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The aim of this study was to assess the relationship between blood pressure measured
conventionally ('conventional' pressure) and 24 h ambulatory blood pressure measured
with the SpaceLabs 90202 recorder, in a control population with normal blood
pressure, and in patients with hypertension. Reference values for 24 h ambulatory
blood pressure had been determined previously in a control population of 776 healthy
bank employees (396 men and 380 women), aged 17-80 years, and were compared
with those from a clinic population which comprised 805 patients referred to a
blood pressure clinic for evaluation of hypertension. The clinic population was divided
into two groups: 'normotensive' patients, whose conventional blood pressure was
< 160190mmHg (n = 1681, and 'hypertensive' patients, whose conventional blood
pressure was 2 160190 mmHg (n = 637).
The clinic population had higher conventional (156187 versus 119/76 mmHgl, daytime
(147190 versus 125/79 mmHg) and night-time (129175 versus 106161mmHg) ambulatory
pressures compared with the control population. The clinic 'hypertensive' patients
had higher conventional (175197 versus 136/77mmHg), daytime (153193 versus
140187mmHg) and night-time (133178 versus 124172mmHg) ambulatory pressures
than the clinic normotensive population. Daytime ambulatory pressure was higher
than conventional pressure (125/79 versus 119/76mmHg) in the control population
and in the clinic normotensive population (140187 versus 136177 mmHg). However,
this relationship was reversed in the clinic hypertensive patients (153193 versus
175197 mmHg).
It is concluded that while conventionally measured blood pressure tends to be lower
than ambulatory daytime pressure in normotensive populations, this relationship is
reversed in patients with hypertension.
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Introduction
Ambulatory blood pressure monitoring is rapidly gaining
acceptance as a useful procedure in the clinical management of. hypertension [1,2], in the assessment of antihyperteflsive drugs [31 and as a means of predicting outcome in hypertension [4]. Ambulatory blood pressure
monitoring also provides an assessment o f blood pressure behaviour with respect to time in the patient's environment and is likely to result in reappraisal o f the clinical
management o f hypertension, whichat present, is based
o n conventional measurement techniques [ 5 ] . With the
development o f devices capable o f accurately measuring
24-h blood pressure non-invasively, the use of arnbulatory blood pressure monitoring in clinical practice has

increased considerably in the last decade [2,6]. Surprisingly, the application o f the technique has grown in the
absence o f reference values for 24-h ambulatory blood
pressure. Recently, we performed a population study in
healthy bank employees and compared these reference
values with 24-h ambulatory blood pressures in hypertensive subjects [7].

Subjects and methods

All hypertensive patients referred to the blood pressure
clinic at Beaumont Hospital undergo 24-h ambulatory
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blood pressure monitoring, and the data are stored on
a computer database.

17-49years and 5 W 0 years. The analysis was performed
using the SAS software package [loI.

Control population

Conventional blood pressure measurement and 24-h ambulatory blood pressure monitoring were performed in
776 employees of the Allied Irish Bank. The measurements were used as reference values for data from clinic
patients. The subjects for the study were recruited by the
Medical Centre of the Allied Irish Bank in Dublin and
comprised bank employees and their spouses.
Clinic population
A total of 805 patients, who had been referred to our

clinic for an assessment of possible hypertension, underwent conventional and 24-h ambulatory blood pressure
measurement. The clinic population was divided into
two groups, normotensive patients, whose clinic blood
pressure was < 160/90 mmHg (n = 168), and hypertensive patients, whose blood pressure was 2 160/90 mmHg
(n = 637).
Blood pressure measurement and data analysis

