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Introduction

Ambulatory blood pressure measurement (ABPM) is
rapidly gaining acceptance as a valuable technique
in clinical practice. However, there are many unre-
solved issues concerning the advantages of ABPM
over conventional clinic blood pressure measure-
ment. During the course of the ASCOT study, each
participant will have numerous clinic blood press-
- ure measurements under carefully standardised con-
ditions. In this sub-study, ABPM will be performed
in addition to automated clinic blood pressure
measurements. Having both methods of measure-
ment available will allow for a number of compari-
sons between the two techniques. The issue of
which measurement technique best predicts out-
come will be examined, both in relation to target
organ involvement and cardiovascular morbidity
and mortality. The relationship of components of
the 24-h blood pressure profile, such as the white
coat response, variability, day and night-time blood
pressures, dipping and non-dipping, will be exam-
ined in relation to outcome. The effect of different
treatment strategies on clinic measurements will be
compared with the influence of treatment on differ-
ent components of the 24-h profile. It will be poss-
ible also to examine the efficacy of treatment in
patients with a white coat response according to

Correspondence: E O’Brien, The Blood Pressure Unit, Beaumont
Hospital, Dublin 9, Ireland

clinic and ambulatory daytime blood pressures. The
ambulatory sub-study also provides the opportunity
to assess the efficacy of treatment over the 24-h per-
iod for the different treatment strategies, and to
study the effect of different drugs on the 24-h profile.

The incorporation of a sub-study on ABPM in the
main ASCOT study provides a means, therefore, of
addressing many of the controversial issues sur-
rounding ABPM.

Objectives of the sub-study

The objectives of the Ambulatory Sub-study are: (a)
To determine whether on-treatment ambulatory
blood pressure monitoring data provide additional
information to that from repeated clinic measure-
ments in prediction of outcome. (b) To determine
whether blood pressure control over 24 h influences
clinical outcome. (c) To investigate whether differ-
ences between treatment regimens contribute to dif-
ferences in blood pressure control over 24 h and
hence to clinical outcome.

Sub-study methods and design

A sample of 1600 patients from the ASCOT
population will be recruited from four centres—
Beaumont Hospital, Dublin, the Western Infirmary,
Glasgow, St Mary’s Hospital, London and St Bartho-
lomew’s, London. All participants in ASCOT will
be eligible for inclusion in the sub-study, the only
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requirement being the willingness of the subject to
undergo ABPM annually.

To allow analysis of at least 100 events, approxi-
mately 1600 participants will need to be recruited,
which should be representative of the entire ASCOT
population, and which should also allow a balance
between randomised treatment strategies, and
between the lipid and non-lipid lowering arms.

Patients will be followed for the duration of
ASCOT. Therefore, this sub-study will be conducted
in parallel with the main study, with analysis on
completion of ASCOT and a report available around
the time of the main study report.

Clinic (office) blood pressure recordings will be
carried out according to the methods described in
the ASCOT protocol. Clinic blood pressure will be
measured in triplicate in the sitting position after
5 min rest using the OMRON HRM 705-CP device.
Measurement in two occasions prior to randomis-
ation and up to 12 occasions thereafter (60 months)
will yield up to 42 (14 x 3) readings in total.

Twenty-four hour ABPM will be conducted prior
to randomisation and annually thereafter for the
duration of the study, ie, up to six recordings in each
patient. This will allow maximal utilisation and
interpretation of data collected. ABPM monitoring
will be conducted using the validated SpaceLabs
device (Redmond, WA, USA).* The protocol for re-
cordings will be standardised to a recording every
30 min throughout the 24-h period.

All ABPM data will be entered into the DABL98®
program. DABL98® is a database program designed
to store, retrieve and display an array of clinical and
cardiovascular data, including ABPM, in patients
with hypertension and other cardiovascular ill-
nesses. It is the seventh version of a series that, at
each step, has provided new features to assist phys-
icians in the diagnosis and management of hyper-
tension and cardiovascular disease. New features in
DABL98® include automatic natural language sum-
maries, cardiovascular event risk indicators and a
facility for determining if management goals are
being achieved.

