
Clinical trials with a~ilbulatory blood pressure monitoring: fewer 
patients needed? 
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Sultrlnary 
We have tes ted  the concept t l ~ a t  fewer patients are  needed 
in trials of antihypertensive treatriient i f  blood pressure is 
riieasured by ambulatory rironitoririg ratlier than by 
conventional spliygmomanornetry. 

2 3 3  patients ( 2 6 0  years old) with isolated systolic 
hypertension were randomly allocated placebo (n=119)  or 
active treatrrlent (r1=114). Blood pressure rneasurernents 
were colnpared by Wilcoxon's t e s t  and blood pressure 
profiles by ANOVA. With either method of rneasurernent, 
Llie sanle number of patients ( 4 0  in each treatment group) 
was  required t o  sliow a reduction after l year in cliriic 
(13/8 mm Hg) or average blood pressure over 24  h (9/5 
lnrn Hg). To detect that the decrease  in systolic pressure 

'-. was  not steadily maintained through the  day, 4 0  patients in 

each treatment group were needed lor blood pressure 
profiles rnade up of 4-hourly or 2-hourly means  and 60 for 
proliles of l-hourly rneans. For diaslolic pressure, t he  

corresponcling nur~ibers were 80 .  1 0 0 ,  and more than the  

nurnber of available patients, respectively. 

W C  conclude that parallel group trials focusing or1 tlie 

average blood pressure over 24  h, rather than on 

conventionally nieasured blood pressure, cannot economise 
on saniple size. Moreover, trials studying the  lull course of 
blood pressure throughout the  day, require more-not 
fewer-patients than studies of only the conventional or 
average 2 4  h blood pressure. 
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lrrtroductio~r 
'l'he sei~rcli  f ix  long-acting antihypertensive agents is on, 
because once-daily dosing is thought to  enhance patient 
compl ia~icc . ' ,~  A~iibulatory ~ n o ~ i i t o r i ~ i g  is often used to 
prove that a orice-daily regimen controls blood pressure 
over 24 h .  A 1991 consensus document  suggested that 
cli~iical trials could economise o n  sample size if 
antihyperte~isive treatment were assessed by a~nbula tory  
ratlier than by conventional blood pressure n~easu ren len t .~  
In view of the variability of the diurnal blood pressure 

we have tested this idca by analysis of a~nbula tory  
recordings from patients with isolated systolic 
l iyperte~ision who had  been enrolled in the Syst-Eur 
7 - I ria1.L,7 

Study design 
T l ~ e  protocol of the Syst-Eur 'l'rial has been described elsewl~ere.~ 
Iiligible patients were at least 60 years old and liad on placebo 
treatmelit systolic pressure when seated of 160-219 mm Mg and 
Ji:istolic 1,1css1i1c bclonl 95 111111 I lg as \vcII :IS systolic prcssurc 011 

staliding or 140 mrn Hg or Inore. 'I'iicse blood prcssure criteria 
were based on [lie averages of six seated and six standing readings 
(two in each position at three baseline visits with intervals of I 
nlol\tll). 

After stratilicatio~i by sex and tlie presence or abse~ice of 
cardiovascular complications, ~jatients were rando~nly assigned 
double-blind treatment with active medication or placebo. Active 
treatment consisted of nitrendipine (10-40 nig per day), 
combined with enalapril (5-20 mg per day) or 
hydrocl~lorothiazide (12.5-25.0 rng per day), or both. Patients in 
tlie colitrol group received matching placebos. The study 
~iiedication was titrated in a stepwise manner and combined to 
reduce tlie systolic pressure wlieli seated by 20 11i1i1 1-16 or more 
to 150 mln l Ig or 1ower.l 

Ar~~bulatory ~r~oni tor ing 
Syst-Eur centres opting to take part in ambulatory monitoring 
were asked to ~nake recordings at baseline, at 6 and 12 ~nonths, 
and a~inually thereafter.' Validated"' ~nonitors were programmed 
to obtain measurements with intervals no greater than 30 min. 
.l'he clinic pressures corresponding to the recordings were the 
averages of the seated nleasurellients (ie, six readings at baseline 
a~itl two at follow-up). 

