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The long-term prognostic value of ambulatory blood pressure recordings in essential 
hypertension is poorly documented. A European Multicenter study has been set up to 
evaluate office versus ambulatory (OVA) recordings during a follow-up period of 5 years 
in a minimum of 2000 patients. The end-point of the study is the question of whether 
ambulatory blood pressure measurements are better correlated with patient morbidity 
and mortality than office recordings. In a specific substudy, short-term evolution (6 
months) of left ventricular hypertrophy will be followed in untreated hypertensives with 
randomly allocated treatment. A number of readaptations of the primary protocol are 
discussed. 
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The value of ambulatory blood pressure recording in de- 
termining the prognosis of hypertensive patients is not 
clear at mesent. Several studies have shown a better 
correlatidn between blood pressure and organ damage 
when blood pressure was measured under ambulatory 
conditions compared to blood pressure measured at the 
consultation [I-51 but there is only one study on the 
correlation between long-term prognosis and ambulatory 
blood pressure [6]. 

The techniques used in that study are no longer up to 
date and the treatment used in those patients is quite dif- 
ferent from the present-day treatment of hypertension. 
Therefore, a prospective long-term study was set up to 
correlate blood pressure with long-term prognosis, and 
to compare ofice and ambulatory blood pressure data 
[7,8]. This paper discusses the results of a feasibility 
study and suggestions for readaptation of the primary 
protocol. 

Comments on the questions being posed 

The protocol was presented at different meetings, and the 
questions being posed were clearly accepted as being the 

key questions to be answered about ambulatory blood 
pressure recordings by a multicenter prospective study. 
There was some suggestion of a different study protocol 
for each aim. Any study of a possible correlation between 
blood pressure measurement and the long-term progno- 
sis of hypertension requires a long-term protocol with 
as many patients as possible. A comparison between of- 
fice and ambulatory blood pressure to determine which 
is more useful for treatment decisions is better served by 
a protocol where patients are randomly allocated either 
to office or  to ambulatoly blood pressure measurement. 

Division of the patients into two groups 
according to the difference between office and 
ambulatory blood pressure 

In the original protocol, the patients were to be divided 
into two groups according to whether they showed a 
large or  a small difference between office and ambula- 
tory measurements. Initial experience in many centers 
has shown that this protocol excludes a large number 
of patients who are, in fact, suitable for the study. There- 
fore it was suggested that all patients within certain blood 
pressure limits be considered for the study, irrespective 
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of the difference between office and ambulatory blood Medical Instrumentation or equivalent national standards. 
pressure. Dr E. O'Brien's experience in this area will be used to 

waluate all newer instruments that are used regularly. At 
the time of writing only the SpaceLabs and the Oxford 

Study of the evolution of left ventricular 
hypertrophy 

Medilog had been fuUy validated by these rules but it is 
expected that sweral other instruments will be evaluated. 

Many investigators and clinicians felt that in the evaluation Follow-up of patients on the basis of 
of organ damage the degree and wolution of left ventric- ambulatory recordings only ular hypertrophy is a major item. However, left ventricular 
hypertrophy is known to be strongly influenced by treat- 
ment. Therefore a specific study arm was suggested to fol- 
low untreated patients over a short period of time with a 
randomly allocated treatment schedule. Within the proto- 
col, ()-blockers, calcium antagonists and angiotensin con- 
verting enzyme inhibitors will be compared and where 
the need for treatment is not clear-cut, a placebo will 
be included. Left ventricular hypertrophy will be assessed 
by ECG and echocardiography and compared with of- 
fice and ambulatory blood pressure measurements. For 
the first 6 months every effort will be made to maintain 
the patients with monotherapy so that the wolution of 
left ventricular hypertrophy can be assessed during ran- 
domly allocated treatment, the evolution to be correlated 
with ofice and ambulatory blood pressure. 

In patients who are already being treated the treatment 
will be kept as constant as possible in the early part 
of the study. There will be no attempt to speciFy treat- 
ment in those patients as the major question is long- 
term prognosis in correlation with office or ambulatory 
blood pressure measurements. After 1-3 months, the 
officeambulatory difference and possible organ damage 
will be re-evaluated for reproducibility of the data. After 6 
months of treatment the group of untreated patients will 
join the group of the treated patients in one large study 
protocol. 