Clinic blood pressures may be entered and ana-
lysed with mean standing, sitting, supine, left arm,
right arm and overall office blood pressures being
displayed. Ambulatory blood pressures are loaded
directly from the monitor or from files generated by
manufacturer software. They are stored and dis-
played in a format unique to DABL98® whereby
measurements are plotted in a standard format,
regardless of their source, against a background
showing normal ranges to facilitate diagnosis and
comparison. Statistics are presented for systolic and
diastolic blood pressure, heart rate and mean arterial
pressure for the initial hour, daytime, night-time,
and full 24-h periods. The mean, standard deviation
and load values are plotted for visual reference. Stat-
istics are provided for median, leese, percentage
load, area under curve, coefficient of variation, root
mean square of successive deviations, number of
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load and leese events, duration of maximum load
and leese events and empirical and percentage dip
values. Durations of initial, daytime and night-time
periods can be individually set. A natural language
analysis of daytime and night-time pressure is pro-
vided in a memo with details of white-coat hyper-
tension where appropriate.?

Statistical methodology
The following statistical methods will be employed: .

(a) A regression model will be developed to deter-
mine whether ambulatory blood pressure data
provides additional information to clinic blood
pressure data in predicting events (cardiac, cere-
brovascular and total) using measurements such
as mean 24-h blood pressure, mean daytime
blood pressure, mean night-time blood pressure
and blood pressure variability at each assess-
ment to summarise ambulatory blood pressure.

(b) To determine whether blood pressure control
influences clinical outcome a further regression
model will be developed where the explanatory
variables define whether target blood pressure
was achieved.

Achievement of target blood pressure will be
defined as: office blood pressure—systolic blood
pressure <140 mm Hg, diastolic blood pressure
<90 mm Hg; ambulatory blood pressure—aver-
age systolic <135 mm Hg (day), <120 mm Hg
(night), <130 mm Hg (24 h); average diastolic
<85 mm Hg (day), <75 mm Hg (night), <80
mm Hg (24 h); systolic and diastolic load both
<15%.

(c) In the comparison of 24-h blood pressure control
in the different treatment groups the end points
will include 24-h profiles, readings over the final
few hours of the dosage interval and ‘trough to
peak’ ratios. In the absence of a true placebo
phase or no treatment run-in phase, conven-
tional trough/peak ratios cannot be calculated.
However, changes in peak and trough blood
pressure from baseline will give an estimate of
the efficacy and duration of treatment regimens,
allowing estimation of quasi trough to peak
ratios. Such modified trough to peak ratios will
be used as an index of 24-h control for a given
average 24-h blood pressure and related to event
rates. Other indices of 24-h control (including
day/night variability) will also be analysed.

Discussion

Conventional blood pressure measurement is a
strong index of future cardiovascular disease,’ and
it might be expected that the aggregate of these
measurements will be a good predictor of clinical
outcome. Since clinic blood pressure exhibits con-
siderable variability, the aggregate of repeated
measurements should provide an even more precise



estimate of risk. However, in many observational
studies, such readings do not appear to correlate
well with surrogate markers of outcome of left ven-
tricular mass. There is growing evidence that 24-h
ambulatory blood pressure is more reproducible
than clinic measurements, particularly if 30 or more
ambulatory measurements are obtained.*® However,
it is still unclear whether the apparent advantage of

~. ABPM is merely a function of numbers, ie, more

measurements, and/or the quality of clinic readings
due to non-standardised conditions.

