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Sun~rnary 
We have tested the concept that fewer patients are needed 
in trials of antiliypertensive treatnient i f  blood pressure is 
tneasuted by ambulatory nionitoring rather than by 
conventional sphygniomanol~ietry. 

233  patients ( a 6 0  years old) with isolated systolic 
hypertension were randonily allocaled placebo ( n = 1 1 9 )  or 
active treatment (n=114). Blood pressure lneasurelnents 
were conipared by Wilcoxon's test and blood pressure 
proriles by ANOVA. With eitlier method of measurement. 
the sanie number of patients ( 4 0  in each treatmerit group) 
was required to show a reduction after 1 year in clinic 
(13/8 mrn Hg) or average blood pressure over 24 h ( 9 / 5  
mm Hg). To detect that tlie decrease in systolic pressure 

\. 
was not steadily maintained through the day, 4 0  patients in 
each treatment group were needed for blood pressure 
profiles rriade up of 4-hourly or 2-hourly means and 6 0  for 
profiles of 1-liourly means. For diastolic pressure, tlie 
corresponding numbers were 80,  100,  and more than the 
nutnber of available patients, respectively. 

Wc cotlclude lllal ~jalallcl group llials focusing 011 tllc 
average blood pressure over 24  h,  rather than on 
conventionally tiieasured blood pressure, cannot econolnise 
on saniple size. Moreover, trials studying the full course of 
blood pressure throughout tlie day, require more-not 
fewer-patients than studies of only tlie conventional or 
average 24  I1 blood pressure. 
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l~~troduct io~~ 
'l'lie se:ircli for long-acting antihypertensive agents is on, 
because once-daily dosing is thought to enhance patient 
conlpliance.'.' Ambulatory monitoring is often used to 
prove that a once-daily regimen controls blood pressure 
over 24 11. A 1991 consensus document suggested that 
clittical trials could economise on sarnple size if 
antillypertensive treatment were assessed by atnbulatory 
rather tlian by collventional blood pressure ~neasuretnent .~ 
In view of the variability of the diurnal blood pressure 
curve,^,' we l~ave  tested this idea by analysis of ambulatory 
recordings from patients with isolated systolic 
hyperte~ision who had been enrolled in the Syst-Eur 
Trial."' 

Methods 

Study design 
I l ~ e  protocc~l of the Syst-Eur Iiial has been described elsewl~ere.~ 
Eligible patients were at least 60 years old and had on placebo 
treatment systolic pressure when seated of 160-219 nim Hg and 
ili:~stolic prcssitrc I,clow 95 11it11 I-lg as \\~cII  as systolic pressitre 011 

standing of 140 mm Hg or more. l'licse blood pressure criteria 
were based on tlie averages of six seated and six standing readings 
(two in each position at three baseline visits with intervals of 1 
montlt). 

After stratification by sex and the presence or absence of 
cardiovascular complications, patients were randomly assigned 
double-blind treatment with active medication or placebo. Active 
treatnient consisted of nitretidipine (10-40 mg per day), 
co~nbined with enalapril (5-20 mg per day) or 
lipdrocltlorothiazide (12.5-25.0 lng per day), or both. Patients in 
tlte control group received matching placebos. The study 
niedication was titrated in a stepwise manner and combined to 
reduce the systolic pressure wlien seated by 20 turn Hg or tilore 
to 150 lnln I Ig or lower." 

A~~lbulatory r~~onitoring 
Syst-Eur centres opting to take part in ambulatory monitoring 
were asked to make recordings at baseline, at 6 and 12 months, 
and annually ~ltercafter.' ValidatedR.P monitors were programmed 
to obtain Ineasurements with intervals no greater than 30 min. 
The clinic pressures corresponding to the recordings were the 
averages of the seated nleasurenients (ie, six readings at baseline 
and two at follow-up). 