Title of the study 

In the original protocol HOME BP was gven as the ti- 
tle of the study, i.e. Home versus Office Monitoring of 
blood pressure: a European multicenter study on high 
Blood Pressure. Several clinicians felt that this title could 
be misleading in many countries because HOME BP is 
considered the technique whereby patients record their 
own pressure. Therefore the title was changed to OVA, 
Office versus Ambulatory recordings of pressure. 

In one center the ethical committee considered it un- 
safe to follow-up patients only on the basis of ambula- 
tory recordings. The reasoning was that there are no data 
available to prove that this is the better way of measuring 
blood pressure. This is, of course, the basic question in 
the present study. The study protocol will therefore be 
adapted so that all patients can be followed up on  the 
basis of office blood pressure measurements, but all will 
undergo ambulatory recording as well, so that the ques- 
tion of which blood pressure is best correlated with the 
long-term prognosis can be answered. This protocol will 
also eliminate the need for a 'neutral' person, a require-. 
ment that presented practical problems in some centers. 
Further, the objection of the ethical committee will be 
met. 

Conclusion 

The different comments and experiences outlined here, 
which came from several centers carlying out a pilot 
and feasibility trial, were considered positive and worth- 
while by the protocol committee. The protocol is now 
being adapted to take care of all these comments and will 
shortly be finalized and distributed to the different par- 
ticipating centers throughout Europe. Since this study is 
considered to be of the highest importance all delegates 
to the meeting were asked to take an active part in the 
study and to recruit as many patients as possible. Prelimi- 
nary figures suggest that a minimum of 2000 patients will 
be followed over a period of 5 years. It is hoped that this 
study protocol will be feasible in all the different Euro- 
pean centers so that the basic questions that are most 
relevant for day-to-day hypertension treatment can be an- 
swered. 
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The age-related response to placebo and active antihypertensive treatment was 
evaluated in 742 elderly hypertensive patients who were followed in the double-blind 
placebo-controlled trial conducted by the European Working Party on High blood 
pressure in the Elderly (EWPHE). In the two treatment groups, the fall in systolic and 
diastolic blood pressures after 3 months was negatively correlated with age (P < 0.021, 
indicating that the hypotensive effect of placebo and active treatment was more 
pronounced in older patients. Further comparison of the two treatment groups failed 
to demonstrate any statistical differences in the slopes of the hypotensive effect on 
age. These conclusions were not altered by cumulative adjustments for baseline blood 
pressure, pulse rate, serum creatinine and the presence of cardiovascular complications 
at entry. In conclusion, in the present study, a similar blood-pressure-lowering action 
which increased with age was observed on active and placebo treatment; thus, proof 
that an observed age-related hypotensive effect is caused by a particular drug requires 
comparison with a control group on placebo. 
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Introduction influx-dependent vasoconstriction [2], and the enhanced 
serotonin-mediated vasoconstrictor tone i n  older pa- 

An age-oriented strategy for prescribing antihypertensive tients wit11 atherosclerotic endothelial lesions [3]. Dur- 
agents is an appealing concept since i t  translates cer- ing the last two decades, diuretics [4 ,5] ,  P-blockers [6,7], 
tain physiological and pharmacological principles into converting-enzyme inhibitors [8,9], calcium entry block- 
clinical practice. Examples are the decrease with age ers [2,10], serotonin antagonists [3,11,12] and other anti- 
in plasma renin activity [ I ] ,  the increment with age hypertensive agents, have variously been reported to 
in postjunctional a-adrenoceptor-mediated and calcium- show or not to show age-dependent eficacy. However, 
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until now, the scientific community remained divided 
over age-dependent eficacy and, therefore, over tlle de- 
sirability of age-oriented drug prescription [ 1-1 1 1. This 
is due mainly to the statistical dficulties in proving an 
age-dependent antihypertensive action, and not least be- 
cause many published studies lack a proper control se- 
ries 113,141. 

'I'his article is b;lstcl on die double-blind trill co~lducted 
by the European Working I'arty on High blood pressure 
in the Elderly (EWIJHE) [15-171. It exanlines whether 
an age-related antihypertensive eKect could be demon- 
strated in elderly hypertensive patients on treatment with 
a thiazide diuretic, when the hypothesis was tested by 
comp;~rison with a placebo. 