For this analysis, 251 patients were selected because their 
a~nbulatory pressure had been recorded before and after 
randornisatio~i. l 'he  recording nearest to the I-year follow-up 
visit was chosen for analysis. Of the 251 patients, 18 were 
excluded because the baseli~ie or follow-up registration did not 
cover 24 11 or consisted of 1 h intervals without valid readi~igs. 



Basellne Follow-IIP 

I'lacelio Acl~ve Placehtr Actwe 
(n=119) (11.114) (n=119) (n=114) ---- 

Systollc pressure 
C l ~ ~ i i c  175(12) 178 (14 )  168(21) 155(18)* 
24 h 150(15) 150(16) 149(15) 139(J4)' 
Day 155(1G) 155(17) 153(17) 146(16)* 
N~glit 138 (16) 138 (19) 137 (17 )  126 (17) '  

p--pp 

Dlastullc pressure 
C h i c  86 ( 7 )  85 (G1 85 (9) 77 (101' 
24 h 81 (10) 80 (10) 80 (10) 75 (10)' 
Day R ~ ( I I )  85(11) 84(11) ~ ~ ( 1 1 ) ~  
N ~ e l l t  72 (11) 70 (13) 70(11) G5 (13)' 

Values are mean (SD). 
Daytime=1000-2000 h;  night lilne=0000-0600 h. 
*p<0.01 for dlflerence belween basel~ne and follow-up. 

Table 1: Effect of t reatment on conventlonally measured and 
ambulatory blood pressure 

Statistical ar?alysis 
If ambulatory recordings were longer than 24 11, only tlie first 
24 h was used Cor analysis, but tlie rccortlings stayed unetlitcd. 
Iliurnal profiles were drawn by averaging blood pressure over 
1 11, 2 h ,  or 4 11 periods. Tile 34 11, daylilne, atirl nigl~t-tinie 
pressures were weighted for tlie time between consecutive 
rcadi~~gs."'  As a consequence of patient selection, the distribution 
11f lhe c l i ~ ~ i c  pressure was truncated; Wilcoxon's test w a s  
therefore used to compare hlood pressures. T h e  diurnal bloocl 
jxcssure prtrfilcs were contrasted by repeated measures 
ANOVA," with treatment allocation (active za placeho) and time 
of day as niain efrec~s. '10 establish wl~etlier the a~ltiliyper~ensive 
action was steady o\,cr 24 h,  t l ~ e  model also tested for a 
treatment-time interaction. I h  find out wlle~her the results 
would be difCeretlt in patients with r:iised 24 11 pressure, we 
repeated tlie analyses for only subjects with 24 h systolic 
pressures above 133 mm IIg, the 95th percentile in nor~norensivc 
subjects.'" 

'The ncr treatment effect, the double-tlelta of pressure," was 
calculated by subtracting tlie mean change from baseline on 
placcl)o f r o r ~ ~  tlie corresponding cllnnge on active treatment. l 'hc 
95% CC1 al>out t l ~ e  net treatment effect showed tlie times during 
the day when the pressure reduction was significant. 

Baseline 
o Placclro (ri=119) 

Active (n=114) 

p value from ANOVA 

Basell~~e Follow-up 

111 211 411 I h  211 411 ------ 
Systollc pressure 
Treat~iienr 0.90 0.90 0-93 <0.001 <0.001 <0.001 
Treatment time 0.63 0 80 0 81 0.01 <0.001 <0.001 

Dlastollc pressure 
Treatment 0.52 0.51 0.48 <0,001 <0.001 <0.001 
Trearnienr rinie 0.49 0.85 0 76 0.06 0,006 <0.001 

Table 2: ANOVA of diurnal blood pressure profiles-treatment 
allocation, time of day, and treatment-time interaction 

Finally, power calculations were done empirically by random 
selection c~f 20, 40, 80, or 100 patients Crorn each trenttllellt 
g l .0~1~.  [:or eac11 S L I I ~ S C ~  of pa~ients, t l ~ e  pl.ol)alrility value was 
calcul:~tecl 1i1r ille net reduction in t l ~ c  conventional and 24 h 
pressure, as well as Ibr lhe lreat~nent-tilne intcfi~ction. 

