Task Force 1l: Ambulatory blood pressure monitoring in

population studies
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Ambulatory blood pressure (ABP) has only rarely been
employed in population studies because of the difficulty posed
by the greater complexity of this technique. The cross-
sectional studies that have been published, however, have
allowed a number of conclusions to be drawn. One, 24 h
average blood pressure of populations is significantly but not
closely related to office blood pressure, which thus can not
predict accurately daily-life values of blood pressure. Two, 24 h
average blood pressure is usually less than office blood
pressure, the discrepancy increasing with the increase in
office values and being of magnitude several mmHg at the
office blood pressure of 140/80 mmHg (systolic/diastolic)
Three, ABP in women is somewhat less than that in men and
ABP for both sexes increases less with aging than does office
blood pressure. Four, a circadian profile of blood pressure
consisting in values that are much lower at night than are
those during daytime characterizes both sexes and all ages
with the possible exception of individuals aged 75 years and
more, in whom the nocturnal hypotension appears to be
attenuated. A similar attenuation has been found for blacks in
comparison with whites. The upper limit of normality of ABP
has not yet been defined conclusively, although 24 h average
values < 125/80 mmHg are almost invariably regarded as
normal. Normality of ABP should be defined, however, by
longitudinal population studies in which ambulatory values are
related to prognosis. One of these studies has already been
published and others will be completed in the near future.
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Introduction

Ambulatory blood pressure (ABP) monitoring has only
rarely been emploved in population studies because the
difficulty posed by the greater complexity of this procedure
gis-a-vis office measurements is magnified. Furthermore,
the consumption of time inherent to measurements during
a long ambulatory period is a limiting factor when, as in
populations, most of the individuals involved arc normoten-
sive and thus less interested in and compliant with proce-
dures to do with collecting information on blood pressure.
linally, the purcly epidemiologic nature of population
studies makes getting financial support from drug compa-
nies (which are the major sources of research funding in
many countries) more difficult.

Nevertheless, the few population studies published have
provided adequate data on a number of issues: one, the
relationship of office blood pressure to ABP and the
presumptive normality of ABP values in the population as a
whole; two, ABP values for some segments of the popula-
tion; three, the values and the prevalence of control of
blood pressure in the hypertensive fraction of the
population, based on ambulatory data rather than on the
conventional approach involving office blood pressure.
T'hese three sets of data will be reviewed below. Then we
will give some consideration on the methodologic problems
posed by population studies on ABP as well as discussing
the knowledge that would be important to obtain in future
population studies.

Office versus 24 h average blood pressure

and normality of 24 h average blood pressure
in cross-sectional population studies

Authors of cross-sectional population studies agree that 24 h
average systolic and diastolic blood pressures for the popu-
lation correlate to the corresponding office values [1,2].
"The correlation coefficients are around 0.6-0.7, which indi-
cate, however, that there is a discrepancy between these
two measures and hence that information on office blood
pressure does not allow daily-life blood pressure of popula-
tions to be known precisely. Authors of cross-sectional
population studics also agree that 24 h average systolic and
diastolic blood pressures are distributed over a considerably
narrower range than are office blood pressures (1,2]
(Fig. 1). More importantly, these studies {1-9] have
provided information on normality of ABP after carlier
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Table 1 Average office and 24 h blood pressure systolic/diastolic blood pressure in population studies

Office blood pressure (m';an)

Study n Age (years) 24 h blood pressure (mmHg)
Danish [2] 1854 41-71 127/81 122/72
PAMELA [1] 1438 25-64 128/82 118/74
Belgian [6] 718 20-88 - 119/71
Japanese [8] 474 20-80 127/72 119/70
PAMELA Elderly [9] 248 65-74 148/83 123/73

attempts to determine it by a mera-analvsis of studies on
individuals defined as normotensive after a visit to a hyper-
tension clinic [10,11] or from a survey of the emplovees of a
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Frequency distribution of clinic and ambulatory values of blood
pressure in the PAMELA population of subjects aged 25-64 years.
Data for systolic blood pressure (SBP) and diastolic blood pressure
(DBP) as well as for heart rate (HR) are shown separately.
Ambulatory blood pressure values are shown as 24 h, daytime and
night-time averages. (From [1] with permission).

bank {12] in which the aim was to avoid the potential selec-
tion bias involved in the above approaches [13]. With the
exception of the value of systolic blood pressure in a Danish
studyv |2} the results are consistent with the fact that 24 h
average systolic and diastolic blood pressures in the popula-
tion as a whole are lower than office blood pressures (Table
1). They [1-9] are also consistent with the fact that the
differences beoween office and 24 h average blood pressures
mcerease progressively as office blood pressure increases,
thereby being less for the average population values than
they are for the greater values of blood pressure that corre-
spond to the accepted upper limits of normality of office
blood pressure (1.e. 140/90 mmHg; Fig. 2) [1,8].

