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Objectives: This study compared clinic and ambulatory blood pressure measurement 

and the reproducibility of these measurements in  older patients with isolated systolic 

hypertension (Isti). 

Patients: Eighty-seven patients aged 2 6 0  years wi th ISH on clinic measurement were 

followed in  the placebo run-in phase of the Syst-Eur trial. 

Methods: Clinic blood pressure was defined as the mean of two blood pressure readings 

on each of three clinic visits (six readings in  total). Ambulatory blood pressure was 

measured over 24 h using non-invasive ambulatory blood pressure monitors. 

Results: Daytime ambulatory systolic pressure was, o n  average, 21 mmHg lower than 

the clinic blood pressure, whereas diastolic pressure was, o n  average, similar with both 

techniques of measurement. In the 42 patients who had repeat measurements, clinic 

blood pressure levels and the amplitude of the diurnal blood pressure profile (fitted by  

Fourier analysis) were equally reproducible. However, bo th  were less reproducible than 

ambulatory blood pressure levels. The repeatability coefficients, expressed as per cent 

of near gaximum variation (four times the standard deviation of a given measurement), 

were 52% and 45% for the clinic systolic and diastolic pressures, 56010 and 42% for 

the amplitude of the diurnal profile, and 29% and 26% for mean 24-h pressures. 

Conclusions: In older patients wi th ISH, clinic and ambulatory systolic blood pressure 

measurements may differ largely: the prognostic significance of this difference remains 

to  be  elucidated. Furthermore, in these patients the level of pressure is more 

reproducible by daytime ambulatory blood pressure measurement than by  clinic 

measurement. 
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lntroductio~i blind placebo controllecl trial in elderly patients w i t h  

isolated systolic hypertension (ISH; ~ y s t - ~ u r )  [I] .  T h e  

T h e  European Work ing  Party on High Blood Pressure value of 24-11 ambulatory blood pressure measurement 

in the  Elderly (EWPHB) has recently init iated a clouble- in the predict ion of cardiovascular complications is  
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currently being assessed in a side project to this trial 
[21. 

'I'he di:~gnosis of I~ypertension is traditionally based 
upon clinic blood pressure measurement [3]. Caswal 
bloocl pressure readings taken in the clinic are an ex- 
pression of the blood pressure at a particular moment 
of the day and could therefore poorly represent blood 
pressure prevailing during daily activities (4-61. l'he 
variability of bloocl pressure has been reporteel to in- 
crease with both age [7,8] alcl  the level of pressure 
[8,9]. Moreover it 11:u been suggested that ISI-I may not 
be a sustaineel co~lclition, but a telnporaty response to 
the clinic measuretnent of blood pressure [ lo] .  

'I'lle ol,jectivcs of this paper are: (1) to evaluate the 
level of agreement I>elween 11lood pressure readings 
obtained with clinic ancl :ul~bulatory nieasurenlent; (2) 
to assess the reproducibility of botll tecll~lirlues; ancl 
(3) to describe the diurnal blood pressure profile in 
elderly patients with 1Sl-1. 

Methods 

Syst-Eur trial Protocol 
Full dec~ils of the protocol have been ~>ul.~lished else- 
where [I].  Entry criteria incluclecl: (1) a mininlum age 
of 60 years; (2) sitting systolic blood pressure (SUP) 
nleasured in the clinic during a placebo run.in period 
averaging 16&219 nlmI-Ig, with a clia5tolic blood pres- 
sure (DB1') of < 95 m~nl-Ig; and (3) willingness of the 
patient to co-operate arlcl sublilit to regular follow-up. 

Clinic blood pressure measurements 
The sitting blood pressure readings reported in the 
present paper were olmined during the placebo run- 
in period of the Syst-Eur trial. Bloocl pressure was 
nle:~surecl twice o n  each o f  three consecutive visits, 
with an interval of 1 month [ i l l .  