Results - .  I h e  233 part icipants  ( 8 4  m e n ,  149  w o ~ n e n )  h a d  a m e a n  
age o f  7 1  years (S11 6; range  60-100). A t  baseline, the  
m e a n  conventionally m e a s u r e d  systolic hlootl pressure 
was 1 7 6  (1 3; 160-217) m m  H g  a n d  diastolic 8 6  (6; 
49-94) mrn IIg; t h e  2 4  h pressures were 1 5 0  (15; 110- 
202)  m m  t l g  a n d  8 1  (10; 58-138) m m  H g ,  respectively. 

After  m e d i a n  follow-up o f  1 2  (4--25) m o n t h s ,  active 
t rea tment  h a d  decreased  t h e  clinic, 2 4  h, daytime,  a n d  
night- t ime b l o o d  pressure values (p<0.01, table 1). O f  t h e  
2 3 3  patients, 2 1 5  remained  o n  t h e  first-line medication- 
ie, nirrendipine (n=102; daily d o s e  2 9  [ l 2 1  nlg) o r  
m a t c h i n g  p lacebo  ( n = l  13). Second-l ine a n d  third-line 
medica t ions  were  s ta r ted  in 3 9  (14 [7] mg)  a n d  2 1  
suhjects  ( 2 0  [6] ~ n g )  o n  active treatment,  a n d  in 6 1  a n d  
34 placebo-treated patients. 

Diurnal profiles 
B o t h  a t  basel ine a n d  a t  follow-up, t i m e  o f  day  was a 
significant s o u r c e  (p<0.001) o f  b lood  pressure variation. 
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Figure 1: Hourly means (with 95% Cl) of systolic and diastolic pressure and average conve~~t iona l  (CBP) and 24 11 pressure (ABP) 
a t  basellne and follow-up 
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Figure 2: Net effect of treatment on systolic a ~ ~ d  diastolic 
blood pressure during tlie day (l h Intervals) and 011 average 
conventional (CBP) and 24 11 blood pressure (ABP) 
l l o ~ ~ b l e  flelta=cliange from baseline on active trealrnent irilnus ct la~ipe 
Iroll l basel i~io on placebo. 
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Figr~ro 3: Probability of firidi~ig a sig~iificalit effect of treatli~e~it 
011 co~ive~itional blood pressure and 24 h systulic and diastolic 
blood pressure 
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Figure 4: Probability of demonstrating at  follow-up a significant 
treatment-tiri~e Interaction for systolic and diastollc pressure 

At baseline, the treatmellt-time interaction was not 
signilicarlt (table 2), wl~ich confirms h a t  the diurnal 
l'roliles were the same ill tile two trcatlncnt groups 
(figure I). 

Active treatlnent rcduced blood pressure during the day 
(figure 1). For systolic pressure, there was a significant 
treatment-time interaction irrespective OF the time interval 
used for resolutioll oF the profiles (table 2). For diastolic 
prcssurc, a sigl~ilica~lt interactiol~ was observed only w11e11 
the profiles were calculated from 2 11 or  4 h 
measurements. Results were the same when the analysis 
was co~llilied to the 205 patie~lts wit11 raised 
(> 133 Inrn Hg) 24 11 systolic pressure. 

