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Summary:
In order to determine reference values for the ambulatory blood pressure, a
population sample of 328 subjects, aged 20-81 years, who reported themselves to be in good
health, was investigated. The ambulatory blood pressure was recorded over 24 h, taking
measurements at 20 min intervals from 8 am to 10 pm, and at 45 min intervals from 10 pm
to 8 am. Blood pressure was also measured by trained observers on each of two separate home
visits (5 readings per visit). The ambulatory blood pressure in the 328 subjects averaged
118171 mmHg over 24 h, 124176 mmHg during the day (10 am-8 pm), and 108162 mmHg
at night (0 am-6 am). Blood pressure measured by an observer at the occasion of the second
home visit was 415 mmHg lower (P<0.001) than the daytime ambulatory blood pressure. The
95th centiles for the daytime ambulatory pressures were 144195 mmHg in 85 men below age
50; 154190 mmHg in 74 men aged 250 years; 132185 mmHg in 96 women below age 50; and
151191 mmHg in 73 women aged 250 years. The 95th centiles for the nighttime pressures
in these four sex-age groups were 124179, 140183, 121170, and 132172 mmHg, respectively.
Introduction
The use of ambulatory blood pressure measurements in clinical practice is hampered by the
scarcity of studies reporting reference values in a
representative sample of healthy subjects.' In an
attempt to determine such reference values,

healthy subjects were studied. They were drawn
from the general population, and their ambulatory BP was compared with conventional BP
measurements obtained at their homes by
trained observers.
Methods
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Field work
A random sample of the population of a small
town was identified. The population of this town
had been surveyed in previous population
but had not yet been systematically
screened for hypertension. The sample was stratified for gender and age in an attempt to provide
equal numbers of men and women in 10 year age
classes from 20 to 79 years inclusive.
The 849 subjects in the sample were visited at
home by trained observers. Subjects were excluded from further participation, when they did
not live at the indicated address (n = 11 I , of
whom 7 had died), when they were taking
antihypertensive drugs, diuretics or nitrates
O Macmillan Press Limited, 1991

356

J. STAESSEN el a/.

(n = 131), or when they could not move about
freely (n = 4). Of the remaining 603 subjects,
55% (n = 330) consented to participate. However, two subjects were removed from analysis,
because more than 20% of their ambulatory BP
readings were missing.
On each of two home visits, I to 2 weeks
apart, the same observer measured systolic
(SBP) and diastolic (DBP) (phase V) pressures
five times consecutively with the subjects in the
sitting position. The home BP readings were
obtained between 8 am and 9 pm, using an
anaeroid sphygmomanometer, calibrated against
a mercury column, and a cuff with an inflatable
bladder length of 22 cm and a width of 12 cm, In
10 obese subjects, a 54 x 15 cm cuff was employed. A self-administered questionnaire inquired about the participants' medical history,
smoking habits, consumption of alcohol, and
intake of medications.
The two observers involved in the study were
tested for the accuracy of their BP measurements at six-monthly intervals, as previously
d e ~ c r i b e dThey
. ~ had first to record the pressures
from a film showing a falling mercury column
with Korotkoff sounds (Measuring Blood Pressure, Production No B-132, The Audio-Visual
Centre, University of London, 11 Bedford
Square, London WC 1, 1973). Thereafter, they
were tested using live subjects and stethoscopes
with double ear-pieces. The BP readings of the
observers were within 5 mmHg compared with
those of experienced medical staff.
Ambulatory blood pressure
At the occasion of the first (n = 155) or second
home visit (n = 139), or at a separate home visit
(n = 34), as most convenient for the subjects, a
24 h ambulatory BP recording was started with
the SpaceLabs 90202 r n o n i t ~ r .Except
~
in the
aforementioned obese men, an inflatable bladder
of 22 x 12 cm was used. The recorders were
programmed to obtain a measurement every 20
min from 8 am to 10 pm, and every 45 min for
the remainder of the time (50 readings per 24 h).
Statistical Analysis
Unedited ambulatory recordings comprised all
BP readings successfully completed by the software of the SpaceLabs recorders. The following
exclusion criteria7.' were considered prior to
analysis: (I) SBP<DBP, or >240 mmHg, or <50
mmHg; (2) DBP> 140 mmHg, or <40 mmHg;