Subjects and methods 

Study protocol 
The protocol of the EWPHE trial has been described in 
detail elsewhere [15]. Patients of at least 60 years of age, 
with sitting blood pressure averaging 16&239/%119 
mmHg during the placebo run-in period, were random- 
ized into the trial. After stratification by sex, age, and 
the presence or absence of cardiovascular complications, 
the patients (n = 840) were randomized into active treat- 
ment or placebo. Active treatment was initiated with 
25 mg hydrochlorotluazide in combination with 50 mg tri- 
arnterene. If the blood pressure remained elevated, the 
dose of the diuretics could be doubled and a-methyldopa 
added in a starting daily dose of 250mg which could, 
in further steps, be increased to 2g. For the control pa- 
tients, placebo tablets matching the active diuretics and 
a-methyldopa were available and treatment was adjusted 
following similar dosing steps as in the actively treated 
patients [15]. 

Entry and treated blood pressures 
Blood pressure readings were obtained after 3 rnin in the 
sitting position at three different visits during the placebo 
run-in period and then at 3-monthly follow-up visits after 
randomization into the trial. 

The entry blood pressure was defined as the average of 
the pressure readings at the three run-in visits. The effects 
of placebo and active treatment were calculated by sub- 
tracting the entry blood pressure from the blood pres- 
sure at 3 months. In the present analysis, treatment re- 
sponse was defined as successful when diastolic blood 
pressure simultaneously decreased by at least lOmmHg 
and reached a level below 90mmHg. If the follow-up 
blood pressure was not available, the patient was ex- 
cluded from the analysis. 

Statistical methods 
Means were compared by Student's t-test. Baseline blood 
pressure, blood pressure at 3 months and changes in 

blood pressure were correlated with age by single and 
multiple linear regression [18] while the relationship be- 
tween successful treatment responses and age was inves- 
tigated by logistic regression [19]. As suggested by Mur- 
ray and ksaffre [13], the divergence between the regres- 
sion lines in the two treatment groups was tested by in- 
cluding an interaction term in the regression models. 

Results 

Characteristics of the patients at entry 
Follow-up blood pressure measurements at 3 months on 
double-blind treatment were available in 377 of the 424 
patients randomized to placebo, and in 365 of the 416 
patients allocated to active treatment, leaving a total of 
742 subjects for the present analysis. 

The two treatment groups included in the present anal- 
ysis were similar at randomization in their sex ratio, 
age, sitting blood pressure, pulse rate, body weight and 
percentage of patients with cardiovascular complications 
(Table 1). At randomization, systolic pressure was pos- 
itively related to age while diastolic blood pressure de- 
creased with age (Table 2). 

Table 1. Characteristics of the patients at randomization. 

Placebo Active 

n 377 365 
Gender (% women) 70 68 
Age (years) 72 f 8 72 f 8 
Systolic blood pressure (mmHgl 182 f 16 183 f 16 
Diastolic blood pressure (mmHgl 101 f 7 101 f 7 
Pulse rate (beats per min) 79 f 10 81 f 10 
Body weight (kgl 67 f 13 67 f 13 
Cardiovascular complications 65 65 

(% hthout complications) 

Means f s.d. None of the differences between the placebo and active 
treatment groups are significant. 

Blood pressure 3 months after randomization 
Three months after randomization, sitting blood pressure 
averaged 175 f 22/98 f 11 mmHg (mean f s.d.) in the 
placebo group and 160 f 20/92 f 11 rnrnHg in the active 
treatment group ( P  < 0.001). 

As shown in Table 2, diastolic blood pressure at 3 months 
was negatively correlated with age in both treatment 
groups. 

In single regression analysis, the relationship between 
systolic blood pressure at 3 months and age was not 
signrGcant in the placebo, nor in the active treated pa- 
tients. However, when baseline pressure was taken into 
account, systolic blood pressure at 3 months was nega- 
tively correlated with age in the placebo group. Thus, sys- 
tolic blood pressure during placebo treatment was lower 
in older patients independent of the blood pressure at 
randomization. In the active treatment group, the correla- 
tion between systolic blood pressure and age was not sig- 
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Table 2. Linear regression models relating blood pressure (BP) to age. 

