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Objective: To delineate more precisely an operational threshold for making clinical
decisions based o n ambulatory blood pressure (ABP) measurement b y studying the
ABP i n subjects w h o were diagnosed as either normotensive or hypertensive b y
conventional blood pressure (CBP) measurement.

Subjects: Twenty-four research groups recruited 7069 subjects. O f these, 4577 were
normotensive (CBP 1 140190 mmHg), 71 9 were borderline hypertensive (systolic
CBP 141-159mmHg o r diastolic CBP 91-94mmHg) and 1773 were definitely
hypertensive. O f the subjects i n the last of these categories, 1324 had systolic
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hypertension (systolic CBP 21 60 mmHg) and ,l 31 0 had diastolic hypertension
(diastolic CBP 1 9 5 mmHg). Combined systolic and diastolic hypertension was present
in 061 subjects. Hypertension had been diagnosed from the mean of two to nine
(median two) CBP measurements obtained at one to three (median two) visits.
Results: The 95th centiles of the ABP distributions in' the normotensive subjects
were (systolic and diastolic, respectively) 133 and 82 mmHg for 24-h ABP, 140
and 88rnmHg for daytime ABP and 125 and 76mmHg for night-time ABP,
respectively. O f the subjects with systolic hypertension, 24% had 24-h systolic ABP
< l 3 3 mmHg. Similarly, 30% of those with diastotic hypertension had 24-h diastolic
ADP <82 rnrnHg. The probability that hypertensive subjects had 24-h ABP below these
thresholds tended to increase with age and was two- to fourfold greater if the CBP
of the subject had been measured at only one, visit and if fewer than three CBP
measurements had been averaged for establishing the diagnosis of hypertension. By
contrast, for each 10-mmHg increment in systoli~CBP, this probability decreased by
54% for 24-h systolic ADP and by 26% for 24-h diastolic ABP, and for each 5-mmHg
increment in diastolic CBP it decreased by 6 and g%, respectively. In comparison
with 24-h ABP, the overlap in the daytime and night-time ABP between normotensive
and hypertensive subjects was of similar magnitude and was influenced by the same
factors.
Conclusions: The ADP distributions of the normotensive subjects included in the
present international database were not materially different from those in previous
reports in the literature. One-fifth to more than one-third of hypertensive subjects had
an ABP which was below the 95th centile of the ABP of normotensive subjects, but
this proportion decreased if the hypertensive subjects had shown a higher CBP upon
repeated measurement. The prognostic implications of elevated CBP in the presence
of normal ABP remain to be determined.
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Introduction
Auscultatory blood pressure i~leasurelnerltsmade by a n
observer using a sphygnloinanonleter are part of the
clinical routine worldwide. The relationship of conventioiial blood pressure (CUP) measufenlents to the incidence of cardiovascula; coir~plicationsis well established,
as they have guided patient recruitineilt and experimental therapy in all outconle trids on the treahnent of
hypertensioil [l]. In spite of their proven record, CBP
readings are subject to the so-called white-coat effect
[2,3] and are characterized by a high variabhty [4], lirniting their reproducibility. CBP nleasureinents are ofien
made in an artificial medical environment and do not
necessarily reflect the habitual blood pressure of a subject. Anlbulatory blood pressure (A&) measurenlents,
by contrast to CBP readings, provide an estimate of
the blood pressure of the subject tllrougllout the day
15-91. They are Gee of the white-coat effect [2,3] and
of observer bias, and are therefore more reproducible
[10,11]. However, the widespread clinicd application of
Al3P monitoring requires the definition of operational
thresholds 1121. Preluiliilary proposals [l 3-1 91 have been

published, but continuing research has not yet reached a
widely endorsed consensus [9].

A recent meta-analysis [l61 pooled statistics Gom 23
published studies of 3476 normotensive subjects. The
ABP incasurernents in those studies had been processed
using different mathematical techniques, various definitions of day and night and different editing criteria for
the exclusion o f invalid readings. In an attempt to delineate more precisely an operational threshold for ABP
monitoring, the objective of the present study was to
corlstitute and analyse an international database of Al3P
recordings. The perceived advantage of studying recordings honl individual subjects, rather than the summary
statistics of published reports, was that the same rnathematical approach [20], the same quality standards and
a uniform definition of day and night could be applied .
to 7069 recordings Goin 24 cliilical research units. The
database also provided the illeans to contrast the distributions of the ABP measurements Gom subjects who
were either normotensive or hypertensive according to
conventional sphygmomanometry [21,22] and to examine how nlany hypertensive subjects would have ABP
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hthin the normotensive range if certain thresholds were

: applied.

