Short report: Ambulatory blood pressure in
normotensive compared with hypertensive subjects

Jan A. Staessen, Eoin T. O’Brien*, Neil Atkins* and
Antoon K. Amery, on behalf of the Ad-Hoc Working Group®

Objective: To delineate more precisely an operational threshold for making
ciinical decisions based on ambulatory blood pressure (ABP) measurement by
studying the ABP in subjects who were diagnosed as either normotensive or
hypertensive by conventional biood pressure (CBP) measuremant.

Subjects: Twenty-iour research groups recruited 7089 subjects. Of these, 4577
were normotensive (CBP <140/90 mmHg), 719 were borderline hypertensive
(systolic CBP 141-159 mmHg or diastolic CBP 91-94 mmHg) and 1773 were
definitely hypertensive. Of the subjects in the last of these categories, 1324
had systolic hypertension (systolic CBP 2160 mmig) and 1310 had diastolic
hypertension (diastolic CBP 295 mmHg). 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 24-h ABP distributions in the normotensive
subjects were (systolic and diastolic, respectively) 133 and 82 mmHg. Of the
subjects with systolic hyperension, 24% had 24-h systolic ABP <133 mmHg.
Similarly, 30% of those with diastolic hypenension had 24-h diastolic ABP
<82 mmHg. 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 esablishing the diagnosis of
hypertension. By contrast, for each 10-mmHMg increment in systolic CBP, this
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probability decreased by 54% for 24-h systolic ABP and by 26% for 24-h diastolic
ABP, and for each 5-mmHg increment in diastolic CBP it decreased by 6 and 9%,

respectively.

Conclusions: The ABP 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.

Journal of Hypertension 1993, 11:1289-1297
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Introduction

The widespread clinical application of ambulatory
blood pressure (ABP) monitoring requires the def-
inition of operational thresholds [1-3]. Preliminary
proposals [4-10} have been published, but continu-
ing research has not yet reached a widely endorsed
consensus [3]. A recent meta-analysis [7] pooled
statistics from 23 published studies of 3476 normo-
tensive subjects. The ABP measurements in those
studies had been processed using different mathe-
matical techniques, various definitions of day and
night, and different editing criteria for the exclusion
of invalid readings.

In an attempt to delineate more precisely an oper-
ational threshold for ABP monitoring, the objective
of the present study was to constitute and analyse
an international database of ABP recordings. The
perceived advantage of studying recordings from in-
dividual subjects, rather than the summary statistics
of published reports, was that the same mathemat-
ical approach [11], the same quality standards and
a uniform definition of day and night could be
applied to 7069 recordings from 24 clinical research
units. The database also provided the means to
contrast the distributions of the ABP measurements
from subjects who were either normotensive or
hypertensive according to conventional sphygmo-
manometry [12,13] and to examine how many
hypertensive subjects would have ABP within the
normotensive range if cernain thresholds were
applied.

Methods

Experts in ABP monitoring were identified from the
list of attendants of the Second International Con-
sensus Meeting on 24-Hour Ambulatory Blood Pres-
sure Measurement (Dublin, 23 September 1991; or-
ganized by Professor E.T. O’'Brien), from computer

searches of the English, French and German litera-
ture from January 1980 to June 1991 using the Medi-
cal Literature Analvsis and Retrieval System, and
through contacts at international meetings. A total
of 33 research groups were invited to make avail-
able for analysis ABP recordings and relevant clinical
information. Twenty-four centres co-operated, six
units did not have suitable data and three either did
not reply or decided not to take part.

Unedited ABP recordings were available from 7595
people. Of these, 526 subjects were excluded be-
cause there was no record of their CBP, because
their ABP recording covered <20h, because fewer
than 10 readings were available for the computa-
tion of average daytime blood pressure or because
fewer than five readings” were available for night-
time biood pressure.The study group thus totalled
7069 subjects.

In agreement with current medical practice [12,13],
normotension and hypertension were defined solely
on the basis of CBP measurements. Normoten-
sion was defined as CBP £140/90 mmHg, Borderline
hypertension was present if either systolic CBP was
141-159 mmHg or diastolic CBP was 91-94 mmHg,
or both. Definite hypertension was defined as sys-
tolic CBP 2160mmHg or diastolic CBP 295 mmHg,
or both.