'I'lie size of the treatlnel~t-lime interaction depended on 
the resolution of the diurnal profiles. \Wit11 1 11 illtervals 
(ligure 2), the difrerence between the largest and sn~allest 
pressure reduction through the day averaged 10.7 m m  Hg 
lor sys~olic pressure (ie, 14.0 11-2 111 vs 3.3 mln Elg 
117-18 111) and 7.6 111111 I lg for Jiastolic pressure (ie, 8.0 
(10-1 1 111 vs 0-4 111111 119 116-17 111). l'liese dill'erences 
averaged 8.5 ancl 6.0 rim1 I-lg for profiles with 2 11 
intervals, allcl 7.3 and 5.9 mln Hg, respectively, for 
profiles with 4 11 intervals. 

Sa~irple size 
'lb show a net reduction (p<0.05) ill the conventional or  
24 11 pressure a sall~ple of 40  subjects randolnly selected 
Crom each group was suflicient. Compared with collvell- 
tiolial ~ncasurements, 24 11 ~uollitoring did not conCcr any 
bellefit ill terms of a smaller salllple size (figure 3). 

Tile nulllber of patients required to demonstrate a 
significant treatment-time interaction in systolic pressure 
rosc I'rolii 40 in each treatlnellt group for 2 11 or 4 h 
i~itcrvals to 60  for 1 11 intervals (figure 4). For diastolic 



pressure, 80 patients in eacl~ tre:tttlient group sufliceti 
for 4 11 ir~tervals ancl 100 for 2 h intervals, but for 
I h intervals, even all available patients were not 
adequate. 'l'hus, the probability of finding a treatnient- 
time interaction rose as the sample size increased and 
as tlie resolution of the profiles was smoothed from I h 
to 4 11. 

Discussion 
If conventional ancl ambulatory measurements are 
repeated within tlie same subjects, the latter are 
characterised by greater repr~ducibility. '~ l' l'liis effect can 
be explained by  he absence of digit preference," observer 
bins," ancl tlle "white coat" reaction,'" 2" hut mostly by the 
greater number of readings averaged to calculate the 
anlbulatory values.z1 Compared witli equivalent trials tliat 
use conventional sphygmomano~netry, tlie better within- 
suhject reproducibility nieans that cross-over trials with 
ambulatory monitoring, in wl~icli tlie averages of at least 
twenty readings are being conlpared, need to enrol fewer 
patients than trials witli conventional blood pressure 
nieasuretnent." l 6  Our  lindings in this study eniphasise 
that, by contrast witli what is often perceivcd,'J2 the 
advantage of the higher reproducibility of ambulatory 
nio~iitoring is lost in trials witli a parallel-group design 
when between-subject variability, rather than within- 
subject variability is driving tlie test statistic, anif when 
effects on the full course of blood pressure through the 
day are being examined. 

In trials witli a parallel-group design, tlie same number 
of patients is required for comparisons of clinic or average 
24 11 pressure (ligure 3). l 'his finding is not surprising, 
because the 24 11 blood pressure showed a similar S D  to 
clinic measurements and a smaller reduction on active 
treauiient (table 1). As a consequence of the criteria used 
for patient recruitment, tlie assumption of normali~y was 
violated for tlie clinic pressure, and tlie non-parametric 
Wilcoxon's rank-sum test was therefore used. IIowever, 
our results (figure 3) could be duplicated with Student's 
r test, which assullies nor~nality of the underlying 
distributions. 