For this analysis, 251 patients were selected because their 
anibulatory pressure had been recorded before and after 
rando~nisation. The recording nearest to the 1-year follow-up 
visit was chosen for analysis. Of the 251 patients, 18 were 
cxcluded because tlie baseline or follow-up registration did not 
cover 24 It or consisted of 1 11 intervals without valid readings. 



Basellne Follow.ap 

Placelm Active Placebo Aclive 
(n=119) (n=114) (n=119) (11=114) --- 

p value from ANOVA 

Bnsell~~e Follow-up 

111 211 411 1 1 1  211 411 
Systollc pressure ------ 
Cliiiic 175(12) 178(14) 168(21) 155(18)' Systolic pressure 

24 h 150(15) 150(16) 149 (15) 139(14)' Trcatnient 0.90 0.90 0.93 <0.001 <0.001 <0.001 

155 (16) 155(17) 153 ( 1 7 )  146 (16)' Treafmenl~time 
Day - 0.63 0.80 0.81 0.01 <0.001 cO.001 ------ 
Nigh1 138(16) 128(19) 137 (17) 126(17)' Dlastollc pressure ---- 
Dlastulic pressure Treatnienf 0.52 0.51 0.48 cO~001 <0.001 <0.001 

Clinic 86 ( 7 )  85 (6) 85 (9) 77 (10)' Trcalnienl-lime 0.49 0.85 0.76 0.06 0.006 <0.001 

24 11 81(10) 80(10) 80(10) 75(10)' Table 2: ANOVA of diurnal blood pressure profiles-treatment 
Day 85(11) 85(11) 81 (11) RO(l1)' 
Nielit 72 (11) 70 (13) 70 (11) 65 (13)' allocation, time of day, and treatment-time interaction 

Values are mean (SD). 
Daytime-1000-2000 h; night.li~ne=OOOO-0600 h. 
*p<0.01 lor dillerencc between bdseliiie and follow-up. Pinally, power calculations were done empirically by random 

Table 1: Effect of treatment on conventionally measured and selection of 20, 40, 80, or 100 patients from each treattileltt 

ambulatory blood pressure group. For cncl~ subset of patients, tile prol>al>ili~y value was 
c:~lcularetl for the net reduction in the conventionel and 24 11 

Statistical analysis 
If an~bulatory recorclings were longer than 24 11, only tlie first 
2.1 11 was used for a~ialysis, I)ut the rccortli~igs stayecl unctlitetl. 
1Iiurn:ll profiles were drawn by averaging blood pressure over 
I 11, 2 ii, or 4 11 periods. l'he 24 11, tlaytitne, ant1 night-tinie 
pressures were weighted for the time between consecutive 
readitlgs.'" As a consequence of patient selection, tlie distribution 
of the clinic pressure was truncated; Wilcoxon's test was 
thereftore used to compare blootl pressures. 'l'he diurnal blood 
pressrlre profiles were contrasted by repeated nieasures 
ANOVA," with treatment allocation (active vs placebo) and time 
of day as main effects. 'lb establish wlietl~er the antihypertensive 
action was steady over 2.1 h, the model also tested for a 
treatment-time interaction. I b  find out wherl~er the results 
would be different in patients with raised 24 11 pressure, we 
repeated the analyses for only subjects with 24 h systolic 
pressures above 133 mm tlg, the 95th percentile in nortnotensive 
suh je~ t s . ' ~  

'rile net treatmcnt effect, tlie double-delta of pressltre," was 
calculated by subtracti~ig tlie mean change li.om baseline on 
~>lacebo fro111 the corresponding change on active treattiiet~t. l'he 
95% CI ahout the net treatmcnt effect showed tlie times during 
the day when the pressure reduction was significant. 

Baseline 

o Placcbo (n=119) 

Active (n=114) 
CBP 

8 

pressure, as well as for the trcatrnent-titile inreroction. 