On the other hand, there i1s some disagreement about
which values reflect the upper limit of normality of 24 h
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Relationship between clinic systolic and diastolic blood pressure and
clinic 24 h average or disparity between clinic and home blood
pressures. Data are from the PAMELA study for subjects aged 65-74
years. (From [9] with permission).




average systolic and diastolic blood pressures because of the
different methods emploved when extracted from the raw
population data. "The issue is the object of a continuing
debate [1,14] which has emphasized. however, that no
method is devoid of imitations and inconvenience. This is
the case, for example, for the method by which the upper
limit of normality of 24 h average blood pressure has been
determined as the value on the regression line corre-
sponding to the office blood pressure of 140 mmHg systolic
and 90 mmHg diastolic [1] because the relationship
between office and ambulatory values, although ic is highly
statistically significant, 1s compatible with individual
discrepancies (see above). [ois also the case for the attempt
to determine the upper limit of normality as the value 25D
above the mean of the group as a whole because this is a
statistical normality that docs not take into account that
individuals definable as hypertensive on prognostic grounds
correspond to much more than the 4% left uncovered by
use of 251 and can hardly be related to the upper mit of
normalitv of office blood pressure (i.e. 140/90 mmHg),
which includes only about 80% of the population. This is
finally the case for the use of values 251 above the mean
for the normotensive fraction of the population only, both
because exclusion of hyvpertensive individuals makes this
distribution of values of blood pressure not normal (a
limitation for which one can correct by use of the 95%
confidence interval) [15] and, more importantly, because
this exclusion is basced on criternia derived from office blood
pressure (i.e. the very criteria which are regarded as
inadequate for distinguishing ABP normotension from
hypertension).

Despite this disagreement the calculated upper limit of
normality of 24 h average blood pressure does not differ
substantially among results of most studies, with values of
125-130 mmHg for systolic and 80-85 mmHg for diastolic
blood pressure. A more recent proposal is to classify indi-
viduals’ 24 h average blood pressures as probably elevated if
they are 2 135/85 mmllg, and probably normal if they are <
120/80 mmHg, thus leaving undefined the values in
between [16]. More importantly, there is agreement on the
need to regard values from population studies as merely
orientative because, for it to be clinically meaningful,
normality of ABP should be defined on the basis of prog-
nostic criteria, for which we will have to await publication
of large-scale population studies on ABP with longitudinal
designs {17].

Twenty-four-hour average blood pressures for

subgroups of the population

Iwenty-four-hour average blood pressures in women have
been found to be slightly less than those in men [1,2],
reflecting data obtained for office blood pressures over a
large age range. It has also been found that the increase of
systolic and, to a lesser extent diastolic blood pressure with
aging is much less evident for 24 h average blood pressures
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than it is for office blood pressures for subjects aged about
20-75 years, as can be seen from data concerning the popu-
lation as a whole [1] or men and women separately (Fig. 3)
[6}. This is likely to originate, in part, from the fact that
24 h mean values for the populations are distributed over a
narrower range than are office values (sce above). It is also
possible, however, that, for technical reasons, conventional
blood pressure measurements do overestimate the age-
related increase in blood pressure [18]. Or that daytime
blood pressure in the elderly is maintained relatively low by
physical activity or standing, or both [19], because their
depressor effects are less effectively counteracted by the
baroreflex whose function undergoes progressive impair-
ment with aging [20]. Finally, one can not exclude the
possibility that this phenomenon results also from a selec-
tion bias (e.g. from a greater mortality rate of elderly
patients in whom ABP is high), because ABP in elderly
patients appears to have a greater prognostic value than
does office blood pressure [21].