Methods
in ABP monitoring were identified f?om the
ttendants of the Second International Consensus
on 24-Hour Ambulatory Blood Pressure Measm e n t (Dublin, 23 September 1991; organized by Pror E.T. O'Brien), h m computer searches of the En, French and German literature h m January 1980
1991 using the Medical Literature Analysis and
Retrieval System, and through contacts at international
meetings. A total of 33 research groups were invited to
make available for analysis ABP recordings and relevant
clinical information. Twenty-four centres co-operated,
ix units did not have suitable data and three either did
ot reply or decided not to take part.

ted ABP recordings were available h m 7595 peoOf these, 526 subjects were excluded because there
no record of their CBP, because their ABP recordcovered 4 0 h, because fewer than 10 readings were
for the computation of average daytime blood
or because fewer than five readings were availnight-time blood pressure.The study group thus
totalled 7069 subjects.
In agreement with current medical practice [21,22], normotension and hypertension were defined solely on the
basis of CBP measurements. Normotension was defined as CBP 1140/90 mmHg. Borderline hypertension
was present if either systolic CBP was 141-159 mmHg
or diastolic CBP was 91-94 mrnHg, or both. Definite
hypertension was defined as systolic CBP 2160mmHg
or diastolic CBP 295 mmHg, or both.
:

The vast majority of the hypertensiv~subjects had been
examined on several occasions. However, the number of
visits for which CBP readings could be made available
for the present analysis varied from one to three. The
CBP was the average of at least two measurements in
all subjects with borderline or definite hypertension. By
conmt, some normotensive subjects had been examonce only and, in a few normotensive subjects, one
d pressure reading within the normotensive range
been deemed sufficient to exclude hypertension.

all subjects ABP had been recorded non-invasively
er with auscultatory (Accutracker I1 [23], Del Mar
nics Pressurometer P4 [24], Novacor Diasys 200R
, Oxford Medilog [26], SpaceLabs 5200 [27] or
eda A&D TM-2420 [28]) or oscillometric (SpaceLabs 90202 [29] or 90207 [29]) devices. Whenever the
ad been recorded with both techniques (using the
Medical ABPM-630 [30]) only the oscillon~etmeasurements were used for the present analysis. All
P recordings were truncated so that their total duradid not exceed 24 h. In order to eliminate the transperiods between daytime activity and sleep, during

which blood pressure ofien changes rapidly, daytime was
defined1 as 1000-2000 h and night-time as 0000-0600 h
[15,20]! To contrast the distributions of ABP among
normotensive and hypertensive subjects, subjects with
definite hypertension were subdivided into two partially
overlapping groups: subjects with systolic hypertension
(systolic CBP 2160mmHg) and subjects with diastolic
hypertension (diastolic CBP 295 rnrnHg).
DBMS/COPY (Conceptual S o h a r e Inc., Houston, Texas,

USA) was used to convert the available data to a database
compatible with the SAS format (SAS Institute Inc., Cary.
North Carolina, USA). After conversion all ABP recordings were processed by the same computer program, using SAS software. The ABP recordings were not edited.
Within-subject means of the ABP measurements were
weighted for the interval between successive blood pressure readings [20]. Exact confidence intervals for proportions were computed using STATXACT s o h a r e (CYTEL S o h a r e Corporation, Cambridge, Massachusetts,
USA). Group means were compared using Student's ttest, and proportions were compared using a standardized
normal deviate [31]. Multiple logistic regression [31,32]
was used to identify the factors determining the probabil~tythat hypertensive subjects had ABP below the 95th
centile of the corresponding distribution in normotensive subjects.

Results
Characteristics of the study population
The study population included 7069 subjects (3600
male. 3469 female; mean? SD age 4 8 f 16 years, range
10-99). The age distribution was similar among men
and women: 2.7% were aged 10-19 years, 13.1% were
20-29, 14.5% were. 30-39, 27.4% were 40-49, 17.8%
were 50-59, 15.3% were 60-69 and 9.2% were 270.
Body mass index was available in 5052 subjects
(mean+SD 24.6k4.l kg/m2, range 14.0-52.7). The
number of subjects for whom data were contributed by
each investigator, the criteria by which these participants
had been recruited, and their age and sex distributions
are summarized in Table 1.
Blood pressure measurements
The median number of visits for which CBP readings
had been made available for the present analysis was two
throughout the database and two among the 1776 subjects with definite hypertension (Table 1). CBP was the
average of two readings in 2519 persons, three readings
in 3551, four in 262, five in 396 and nine in 110 subjects
(Table 1). In 231 subjects only one sphygmomanometric
blood pressure reading had been obtained, which was
found to be normal. The median number of CBP readings averaged for the present analysis was three in all
7069 subjects, and two in the 1776 subjects with definite
hypertension.
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Table 1. Characteristics of the study population.
Investigator

n

Subjects

Age (years)

