
Conclusion-Stress management of a type

advocated for treating mild primary hypertension is
ineffective in lowering blood pressure in patients
who are well habituated to measuring blood pressure.

Introduction
Raised blood pressure is associated with increased

risk of cardiovascular disease. Even the mild increases
in blood pressure found in up to a fifth of adults are
associated with a higher incidence of myocardial
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infarction and stroke.' Pharmacological treatments
that lower blood pressure, however, do not have a
substantial effect on the risk of coronary heart disease
or overall mortality in patients with borderline or mild
hypertension.2 3 The drugs may be associated with
pronounced side effects that may offset the beneficial
effects on blood pressure.4 Consequently various
behavioural methods of reducing blood pressure have
been advocated, many entailing some form of stress
management based on relaxation.'2 In many of these
studies blood pressure was apparently reduced by
stress management,'3 and one study showed that stress
management might reduce cardiovascular morbidity.'4
These studies, however, variously suffer from small
sample sizes, inadequate control groups, short baseline
periods with infrequent measurements of blood
pressure (so that blood pressure may not have stabilised
before treatment), and reliance on casual measurement
of blood pressure at clinics (which might have been
more readily influenced by relaxation techniques).
We carried out a randomised controlled trial of a

standardised form of stress management in patients
with untreated primary hypertension recruited in
general practice. Stress management was compared
with a programme of mild stretching exercises,
which shared many non-specific elements with stress
management and therefore served as a useful control.

Subjects and methods
Seven general practices referred patients for

inclusion in the study if their diastolic blood pressure
on at least two out of three occasions in one month
was 90-104 mmHg if they were aged 35-59 or 85-
104 mmHg if they were aged 18-34. If patients were
referred with slightly higher blood pressures than
those specified they were included in the baseline phase
of the study but were excluded if their blood pressures
were still too high at the end of this phase. We also
excluded patients who had received antihypertensive
drugs in the previous six months; had a history of
coronary heart disease; were more than 70% over the
desirable weight for their height, sex, and frame"; or
consumed more than 60 units of alcohol a week if a man
or 40 a week if a woman. A member of the research
team interviewed the patients to explain the purpose of
the study, to obtain their informed consent, and to
train them to take their own blood pressure while
seated. The patients then measured their blood
pressure twice daily for three months with an aneroid
sphygmomanometer with built in stethoscope so that
they were habituated to the procedure. They retumed
their records monthly to us by post, and they also
attended the hospital for a medical examination to be
screened for secondary hypertension or concurrent
illness requiring treatment. At this examination we
drew blood samples for measurement of random
cholesterol and creatinine concentrations, liver
function tests, and a full blood count. We also measured
blood pressure, recorded an electrocardiogram, and
estimated left ventricular mass byM mode echocardio-
graphy.
At the end of the three month baseline phase

the patients were seen for a formal assessment and
allocation to treatment by one of two assessors, who
were trained in measuring blood pressure. After the
patients had rested for five minutes their blood
pressure was measured three times while they were
seated with a Hawksley random zero sphygmomano-
meter and an appropriately sized cuff. The patients'
blood pressure was also determined every 30 minutes
from 10 am to 10 pm on a normal working day with
an A and D 2240 ambulatory blood pressure sphygmo-
manometer. Patients were admitted to the study if the
mean diastolic pressure (phase V) of the second and

third readings obtained with the patients resting was
within the pressures specified for entry into the study
or if the median ambulatory diastolic pressure was 85-
104 mm Hg for patients aged 35-59 and 80-104 mmHg
for patients aged 18-34. Patients with a mean resting
systolic pressure over 170 mm Hg were excluded.
The patients' blood pressure was also measured with

a Takeda UA75 1 automatic sphygmomanometer
before and after a mildly stressful interview of
15 minutes' duration designed to elicit type A be-
haviour.'6 Measurements with the Hawksley and
Takeda sphygmomanometers were repeated at the end
of treatment by the same assessors, who were blind
to the treatments the patients had received, and
ambulatory blood pressure was also recorded. Six
months later follow up assessment was carried out, in
which resting blood pressure was measured with
Hawksley and Takeda sphygmomanometers.
The patients were allocated to a treatment and a

therapist with a minimisation algorithm to balance the
groups. 7 The binary balancing criteria used were sex,
resting diastolic pressure of 95 mm Hg (Hawksley
sphygmomanometer), ambulatory diastolic pressure of
90 mmHg, age 35, body weight 120% of the ideal
weight, and alcohol consumption of 14 units a week for
women and 21 for men.
The patients were treated individually and usually in