Definition of normality of ABP in pregnant women and
blacks |22-24] has also been attempted without entirely
fitting the criteria for population studies. Population
studies on normality of ABP in children and adolescents
have, on the other hand, been published [25-27]. The
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results indicate that ABP increases with the increases in
body weight and height with aging (although less so for
diastolic than for systolic and differently in bovs and girls),
thereby exhibiting a similar relationship to growth to that
of office blood pressure. They also indicate that, within
these age ranges, 24 h average blood pressures are lower
than the values in adults, with no substantial difference
from office blood pressures, both when the comparison is
made with average population values and when it is made
with the upper limit of normality, defined as the 95th
pereentile. Ie should be emphasized that it is particularly
difficult to perform population studies on children and
adolescents adequately because artifactural readings may
be more common and behavioral activiey is highly diversi-
ficd. "This might ac least in part account for differences
among  ABP  wvalues  of different populations  [27].
turthermore, although the results of published studies
indicate that ABP in children and adolescents is character-
1zed by a tracking phenomenon, as is office blood pressure,
the significance of ABP values for predicting future appear-
ance of office or ambulatory hypertension, or both, has not
vet been established. Results of ongoing studies on adoles-
cents mav fill this gap [28] while other studies may provide
information on normality of 24 h blood pressure in individ-
vals over 75 vears of age, which is limited at the present
time.

Day and night blood pressures and variability
of blood pressure

Cross-sectional population studies on ABP have also
provided information on normality of day and night blood
pressures. Davtime blood pressure has been reported to be
much greater than night-time blood pressure for both sexes
[1] as well as in childhood. adolescence, and adulthood
[1-8,26-28]. Elderly individuals have also been reported to
have a large night-time fall in blood pressure compared
with the daytime values, although population data have so
far been restricted mainly to individuals up to 75 years [9].
An attenuation of che night-time fall in blood pressure has
been reported from analvsis of an international data base on
subjects aged 75 years and more [29]. Calculation of the
upper limits of normality of davtime and night-time
average Dblood pressure has met with the methodologic
disagreement described for calculation of the upper limit of
normality of 24 h average blood pressure. Yet the values
reported do not differ substantially insofar as they identify
as upper davtime normality values between 125 and 135
mmHg systolic, and between 80 and 85 mmHg diastolic,
the corresponding night-time values being between 110
and 120 and 65 and 75 mmllg {1-12,29]. It should again be
emphasized that these values are simply reference values.
This is the case for the reasons mentioned for the upper
limit of normality of 24 h average blood pressure (see
above). 1t is additionally the case that the temporal corre-
spondences between davtime wakefulness on one side and
night-time and sleep on the other are difficult to assess

precisely [30]. particularly in population studies, in which
behavior can differ so much among individuals as to include
periods of sleep (and thus hypotension) [31] of various
durations during the day (e.g. the siesta), and periods of
being awake (and thus of a high blood pressure) during the
night. Furthermore, night-time fall in blood pressure has
been shown to have limited reproducibility in comparisons
of different 24 h monitoring periods [32], probably because
depth of sleep has between-night variations. "I'his can make
it more difficult also to determine whether there are differ-
ences in night-time blood pressure among different
segments of the populations. However, although these
studies were not based on population data, authors of
several studies have consistently reported this to be the
case for blacks, who appear to have greater night-time
blood pressures than do whites [24], a phenomenon that
could be involved in the greater hypertension-related
morbidity observed in blacks.

Little attempt to quantify 24 h variability of blood pressure
in the population as a whole has been made, except for the
consistent report that, on a qualitative basis, there is a
circadian profile of blood pressure in various subgroups.
Quantification of 24 h wvariability of blood pressure is
usually obtained by calculation of the SD or the coefficient
of variation of the mean value of blood pressure [31], which
measures the overall tendency of blood pressure to vary,
although not the patterns of variation. This quantification,
however, is less accurate when automatic rather than intra-
arterial or beat-to-beat blood pressure monitoring devices
are employed Dbecause automatic devices sample blood
pressure intermittently, thereby missing variations in blood
pressure in between samplings [33]. Because intra-arterial
measurements and beat-to-beat noninvasive devices can
hardly be uscd in population studies, definition of normal
range of variability of blood pressure could be a difficult
goal to pursue.