ABPM appears superior to clinic blood pressure in
providing an indication of the clinical consequences
of hypertension in cross-sectional studies.*” How-
ever, the evidence of the clinical superiority of ABPM
over clinic blood pressure in terms of outcome in the
general population rests on the results of a small series
of follow-up studies that suggest a closer association of
cardiovascular morbidity or target organ deterioration
with ambulatory than with clinic blood pressures.*®*°
The only such longitudinal study reporting on actual
cardiovascular events®"?? lacked a controlled design,
did not assess all conventional risk factors and had a
loose definition of end points. Other studies have been
small and follow-up brief.?®2°?2 Recently, however,
systolic ABPM has been shown to be a significant pre-
dictor of cardiovascular risk in the elderly over and
above conventional blood pressure.?*

The gain in predictive power for target organ dam-
age of ambulatory blood pressure has been variable,
appearing to be most pronounced in studies in
which the relationship with clinic blood pressure
was weak, possibly because of poor standardisation
of clinic blood pressure measurements.?® Increasing
the numbers of standardised measurements
strengthens the relationship of clinic pressure with
end-organ damage and diminishes the additional
predictive power of 24-h blood pressure.?®

It is unclear which aspect of the 24-h blood
pressure profile is most critical in predicting cardio-
vascular complications. Attenuation of the normal
nocturnal drop in blood pressure may be associated
with greater risk of end organ disease®?327-3¢
although results are inconsistent.’” There is little
prospective data to demonstrate the prognostic sig-
nificance of nocturnal blood pressure,®® though it
would appear that at least in the elderly night-time
systolic blood pressure is a more accurate predictor
of outcome.?* Variability in blood pressure over 24 h
may have prognostic significance and has been sug-
gested as an additional independent risk for a given
average blood pressure level.*®1839

ABPM allows identification of patients with white
coat hypertension who may have a relatively low
level of risk??>*° and who may respond little to
drugs.**#2 The risks and benefit from treatment of
white coat hypertension remains controversial.*3#5

Much is made of the importance of 24-h blood
pressure control in the management of hypertension
but this concept has never been tested in a prospec-
tive outcome study. The treatment regimens
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employed in ASCOT may well provide different
profiles of blood pressure over 24-h and differences
in profiles might contribute to differences in out-
come. Thus, ASCOT proved an opportunity to
examine the influence of 24-h control of blood press-
ure on morbidity and mortality in treated hyperten-
sive patients.

Since ABPM is largely devoid of a placebo
effect,*®4” 24-h monitoring provides a better indi-
cation of the antihypertensive effect of therapy in a
longitudinal study.*®* ABPM appears to be parti-
cularly useful in identifying those patients in whom
blood pressure is controlled inadequately or not at
all.*®

In an effort to improve compliance and con-
venience, once daily drugs are preferred. Most mod-
ern drugs, such as amlodipine and perindopril have
been developed for once-a-day use.’°"*? Since once
daily therapy is usually taken in the morning, the
least pharmacological effect will occur at the time
of the early morning surge in blood pressure when
the incidence of myocardial infarction and sudden
death is particularly high.>?-°°

Most drugs appear to have little effect on the shape
of the 24-h blood pressure profile®®-*® and the sig-
nificance of any effect on blood pressure variability is
unknown.®® Beta-blockers tend to attenuate the night-
time fall in blood pressure while calcium antagonists
and ACE inhibitors tend to accentuate night-time
dipping.®®%* Over-treatment during- the sleeping
hours may be hazardous, particularly in patients with
coronary or cerebral atherosclerosis.®>* Since clinic
blood pressure, even at the end of the dosage interval,
can be misleading,*!%5% the prognostic significance
of 24-h blood pressure control, including night-time
control, and attenuation of the early morning surge
in blood pressure can only be tested in prospective
controlled trials incorporating ABPM.

Acknowledgement

The Ambulatory Sub-study is supported by Pfizer
UK.

References

1 O’Brien E, Atkins N, Staessen J. State of the market: a
review of ambulatory blood pressure monitoring
devices. Hypertension 1995; 26: 835—842.

2 Atkins N, O’Brien E. DABL97—A computer program
for the assessment of blood pressure, risk factors and
cardiovascular target organ involvement in hyperten-
sion. J Hypertens 1998; 16 (Suppl 2): 5198.

3 MacMahon S et al. Blood pressure stroke and coronary
heart disease. Part 1, Prolonged differences in blood
pressure: prospective observational studies corrected
for the regression dilution bias. Lancet 1990; 335:
765-774.