Ambulatory blood pressure measurements 
l'he ~'rocedures for an~bulator)~ blood pressure nioni- 
toring li;~ve been published previously [2]. On 15 May 
1991, 102 patients from diflerent European centres 
took part in the side project on ambulatory blood 
pressure measurement. t\lnbulatory blood pressure 
was recorded non-invasively on the second visit during 
tile placebo run-in phase. In 42 patients an additional 
recording was obtained 1 month later. Measurements 
were collected during an entire 24-h period, with in- 
tervals of not longer than 30 min. The protocol rec- 
ommends using only recorclers that have been vali- 
dated according to the guidelines provided by the As- 

sociation for the Advancement of Medical Instrumenta- 
tion (121 or by the British Hypertension Society (131. 
Of the recordings taken, 43% were obtained with the 
SpaceLtbs 90202 device and 39% with the SpaceLabs 
90207 device, (Spacelabs Gmbh, Kaarst, Germany). A 
cuff size suitable to the arm circumference was se- 
lected. 

Statistical analysis 
l'he mean of the two clinic blood pressure reading: 
obtained at each of the three run-in visits was usec' 
for analysis. 

Twenty-four-hour blood pressure recordings were ex 
cluded from the present analysis when they were in 
conlplete, i.e. when > 20% of the readings were eithe~ 
missing or labelled as, technically erroneous by tht 
monitor sofm~re, or when blood pressure reading: 
were not available during more than two conseci~tivt 
hours. Unedited aubu1ator)r recordings comprised all 
blood pressure readings s~~ccessfully completed by t h c  
monitor software. ?'he following individual anibulator! 
bloocl pressure readings were considered for exclu 
sion [14,15]: (1) SLIP < DUP; (2) S131J > 240mmHg o~ 
< 50 1nm1-lg, or DUP > 140 or < 40 tnmHg; (3) pulsc 
rate > 150 or < 40 beats/niin; and (4) pulse pressurc 
< 10% SBP. 

Daytime was defined as the period from 0010 to 2200 1) 
and night-time from 0000 to 0600 11 because previ 
ous stuclies have shown that tllis definition exclude,c 
the periods of rapid blood pressure change that oc 
cur in the nlorriing and evening [16]. Intra-individ 
ual ambulatory blood pressure means and variances 
were weighted for the time interval between successive 
readings. 'The agreement between daytime ambulatol? 
measurements and blood pressure reatlings obtained 
in the clinic was investigdted by the method proposecl 
by Could 1171. Atnbulatory blood pressure recording5 
presenting a significant (P< 0.05) diurnal rllythm were 
iclentified by the one-sample runs-test (171. The diur 
nal blood pressure profile was analysed using time 
weighted Fourier series with four harmonics (181. 

Reproclucibility of clinic and atnbulatoty blood pres 
sure nr:ls stuclied by the 13land and Altman techniqut 
[19], l'he repeatability ccoeliicient was calculated as 
twice the svandard deviation of the diflerences be 
tween repeated measurements. To allow comparisons 
between various measurements, tlie repeatability coef 
ficients were expressed as per cent of near maximal bi 
ological variation, i.e. four times the sundard deviatioci 
of the first measurement. Consistency was estimatecl 
by subtracting tlie first from the repeat measurement 
and omitting the sign. 

Values are expressed as meansf s.d. The SAS-system 
was used for analysis [20]. 

Results 

Characteristics 
Of the 102 participants, 15 were excluded from anal 
ysis because their ambulatory recordings were incom 
plete. l'he remaining 87 patients (30 men, 57 women) 
were aged between 60 and 92 years (median age, 7( 
years). Body mass index was sinlilar for both sexe: 
aid averaged 26.0 f 3.8 kg/m2. 
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Clinic blood pressure measurements 

Sitting blood pressure values recorded at each of 
the three run-in visits are given in Table 1. The 
mean of six readings obtained at the three visits was 
178 f 12 ninil-Ig for SBP and 86f 6 n ~ n ~ l g  for DBP. 

Table 1. Clinic blood pressure measurements. 

Men Women All 

(n = 30) (n = 57) (n = 87) 

Visit 1: 

SBP (mniHg) 173 f  15 181 f 18 178% 17 

DOP (rnmtlg) 0 6 f  10 0 7 f  7 8 6 f  8 

Visit 2: 

SBP (mmklg) 177 f  20 181 1 1 6  179 f  17 

DBP (mmtlg) 8 6 f  9 8 6 k 8  8 6 f  8 

Visit 3: 

SOP (mml lg) 177 f  14 176 f  16 177 f  15 

DOP (niniligl 8 6 f  7 DSf  8 8 6 f  7 

Values are expressed as meansf s.d. SBP, systolic blood pressure; DOP, 

diastolic blood pressure. 