R2 P Intercept Age BP at baseline 

Placebo 
SBP at baseline 

SBP at 3 months 

DBP at baseline 0.026 0.002 110.8"' -0.14" 

DBP at 3 months 0.041 < 0.001 118.4"' - 0.29"' 

0.301 < 0.001 9.4 
0.315 < 0.001 24.5" - 0.17" 

Active 
SBP at baseline 

SBP at 3 months 

DBP at baseline 0.016 0.02 108.4"' -0.11' 

DBP at 3 months 0.076 < 0.001 118.0"' - 0.37"' 

0.176 < 0.001 25.3"' 0.66"' 
0.227 < 0.001 51.5"' - 0.31"' 0.61 "* 

' P  < 0.05; "P  < 0.01; "'P < 0.001. R, multiple partial correlation coefficient; SBP, systolic blood pressure; DBP, diastolic blood pressure. 

nificant when baseline pressure was accounted for (Table 
2). 

Is the blood pressure fall on doubleblind treatment 
related to age? 
The decrease in systolic and diastolic blood pressure in 
the active treatment group ( - 22 and - 9 mmHg) was 
more pronounced (P < 0.001) than the decrease in the 
placebo group ( - 7 and - 3 mmHg). 

In the two treatment groups, the changes in systolic 
and diastolic blood pressures, expressed in mmHg, 
were negatively correlated with age (Fig. 1; P < 0.02), 
indicating that blood pressure falls were more pro- 
nounced in older patients. The slope of the change 
in blootl pressure on age in the actively treated pa- 
tients was - 0.47 mmHg/year (95% confidence inter- 
val from - 0.74 to - 0.22 mmHdyear) for systolic and 
- 0.26 mmHg/year ( - 0.39 to - 0.14 mmHg/year) for 
diastolic blood pressure. In the placebo-treated patients, 
the slopes for systolic and diastolic pressures were - 0.37 
( - 0.61 to - 0.14 mmHg/year) and - 0.1 5 ( - 0.27 to 
- 0.03 mmHg/year), respectively. 

The age-related hypotensive action of placebo and ac- 
tive treatment has been investigated by evaluating the re- 
lationship between the probability of a successful treat- 
ment response and age. Using this rather arbitrary way 
of analysing data, in the group on active treatment, 
122 patients (34%) showed a successful treatment re- 
sponse as did 49 patients (13%) in the group on placebo 
( P  < 0.001). Logistic regression demonstrated that, in the 
two treatment groups, the probability of a successful 
treatment response increased with age (Fig. 2). 

Comparison of the agcrelated effects between the two 
treatment groups 
The fall in diastolic blood pressure with advancing 
age seemed to be more pronounced in the actively- 
treated patients compared with the placebo-treated pa- 
tients (- 0.26 versus - 0.15 mrnHg/year). However, the 
difference in slope between the two treatment groups 
was not significant for diastolic blood pressure (95% con- 
fidence limits from - 0.29 to + 0.06mmHdyear). nor for 
systolic blood pressure ( - 0.45 to + 0.25 & n ~ g / ~ e a r ) .  
Similarly, the rise with age in the probability of a suc- 
cessful treatment response was not different between 
the two treatment groups (chi-square for testing the 
treatment-age interaction = 0.29; P = 0.59). These find- 
ings were not altered after adjusting treatment responses 
for Ixiseline I~lcxxl pressure, pulse rate, serum creatinine 
and the presence of cardiovascular complications at en- 
try. 
At 3 months, only 25 patients (7%) in the active treatment 
group received a-methyldopa with 49 patients (13%) in 
the placebo group taking placebo tablets matching a- 
methyldopa. Excluding these patients from the two treat- 
ment groups did not materially alter the present results. 