Results 
T h e  2 3 3  participants (84 Inen, 149 women)  had a mean  
age of  7 1  years (SD 6; range 60-100). At baseline, the 
mean  conventionally measured systolic blood pressure 
was 1 7 6  (13; 160-217) riim H g  and  diastolic 86 (6; 
49-94) n im I-Ig; the 24 h pressures were 150  (15; 110- 
202) Inm H g  and  8 1  (10; 58-138) m m  Hg, respectively. 

After median follow-up of 12 (4--25) mo~l t l i s ,  active 
treatment had decreased tlie clinic, 24 h, daytime, and 
night-time blood pressure values (p<0.0 1, table 1). O f  the 
233 patients, 215 remained o n  the  first-line medication- 
ie, nitrendipine (11=102; daily dose  29 [12] mg) o r  
matching placebo (n=l  13). Second-line and  third-line 
medications were started in 39  (14 [7] mg) and 21 
subjects (20 [6] ~ n g )  o n  active treatment, and in 61 and 
3 4  placebo-treated patients. 

Diurnal profiles 
Both a t  baseline and at  follow-LIP, t ime of day was a 
significant source (p<0.00 1) of blood pressure variation. 

Follow-up 

CBP 

Figure 1: Hourly means (with 95% CI) of systolic and diastolic pressure and average conventional (CBP) and 24 11 pressure (ABP) 
a t  baseline and follow-up 
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Figure 2: Net effect of treatment on systolic and diastolic 
blood pressure {luring the clay (I It intervals) and on average 
conventio~~ai (CBP) and 24 11 blood pressure (ABP) 
Uorlble clella=cliarip,e Ironi baseline on active treallrrent niinus chalige 
Irolii baseli~ie on placebo. 
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Fi{,:urc 3: Probability of finding a significntit effect of treatnient 
on conventional blood pressure and 24 h systolic and diastolic 
blood pressure 
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Figure 4: Probability of demonstrating at follow-up a significant 
treatmelit-tlnte interaction for systolic and diastolic pressure 

At baseline, the treatment-time interaction was not 
signiticar~t (table 2), which confirms b a t  the diurnal 
proliles were the sanic in d ~ c  two treatnlent groups 
(figure 1). 

Active trcat~nent reduced blood pressure during the day 
(figure 1). For systolic prcssure, there was a significant 
treatment-time interaction irrespective of the time interval 
used for rcsolutio~~ of tlie profiles (table 2). For diastolic 
prcssure, a sigliilicant i~~teraction was obscrvcd ouly when 
tlie profiles were calculated from 2 11 or 4 11 
n~easurcments. Results were the same wlien the analysis 
was conlil~ed to the 205 patients with raised 
(> 133 Inn1 Hg) 24 h systolic pressure. . . 1 Ile size of tlie treatment-time in~eraction depended on 
the resolution of the diurnal profiles. \Vitll 1 11 intervals 
(ligure 2), the difference between the largest and sniallest 
pressure reduction through the day averaged 10.7 tnm Hg 
for systolic pressure (ie, 14.0 [I-2 111 vs 3-3 mnl I-lg 
117-18 111) and 7.6 lnrn Hg for diastolic pressure (ic, 8.0 
1 10-1 1 li] vs 0.4 IIIIII Hg [I 6-17 111). Ihcse  difkrerices 
averaged 8.5 and 6.0 mnl Mg for profiles with 2 11 
intervals, a ~ i d  7.3 and 5.9 nun Hg, respectively, for 
profiles with 4 11 intervals. 