(3) pulse pressure < 10% of SBP; or (4) pulse rate
higher > 150 bpm, or <40 bpm.
Daytime was defined as the interval from 10
am to 8 pm, and nighttime from midnight to 6
am. These periods corresponded respectively
with daytime activity and sleep in the vast
majority of the subjects. Previous studies have
demonstrated that these definitions of day- and
nighttime eliminate the transition periods between activity and sleep, during which BP often
changes m a r k e d l ~ . ~
Tbe interval between the successive ambulatory BP readings had not been constant. The
averages of the ambulatory BPS over 24 h and
over the day- and nighttime periods were therefore calculated with weighting by the interval
between successive BP readings.
Statistical methods included Student's t-test
for pairwise comparisons and regression analysis. The agreement between the daytime ambulatory measurements and the pressure readings
at the subjects' homes was investigated by the
method proposed by Gould.lo

Results
Characteristics of the participants
The subjects, 159 men and 169 women, were
49 ? 14 (mean f standard deviation) years old,
with a range from 20 to 81 years. The distribution of age was similar among men and women:
10% were 20-29 years old; 22% were 30-39;
23% were 40-49; 18% were 50-59; 20% were
60-69; and 7% were 70 years or older.
Body weight in the 328 subjects averaged
71.1 f 12.5 kg, and body mass index 25.2 f 3.5
kg/m2. Circumference of the upper arm ranged
from 2 1 to 36 cm, averaging 28 3 cm. Ninetysix subjects were smokers (median 15 cigarettes
per day; range 1-102), and 60 reported regular
alcohol consumption (median 24 g/day; range
5-96). Thirty women took the contraceptive pill.
Three subjects reported a history of myocardial
infarction, three had experienced a transient
ischaemic attack and one subject both conditions, but none of these seven subjects had
complaints, when asked to participate.

+

Ambulalory measurements
Weekdays on which the ambulatory recordings
took place had a similar distribution among men
and women (10% of the recordings were performed on Mondays; 23% on Tuesdays; 19%
on Wednesdays; 14% on Thursdays; 12% on
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Fridays; 17% on Saturdays; 5% on Sundays). Home measurements
Seventy (0.4%) of the 16,870 ambulatory BP
readings obtained in the 328 subjects met the .A
. total of 3,280 systolic and diastolic BP readexclusion criteria for DBP, 84 (0.5%) met the lngs were obtained at the homes of the participexclusion criteria for pulse rate and 13 (0.1%) ants. Thirty-one per cent of these BP readings
exceeded the limits for pulse rate. However, ended in 0, 21% in 2, 18% in 4, 14% in 6 and
none of the measurements fell outside the limits 16% in 8.
BP (measured by the same observer) was 211
defined for SBP. Because editing did not
materially alter the shape of the circadian BP mmHg lower (P<O.OO I) at the second than at the
curves, nor the means of the day- and nighttime first home visit. BP at the repeat home visit
BPS, only analyses based on unedited recordings (5 readings) averaged 120171 mmHg in the 328
subjects (95% confidence interval: 1 18-1 22170are presented.
In the 328 subjects the 24 h ambulatory BPS 72 mmHg). The 95% confidence intervals for the
averaged 1 18171 mmHg (95% confidence inter- average BPS obtained at the second home visit in
vals: 1 17-120170-72 mmHg). The daytime BPS the four subgroups by gender and age are shown
averaged 124176 mmHg (1 23-125175-77
in Figure I (hatched area), and the 5th, 50th
mmHg), and the nighttime pressures 108162 (median) and 95th centiles in Table I.
mmHg (106-109161-63 mmHg). The 5th, 50th
(median) and 95th centiles of the ambulatory Agreement between home and day-time
BPS are presented for men and women and two ambulatory measurements
age classes (20-49 and 2 5 0 years) separately in
Table I, and the average ambulatory BPS and The correlation coefficients between the daytime
corresponding 95% confidence intervals for any ambulatory BP and the BP measurements obhour during the day in Figure I.
tained at the repeat home visit (average of 5
The nightlday BP ratio in all 328 subjects readings) were 0.72 for SBP and 0.60 for DBP
averaged 0.87 systolic and 0.81 diastolic. The (Figure 2).
5th and 95th centiles were respectively 0.78 and
Blood pressure measured at home was on
0.98 for SBP, and 0.69 and 0.96 for DBP. The average 415 mmHg lower (P<0.001) than the
nightlday ratio of SBP was not correlated with daytime ambulatory BP (mean 2 2 standard
age (r = - 0.02), but there was a weak positive deviation interval from - 18 to 26 mmHg for
correlation between the nightlday ratio of DBP SBP, and from - 11 to 21 mmHg for DBP).
When systolic and diastolic pressures were
and age (r = 0.13; P = 0.02).
Table I Fifth, 50th and 95th centiles of systolicldiastolic pressure (mmHg)

Age range
n
Pressure at home
P5
P50
P95
Ambulatory pressure
Day (10 am-8 pm)
P5
P50
P95
Nigbt (0 am-6 am)
P5
P50
P95
Whole day (24 h)
P5
P50
P95