The vast majority of the hypertensive 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 10 three. The CBP was the average of at
least two measurements in all subjects with border-
line or definite hypertension. By contrast, some
normotensive subjects had been examined once
only and, in a few normotensive subjects, one
blood pressure reading within the normotensive
range had been deemed sufficient to exclude
hypertension.

In all subjects ABP had been recorded non-inva-
sively either with auscultatory (Accutracker II [14],
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Del Mar Avionics Pressurometer P4 [15], Novacor
DIASYS 200R [16], Oxford Medilog [17], Spacelabs
5200 (18] or Takeda A & D TM-2420 [19)]) or oscillo-
metric (SpaceLabs 90202 [20] or 90207 [20]) devices.
Whenever the ABP had been recorded with both
techniques (using the Colin Medical ABPM-630 [21])
only the oscillometric measurements were used for
the present analysis. All ABP recordings were trun-
cated so that their total duration did not exceed 24 h.
In order to eliminate the transition periods between
daytime activity and sleep, during which blood pres-
sure often changes rapidly, daytime was defined as
1000-2000h and night-time as 0000-0600h [6,11).
To contrast the distributions of ABP among nor-
motensive and hypertensive subjects, subjects
with definite hypertension were subdivided into
two partially overlapping groups: subjects with sys-
tolic hypertension (systolic CBP 2160 mmHg)

Table 1. Characteristics of the study population.

and subjects with diastolic hypertension (diastolic
CBP 295 mmHg).

DBMs/copy (Conceptual Software 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). Af-
ter conversion all ABP recordings were processed
by the same computer program, using SAS soft-
ware. The ABP recordings were not edited. Within-
subject means of the ABP measurements were
weighted for the interval between successive blood
pressure readings [11]. Exact confidence intervals
for proportions were computed using STATXACT
software (CYTEL Software Corporation, Cambridge,
Massachusetts, USA). Group means were compared
using Student’s t-test, and proportions were com-
pared using a standardized normal deviate. Mul-

Investigator n Subjects Age (years) Men (%) NBP (%) Device(s) used Visits CBP
Baumgart 103 S 24 (20-29) 50 92 S2. Sy c2ie S
De Gaudemaris 158 E (vd,n) 41 (15-75) 49 100 S5, ND, $103) S(3)
De Cort 352 P (v) 72 (59-97) 42 49 S; P2(12) $(3
Degaute 45 ES (v) 35(019-72) 100 76 OM Cc1(3) S@3)
Enstrom 159 C (rd} 52 (40-64) 100 45 Ss P3(M R ()
Fagard 37 P (v,h) 41 (26-56) 62 3 . Ss c200 R (5)
Gosse 231 E (v,n) 39 (21-74) 61 79 Ss, ND, st S
Gourlay 76 c 47 (21-68) 59 64 Ay S1(2 $(2)
Hayashi 311 ? (v,d,n) 40 (15-86) 60 87 CMg $3(1) 5(3)
Imai 429 cm 55 (12-72) 3 77 CMg $1(2) S (2)
James 80 £ {v.d,n) 30 (21-50) 0 100 Ss, S7 $16) 5 (5)
Kawasaki 700 ?(v.d) _54(12-72) - 57 78 CMg S 2(6) S{3)
Kuschnir 110 TP 55 (39-74) 45 0 T C39 S (9
Kuwajima 99 P 78 (62-99) 56 43 CMg 103 s(3)
Liu Lisheng 26 E (v.d.n) 65 (44-76) 85 100 S c3(m S$3)
Middeke 82 P (v) 39 (16-77) 46 50 S2. Sy C1(5 5 (5)
O'Brien 896 EW 46 (29-51) 48 90 S2. Sy $2(02 S
O’Brien 938 P (v,h) 50 (16-81) 49 0 S5, S7 c2@ S(2)
Omboni 9 P v} 43 (21-64) 44 100 Sy c10) $(3)
Otsuka 321 C (v.d.n) 38 (16-89) 41 90 CMg S1(3) $3)
Onsuka 151 S (vd,n) 20 (18-27) 0 99 CMg S103) $@3)
Otsuka 122 Pw 52 (15-81) 45 0 CMg C1(3 S (3)
Palatini 214 P (v) 31 (10-81) 86 17 S5, D, T c10) S@3)
Pieper 159 EW 43 (30-60) 89 99 Ss S2(6) S (4)
Staessen 739 cm 50 (20-87) 48 79 Sy H2Q0 SQ)
Staessen 36 P (v,h) 50 (19-69) 58 14 S, Sy c200 S(5)
Staessen 161 ES (vd 34 (19-62) 52 76 S2. Sy Cc2(010 S (5)
Verdecchia 145 E (v.d,n) 46 (16-91) 53 100 S5, S5, S7 cC10 s@3)
Weizhong Zhang 54 E (v.d,n) 47 (22-76) 50 100 S, Cc1@ Q)
Zachariah 126 C (vd,n) 49 (21-84) 44 95 D §2(2) 5(2)