Men

Baurngart
Ue Gaude~naris
De Cort
Degaute
Enstrvrn
Fagard
Gosse
Gourlay
Hayashi
l~nai
Jalnes
Kawasaki
.
Kuschnir
Kuwajima
Liu Lislieng
h\iddeke
O'Brien
O'Brien
Omboni
Otsuka
Otsuka
Otsuka
Palatini
Pieper
Staesserr
Staesscn
Staessen
Verdecchia
Weizhong Zhang
Zachariah

(%l

NBP (%)

Devicek) used

Visits

CBP

s2t 57
Ss, ND2
57
OM

S5
S5
Ss, ND2
All
CM6
CM6
ss. 57
CM6
T
CM6
S2

52, 57
szt S7
52, S7
57
CM6
CM6
CM6
Ss, D, T
55
52
s2t 57

52,

ss, 57
52
D

Subjects: C, community; E, employees (white- or blue-collar); P, patients; S, students. Selection criteria are given in parentheses: d, subjects
with concomitant disease excluded; h, borderline hypertension, i.e. 140<systolic blood pressure<l60mmHg or 90<diastolic blood pressure<95 mmHg or definite hypertension, i.e. systolic blood pressure 21 60mmHg or diastolic blood pressure 295 mmHg; n, normotension,
i.e. systolic blood pressure _<140mmHgand diastolic blood pressure 590mmHg; r, random sample; v, volunteers. Age: mean (range). NBP,
percentage of subjects with normal blood pressure upon conventional measurement. Devices: All, Accutracker II; CM6, Colin Medical ABPM630; D, Del Mar Avionics Pressurmeter P4; OM, Oxford Medilog; ND2, Novacor DIASYS 2OOR; Ss, S2 and S7, SpaceLabs 5200, 90202 and
90207; T, Takeda A & D TM-2420. Visits: the number of visits (total number of conventional blood pressure readings) available for analysis for
each subject. The letter indicates where the blood pressure readings were obtained: S, special centre; C, clinic; H, home; P, surgery of general
practitioner. CBP, conventional blood pressure readings (number of readings averaged for the present analysis): R, recumbent, S, sitting.

Table 2. Blood pressure in normotensive subjects and in those with
borderline and definite hypertension.

Norniotensive
n
4577
40.6
Men (%)
Age (years)
4 5 f 15'
Systolic blood pressure (mrnHg)
Conventional
1195 12'
24-h Ambulatory
116 f 10'
Daytime
122f11'
106511'
Night-time
Diastolic blood pressure (mmHg)
Conventiona I
7359'
24-h Ambulatory
705 7'
Daytime
7558'
Night-time
61 58'

Borderline
hypertensive

Definite
hypertensive

719
61.6
53518

1773
52.7
5 2 f 15

146?7
128 f 11
134212
1175 14

169518
143f17
149f18
130519

8359
76 f 8
81 5 9
6859

102515
86511
91 512
77k12

Age and blood pressure are expressed as means5SD. *P<0.05,
versus borderline and definite hypertensive.

The technique of ABP measurement used was oscillometric in 5572 subjects, auscultatory in 1417 and either
auscultatory (using the SpaceLabs 5200) or oscillometric (using the SpaceLabs 90202) in 80 (those data contributed by Jalnes G; Table 1).
A total of 4577 subjects had CBP within the normotensive rarigc (Table 2), 582 of whom (Staessen JA, Table
1) had had their CBP measured in the relaxed home
environment. However, excluding these subjects from
the database did not substantially alter the distributions
of ABP rlleasurements among the normotensive subjects
(Table 3). These distributions were also unchanged by
the exclusion of 44 adolescents (aged < l 8 years).
The database included 2492 hypertensive subjects, of
whom 719 had a borderline elevation of systolic or diastolic CBP, or both, and 1773 were definitely hypertensive (Table 2). O f the latter, 1324 had systolic and 1310
had diastolic hypertension. Both systolic and diastolic
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Table 3. Ambulatory blood pressure in normotensive subjects, in-

cluding and excluding S82 subjects in whom conventional blood
pressure had been measured at home.

Table 5. Percentages of hypertensive subjects with conventional
blood pressure above and ambulatory blood pressure below specified thresholds.