Conventional blood pressure measurements were taken
in .the sitting position by a doctor or nurse using a mercury sphygmomanometer, according to the recornmendations of the British Hypertension Society [a]. Twentyfour-hour ambulatory blood pressure monitoring was
performed using the SpaceLabs 90202, which has been
shown to be accurate [9]. Most subjects were fitted
with the recorder between 0900 and 1300 h; it was programmed to deflate in steps of 4 mmHg at 30-min intervals for 24 h. The 24-h interval was divided into daytlme
and mght-time periods, daytime being defined as 1000
to 1950 h and night-time as 0100 to 0559 h. The 24-h
recordings were not edited, to avoid the introduction of
bias. Hourly, average pressures were computed, using the
mean of all readings taken in that interval (e.g. the hourly
average for 1000 h was calculated using all readings taken
from 1000 to 1059 h), and the sum of these hourly averages divided by 24 was used to calculate the mean 24h ambulatory pressure. The means ( f s.d.) of daytime,
night-time and 24-h systolic and diastolic blood pressure
were calculated for men and women in the age groups

Results
Control population

Conventional and 24-h ambulatory blood pressure measurements were available for analysis in 776 subjects
(3% men and 380 women), aged 17-80 years (mean age
36 f 11 years). There were 332 men and 335 women in
the 17-49 year age group, and 64 men and 45 women
in the 50-80 year age group [7]. The means ( f s.d.1 of
the clinic and the daytime, night-time and 24-h ambulatory blood pressures for men and women in both age
groups are shown in Table 1.
Control versus clinic patients
A total of 805 measurements (160 normotensive and 637

hypertensive) were available for comparison with the
control group. The means ( f s.d.) of the clinic, daytime,
night-timeand 24-h ambulatory blood pressure measurements for men and women in both age groups are shown
in Table 2.
Both the conventional and the ambulatory blood pressures were higher in the clinic population than in the
control population. Similarly, these pressures were higher
in the hypertensive than in the normotensive clinic group.
Men had higher pressures than women in both the control population and the normotensive clinic group, but
this sex difference was not apparent in the hypertensive
clinic group. While conventional systolic pressure and
ambulatory measurements were higher in older men and
women in the control population, this effect was confined
to the conventional measurements in the hypertensive
clinic patients, and was not apparent in the normotensive clinic group.
In the control group, daytime ambulatoty blood pressures were higher than conventional pressures for the
population as a whole, though within the age and sex
groups any differences were small. In the clinic population, however, daytime ambulatory pressures were
lower than conventional measurements for the group as

Table 1. Mean ( f s.d.1 clinic and 24-h ambulatory blood pressures in a normoltensive control population, grouped according to age and sex.
Women

Men
17-49 years
(n = 332)
Clinic measurements
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Ambulatory measurements
Daytime systolic blood pressure (mmHg)
Daytime diastolic blood pressure (mmHg)
Night-time systolic blood pressure (mmHg)
Night-time diastolic blood pressure (mmHg)
24-h systolic blood pressure (mmHg)
24-h diastolic blood pressure (mmHg)

50-80 years
(n = 64)

17-49 years
(n = 335)

50-80 years
(n = 45)

Total
(n = 776)

Twentv-fourhour blood Dressure ~rofileCox et a/.
Table 2 Mean (f s.d.) clinic and 24-h ambulatory blood pressure in a clinic population grouped according to age and sex.
Normotensives
Men

years
(n = 53)
Clinic measurements
SBP
134 f 14
DBP
78f 7
Ambulatory measurements
Daytime SBP
144 f 15
DaytimeDBP
89f11
Night-time SBP
123 f 14
Night-time DBP
71 f 10
24-h SBP
137 f 14
24-h DBP
83 f 10

Hypertensives

Women

Men

Women

years
(n = 43)

years
(n = 31)

years
(n = 41)

Total
(n = 168)

years
(n = 113)

years
(n = 191)

years
(n = 215)

years
(n = 118)

Total
(n = 637)