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<160mmHg or 90 <diastolic blood pres-
sure<95 mmig or definite hypertension, i.e. systolic blood pressure 2160 mmHg or diastolic blood pressure 295 mmHg; n, normotension,
i.e. systolic blood pressure £140mmHg and diastolic blood pressure <30 mmHg; r, random sample; v, volunteers. Age: mean (range). NBP,
percentage of subjects with normal blood pressure upon conventiona. measurement. Devices: Ay, Accutracker II; CMg, Colin Medical ABPM-
630; D, Del Mar Avionics Pressurometer P4; OM, Oxford Medilog; ND,, Novacor DIASYS 200R; Ss, S; and S;, 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 (n): R, recumbent, S, sitting; within parentheses the number of readings averaged for

the present analysis.

1291



1292

Journal of Hypertension 1993, Vol 11 No 11

tiple logistic regression [22] was used to identify
the factors determining the probability that hyper-
tensive 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 48+16 vears,
range 10-99). Body mass index was available in
5052 subjects (mean+SD 24.6+4.1kg/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 numbser 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. 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 hyperten-
sion.

The technique of ABP measurement used was oscil-
lometric 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 James G; Table 1).

A total of 4577 subjects had CBP within the normo-
tensive range (Table 2), 582 of whom (Staessen JA,
Table 1) had had their CBP measured in the relaxed
home environment. However, excluding these sub-
jects from the database did not substantially alter
the distributions of ABP measurements among the
normotensive subjects. These distributions were also
unchanged by the exclusion of 44 adolescents (aged
<18 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). Of the latter, 1324 had sys-
tolic and 1310 had diastolic hypertension. Both sys-
tolic and diastolic hypertension were present in 861
subjects, 463 subjects had isolated systolic hyper-
tension and 449 had isolated diastolic hypenension
(Table 3).

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

Borderline Definite
Normotensive hypertensive hypertensive

n _ 4577 719 1773
Men (%) 48.6 61.6 2
Age (years) 45%+15* 53+18 52*15
Systolic blood pressure (mmHg)
Conventional 119+£12* 1467 169+18
24-h Ambulatory 116+10* 128+ 11 143£17
Daytime 122+11* 134+12 149+18
Night-time 106 11" M7+14 130+19
Diastolic blood pressure (mmHg)
Conventional 73+£9* 839 10215
24-h Ambulatory 707 76+8 86+ 11
Daytime 75%8* 81+9 91+12
Night-time 61+8* 68+9 1712

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

Table 3. Blood pressure measurements in three subgroups of subjects
with definite hypertension.

Hypertensive
Isolated Isolated Systolic and
systolic diastolic diastolic
n 463 449 861
Men (%) 50.3 65.3 47.4
Age (years) 5818 43+13 52+13
Systolic blood pressure (mmHg)
Conventional 17313 148+8 178+16
24-h Ambulatory 141114 135+17 - 14717
Daytime 14715 141118 154+18
Night-time 130+18 122+18 13519
Diastolic blood pressure (mmHg)
Conventional 8310 10417 1N
24-h Ambulatory 80£10 85+10 9011
Daytime 85+12 911 95+12
Night-time 72x11 75+ 81+12

Values are expressed as means=5D. Hypertension was defined as
blood pressure 2160/95 mmiHg upon conventional blood pressure
measurement.

As expected, ABP was, on average, higher in the
hypertensive than in the normotensive subjects
(Table 2). The 95th centiles of the ABP distributions
in the normotensive subjects were (systolic and dias-
tolic, respectively) 133 and 82 mmHg for 24-h bhlood
pressures, 140 and 88 mmHg for daytime blood pres-
sures and 125 and 76 mmHg for night-time blood
pressures (Table 4).