Santple size 
'lb show a net reduction (p<0.05) in the conventional or 
24 11 pressure a saniple of 40 subjects randomly selected 
from eacli group was sufficient. Compared with conven- 
tional n~easurements, 24 11 nlonitoring did not confer any 
benefit in ternis of a smaller sample size (figure 3). 

l'he nuri~ber of patients required to demonstrate a 
signilicant treatment-time interaction in systolic pressure 
rose l i o ~ n  40 in each treattnent group for 2 11 or 4 11 
il~tcrvals to 60 for 1 b intervals (figure 4). For diastolic 



pressure, 80 patients in e;lcIi tre:ltlncnt group sufficetl 
for 4 11 intervals and 100 for 2 11 intervals, but for 
I 11 intervals, even all a\railable patients were not 
adequate. Thus, the probability of finding a treatment- 
time interaction rose as tlie sample size increased and 
as the resolution of the profiles was s~noothed from 1 h 
to 4 11. 

Discussion 
If conventional and :~ml~ulatory measurements are 
repeateil within the same subjects, the latter are 
characterised by greater rcprod~cibility. '~ I" ?'liis effect can 
be explained by the absence of digit preference," observer 
bias," ant1 the "white c o a ~ "  r e a ~ t i o n , ' ~  '" but mostly by the 
greater number of readings averaged to calculate the 
ambulatory Compared wit11 equivalent trials that 
use conventional sphygmomanometry, the better wi~liin- 
subject reproducibility means that cross-over trials with 
ambulatory monitoring, in which the averages of at least 
twenty readings are being compared, need to enrol fetver 
patients than tri:~ls with conventional blood pressure 
measurement." I" Our  findings in this study emphasise 
that, by contrast with what is often perceivctl,'J' the 
advantage of the higlier reproducibility of ambulatory 
monitoring is lost in trials with a parallel-group design 
when between-subject variability, rather than within- 
subject variability is driving tlie test statistic, and when 
effects on the full course of blood pressure through the 
day are being examined. 

In trials with a parallel-group design, the s a ~ n e  number 
of patients is required for coniparisons of clinic o r  average 
24 11 pressure (figure 3). This finding is not surprising, 
because the 24 h blood pressure showed a similar S D  to 
clinic measurements and a sn~aller reduction on active 
treatment (table 1). As a consequence of the criteria used 
for patient recruitment, the assumption of normality was 
violated for the clinic pressure, and the non-parametric 
Wilcoxon's rank-sum test was therefore used. IIowever, 
our resi~lts (figure 3) could be duplicated with Student's 
t test, which assumes normality of the underlying 
distributions. 

'I'rials on  the comparison of effects on the full course of 
blood pressure during the day, for example, to find out 
tlie duration of action of antiliypertensive drugs, shoultl 
recruit more-not fewer-patients than stutlies in which 
only the clinic pressure o r  the average 2 1  11 pressure is 
subject to investigation (figure 4). ?'here is no standard 
approacli fnr comparison of diurnal blood pressure 
proliles. Analysis of varianceu has the advant;ige of 
accounting in the same model for treatment, time of day, 
and treatnlent-time interaction, \vhich provides :I 

straightforward test to explore wl~ether the observed 
effects are steady over 24 11. If necessary, the model may 
also accommodate other factors, sucli as patient 
characteristics or the baselme pressure. 

hflany studies of antillypertensive tlri~gs for which a 
once-daily dosing scheme is advocated rely on the 
demonstration tliat the mean 24  11 blood pressure is 
reduced, but fail to prove that the reduction is maintained 
tl~roughout the 24 11.~' In fact, the latter can be verified 
only by measuring blood pressure regularly over 24 11, 
shorter intervals and nlore readings per interval reslllting 
in greater precision. Most studies on long-acting calciu~n 
entry blockers liave recruited fewer patients than fount1 to 
be  necessary in tllis study." Iccaders unaware of this 
problem may mistakenly co~icludc tliat certain 

antihypertensive agents, given once daily, lower blood 
pressure over 24 h. Ultimately, the power of a study to 
exclude a significant treatment-time interaction depends 
on the study design (cross-over vs parallel group), the 
number of subjects randomised, the time over wllich 
pressure readings liave been averaged (eg, 1 us 4 h), the 
number of readings averaged per interval, the 
stand:irdisation of the nieasurenlent technique and the 
treatment regimen (eg, timing of drug intake), and the 
size of the treatment-time interaction that should be 
detectable (roughly the difference between the diurnal 
maxinlu~n and minimum pressure reduction). 'I'he 
technical aspects of the sample size calculations applicable 
t o  detect a treatnicnt-time interaction by repeated 
measures ANOVA have been described e l sewl~ere .~  