Hypertensive subjects (O/O)

Blood pressure (mmHg)
Systolic

Diastolic

All subjects (n = 4577)
11 6510 (1 33, 142)
24-h Ambulatory
Daytime
122+11(140,149)
106f 11 (1 25, 140)
Night-time
.
Excluding subjects examined at home (n = 3995)
11 6k 10 (1 33, 143)
24-h Ambulatory
Dayiime
122+11 (1 40, 149)
106+12(126,142)
Night-time

7027 (82, 88)
7528(88,94)
61 +8 (76, 83)
70k 7 (82, 88)
7528 (88, 94)
62+8(77,83)

Values are expressed as meanskSD (95th, 99th centiles).

Table4. Blood pressure measurements in three subgroups of subjects
with definite hypertension.

Hypertensive
Isolated
systolic

Isolated
diastolic

Systolic and
diastolic

463
Men (%l
50.3
58+18
Age (years)
Systolic blood pressure (mmHg)
Conventional
173413
24-h Ambulatory
141 k 14
Daytime
147+15
130+18
Night-time
Diastolic blood pressure (mmHg)
83+10
Canventional
80k 10
24-h Ambulatory
Daytime
85+12
72k11
Night-time

449
65.3
43213

861
47.4
S2+13

148+8
135 17
141+18
122k18

178f 16
147+17
154218
135219

104+7
85k10
91 + l 1
75211

111 _+l1
90+ 11
95k12
81 k 1 2

-

0

+

Values are expressed as rneanskSD. Hypertension was defined as
blood pressure 21 60/95 mmHg upon conventional blood pressure
measurement.
hypertension were present in 861 subjects, 463 subjects
had isolated systolic hypertension and 449 had isolated
diastolic hypertension (Table 4).

As expected, ABP was, on average, higher in the hypertensive than in the normotensive subjects (Table 2). T h e
mean ABP throughout the day and the correspond-

ing

Threshold
(mmHg)

Conventional
systolic
blood pressure
1 1 60 mmHg
(n = 1324)

24-h Ambulatory blood pressure
Systolic
15
<l 29
90th Centile
24
95th Centile
<l 33
442
47
99th Centile
<l 36
31
Mean + 2SD
Mean + 3SD
<l 46
57
Diastolic
<79
27
90th Centile
<82
37
95th Centile
<88
57
99th Centile
<84
44
Mean + 2SD
41
66
Mean + 3SD
Daytime ambulatory blood pressure
Systolic
<l 36
18
90th Centile
95th Centile
<l 40
26
46
99th Centile
<l 49
34
Mean +2SD
<l 43
Mean + 3SD
<l 54
59
Diastolic
90th Centile
<85
32
95th Centile
<88
41
c94
57
99th Centile
Mean + 2SD
4 1
47
48
70
Mean + 3SD
Night-time ambulatory blood pressure
Systolic
90th Centile
<l 20
27
<l 25
37
95th Centile
.<l 40
99th Centile
68
Mean + 2SD
<l 28
44
<l 40
67
Mean + 3SD
Diastolic
90th Centile
<72
36
<76
47
95th Centile
99th Centile
<83
66
<78
52
Mean + 2SD
Mean+3SD
<86
73

Conventional
diastolic
blood pressure
295 mmHg
(n=1310)

23
32
54
39
62
21
30
44
38
61

24
34
53
42
62
25
34
51
40
65
35
46
72
53
71
32
45
63
49
69

Thresholds were determined from ambulatory blood pressure in
4577 normotensive subjects.

95% confidence interval and SD are shown for

the normotensive subjects, by country, in Figs 1 and
2. The 95th centiles of the ABP distributions in the
normotensive subjects were (systolic and diastolic, respectively) 133 and 8 2 m m H g for 24-h blood pressures,
140 and 88 m m H g for daytime blood pressures and 125
and 76mmHg for night-time blood pressures (Table 5).

mbulatory blood pressure in normotensive
compared with hypertensive subjects
definition there was a difference of L20 rnrnHg in
olic CBP between the 4577 normotensive subjects

and the 1324 subjects with systolic hypertension. Indeed,
in the former the distribution had been truncated at
140 mmHg and in the latter at 160 m m H g (Fig. 3). Similarly, diastolic CBP was 25 m m H g higher in the subjects with diastolic hypertension (n =1310) than in the
normotensive subjects. Nevertheless, there was considerable overlap between the normotensives and hypertensives when their ABP distributions were analysed (Fig. 3,
Table 5). For instance, the 95th centile of 24-h systolic
ABP in normotensive subjects (133 mmHg) was not exceeded by 24% of the subjects with systolic hypertension