20-49

Men

Women

350

20-49

85

74

96

73

102158
150193

106160
121172
157190

97154
1 10167
132182

102160
124172
152187

1 1 1/68
126177
144195

1 12166
124178
154190

105164
1 18173
132185

109167
122174
151191

95153
1 10162
124179

93152
107162
140183

90149
104158
121170

90150
106162
132172

106162
121172
134187

108164
1 19173
147187

101159
1 14167
125180

104162
120170
150183

1 19173

250
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Figure 1 Ambulatory systolic and diastolic blood pressures in men and women and in two age categories (20-49
and a50 years). The hourly means (with 95% confidence interval) are presented. The shaded bands indicate the
95% confidence interval for the BP measured by a nurse at home (average of 5 readings obtained at a second

visit).

combined, 84% of the subjects had mean daytime pressures that differed less than 20115
mmHg from the pressures measured at home.

Discussion
In the present study a random sample of the
subjects, who reported themselves to be in good
health at the time of the examination, was
investigated. The participation rate was 55%.
Subjects taking drugs with hypotensive action
were not eligible for inclusion into the sample,
but by contrast to many previous

nobody was excluded from participation and
analysis on the basis of an elevated BP as
measured by an observer.
The ambulatory BP in all subjects combined
averaged 118171 mmHg over 24 h, .I24176
mmHg during the day, and 108162 mmHg at
night. Previous studies1
recruited mainly
selected healthy subjects, or patients referred to
specialised clinics to exclude the diagnosis of
hypertension. In these reports"-24 the mean
ambulatory SBP ranged from 11 1 to 122 mmHg
for a full 24 h period, from 115 to 128 mmHg
during the day, and from 99 to 11 1 mmHg at
night; the ranges for the mean DBP in these
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Figure 2 Scatterplot (n = 328) of the daytime ambulatory BP on the BP measured by a nurse at home (average
of 5 readings obtained at second visit).

studies"-24 were 59-79 mmHg, 63-85 mmHg,
and 5 1-70 mmHg, respectively. In addition, the
present BP means are almost identical to those
observed in a recent study in 815 Irish bank
employees (24 h BP: 118172 mmHg; daytime
BP: 124178 mmHg; nighttime BP: 106161
mmHg).2S
Some studies have suggested that the level
of the ambulatory BP may be useful in the
diagnosis of hypertension and in guiding
antihypertensive
The present
study, based on a representative population sample of 328 subjects, reports the 95th centile for
the daytime, nighttime and 24 h ambulatory BPS
in four subgroups by age and sex (Table I). If
these 95th centiles can be considered as the
upper limit of normal, the daytime values are
close to the 140190 mmHg boundary often used
in clinical practice for conventional BP measurements. However, the relevance of these 95th
centiles in relation to the incidence of cardiovascular morbidity and mortality remains to be
~ ~addition,
,~~
one should
further e l u ~ i d a t e d . In
keep in mind that ambulatory BP recordings
provide information that is usually not available, when the BP is measured by an observer,
e.g. the level of BP during habitual daily activities, and the amount of BP fall at night. Thus,
normality of the ambulatory BP must be related
not only to the height of the BP, but also to the
BP pattern over 24 hours. In the present study
the 5th and 95th centiles for the nightlday BP

ratio ranged from 0.78 to 0.98 for the systolic
pressure, and from 0.69 to 0.96 for the
diastolicpressure, but these findings need independent confirmation by other reports.
It is unlikely that the present measurements at
the subjects' homes were substantially influenced by an alerting reaction to the observer, as
is usually the case in clinic^.^^.^' Nonetheless, it
remains possible that the 415 mmHg difference
between the daytime ambulatory BP and the BP
at home would have been greater, had the latter
been self-determined. On the other hand, the
muscular activity required for cuff inflation has
recently been demonstrated to cause a transient
rise in pressure.32
As opposed to the auscultatory measurements
at home, an oscillometric method was used to
record the ambulatory BP in the present study.
However, the 90202 SpaceLabs recorder fulfils
the criteria of the Association for the Advancement of Medical Instrumentation (AAM!)~~and
is accurate within 41t8 mmHg for both SBP
and DBP, compared with auscultatory readings
by two blinded clinicians. In addition, the
oscillometric technique is practical for population studies, since it does not require the use of
a microphone. The interval between the readings
was 20 min during the day and 45 min at night.
have shown that,
However, di Rienzo el
compared with continuous intra-arterial recordings, noninvasive ambulatory BP measurement
can achieve an accurate assessment of the true
BP level, even when consecutive BP readings are
as far as 30 to 60 min apart.
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