a general practice unless they preferred to be seen at the
hospital. They attended 10 sessions, each lasting about
30 minutes, over six months with eight of the sessions
in the first three months. Stress management was based
primarily on passive relaxation, meditation, and the
use of relaxation in daily life. It followed the protocol
developed by Patel and colleagues,5 6 and we had used it
before.'8 The patients received a booklet describing the
stages of the treatment and were encouraged to practise
daily and to keep records of the time spent and their
success. The control programme of mild exercises was
designed to match the stress management as closely as
possible. These patients also received a booklet and
were encouraged to keep a record of the exercises
practised at home. The simple stretching exercises
were designed to increase mobility and were not
aerobic exercises that might be expected to have a
direct effect on blood pressure. They were designed to
use most of the main muscle groups and comprised
simple procedures such as rotation of the head,
shoulder, arm, and trunk; ankle rotation and toe
pointing; and leg raising and swinging while resting
against a chair or table. The patients gradually increased
the range of exercises they carried out and the number
of repetitions. The therapists (DWJ, AG, and JK),
who carried out both treatments, were clinical psy-
chologists experienced in using methods based on
relaxation.
The differences between the groups before treatment

were tested by uncorrelated t test. Changes in each
group during treatment were tested by correlated t test.
The differences between the groups after treatment
were tested by analysis of covariance with the pre-
treatment value of the variable being analysed as the
covariate. The effect of the stressful interview on the
two groups was analysed by repeated measure analysis
of variance with the two repeated measures being
before and after the interview and before and after
treatment. The type of treatment was the between
subject factor. Weight was controlled for in all
comparisons of left ventricular mass.

Results
Of the 184 patients who were referred to the study

and who entered the baseline phase, 88 were excluded
from treatment: 32 whose blood pressure was too
low; 13 whose blood pressure was too high; six who
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exceeded the criteria for weight or alcohol consump-
tion; seven with suspected secondary hypertension or
coexistent disease requiring treatment; and 30 who
withdrew from the study. Of the 96 patients remaining,
48 were allocated to stress management and 48 to mild
exercise.
The two groups were well matched for weight, age,

blood pressure, left ventricular mass, serum cholesterol
concentration, and -y-glutamyltransferase activity
(table I). We mistakenly treated one patient whose
systolic blood pressure was above the limit specified,
and we withdrew her from the study after the post-
treatment assessment. Five patients practising stress
management dropped out of the study, as did seven

TABLE i-Characteristics of mildly hypertensive patients randomised to either stress management or mild
exercise

Stress management (n=48) Mild exercise (n=48)

Mean (SD) Range Mean (SD) Range

No ofmen 24 22
Age (years) 45-8 (7-9) 31-59 47-4 (8-9) 23-59
Mean blood pressure at referral (mm Hg):

Systolic 151-9 (19-9)* 125-200 151-8 (13-7)t 130-180
Diastolic 97-7(6.5)* 85-115 97-6(6-1)t 85-110

Body mass index (kg/tm) 26-7 (3 2) 20-0-32-3 26-6 (3-5) 18-6-32-9
Serum cholesterol (mmolIl) 5-95(1 1)4 3-7-8-1 5-98 (0-9)§ 4-1-8-1
y-Glutamyltransferase (IU) 27-6 (20 4)t 5-81 24-8 (14-5)t 6-80
Left ventricular mass (g) 247-0 (46 3)11 164-341 242-8 (43.0)t 169-360
Mean resting blood pressure (mm Hg):

Systolic 1398(11 8) 114-177 140-1(14-8) 112-168
Diastolic 93-0 (5-8) 80-104 91-9 (6-5) 79-104

Mean ambulatory blood pressure (mm Hg):
Systolic 133-7 (14-6) 106-177 132-6 (13-8)§ 107-166
Diastolic 93-5 (7-3) 76-107 93-8 (5-8)§ 84-109

Results from *41 patients, t44 patients, *47 patients, §46 patients, 1145 patients.

TABLE II-Comparison of mildly hypertensive patients at start and end of six months' stress management or
mild exercise. Results are means (standard errors)

Stress management Mild exercise

Start End Start End

Mean resting blood pressure (mm Hg)*:
Systolic 140-1 (1-9) 140-7 (2-4) 141-0 (2-4) 141-8 (2-6)
Diastolic (phase V) 92-5 (0-9) 92-4 (1-5) 91-4 (1-0) 91-8 (1-6)

Mean ambulatory blood pressure (mm Hg)t:
Systolic 133-5 (2-7) 132-7 (2-6) 132-4 (2-2) 132-1 (3-0)
Diastolic (phaseV) 92-6 (1-2) 93-8 (1-3) 93-4 (1-0) 93-8 (1-2)

Left ventricular mass (g 238-2 (8-4) 239-4 (9-2) 235-8 (7-7) 228-4 (7-7)

*Results from 43 patients practising stress management and 41 taking exercise.
tResults from 36 patients practising stress management and 37 taking exercise.
1-Results from 33 patients practising stress management and 30 taking exercise.