'I'rials on the co~nparison of effects on the full course of 
blood pressure (luring the day, for example, to fi11d out 
111e duration of action of an~iliypcrtensive d r ~ ~ g s ,  slioultl 
recruit nlore-not fewer---patients t l ~ a n  studies in whicli 
only the clinic pressure or the avcmge 2 1  h pressure is 
suhject to investigation (ligure 4). There is no standartl 
apl~roacli for co~nparison of diurnal blood pressure 
profiles. Analysis of variance" has tlie advant:ige of 
accounting in tlie same model for treatment, time of day, 
and treat~nent-tinie interac~ion, \vliicli provides :I 

straightfor\-\.artI test to explore whetl~er tlie observed 
effects arc steady over 24 11. If necessary, tlie model may 
also accom~nodate otller factors, such as p:~tient 
characteristics or the baselirie pressure. 

hlany studies of antiliypertensive drugs 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 tliat the reduction is maintained 
tlirougliout the 24 h." In fact, 11ie latter can l)e verified 
only by ~neasuring blood pressure regularly over 24 h, 
shorter intervals and more reatlings per interval res~~l t ing  
in greater precision. Most studies o n  long-acting calcium 
entry blocltcrs liave recruited fewer patients than found to 
be necessary in tliis s t ~ ~ d y . ~ '  I<eaders unaware of this 
problem may mistakenly conclude that certain 

a~itihypertensive 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 which 
pressure reatlings have been averaged (eg, I vs 4 h), tlie 
number of readings averaged per interval, the 
standardisation of the measurement technique and the 
treatment regimen (eg, tirning of drug intake), and the 
size of the treatment-time iriteraction that sliould be 
detectable (roughly the difference between tlie tliurnal 
~ n a x i m u ~ n  and minimum pressure reduction). The  
technical aspects of the sample size calculations applicable 
to detect a treatnient-time interaction by repeated 
measures ANOVA liave been described e l s e w l ~ e r e . ~ ~  

If a sirnificant treatment-time interaction is detected. 
the diurnal pattern of blood pressure should be reviewed 
in more detail. In general, a baseline adjustment is 
thereby desirable, because diurnal profiles consist of 
liiglily variable blood pressure ~ n e a n s . ~ , ' ~  In this study, the 
baseline correction was carried out by subtracting the 
mean pressure change from baseline on placebo from the 
corrcsl-rontling change on active treatnient. Alternatively, 
a baseline adjustment can be nlade 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) and the blood pressure changes at all other 
times. 

It has also been suggested that ambulatory ~nonitoring 
may facilitate the 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 
important to trials with a~nbulatory monitoring, because 
in patients who liave raised conventional blood pressure 
but n o r ~ n a l ' ~  ambulatory pressure, antihypertensive 
treatment reduces only the fonner."~'~evertIieless, 
excluding the white coat reactors from our  analysis did 
not affect tlie outcome. 

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

'I'rials setting out to identifv effects on the full course of 
blood pressure through the day require more-certainly 
not fcwer-patients than studies focusing only on the 
conventional.or tlie average 24 11 pressure. 

'I'he Syst-Iiur Trial is carried out in co~lsul(:~tion w i ~ h  the WbIO, the 
I~lternational Society of fIyl>ertcnsion, the European Society of 
I I ~ ~ C ~ I C I I S ~ O I ~ .  and  the \Y'oI.ILI I Iypertcnsion I x n g u e  Tile trial  cnmmi~tees 
31111 r ) i~! . l~ci l i i~l i~>p ccnlrcs ;Ire listcc1 in a progress report (7 I~I~JJI 11yper1c.11~ 
1 0 0 3 ;  7: 2 6 5  71). l:ron~ 1001 t o  1092, the I<uropca11 tJnion prt>vidccl U 

grant  ior c<tordir ln~io~l  a t  thc I!ur~>pcar~ Icvcl. .l'l~c ~ r i n l  is sllllpor~cd I,y 
Hayer t i c ;  (\Vc~ppcrral, t i c r ~ l ~ i ~ ~ l k ' )  i111cl tile Natiolli~l 1;'ulld f(lr Scien~ilic 
I ~ c s c i ~ r c l ~  (I3russcls, Ilclgiu~n). S t u d y  1ncdicatio11 is dolla~ccl h y  Ili~ycr A(; 
ancl hlerck Slli~rpc i111d I><~l l~ l le  Inc (\Vest I'oil~t, I'ennsylvanin, USA). 
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