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language problems is likely to be a major obstacle if supplemen-
tation is given as tablets.
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Effect of environment on blood pressure: home
versus hospital
M A YOUNG, D B ROWLANDS, T J STALLARD, R D S WATSON, W A LITTLER

Abstract

The effect of environment on blood pressure was studied
by recording intra-arterial pressure continuously in
nine patients with essential hypertension during con-
trolled periods of activity and rest at home and in
hospital. Mean systolic pressure was higher at home
(152±16 mm Hg) than in hospital (138±111 mm Hg,
p <0 01), the difference being greatest during the period
of activity (165±21 v 142±13 mm Hg, p <0001); heart
rates and diastolic pressures did not differ significantly
at these times. Systolic pressure recorded by conventional
sphygmomanometry was also higher at home (173 4 23 v
159± 23 mm Hg, p <0 01), as was diastolic pressure
(98±10 v 89±11 mm Hg, p<002).

Systolic pressure was consistently higher at home,
and this effect was independent of the presence of an
observer. This must be taken into consideration when
assessing blood pressure and efficacy of treatment in
hospital.

Introduction

The decision to initiate lifelong treatment in a hypertensive
patient is usually made in hospital, a hospital outpatient clinic,
or a general practitioner's surgery. How well each of these
environments reflects a patient's day to day blood pressure,
however, remains speculative. To gain an idea of the true day
to day pressure it is necessary to observe the patient in as
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many environments as possible, and it is also necessary to
standardise those factors that affect moment to moment changes
in blood pressure.' Furthermore, the influence of observer
interaction has been emphasised in the past, at times raising
systolic pressure by as much as 45 mm Hg.' We therefore
designed this study to clarify the effects of the home and
hospital environments on blood pressure during strictly con-
trolled conditions of activity and rest and in the presence and
absence of an observer.

Patients and methods

We studied nine patients (six men) aged 22-62 (mean age 45)
diagnosed as having essential hypertension on the basis of three
separate outpatient standard cuff pressures of at least 140/90 mm Hg.
Korotkoff phase V was taken as diastolic pressure. Patients had no
evidence of target organ damage, and secondary hypertension was
excluded by clinical examination, estimation of urea, electrolyte, and
creatinine concentrations, and intravenous pyelography when ap-
propriate. Patients were untreated for at least three months before
admission, and all gave informed consent.

Outpatient pressures were measured using a standard mercury
sphygmomanometer; patients generally rested supine for about
five minutes before their pressures were measured. After admission
to hospital in the afternoon each patient was randomised to spend
the first of the next two days either at home or in hospital. Five
patients were randomised to spend the first day at home (mean age
of group 44 6 years; three men; mean outpatient pressure 161/
95 mm Hg) and four to spend the first day in hospital (mean age of
group 44 7 years; three men; mean outpatient pressure 165/92mm Hg).
The following morning a Teflon cannula 1 mm in diameter was
introduced percutaneously into the left brachial artery and intra-
arterial blood pressure recorded continuously on to a portable
analogue recorder.3 The tape was analysed beat to beat by computer
after periods of damping or artefact had been excluded.4

After cannulation at 9 am patients were allowed to settle and
familiarise themselves with wearing the equipment; they were also
given diary cards to record their activities. At 11 am, depending on
randomisation, the patient either was driven home or remained in
hospital. Between 12 noon and 1 pm patients were told to have
lunch. They were instructed to rest supine from 1 pm to 2 pm and
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to be active from 2 pm to 3 30 pm. In the hospital this entailed
walking up and down stairs and along corridors within the building,
and also walking in the hospital grounds; at home patients were
told to be active within the house and confines of their gardens.
At 3 30 pm patients again rested supine, and at 3 45 pm cuff pres-
sures were measured on three occasions using a Hawksley random
zero sphygmomanometer. All indirect readings were made by the
same observer (MAY) both at home and in hospital.
At 4 pm, with the recording period finished, the patient was either

driven back to hospital or, if already in hospital, allowed unrestricted
activity. The following day the reverse procedure occurred for each
patient depending on the first day's randomisation.

Results were analysed using Student's paired t test and analysis of
variance.