Control of ABP in the hypertensive population

Authors of studies performed in various countries have
consistently reported that many hypertensive patients are
not aware of their hypertensive condition or do not seek or
maintain treatment. They have also consistently reported,
that only a limited percentage of treated hypertensive
patients have office blood pressure values < 140/90 mmHg
[34]. Results of population studies on ABP, however, have
complemented this information by showing that what is
true for office blood pressure is also true for 24 h, day and
night time average blood pressures, thereby demonstrating
that previous findings were not due to the elevation of
blood pressurc in treated hypertensive individuals that
could be produced by the alerting reaction elicited by
measurements of blood pressure in the clinic environment
(i.e. the white-coat effect) [35-37] but rather reflect a
truly poor control of blood pressure in daily life [9,38]. This
is the case for young, middle-aged and elderly hypertensive
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Several changes in clinic, home and 24 h average systolic blood pressure (SBP), diastolic blood pressure (DBP) and heart rate (HR) for the
PAMELA population. Open symbols, daytime blood pressure; closed symbols, night-time blood pressure. (From [1,9] with permission).

subjects, in only few of whom treatment reduced systolic
and diastolic 24 h average blood pressures at least to the
level identified in the same population studies as the upper
limit of 24 h normality of blood pressure. The population
approach to ABP thus provides scientific support for the
opinion that optimization of effecaive antihypertensive
treatment is a major goal to be pursued at population levels
in the next few years in order to improve the prevention of
cardiovascular discase.

Advantages and problems of population studies on ABP

It has been mentioned previously chat population studics
on ABP might meet with problems such as high cost, lesser
chances of receiving funding and limited comphance of the
recruited subjccts, which could raise doubts about the
representativeness for the population as a whole of the
sample on which the study has been performed. Additional
problems should be mentioned, however. One of them can
be the greater heterogeneity of the environmental and
behavioral sicuations in which ABI? montitoring is performed
compared with those in more restricted studies, in which
the ‘experimental’ conditions can be more easily standard-
ized. An example is offered by seasonal variations in blood

pressure that have recently been shown to affect not only
office but also ambulatory blood pressures [39,40]. The
24 h average systolic and diastolic blood pressures in
temperate climates are several mmHg lower in summer
than they are during winter months (Fig. 4) [39]. To mini-
mize these problems, population studies on ABP should
always be planned in such a way as to be completed within
a himited time with no preponderance of ambulatory
recordings in one season over those in another. Additionally,
no mismatching between recordings performed during
working days and those obtained during the weekend
periods, for which blood pressures may differ. Other
possible forms of mismatching should be considered,
among which are those related to job type, socio-cconomic
status [41]}, menopausal state [42,43] and femalc hormone
treatment [44,45], because all are potentially able to affect
blood pressure. Finally, particular attention should be given
to the quality of the recordings, which should be ensured
by use of validated devices [46] and by acceprance only of
recordings in which the number of valid readings 1s above a
certain preselected threshold (e.g. 70% of all 24 h readings)
with most of the 24 h represented. This will allow the
advantages of these studies (e.g. large size, ability to
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perform subgroup analvses, avoidance of selection bias,
cre.) o fully emerge.

Longitudinal studies on ABP

We have previously emphasized that cross-sectional studies
can provide only provisional data on normality of ABP,
whose clinical definition can be obtained only by
performing longitudinal studies that will show which ambu-
Jatory values correspond to minimal risk and best prognosis.
"lo date, authors of only one population study on ABP have
added longitudinal data to the ininal cross-sectional ones.
This is the study conducted on a sample of 1542 subjects
(565 men, aged = 40 vears) from the general population of
Ohasama, Japan. Data were obrained first over a follow-up
period of 6.2 years with 117 deaths and then over a follow-
up period of 8 vears with 166 deaths [47]. After exclusion
from consideration of the noncardiovascular deaths, 24 h
average blood pressure at baseline was lincarly and signifi-
cantly related to the risk of cardiovascular mortality, the
relationship persisting even after adjustment for possible
confounding factors (age. sex, smoking, use of antthyper-
tensive medication at bascline, history of cardiovascular
discase, diabetes, hvpercholesterolemia) and after addi-
tional adjustment for conventional baseline blood pressure.
For increases in 24 h average svstolic and diastolic blood
pressures of 10 mmllg the relative risks were 1.326 and
1.4306, respectively, compared to the reference risk value.

It will be desirable that future population studies on ABP
also have a longitudinal design in order to determine the
prognostic value of ABP over and above that of office blood
pressure in populations. It will also be desirable that
authors of these studics obtain information on ABP not just
at baseline but rather at regular intervals over the follow-up
period, as was done in classic epidemiologic studies on
office blood pressure [48]. Prospective morbidity and
mortality data from the Belgian ABP monitoring population
study will be available in 2001.
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