136 f 16
77f 9

137 f 12
78f 7

137 f 18
77f 9

136 f 15
77f 8

161 f 22
9 7 f 12

180 f 22
896f 13

171 f 19
% f 14

181f 31
% f 14

175f 26
9 7 f 14

140 f 15
88f12
124 f 19
73 f 19
135 f 16
83 f 11

135 f 13
87f11
117 f 14
69 f 13
1 2 8 f 12
8 0 f 12

139 f 19
82f10
129 f 22
73 f 12
136 f 18
7 9 f 10

140 f 16
87f11
124 f 18
72 f 12
134 f 15
82 f 11

150 f 17
97f11
127 f 18
78 f 13
142 f 16
90 f 11

154 f 19
93f12
138 f 20
80 f 13
149 f 18
89 f 11

150 f 16
%f13
127 f 18
77 f 13
142 f 16
89 f 12

155f 20
89f12
136f 22
75f 13
149f 19
85f 12

153f 19
93f13
133f 20
78f 13
146f 18
8 8 f 12

Blood pressure given in rnmHg. SBP, sytolic blood pressure; DBP, diastolic blood pressure.

a whole; in the hypertensive group this difference was
substantial for systolic pressure, with dayume pressures
being 22/4 mmHg lower than conventional pressures.

Discussion
Comparison of ambulatory blood pressure levels and 24h profiles between hypertensive patients and normal controls has been hampered by the absence of reference values for 24-h blood pressure. A number of studies are now
being performed to provide much needed reference values. In this study, 24-h ambulatory blood pressure measurements obtained in a control group of healthy bank
employees were compared with those from clinic hypertensive patients, and the relationship between conventional measurements and daytime ambulatory measurements was examined in the two groups.
In the hypertensive clinic group, blood pressure was

higher with conventional measurements compared with
daytime ambulatory measurements, in contrast to the
control population and the normotensive clinic group,
each of which tended to have higher pressures with ambulatory measurement than with conventional measurement This discrepancywas greatest for systolic pressure
in older men. Moreover, the discrepancy increased with
age in the hypertensive clinic group, particularly in the
men. In men, there was a difference of ll/2 mmHg between the two methods of measurement in the younger
age group, which increased to 26/3 mmHg in the older
age group; in women, a difference of 21/3mmHg was
increased to 26/6rnmHg. Surprisingly, there was no
marked difference with age or sex in the normotensive
clinic group. The differences between conventional and
ambulatory measurement are greater for systolic than diastolic pressure, and these differences are greater in hypertensive than in normotensive subjects.

A number of studies have shown that ambulatory blood
pressure monitoring gives lower readings than conventional office or home measurement in hypertensive patients [2,6,11-131. In a study comparing the differences
between conventional and ambulatory measurement in
normotensive subjects and hypertensive patients, the
conventional measurement w& higher th& the ambulatory measurement in the hypertensive patients than in the
control group [14].
It is apparent from these results that clinic normotensives
are quite different from the normotensive control population, and clearly, patients referred for investigation or
management of elevated blood pressure, wen if they are
subsequently shown to have normal pressure, cannot be
used to characterize normal values for ambulatory blood
pressure.
The most interesting finding in this analysis was the relationship between conventional measurement and daytime ambulatory blood pressure. The fact that daytime
ambulatory pressures were higher than conventionally
measured pressures in the normotensive control subjects
and in the clinic normotensives, and that this relationship
was reversed in clinic hypertensive patients, has important implications for clinical practice. At present, hypertension is diagnosed accordmg to the level of blood pressure measured by the conventional technique rather than
by ambulatory measurement. Many patients who have an
exaggerated blood pressure response in the clinic may
therefore be misdiagnosed as hypertensive or the severity of their hypertension may be exaggerated [15].
Further, the alteration in the relationship between conventional measurements and daytime ambulatory measurements may be one of the earliest clinical indications
of an abnormality in blood pressure control; the reversal
of the relationship may mark the transition from a normotensive to hypertensive state. While it is only a matter
of time before 24-h ambulatory blood pressure monitoring becomes integral to the diagnosis of hypertension, it
is important that the technique is not viewed in isolation
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from conventional measurements, as both techniques are
clearly complementary to each other.
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