If a significant treatment-time interaction is detected, 
the diurnal pattern of blood pressure should be reviewed 
in nlore detail. In general, a baseline adjustment is 
thereby desirable, because diurnal profiles consist of 
highly variable blood pressure ~ n e a n s . ~ . ' ~  In  this study, the 
baseline correction was carried out by subtracting tlie 
mean pressure change from baseline on placebo from the 
corresponding change on active treatment. Alternatively, 
a baseline adjustment caa be niade by entering the 
baseline pressure as a covariate in the model. Contrasts 
may also be generated between the blood pressure 
reduction at a given time (eg, the time of peak plasma 
concentration) ant1 the blood pressure changes at  all other 
times. 

It has also been suggested that ambulatory monitoring 
may facilitate tile conduct of clinical trials by the early 
identification and exclusion of subjects whose blood 
pressure is raised only in the clinic environment (white 
coat  reactor^).^^^^^ This  feature may be especially 
i~nportant  to trials with ambulatory monitoring, because 
in patients who have raised conventional blot)d pressure 
but normal" an~bulatory pressure, antihypertensive 
treatment reduces only tlie f o r ~ n c r . ~ ~ ~ ~ ~ e v e r t l i e l e s s ,  
excluding tlie white coat reactors from our analysis did 
not afkct  the outcome. 

In this study we found a difference between active and 
placebo treatment. Active treatnient consisted of varying 
combinations of three different antihypertensive agents. 
Many reports concentrate on a single antihypertensive 
agent and attempt to  find out its trough-to-peak ratio. 
Some regulatory agencies have proposed a desirable range 
for this ratio and recommend that it be adjusted for 
placebo elliects." Our  findings show that tllc apparent 
trough-to-peak ratio can be manipulated by changing the 
resolution of the diurnal profile. Moreover, not only the 
point estimate of the ratio is relevant. Its error term and 
confidence interval are rarely reported, and yet reflect the 
precision by which advisory boards may need to be 
guided. 

'l'rials sctting out to identify effects on the full course of 
blood pressure through the clay require more-certainly 
not fewer-patients than studies focusing only on tlie 
coriventional.or the average 24 h pressure. 

'l'he Sysr-Eur Trial is carried out in consult:~tion will> rlir WI-10, the 
Intern:~tional Society of I Ippertension, tlie Buropenn Society of 
I lypertcnsio~~, n ~ ~ t l  tlie \Y'cirl~l I lgper~cnsion Ixague. Tlie trial cc~~~in~ittees 
a~icl p:~rlicip:~ling centres ilre listecl in a progress report (7 1lro11 Il~~pcrr~~rs 
190 3; 7: 265-7 1).  I 'ron~ I 0 0  I t o  1092, l l ~ e  Ilurnpen~i Union provided n 
g r a ~ ~ t  for coonlinntic~~~ at tlic liuropesri level. l ' l ~ c  ~ r i n l  is s ~ ~ p p ~ > r t c d  h y  
I3;lyt.r A(; (\'?u[>pcrtal. G e r ~ i ~ a n y )  and [lie National F u ~ i t l  for Scientitic 
I<ebcsrch (13rr1sscls, llelgiuni). Str~dy ~ ~ ~ c t l i c : ~ ~ i t ~ n  is do~i~~lccl  hy Il:~ycr A(; 
and hlerck Sli:~rl>t: and I)oli~iie l~ic (\K1t:s[ I't~il~t, Il~~ns)~lvania, USA). 
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