Ambulatory blood pressure measurements 

The unedited ambulatory blotxl pressure recordings 
comprised a total of 5674 single blood pressure read- 
ings. Only 1.6% of the readings conlplied with at least 
one of the four editing criteria. Of the 87 subjects, 46 
had no single reading meeting one of the four exclu- 
sion criteria. Because editing did not materially alter 
the shape of the diur~ial blood pressure curves, nor 
the means of the day- and night-time blood pressures, 
only analyses based on unedited recordings are given. 

Blood pressure levels and the paranieters of the diur- 
nal prolile were similar for men and women and are 
given for both sexes combined in Table 2. According 

to the one-sample runs test, 90% of the recordings pre- 
sented a significant diurtlal rhythm for SBP and 85% 
for DI31'. 

Table 2. Ambulatory blood pressure measurements. 

SBP DBP 

Mean level: 

Twenty-four hour (mmHg) 151 1 14 8 1 f  9 

Daytime (rnmHs) 157f15 8 6 f  11 

Night-time (mmHg) 1391  17 7 1 f 9  

Diurnal profile: 

Day-night diflerence (mmHg) 1 8 f  16 15110 

Amplitude (mmHgY 2 4 f  10 1 7 f  7 

Acrophase (hh : mmP 13:45f5:33 13:4514:22 

Values are expressed as meansf s.d. of the unedited recordings, n = 87. 

The amplitude is half of the difference between the niinimum and 

the maximum blood pressure predicted from the Fourier curve. The 

acrophase is the time of the blood pressure maximum predicted from the 

Fourier curve. 'Calculations were restricted to the recordings showing a 

signilicant diurnal rhythm: systolic blood pressure (SOP), n = 42; diastolic 

blood pressure (DBP), n = 38. 

Agreement between clinic and daytime ambulatory 

measurements 

The correlation coefticients between daytime ambula- 
tory pressure and the mean of the two conventional 
blood pressure readings, obtained at the outpatient 
visit when the ambulatory recording was carried out, 
were 0.56 ( P <  0.001) for SBP and 0.44 (P<0.001) for 
DBP (Fig. 1). 

Clinic SBP was, on average, 21 mmHg higher (P< 
0.001) than the daytime ambulatory pressure (mean 
f 2 s.d interval ranging from - 9 to + 51 tnmHg). 
The disparity between both techniques of measure- 

130 150 170 190 210 230 60 80 100 120 

CLINIC PRESSURE (mmHg) CLINIC PRESSURE (mmHg) 

Fig. 1. Scatterplot of (a) systolic and (b) diastolic daytime ambulatory blood pressure against clinic blood pressure in men (.) and women 
(*I. Clinic blood pressure is calculated as the mean of the two measurements obtained at the outpatient visit when ambulatory recording 
was carried out; n = 87. 
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merit was not significantly dmerent in men and wornen 
(18 f 15 versus 23 f 15 ttuiil-Ig, respectively; P = 0.19), 
and was not related to age (r = 0.17; P =  0.12). In 
contrast to SBP, mean clinic and daytime DBP were 
similar (mean f 2 s.d. interval ranging from - 21 to 
+ 21 mnHg). 

Table 3. Reproducibility of clinic and ambulatory systolic blood pressure 

in individual ~atients. 

Systolic blood pressure (mmtig) 

Patient Clinic Mean 24 h Daytime Night-time 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

Mean 

Values are calculated as repeated minus first measurement. 