Discussion 

The present study shows that the hypotensive effects of 
diuretics, and of placebo, increase with advancing age. 
For diastolic pressure, this age-related hypotensive effect 
tended to be more pronounced in the active treatment 
group compared with the placebo group. The age-re- 
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Fig. 1. Relationship between the changes in (a) systolic blood pressure (SBP) and (b) diastolic blood pressure (DBP) and age in patients 
on active and placebo treatment. For each relationship the 95% confidence limits for the prediction of the mean are presented, as well 
as the correlation coeuicient and the regression equation. 
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n.364 
a=-4.16 ; b=O.OLB 

a=-1.52 ; b.0.036 
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Fig. 2. Relationship between the probability of a successful treat- 
ment response [diastolic blood pressure (DBP) < 90 mmHg and 
ADBP - 10 mmHgl and age in the placebo and active treat- 
ment groups. The predicted probability together with the 95% 
confidence limits are shown. The parameters a and b are the in- 
tercept and the regression coefficient of age in the logistic re- 
gression model 1191. 

lated fall in systolic blood pressure was very similar in 
the two treatment groups. However, the age distribution 
of the present patients was truncated at GO years and it 
is possible that the age-dependent blood-pressure-lower- 
ing effect would have been different in the two treatment 
groups had the age range been wider. In addition, the 
EWPHE study was not designed to look at age-related ef- 
fects in the two treatment groups, the statistical power to 
demonstrate a significant interaction between the regres- 
sion lines of the two treatment groups being, therefore, 
rather low; a difference in slope of 0.15 rnmHg/year for 
diastolic blood pressure and of 0.35 mmHg/year for sys- 
tolic blood pressure could be detected with a power of 
about 50%. On the other hand, the present study does il- 
lustrate the need for a proper control series when age-de- 
pendent effects are investigated [13,14]. Indeed, had the 
active-treatment group been analyzed without knowledge 
of the age-dependent effects observed in the placebo 
group, it is likely that one would have concluded erroneo- 
usly that diuretics, due to their pharmacological charac- 
teristics, lower blood pressure more with advancing age 
in elderly hypertensives. 

The hypotensive response to placebo and active treat- 
ment was evaluated 3 months after randomization into 
the trial. Later follow-up visits on double-blind treatment 
were not considered for the present study, primarily to 
keep in the analysis a maximum number of patients on 
monotherapy with diuretics, but also because most pub- 
lished studies on age-dependent antihypertensive drug 
effects [2-121 have not extended follow-up beyond 3 



months. The conclusions of the present article were not 
altered when the response to treatment was evaluated 1 
year after randomization into the trial. 

Why the decrease in blood pressure in the placebo group 
was age-related remains to be elucidated. In the present 
elderly hypertensive patients, systolic blood pressure at 
baseline rose with age. One could, therefore, propose 
that the hypotensive effect of placebo was higher in older 
patients because of their higher pressure at entry. How- 
ever, the relationship persisted when adjustment was 
made for the baseline pressure. Moreover, age depen- 
dency was also observed for diastolic pressure which, in 
the present elderly hypertensives, declined with advanc- 
ing age as in the population above 50 years of age at large 
1201. An alternative possibility is that the older patients 
were physically and psychologically more stressed by the 
initial visits during the placebo run-in period and that, 
therefore, during subsequent follow-up, they showed a 
greater fall in blood pressure. Indeed, several investiga- 
tors [21,22] have reported that, at older age, blood pres- 
sure becomes more variable, possibly through a decrease 
in the sensitivity of the baroreflex arch 1231. Finally, it is 
also possible that older and younger patients were se- 
lected for entry into the study from different populations 
and that, therefore, they showed an age-related placebo 
effect; older patients were predominantly recruited from 
the more dependent residents of old people's homes. 
However, the present findings were not altered when ad- 
justments were made for cardiovascular complications at 
entry, for pulse rate at entry as a crude index of cardiovas- 
cular sympathetic tone, and for baseline serum creatinine 
as a crude measure of renal function. 

In the present study, the correlation between observed 
blood pressure falls and the age of patients was highly 
significant but explained no more than 1-5% of the vari- 
ance. Also, in most other reported studies, the correlation 
coefficients were generally weak and the explained vari- 
ance was no greater than 10%. 

An age-related increase of the hypotensive action has 
been described for several antihypertensive drugs: diuret- 
ics [4 ,5] ,  calcium entry blockers [2,10] and ketanserin 
[3,11,12]. The question remains, which part of the age- 
related hypotensive effect of these drugs would exceed 
that of a placebo? 
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