TABLE III-Mean (standard error) blood pressure (mmHg) of mildly
hypertensive patients taken with automatic sphygmomanometer before
and after stressful interviews at start and end of six months' stress
management or mild exercise

Stress management Mild exercise
(n=41) (n=41)

Start End Start End

Systolic:
Before interview 144-3 (2-0) 142-1 (2-4) 144-2 (2-4) 140-6 (2-5)
After interview 151-7 (2-4) 145-8 (2-1) 148-2 (2-5) 149-0 (2-9)

Diastolic (phase V):
Beforeinterview 94-0 (1-1) 92-5 (1-5) 92-7 (1-5) 90-1 (1-5)
After interview 98-5 (1-3) 95-3 (1-4) 95-6 (1-4) 94-9 (1-5)

TABLE iv-Mean (standard error) resting blood pressure (mmHg) of mildly hypertensive patients taken
manually and automatically at start and end of six months' stress management or mild exercise and at six
month follow up

Stress management (n=40) Control (n= 32)

Start End Follow up Start End Follow up

Pressure taken manually*:
Systolic 139-1 (1-8) 140-2 (2-2) 140-9 (2-0) 136-4 (2-4) 138-0 (2-6) 134-7 (2-3)
Diastolic(phaseV) 92-1 (0-9) 92-6(1-6) 92-9 (1-2) 89-4(1-1) 90-0(1-7) 90-0(1-7)

Pressure taken automaticallyt:
Systolic 142-0 (2-1) 140-7 (2-2) 140-7 (2-0) 139-0 (2-0) 135-8 (2-3) 137-4 (2-7)
Diastolic (phase V) 93-6 (1-2) 92-9 (1-5) 93-3 (1-3) 90-3 (1-4) 88-0 (1-5) 90-0 (1-9)

*Taken with Hawksley sphygmomanometer. tTaken with Takeda sphygmomanometer.

of those taking mild exercise: two failed to attend any
sessions for treatment; in one, blood pressure was above
the specified limit on three successive sessions; eight
dropped out variously believing that they no longer
needed treatment, that they could not spare the time,
or that treatment was unhelpful; and one was pre-
scribed antihypertensive drug treatment by her general
practitioner. The patients who withdrew from treatment
would not agree to a repeat assessment, and we did
not include them in the primary analysis of the effects
of treatment. Patients who did not adhere fully to the
regimen of treatment but who did not withdraw from
the study were included in the final analysis. We
could not obtain satisfactory ambulatory records for
some patients, especially overweight subjects. This
is a common problem when measuring ambulatory
pressure.'9
The patients who completed treatment were similar

to the total sample (table II). Neither the resting blood
pressure nor the ambulatory blood pressure was
reduced by either treatment, nor was there any
difference between the treatments. We calculated the
simple differences between the treatments in the
change in pressure during treatment: the difference in
the change in resting systolic blood pressure was 0-2
(95% confidence interval - 6-2 to 6 6) mm Hg; the
difference in the change in resting diastolic blood
pressure was - 0-3 (- 4-3 to 3-7) mm Hg; the difference
in the change in ambulatory systolic blood pressure
was 0 4 (- 5 0 to 5 8) mm Hg; and the difference in the
change in ambulatory diastolic blood pressure was
-0-8 (-3-8 to 2 2) mm Hg. Left ventricular mass did
not change and did not differ between the groups
(table II): the difference in the change in left ventricular
mass during treatment was 8-7 (-16-3 to 33 7) g.
Because of technical and scheduling problems satis-
factory echocardiograms were obtained on two
occasions in only 63 subjects, but these records were
representative of the initial pool of records.