Ambulatory blood pressure in normotensive
compared with hypertensive subjects

By definition there was a difference of 220 mmHg in
systolic CBP between the 4577 normotensive sub-
jects and the 1324 subjects with systolic hyperten-
sion. Indeed, in the former the distribution had
been truncated at 140mmHg and in the latter at
160 mmHg. Similarly, diastolic CBP was >5mmHg
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ABP in normotensive subjects (133 mmHg) was not
exceeded by 24% of the subjects with systolic
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hypertension upon conventional sphygmomanom-
etry (Fig. 1, Table 4). Similarly, 30% of the sub-

jects with diastolic hyperntension upon conventional
measurement had 24-h diastolic ABP below the 95th

centile (82mmHg) of the subjects with normal CBP.

Table 4. Percentages of hypertensive subjects with conventional
blood pressure above and ambulatory blood pressure below speci-
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Fig. 1. The cumulative distributions of the 24-h (a) systolic

and (b) diastolic ambulatory blood pressures in normotensive

)5
(N, n=4577) and hypertensive subjects (H; systolic n=1324,
diastolic n=1310). The dotted vertical lines indicate the

95th centiles of these biood pressures in normotensive sub-
jects. Patients with borderline hypertension (n=719) were
excluded from this analysis.
higher in the subjects with diastolic hypertension
(n=1310) than in the normotensive subjects. Nev-
ertheless, there was considerable overlap between
the normotensives and hypertensives when their

ABP distributions were analysed (Fig. 1, Table
4). For instance, the 95th centile of 24-h systolic

Mean + 25D
Thresholds were determined from ambulatory blood pressure in

4577 normotensive subjects.

Using a multivariate approach, logistic regression
was subsequently employed to identify the factors
determining the overlap in ABP measurements be-
tween the normotensive and the hypertensive sub-
jects (Table 5). The probability that the hyperntensive
subjects had 24-h systolic ABP below the 95th centile
of ABP in the normotensive subjects was described

by the following logistic function:

12.1 +(0.65 x sex) + (0.0092 x age)

~(0.078 x systolic CBP)
—(0.013 xdiastolic CBP)
+(0.82x nv) +(0.78 % ncl;p)
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where the sex term is scored as 1 for women and 0
for men, ny, is the number of visits (one visit scored
as 1, more than one scored as 0) and ncgp is the
number of CBP readings (two readings scored as 1,
more than two scored as 0).

For 24-h diastolic ABP the equivalent logic.ic func-
tion was:

4.2+(0.32 xsex) +(0.0109 x age)
—(0.030 % systolic CBP)
—(0.018 x diastolic CBP)
+ (136 X nv) + (141 X nCBp)

Thus, multiple logistic regression demonstrated that
the probability that the subjects with definite hyper-
tension upon conventional sphygmomanometry had
24-h ABP below the 95th centile of the normotensive
subjects was nearly 40% (diastolic) to 909% (systolic)
greater in women than in men (Table 5). For both
24-h systolic and diastolic ABP this probability rose
by approximately 10% for each 10-year increase in
age. By contrast, for each 10-mmHg increment in
systolic CBP this probability decreased by 54% for
24-h systolic ABP and by 26% for 24-h diastolic ABP,
and for each 5-mmHg increment in diastolic CBP
this probability decreased by 6 and 9%, respectively
(Fig. 2, Table 5). If a blood pressure record of only
one visit (rather than two or three visits) had been
made available, and if the subjects had been classi-
fied on the basis of two CBP readings only (rather
than three or more), the probability that hyperten-
sive subjects had 24-h systolic or diastolic ABP be-
low the 95th centile of the normotensive subjects
rose by between two- and fourfold (Table 5).

In comparison with 24-h ABP, the overlap in the
daytime and night-time blood pressures between the
normotensive and the hypertensive subjects was of
similar magnitude (Table 4) and was influenced by
the same factors.

Discussion

Ambulatory blood pressure in normotensive
subjects

An operational threshold for making clinical de-
cisions based on ABP measurements is urgently
needed [3]. This requires that the relationship
between these measurements and the incidence
of cardiovascular complications be clarified further
[23]. Moreover, the benefits of using ABP monitoring
as an accessory to conventional sphygmomano~ie-
try must be established in prospective clinical trials
[24-26], although prospective studies alone are un-
likely to establish an operational threshold for ABP
monitoring. Indeed, studies of intermediate end-

Table 5. Probabilities that hypertensive subjects had a 24-h am-
bulatory blood pressure below the 95th centile of that of the
normotensive subjects.