Reproducibility of clinic and ambulatory 

blood pressures 

I'he ambulatory blood pressure recordings were re- 
peated in 42 patients, with a median interval of 1 

month. Reproducibility of the clinic blood pressure 

Table 4. Summary statistsics on the reproducibility of clinic and ambu 

latory blood pressure in 42 patients. 

changet ~ons is tenc~t  ~e~eatabil i t$ 

Blood pressure level (mmHg): 

Clinic 

SBP - 4 12 (1-50) 38 (52) 

DBP - 2' , 5 (1-19) 14 (45) 

Twenty-four hour 

SBP 1 5 (0-32) 19 (29) 

DBP - 1 3 (0-17) 11 (26) 

Daytime 

SBP 0 6 (0-29) 23 (34) 

DBP - 2 5 (0-22) 18 (29) 

Night-time 

SOP 2 6 (0-76) 30 (44) 

DBP 0 5 (0-14) 13 (32) 

Diurnal prolile: (nimHg) 

Z-statistic runs-test 

SBP 0.4 1.1 (0.0-3.7) 3.2 (44) 

DBP 0.2 . 1.3 (0.0-3.2) 3.0 (42) 

Day-night difference 

SBP - 2 8 (0-49) 28 (51) 

DBP - 2 5 (0-18) 15 (36) 

Amplitude (mmHg) 

SBP 1 6 (0-44) 24 (56) 

DBP - 1 3 (0-24) 13 (42) 

Acrophase (hh: mm) 

SBP 0:32 5:02 (0:02-19:ll) 13:56 (67) 

DBP -0:27 2:19 (0:OO-16:OO) 12:22 (80) 

SBP, systolic blood pressure; DBP, diastolic blood pressure. t ~ e a n  differ 

ence between duplicate recordings (second minus first recording) takinr 

into account tlie sign of the difference. t ~ e d i a n  difference between du 

plicate recordings, disregarding the sign of the difference (range in paren 

theses). g~wice the standard deviation of the changes between repeatel 

recordings (per cent of maximal variation in parentheses). The amplitude 

is half of the difference between tlie minimum and the maximum blool 

pressure predicted from the Fourier curve. The acrophase is the time c 

the blood pressure maximum predicted from the Fourier curve. 'PC0.05 

measurements was studied by comparing the reading: 
obtained at tlie two outpatient visits when the am 
bulatory blood pressure recordings were carried out 
?'he differences between repeated clinic and anbu 
latory blood pressure recordings in each of the 4 ;  
patients are listed in Table 3. The repeatability coel 
ficient, expressed as per cent of maximum variatiorl 
was lower with 24-h ambulatory measurement thar 
clinic measurement for both SBP (29 versus 52%) ant 
DBP (26 versus 45%; Table 4). There was disagree 
nient between duplicate recordings in the outcome o 
the runs-test in 24% of the subjects for SBP and in 29'3 

for DBP. 

Discussion 

Discrepancy between clinic and ambulatory 

measurement 

Daytitne S13P in the present patients was, on avel 
age, 21 mtntlg lower than the clinic pressure, wherea 
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DBP was, on  average, similar wit11 both tecliniclues 
of measurement. Altl~ough the present f i~dings are 
in agreement with a previous study where a discrep- 
ancy of 29mrn1-Ig was reported in 10 patients with 
similar cllaracteristics [ l o ] ,  d ~ e  interpretation remains 
unclear and requires further investigation. One  inter- 
pretation may be that SBP with ambulatory measure- 
ment in these patients is near nornial. However, such a 
conclusion requires a generally accepted definition of 
nornlality lor the 24-11 a~nl~ulatory pressure. Althougll 
some proposals have been published [16,21-231, the 
discussion on reference values for anbulatoty blood 
pressure measurements has not yet resulted in an 
agreement anong experts [24]. Another interpretation 
may be tllat lsri on clinic measurement does not pre- 
vail during the clay and is therefore not dangerous. 
IIowever, Inany studies based upon blood pressure 
measurelnents by a11 observer have proven that IS11 
on  clinic n~easurement is an outstanding risk factor, 
especially i l l  the elderly [25,26]. In addition, tlie re- 
cently published Systolic Iiypertension in the Elderly 
Program (SHEP) [27] dernonstrated a significant ben- 
eficial effect of antihypertensive treatment upon non- 
fatal stroke, non-fatal myocardial infarction and left 
ventricular failure. 

'I'lie difference between clinic and daytime SDP ob-  
served in tlie present stucly may b e  accounted for, at 
least in part, by an alerting reaction to the observer 
carrying out the blood pressure measurement [4,28]. 
It has even been sugested that ISH in older patients 
may not be a susklineci condition, but rather an iso- 
lated response to ofice nleasurement of blood pres- 
sure [ lo] .  I Iowever, both in the present study and in 
tllat by Silagy [ lo] ,  part of tlle disparity between clinic 
and daytime SBP could be  related to subject selection 
[28]. Indeed, ently into these stuclies was restricted 
to patients with a minimum clirlic SBP of 16OmnlHg 
(mean of six readings), whereas this restriction did 
not apply to the ambulatory SI3P. Therefore, daytime 
SBP may be somewhat lower than that measured in 
the clinic. 