4 James GD et al. The reproducibility of average ambu-
latory, home, .and clinic pressure. Hypertension 1988;
11: 545-549.

5 Truzzi S et al. Reproducibility of non-invasive and

S4

Journal of Human Hypertensic



ABPM and 24-h BP control as predictors of outcome
E O'Brien et af

10

11

12

13

14

15

16

17

18

19

20

21

22

23

intra-arterial blood pressure monitoring: implications
for studies on antihypertensive treatment. J Hypertens
1991; 9: 115-119. '

Asmar RG et al. Arterial distensibility and ambulatory
blood pressure monitoring in essential hypertension.
Am J Cardiol 1988; 61: 1066—1077.

Cox JP, O’Malley K, Atkins N, O’Brien E. A compari-
son of the twenty-four-hour blood pressure profile in
normotensive and hypertensive subjects. J Hypertens
1991; 9 (Suppl 1): S3-S6.

Devereux RB et al. Left ventricular hypertrophy in
patients with hypertension: importance of blood press-
ure response to regularly recurring stress. Circulation
1983; 69: 470—-476.

Drayer JIM, Weber MA, De Young JL. BP as a determi-
nant of cardiac left ventricular mass. Arch Intern Med
1983; 143: 90-92.

Giaconi S et al. Microalbuminuria and casual and
ambulatory blood pressure monitoring in normoten-
sives and in patients with borderline and mild essen-
tial hypertension. Am J Hypertens 1989; 2: 259-261.
Mancia G, Di Rienzo M, Parati G. Ambulatory blood
pressure monitoring: use in hypertension research and
clinical practice. Hypertension 1993; 21: 510-524.
Opsahl JA, Abraham PA, Haltenson CE, Keane WF.
Correlations of office and ambulatory blood pressure
measurements with urinary albumin and N-acetyl-
beta-D-glucosamidase excretion in essential hyperten-
sion. Am J Hypertens 1988; 1: 1175-1208S.

Parati G et al. Relationship of 24-hour mean and varia-
bility to target organ damage in hypertension. /] Hypert-
ens 1987; 5: 93—98.

Prisant LM, Carr AA, Wilson B, Converse S. Ambulat-
ory blood pressure monitoring and echocardiographic
left ventricular wall thickness and mass. Am J Hyper-
tens 1990; 3: 81-89.

Shimada K, Kawamoto A, Mutsubayaski K, Osaka T.
Silent cerebrovascular disease in the elderly. Corre-
lation with ambulatory pressure. Hypertension 1990;
11: 692-699.

Sokolow M, Werdegar D, Kain HK, Hinman AT.
Relationship between level of blood pressure meas-
ured casually and by portable records and severity of
complications in essential hypertension. Circulation
1966; 34: 279-298.

White WB, Schulman P, Dey JM, Katz AM. Effects of
age and 24-hour ambulatory blood pressure on rapid
left ventricular filling. Am J Cardiol 1989; 63: 1343~
1347.

Frattola A et al. Prognostic value of 24-hour blood
pressure variability. ] Hypertens 1993; 11: 1133-1137.
Mancia G et al. Ambulatory blood pressure is superior
to clinic blood pressure in predicting treatment-
induced regression of left ventricular hypertrophy. Cir-
culation 1997; 95: 1464-1470.

Mann S, Millar CMW, Raftery EB. Superiority of 24-
hour measurement of blood pressure over clinic values
in determining prognosis in hypertension. Clin Exp
Hypertens A 1985; 7: 279-281.

Perloff D, Sokolow M, Cowan R. The prognostic value
of ambulatory blood pressure. JAMA 1983; 249:
2792-2798.

Perloff D, Sokolow M, Cowan RM, Juster RP. Prognos-
tic value of ambulatory blood pressure measurements:
further analyses. J Hypertens 1989; 7 (Suppl 3): S3—
S10.