Systolic blood  Diastolic blood

pressure pressure
(n=1324) (n=1310)
Female versus male 1.92 1.38
(1.45, 2.54) (1.06, 1.79)
10 years older 1.10 1.12
(0.99, 1.21) (1.01, 1.24)
10-mmHg higher conventional
systolic blood pressure 0.46 0.74
(0.39, 0.54) (0.68, 0.81)
5-mmHg higher conventional
diastolic blood pressure 0.94 0.91
(0.89, 0.98) (0.85, 0.98)
One versus more visits 2.29 3.89
(1.55, 3.38) (2.65, 5.70)
Two versus more conventional
pressure readings 2.19 4.11
(1.55, 3.09) (2.91, 5.81)

Values are expressed as odds ratio (95% confidence limits), deter-
mined by multiple logistic regression; the odds ratio for each vari-
able is adjusted for possible confounding by all other variables in
the table.

804 L2

PROBABILITY (%)
¥ s
PROBABILITY (x)
3 8

°

141- 18- 181= 7= 181- 180 "= - 101- 108— »110
150 180 170 180 " () 100 0 ne
CONVENTIONAL SYSTOUC BP (mmiig) CONVENTIONAL DIASTOLIC BP (mmHg)

Fig. 2. The probability that hypertensive subjects would have
24-h ambulatory blood pressure (BP) below the 95th cen-
tile of that of the normotensive subjects, as a function of
their conventional blood pressure. This analysis includes
719 subjects with borderline hypertension and 1773 with
definite Lypertension. Probabilities are unadjusted for other
confounding variables, ----- , 95% Confidence interval.

points, such as left ventricular hypertrophy [27-29],
and a previous study of daytime blood pressure only
[23] have shown that the relationship between ABP
measurements and cardiovascular complications is
continuous, without a threshold level at which the
risk rises suddenly.

It is becoming increasingly evident that to define
an operational threshold for ABP monitoring an
arbitrary judgement is inevitable, as it has proved
to be for conventional sphygmomanometry [12,13].
Although arbitrary, an operational threshold must be
based on factual observations and at least two other
approaches are likely to be helpful: insight into the
distributions of ABP measurements in subjects who
are normotensive or hypertensive according to the
current definitions of these conditions {12,13], and
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-a description of the distributions of ABP measure-
ments in unselected populations [6,30]. The former
approach, followed in the present study, constitutes
a link between ABP monitoring and the vast experi-
ence accrued in the past using conventional sphyg-
momanometry. Indeed. observational studies and
clinical outcome trials have established unequiv -
cally that normotensive subjects, in the absence of
other risk factors, have a lower cardiovascular risk
profile than hypertensive subjects [31].

Preliminary proposals for an operational threshold
for ABP monitoring have been published [4-10]. In
a meta-analysis of 23 studies the pooled estimate of
the average 24-h ABP +2SD in 3476 normotensive
people was 139/87 mmHg {7]. The ABP measure-
ments in the studies referenced for this meta-analy-
sis had been processed using different mathematical
techniques, various definitions of daytime and night-
time and different editing criteria for the exclusion
of invalid readings. In the present study 7069 indi-
vidual recordings contributed by 24 clinical research
groups were pooled and analysed. The advantage
of analysing recordings from individuals rather than
the summary statistics of published reports was that
the same mathematical approach [6,11], the same
quality standards and uniform definitions of daytime
and night-time could be applied. Both the present
study and the previously published meta-analysis [7},
despite differences in the databases and statistical
approaches used, found very similar distributions of
ABP in normotensive subjects.

Comparison of normotensive and hypertensive
subjects

The present database provided the means to com-
pare ABP measurements among subjects who were
either normotensive or hyperensive according to
conventional sphygmomanometry [12,13). If no con-
founding variables were considered, one-fifth to
more than one-third of the hypertensive subjects
appeared to have ABP below the 95th centiles of
ABP in the nommotensive subjects. However, fur-
ther analyses showed that for systolic blood pres-
sure this overlap tended to be greater in women
than in men. The overlap also increased with ad-
vancing age. By contrast, the overlap diminished if
the subjects had shown higher blood pressure upon
conventional sphygmomanometry or if the diagnosis
of hypertension had been reached after a greater
number of visits and CBP measurements, or both.
Nevertheless, even if these confounding variables
were considered, the overlap remained substantial.
For instance, the multiple logistic model derived in
the present study predicted that a 70-year-old man
who, upon repeated measurements at two or more
visits, maintained a CBP of 180/100 mmHg, had a 7%
chance of having a 24-h systolic ABP below the 95th
centile of that of the normotensive subjects, whereas
for diastolic blood pressure the probability would

be 22%. On the assumption that in the same man
only two blood pressure readings had been obtained
at a single visit, a CBP of 180/100 mmHg would be
associated with 2 27% chance of the 24-h systolic
ABP being below the 95th centile of that of the
normotensive subjects, the probability rising to 82%
for 24-h diastolic ABP. ‘