In contrast to the findings in the present study, 
studies in Iiealthy subjects have demonstrated much 
snlaller clifferences in SBP between daytime ambula- 
toty readings and measurements taken by an observer 
[16,22,29]. Indeed, in a population sample of 328 in- 
dividuals aged 20-79 years, daytime SBP was, o n  aver- 
age, only 5 mmHg higher than blood pressure meas- 
ured at the subject's home [16]. In a sample of 815 
healthy balk employees aged 17-80 years [22], day- 
time SBP was, on  average, 4mmHg higher than of- 
fice pressure. The discrepancy between the present 
and tlle latter two studies may be  due, in part, to 
the age of the patients, since it has been shown that 
the direrence in pressure between ambulatory and 
casual readings increase with age [30]. In the study 
by Silagy [ lo] ,  daytime systolic blood pressure was, 
o n  average, 10 nlmI lg lower tllan clitlic pressure in 10 

nornlotensive subjects aged 2 7 0  years. The discrep- 
ancy between clinic and daytime ambulatory measure- 
ment may also b e  influenced by the level of blood 
pressure and by subject activity [28]. Indeed, in a 
sample of 637 hypertensives (clinic blood pressure, 
> 160/9OmmHg) aged 17-80 years, daytime SBP was, 
on  average, 22 mmHg lower than clinic pressure [31]. 

Quality and reproducibility 
In the present study, 15 of the 102 patients were ex- 
cluded from analysis because their ambulatory blood 
pressure recordings were incomplete. There is n o  in- 
dication that the quality of the anbulatory blood pres- 
sure recordings is worse in older than in younger 
subjects: in a Belgian population sample of 328 in- 
divicluals aged 20-79 years, the percentage of incom- 
plete recordings, i.e. recordings with <80% of the 
programnled readings and/or with missing readings 
during more tllan two consecutive hours, was equal 
in both those older and younger than 60 years (19.3 
versus 19.0%) [16]. 

Several investigators have shown that both intra- 
arterial and non-invasive ambulatory blood pressure 
measurements are more reproducible than clinic 
measurements [32-341 (Staessen J., Bulpitt C.J., 
O'Brietl E., Cox J., Fagard R., Stanton A., et al, 
nranuscript submitted). In agreement with these fincl- 
ings anbulatoty SBP and DBP in the present study 
were more reproducible than clinic pressures. Indeed, 
tlle repeatability coeEcients were 52 a11d 25% lower 
for 24-11 SBP and DBP compared with clinic pres- 
sures. One could argue that the poor reproducibility 
of the clinic blood pressure reaclings is due to the 
well-hiown placebo effect which is not present for am- 
bulatory blood pressure measurements [35-41]. How- 
ever, in the present study no  placebo effect could be  
demonstrated for clinic SBP. 

Few studies have investigated the repeatability of the 
diurnal profile [42]. In the present study the repro- 
ducibility of the overall amplitude of the diurnal curve 
was similar to the repeatability of the clinic blood 
pressure measurements, but both tended to be  less 
reproducible than the level of the ambulato~y pres- 
sure. The acropliase was not reproducible, probably 
because this paratneter depends upon the subject's 
daily activities and these were not standardized in the 
present study. 

Conclusion 

In this study in elderly patients with ISI-I, clinic SBP 
was, o n  average, 21 rntnHg higher than daytime am- 
bulatory pressure. The relation between atnbulatory 
blood pressure and the incidence of cardiovascular 
rnortalily and morbidity remains to b e  investigated. In 
the Syst-Bur trial [1,2], 24-h ambulatory blood pres- 
sure is being nleasured before randomization and at 
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yearly in te lvals  thereafter in an a t t e m p t  t o  d e t e r m i n e  

t h e  p r o g n o s t i c  significance of these ~ n e a s u r e m e t ~ t s .  
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