Verdecchia P et al. Ambulatory blood pressure. An

yurnal of Human Hypertension

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

independent predictor of prognosis in essential hyper-
tension. Hypertension 1994; 24: 793-801.

Staessen ] et al. Predicting cardiovascular risk using
conventional vs ambulatory blood pressure in older
patirents with systolic hypertension. JAMA 1999; 282:
539-546.

Fagard R, Staessen ], Thijs L, Amery A. Multiple stan-
dardised clinic blood pressure may predict left ven-
tricular mass as well as ambulatory monitoring: a
meta-analysis of comparative studies. Am J Hypertens
1995; 8: 533-540.

Fagard RH, Staessen JA, Thijs L. Prediction of cardiac
structure and function by repeated clinic and ambulat-
ory blood pressure. Hypertension 1997; 29: 22—29.
Bianchi S et al. Diurnal variation of blood pressure
and microalbuminuria in essential hypertension. Am
] Hypertens 1995; 8: 11670-1166.

Kobrin I, Oigman W, Kumar A. Diurnal variation of
blood pressure in elderly patients with essential
hypertension. ] Am Geriatr Soc 1984; 32: 896—899.
Kuwajima I et al. Diminished nocturnal decline in
blood pressure in elderly hypertensive patients with
left ventricular hypertrophy. Am Heart ] 1992; 67:
1307-1311.

Rizzoni D et al. Relationship between initial cardio-
vascular structural changes and daytime and night-
time blood pressure monitoring. Am J Hypertens 1992;
5: 180-186. .

Schillaci G et al. Association between persistent press-
ure overload and ventricular arrhythmias in essential
hypertension. Hypertension 1996; 28: 284-289.
Suzuki Y et al. The cardiac functional reserve in eld-
erly hypertensive patients with abnormal diurnal
changes in blood pressure. J Hypertens 1992; 10:
173-179. .
Verdecchia P et al. Sex, cardiac hypertrophy and diur-
nal blood pressure variations in essential hyperten-
sion. /] Hypertens 1992; 10: 687—692. C
Verdecchia P et al. Blunted nocturnal fall in blood
pressure in hypertensive women with future cardio-
vascular morbid events. Circulation 1993; 88: 986—
992.

Verdecchia P et al. Circadian blood pressure changes
and left ventricular hypertrophy in essential hyperten-
sion. Circulation 1990; 81: 528-536.

Zweiker R et al. “Non-dipping” related to cardiovascu-
lar events in essential hypertensive patients. Acta
Medica Austrica 1994; 21: 86—89.

Roman MJ et al. Is the absence of a normal nocturnal
fall in blood pressure {non-dipping) associated with
cardiovascular target organ damage? J Hypertens 1997;
15: 969-978.

Pickering TG. The clinical significance of diurnal
blood pressure variations. Dippers and non dippers.
Circulation 1990; 81: 700-702.

Palatini P et al. Clinical relevance of night-time blood
pressure and daytime blood pressure variability. Arch
Intern Med 1992; 152: 1855—1860.

White WB, Schulman P, McCabe EJ, Day HM. Average
daily blood pressure, not office blood pressure, deter-
mines cardiac function in patients with hypertension.
JAMA 1989; 261: 873-877.

Cheung AG, Gasster JL, Weber MA. Assessing duration
of antihypertensive effect with whole-day blood press-
ure monitoring. Arch Intern Med 1989; 149: 2021-
2025.

Fagard R et al. Response of ambulatory blood pressure



43

44

45

46

47

48

49

50

51

to antihypertensive therapy guided by clinic pressure.
Am ] Hypertens 1993; 6: 648—653.

Gosse P, Promax A, Durandet P, Clementy ]J. White
coat hypertension: no harm for the heart. Hypertension
1993; 22: 766—-770.

Kuwajima I, Suzuki Y, Fujisawa A, Kuramoto K. Is
white coat hypertension innocent? Structure and func-
tion of the heart in the elderly. Hypertension 1993; 22:
826-831.