The prevalence of white-coat hypertension has been
evaluated in a few smaller cohorts of selected
patients [4.8,29,32-35) and has been reported to
be approximately 40% in some studies [32,33,35],
although, in keeping with the present findings, es-
timates varied from as low as 5% [4] to more than
70% {34], depending on how the patients had been
selected, how the blood pressure had been meas-
ured and which thresholds had been applied to dia-
gnose hypertension based on CBP and ABP meas-
urements. Many experts would agree that ABP meas-
urements reflect the true blood pressure of a subject
more closely than CBP readings [1-3]. Thus, both
the present study and previous reports [4,8,29,32-35]
suggest that the current practice of CBP measure-
ment may lead to the misclassification of subjects if
only the CBP level is considered.

At present, the definitions of normotension and
hypertension are based entirely on conventional
sphygmomanometry [12,13). The present findings
do not suggest that this standard procedure, long
established in clinical practice, should be aban-
doned. However, practising physicians need addi-
tional guidelines to. maximize the reproducibility of
their CBP measurements, to minimize the white-coat
effect [36,37] and to diagnose white-coat hyperten-
sion. ABP monitoring could be a very useful acces-
sory to conventional” sphygmomanometry in these

respects.

A fundamental question which remains is how
the risk profile of white-coat hypenensive patients
[36,37) differs from that of normotensive subjects
and from the prognosis of patients in whom both
CBP and ABP are elevated. Normotensive subjects
were recently compared with hypertensive patients
with concentric left ventricular hypertrophy (38}
(the left ventricular pattern most commonly associ-
ated with hypertension [39] and, possibly, with the
worst prognosis). The findings suggested that awake
ABP <139/86mmHg might be considered normal,
whereas values >149/95 mmHg might be regarded
as being elevated (38]. By comparison, the 95th cen-
tile of the davtime ABP in the present study was
140/88 mmHg, whereas in the previously published
meta-analysis 7] the average daytime ABP + 25D was
146/91 mmHg. However, even at the latter level of
daytime ABP, the late-diastolic transmitral peak flow
velocity and its ratio to the early peak flow velocity
may be abnormally increased in 9% of subjzcts [9).
Thus, it has been suggested that until these issues
are clarified further by prospective studies, conser-
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vative estimates should be used to define normality
of ABP [9].

Conclusions

The ABP distributions of the normotensive subjects
included in the present international database were
not materially different from those reported in the
literature [4-10]. One-fifth to more than one-third of
hypertensive subjects had ABP within the normoten-
sive range. The latter was arbitrarily defined as ABP
below the 95th centile of the ABP of normotensive
subjects. In agreement with current clinical experi-
ence, the overlap in ABP among normotensive and
hypertensive subjects decreased if CBP was more el-
evated or if the hypertensive subject had repeatedly
shown an elevated CBP, or both. The prognostic im-
plications of elevated CBP in the presence of normal
ABP remain to be elucidated.

Acknowledgements

The authors gratefully acknowledge the secretarial and technical
assistance of L. Pira, J. Polfliet, 1. Tassens and S. Van Hulle,

References

1. THe SciENTiic COMMNTEE: Consensus document on non-
invasive ambulatory blood pressure monitoring. J Hypertens
1990, 8 (suppl 6):5135-5140.

2 PICKERING TG, O'BRIEN E: Second international consensus
meeting on twenty-four-hour ambulatory blood pressure
measurement: conscnsus and conclusions. J Hypertens 1991,
9 (suppl 8):52-56.

3.  PICKERING TG: The ninth Sir George Pickering memorial lec-
turc. Ambulatory monitoring and definition of hypertension
[editorial review]. J Hypertens 1992, 10:401-409.

4. PICKERING TG, JAMES GD, BODDIE C, HARSHFIELD GA, BLANK
S, LARAGH JH: How common is white coat hypertension?
JAMA 1988, 259:225-228.

5. O'BRIEN E, MURPHY J, TYNDALL A, ATKINS N, MrE F
MCCARTHY G, £7 aL.: Twenty-four-hour ambulatory blood
pressure in men and women aged 17 to 80 years: the Allied
Irish Bank Study. J Hypertens 1991, 9:355-360.