Since some patients dropped out of the study and
data from other patients were incomplete all the
analyses were repeated using an intention to treat
analysis in which missing data were replaced by the
patient's data from the baseline assessment. The
findings were unchanged: blood pressure did not drop,
nor was there any significant difference between the
treatments.
Table III shows the blood pressure measured

automatically before and after the mildly stressful
interviews. Systolic blood pressure was higher after the
interview in both groups before and after treatment
(F1,80=39 55, p<0 001), but the rise was smaller in
the patients who had completed the course of stress
management (F1,80=4 79, p<0 05). The results for
diastolic pressure were similar, the comparable F ratios
being 34-68 (p < 0-001) and 3-81 (p< 006).
We reassessed the patients' blood pressure six

months after the post-treatment assessment, but three
patients from the stress management group and nine
from the exercise group were unavailable for follow
up (six were receiving antihypertensive drugs, four
refused to attend, one was receiving treatment for an
unrelated condition, and one had left the district).
Blood pressure had not changed at follow up (table IV).
The figure shows the blood pressure of patients who
completed all phases of the study. The only substantial
drop in pressure occurred during the three month
baseline period.
At the end of treatment patients completed a

questionnaire on relevant activities, which showed that
patients in the stress management group carried out
more relaxation and those in the exercise group carried
out more exercise. The patients in the two groups did
not differ in the extent to which they claimed that they
successfully managed stress.
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Discussion
In this study neither stress management nor mild

exercise had a detectable effect on the blood pressure
of patients with mild primary hypertension when
pressure was measured under controlled clinical
conditions or when it was measured automatically
every 30 minutes during a normal 12 hour day.
Furthermore, treatment had no detectable effect
on the left ventricular mass measured by echocardio-
graphy. The fact that more patients dropped out from
the exercise group might, however, reflect the patients'
or their doctors' dissatisfaction with this treatment.

Previous studies with programmes of stress manage-
ment that were identical,'8 similar,56 or broadly com-
parable-'2 to ours mostly showed that such treatment
lowered pressure significantly and by a greater amount
than a variety of control procedures,568" ' including
the exercises used in this study.'8 Although other
recent studies have also failed to detect any dif-
ference between stress management and control
conditions,912202' this study is unusual in not finding
any reduction in blood pressure after treatment. The
differences between our results and those of previous
studies are probably not due to differences in the
treatment because the form of stress management used
was simple and easy to conduct, was virtually identical
with the methods we had used previously,'8 and was
delivered by experienced clinical psychologists who
standardised their procedures. The sample was
large for a study of this kind, and the results were
unequivocal. We cannot say if our patients were
comparable with previous subjects since very different
patient populations have been used in the various
studies. The patients in this study were probably more
representative of the mildly hypertensive population
than those studied previouslv.
The most striking difference between this and

comparable studies is the long baseline period when
patients measured their blood pressure frequently. It is
well established that hypertensive patients' blood
pressure drops with habituation to clinical procedure
and repeated measurements of blood pressure.22 When
our patients attended for the pretreatment assessment
they were presumably well habituated to measuring
blood pressure, and only patients whose blood pressure
still met the entry criteria entered the study. This
contrasts with previous studies, in which pressure was
often measured infrequently' 6I8 " or the drop in
pressure during the baseline period was not a criterion
for exclusion. 18 Of the patients who attended for
pretreatment assessment, 21% were excluded because
their blood pressure was too low, and although the
pressure of those admitted to the study had also
dropped from the referral value, those excluded
showed a much greater drop from a referral pressure of
153-5/96-3 mmHg to 127-6/80-5 mmHg.
We may therefore have habituated patients to

measurement of blood pressure and excluded those
who showed the greatest reductions in pressure with
habituation. Other studies may have confounded the
effect of habituation with that of stress management.
This would not, however, explain the differences
between stress management and comparison treat-
ments in reducing blood pressure since they would
share the same lack of habituation before treatment.
This suggests that stress management increases the
speed of habituation or enhances a related process in
reducing pressure, a possibility that we have raised
previously.23 This is consistent with the finding that
stress management has a short term advantage over
repeated measurement of blood pressure in reducing
blood pressure but that this disappears over a prolonged
follow up as blood pressure continues to fall in those
receiving repeated measurements. 12

The only positive finding in this study was that the
slight pressor response associated with the stressful
interview was reduced after stress management. This
may represent the effects of stress management
on enhancing the speed of habituation to a pressor
stimulus.
This study suggests that stress management of a type

often advocated to treat mild primary hypertension has
no detectable effect on either the resting clinic or
ambulatory blood pressure of hypertensive patients
who are well habituated to the measurement of blood
pressure. Simple stress management may help lower
the pressure at the time of measurement in patients
who are not well habituated to the procedure, but such
reductions are unlikely to be clinically important.
If stress management does reduce the risk of cardio-
vascular disease'4 it is unlikely to be solely by reducing
blood pressure.'3 Future studies of stress management
and other behavioural methods of controlling hyper-
tension should include a substantial baseline period for
frequent measurements of blood pressure to stabilise
the pressure before treatment is started. The same may
also be true in the routine clinical management of
mildly hypertensive patients.
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