Verdecchia P et al. Prognostic significance of white
coat effect. Hypertension 1997; 29: 1218-1224.
Conway ], Coats A, Radaelli A. Ambulatory blood
pressure in relation to drug treatment and clinical
trials. J Hypertens 1990; 8 (Suppl 6): S83-S85.
Staessen JA et al. Ambulatory blood pressure monitor-
ing in clinical trials. J Hypertens 1991; 9 (Suppl 1):
S13-519.

Conway J, Coats A. Value of ambulatory blood press-
ure monitoring in clinical pharmacology. J Hypertens
1989; 7 (Suppl 3): S29-S32.

Mandal AK, Miller WG, Sakhayen MG, Markert R].
Comparison of manual versus automated blood press-
ure measurements in treated hypertensive patients.
Am ] Med Sci 1997; 314: 185-189.

Morgan T, Anderson A, Jones E. The effect of 24 h
blood pressure control of an angiotensin converting
enzyme inhibitor (peridopril) administered in the
morning or at night. ] Hypertens 1997; 15: 205-211.
Murdoch D, Heel RC. Amlodipine: a review of its phar-

- macodynamic and pharmacokinetic properties, and

52

53

54

therapeutic use in cardiovascular disease. Drugs 1991;
41: 478-505.

Todd PA, Fitton A. Perindopril: a review of its phar-
macological properties and therapeutic use in cardio-
vascular disorders. Drugs 1991; 42: 9-114.

Muller JE et al. Circadian variation in the frequency of
sudden cardiac death. Circulation 1987; 75: 131-138.
Myers A. Dewar HA. Circumstances attending 100
deaths from coronary artery disease with coroner’s
necropsies. Br Heart ] 1975; 317: 1133-1143.

ABPM and 24-h BP control as predictors of outcome

E O'Brien et af

55

56

57

58

59

60

61

62

63

64

65

66

Purcell H, Mulcahy D, Fox K. Circadian patterns of
myocardial ischaemia and the effects of antianginal
drugs. Chronobiol Int 1991; 8: 309-320.

Floras JS et al. Factors influencing blood pressure and
heart rate variability in hypertensive humans. Hyper-
tension 1988; 11: 273-281.

McLeay R, Stallard TJ, Watson RDS, Littler WD. The
effect of nifedipine in arterial pressure and reflex car-
diac control. Circulation 1983; 67: 1084—-1089.
Mancia G et al. Evaluation of antihypertensive effect
of once-a-day captopril by 24-hour ambulatory blood
pressure monitoring. J Hypertens 1987; 5 (Suppl 5):
$591-5593.

Clement DL, DeBuzzeri M, Duprez DD. Influence of
drugs on blood pressure variability. / Hypertens 1994;
12 (Suppl! 8): S49-S53.

O’Brien E, O’'Malley K, Cox J, Stanton A. Ambulatory
blood pressure monitoring in the evaluation of drug
efficacy. Am Heart ] 1991; 121: 999-1006.

Tochicubo O et al. Blood pressure during sleep: anti-
hypertensive medication. Am ] Cardiol 1991; 67:
18B-25B.

Floras JS. Antihypertensive treatment, myocardial
infraction, and nocturnal myocardial ischaemia.
Lancet 1988; ii: 994-996.

Kario K et al. Relationship between nocturnal fall in
blood pressure and silent cerebrovascular damage in
elderly hypertensives: advanced silent cerebrovascular
damage in extreme dippers. Hypertension 1996; 27:
130-135.

Strandgaard S, Banboon OB. Cerebrovascular conse-
quences of hypertension. Lancet 1994; 344: 519-521.
Neutal JM et al. Application of ambulatory blood
pressure monitoring in differentiating between antihy-
pertensive agents. Am | Med 1993; 94: 181-187.
Whelton A et al. Once-daily lisinopril compared with
twice daily captopril on the treatment of mild to mod-
erate hypertension: assessment of office and ambulat-
ory blood pressure. J Clin Pharmacol 1990; 30:
1074-1080.

St

Journal of Human Hypertensic