6. STAESSEN J, BuLPrtt CJ, FAGARD R, LUNEN P, MANCIA G,
OBRIEN ET, ET AL: Reference values for the ambulatory
blood pressure and the blood pressure measured at home:
a population study. J Hum Hypertens 1991, 5:355~361.

. STAESSEN J, FAGARD R, LUNEN P, THUS L, VAN HOOF R, AMERY
A: The mean and range of thc ambulatory blood pressure
in normotensive subjects from a meta-analysis of 23 studies.
Am ] Cardiol 1991, 67:723-727.

8. HOEGHOWM A, KRISTENSEN KS, MADSEN NH, SVENDSEN TL:
White coat hypertension diagnoscd by 24h ambulatory
monitoring. Examination of 159 newly diagnosed hyperten-
sive patients. Am J Hypertens 1992, 5:64-70.

9. VERDECCHIA P, SCHILLACI G, BOLDRINI F, Zamp! I, PORCELL. .1
C: Variability between current definitions of ‘normal’ am-
bulatory blood pressure. Implications in the assessment of
white coat hypeniension. Hiypertension 1992, 20:555-562.

10. FAGARD R, BIELEN E, STAESSEN J, THYS L, AMERY A: Response
of ambulatory blood pressure to antihypertensive therapy
guided by clinic pressure. Am J Hypertens 1993, 6:648-653.

11.

12.

13:

14,

16.

17

18.

19.

21.

22.

23.

25.

26.

27.

THIS L, STAESSEN J, FAGARD R: Analysis of the diurnal blood
pressure curve. High Blood Pressure Cardiovasc Prev 1992,
1:17-28.
WORLD HEALTH ORGANIZATION: Arterial Hypertension: report
of a WHO expert committee. WHO Technical Report Series,
vol 628. Genevi: WHO: 1978.
THE WORLD HEALTH ORGANIZATION/INTERNATIONAL SOCIETY
OF HYPERTENSION MILD HYPERTENSION LIAISON COMMITTEE:
1989 Guidelines for the management of mild hypertension:
memorandum from 2 WHO/ISH meeting. Bull WHO 1989,
7:493-498.
WHITE W1B, SCHULMAN P, MCCABE EJ, NARDONE MDB: Clinical
validation of the Accutracker, a nove! inhibitory blood pres-
surc monitor, using R-wave gating for Korotkoff sounds. J
Clin Hypertens 1987, 3:500-509.
OBrRiEN E, MEE F, ATKINS N, O'MALLEY K: Accuracy of
the Del Mar Avionics Pressuromcter IV determined by
the British Hypertension Socicty Protocol {short report]. /
Hypertens 1991, 9:567-568.
OBriEN E, MeE F, ATKINS N, O’MALLEY K: Accuracy of
the Novacor DIASYS 200 determincd by the British Hyper-
tension Socicty Protocol [short report]. J Hypertens 1991,
9:569-570.
RADAELL A, COATS AJS, CLARK §J], BIRD R, SLEIGHT P: The
effects of posture and activity on the accuracy of ambulatory
blood pressure recording: 2 validation of the Oxford Medilog
system. J Ambul Monit 1990, 3:155-161.
CASADE! R, PARATI G, POMIDOSSI G, GROPPELLI A, TRAZZI S,
Di RiENZO M, ET AL: 24-Hour blood pressure monitoring:
evaluation of Spacelabs 5300 monitor by comparison with
intra-arterial blood pressure recording in ambulant subjects.
J Hypertens 1988, 6:797-803.
O'BriEN E, MEE F, ATKINS N, O'MALLEY K: Accuracy of the
Takeda TM-2420/TM-2020 determined by the British Hyper-
tension Society Protocol [short report]. J Hypertens 1991,
9:571-572.
GROPPELLI A, OMBONI S, PARATY G, MANCIA G: Evaluation of
noninvasive blood pressure monitoring devices Spacelabs
90202 and 90207 versus resting and ambulatory 24-hour
intra-arterial blood pressure. Hypertension 1992, 20:227-232,
WHITE WB, LUND-JOHANSEN P, MCCABE EJ: Clinical evaluation
of the Colin ABPM 630 at rest and during exercise: an
ambulatory blood pressure monitor with gas-powered cufl
inflation. J Hypertens 1989, 7:477-483.
SAS INSTITUTE: SAS Technical Report P-179: Additional sAs-
STAT Procedures. Release 6.03. Cary, North Carolina: SAS
Institute Inc.; 1988:149-170.
PERLOFF D, SOKOLOW M, COWAN RM, JUSTER RP: Prognostic
value of ambulatory blood pressure measurements: further
analyses. J Hypertens 1989, 7 (suppl 3):83-510.
CLEMENT DL, ON BEHALF OF THE STEERING COMMITIEE: Home
versus office monitoring of blood pressure: 2 European mul
ticentre study of high blood pressure. J Hypertens 1989, 7
(suppl 3):549-S51.
STAESSEN J, AMERY A, CLEMENT D, COX J, DE CORT P, FAGARD
R, £7 AL: Twenty-four hour blood pressure monitoring in
the Syst-Eur trial. Aging 1992, 4:85-91.
STAESSEN J, AMERY A, ON BEHALF OF THE ADVISORY BOARD:
APTH—12 trial on ambulatory blood pressure monitoring and
the treatment of hypertension: objectives and protocol. Acra
Cardiol 1993, 48:25-42.
VERDECCHIA P, SCHOUACI G, BOLDRINI F, GUERRIERI M,
GATTESCHI C, BENERNIO G, T AL: Risk stratification of left
ventricular hypertrophy in systemic hypertension using non-
invasive ambulatory blood pressure monitoring. Am J Car-
diol 1990, 66:583-590.
FAGARD R, BIELEN E, AMERY A: Automated versus observer
blood pressure as determinants of left ventricular structure.
Fur Heart ] 1992, 13:1373-1379.
THYs L, AMERY A, CLEMENT D, COX J, DE CORT P, FAGARD R,
ET AL.: Ambulatory blood pressure monitoring in elderly pa-
tients with isolated systolic hypertension. J Hypertens 1992,
10:693—699.
CESANA G, DE VITO G, FERRARIO M, LIBRETT1 A, MANCIA G,
MOCARELL P, £T AL: Ambulatory blood pressure normaicy:
the PAMELA Study. J Hypertens 1991, 9 (suppl 3):517-523.