Results

The figure shows the results. Throughout the period that was
compared, between 12 noon and 4 pm, mean intra-arterial systolic
pressure was significantly higher at home (153 ± 16 mm Hg v 138 ±
11 mm Hg, p < 0 01). The difference in systolic pressure was greatest
during the period of activity (165 < 21 v 142 4 13 mm Hg, p < 0-001)
but was also present during the second part of the rest period
(140±15 v 127±12 mmHg, p<005). There were no significant
differences between heart rates (82 - 15 v 79 - 14 beats/min) and
diastolic pressures (89 -10 v 84111 mmHg) during the period of
activity or during the rest period (73 ± 14 v 75 1 14 beats/min and
74 ± 10 v 75- 12 mm Hg respectively). Analysis of variance con-
firmed the significantly higher systolic pressure at home (p <0 001)
and showed that the effects of activity were similar at home and in
hospital.

Indirectly measured systolic pressure confirmed the results ob-
tained by direct intra-arterial recording, systolic cuff pressure being
significantly higher at home (173- 23 v 159 ±23 mm Hg, p < 0 01);
diastolic cuff pressure, however, was also higher at home (98 1 10 v
89± 11 mm Hg, p < 002). Outpatient cuff pressures were similar to
those measured after at least 24 hours' acclimatisation in hospital
(163/93 v 159/89 mm Hg), although conditions in the outpatient
clinic were not as well controlled as those during the study period
and the attending physician varied.
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Mean intra-arterial systolic and diastolic pressures and heart rates in the
two environments. Arrow indicates when patients left hospital for home.
*p<005. **p<0.001.

Discussion

Most previous studies of blood pressure in different environ-
ments have compared home and clinic pressures and have
usually shown lower pressures at home,5-8 although a large
range of differences has been observed between clinic and
home observations.8 Julius et al found 300% of patients with
borderline hypertension in the clinic to be hypertensive at
home.6 Observer effect inevitably played a part in these studies,
as home recordings were taken by the patient and clinic record-
ings by the physician. Moreover, because of the nature of the
recording methods a true reflection of the patients' range of
pressures during activity could not be obtained. Studies com-
paring blood pressure in the outpatient clinic and in hospital
have usually shown the "hospitalisation effect"9 after a variable

period of time9 10; similar problems again existed in these studies.
In this study we tried to allow for these factors by using

intra-arterial ambulatory recording, which removes the ob-
server and allows blood pressure to be measured during activity
as well as rest. We found that direct arterial pressure was
significantly higher at home compared with in hospital, the
greatest difference being 23 mm Hg during the periods of
activity. The most obvious explanation for this would seem to
be a greater degree of activity in the home; heart rates, however,
were not significantly different between each environment
during the period of activity and, furthermore, the difference in
systolic pressure was also present during the rest period. Both
these observations indicate that increased activity, at least by
itself, was not the cause of the higher pressures at home, and
indeed the patients' diary cards showed no appreciable dif-
ferences in activity between the two environments. It might be
argued that being at home with an intra-arterial line in situ is a
stressful experience and may thus increase blood pressure;
wearing the same equipment on a busy cardiology ward, how-
ever, would probably lead to a similar degree of "stress." The
presence of members of the family may conceivably affect
blood pressure in the home, and all patients had at least one
member of the family in the house during the home recording
period, although only one had yopng children present. Although
conceivably increasing stress, family members would also be
likely to reduce the patients' need to be active-that is, having
an opposite effect.
The home environment may possibly have been colder than

the ward, where the average temperature was 23"C. A recent
report indicated that variations in air temperature of 20"C
may alter blood pressure by 2-7 mm Hg systolic and 2-4 mm Hg
diastolic pressure." It is unlikely, however, that this was an
important influence in our patients since the temperature
difference between hospital and a comfortably warm house
could have had only a very small effect on blood pressure.

In conclusion, we believe that our findings must be taken
into consideration when assessing control of blood pressure
and efficacy of treatment regimens in hospital.

We thank Miss A M Strong for preparing the manuscript and
Miss P Wilde for technical help throughout the study. Dr Paul
Davies kindly provided statistical advice and performed the analysis
of variance.
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