Blood pressure in normotensive and hypertensive subjects Staessen et al.

31.

COLLINS R, PETO R, MACMAHON S, HEBERT P, FiIEBACH NH,
EBERLEIN KA, 7" AL: Blood pressure, stroke, and coronary
heart discase. Part 2. Shortterm reductions in blood pres-
sure: overview of randomised drug trials in their cpidemi
ological context. Lancer 1990, 335:827-838.

KRaKOFF LR, EISON H, PHILLIPS RH, LEiman S], LEV S: Effect
of ambulatory blood pressure monitoring on the diagnosis
and cost of treatment for mild hypertension. Am Heart |
1088, 116:1152-1154.

LerMan CE. Brobpy DS, Hui T, Lazaro C, SMiTH DG, BLum
MJ: The white-coat hypertension response. Prevalence and
predictors. /] Gen Intern Med 1989, 4:226-231.

MYERS MG. REEVES RA: White coat phenomenon in patients
receiving antihyperntensive therapy. Am J Hypertens 1991,
4:844-849.

RuUpDY MC, BiaLy GB, MALKA ES. Lacy CR, KOsTIS JB: The
relationship of plasma renin activity to clinic and ambula-
tory blood pressure in elderly people with isolated systolic
hypertension. J Hypertens 1988, 6 (suppl 41:8412-5415.

36.

37.

39.

MANCIA G, BERTINIERt G, GRASSI G, PARATI G, POMIDOSSI G,
FERRARI A, 2T AL Effects of blood pressurc measurement
by the doctor on paticnt’s blood pressure and heart rate.
Lancet 1983, ii:695-698.

PARATI G, POMIDOSSI G, CASADE! R, MANCIA G: lack of
alerting reactions to intermittent cufl inflations during non-
invasive blood pressurc monitoring. Hypertension 1985,
7:597-601.

DEVEREUX RB. JAMES GD, PickerING T: ‘What is ‘normal’
blood pressurc? Comparison of ambulatory pressure le-
vel and variability in patients with normal and abnor-
mal left ventricular geometry. Am ] Hiyperiens 1993, 6
(suppl):2115-215s.

FAGARD R: Hypertensive heart disease: pathophysiology and
clinical and prognostic consequences. / Cardiovasc Phar-
macol 1992. 19 (suppl 5):$59-566.

1297



