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AMBULATORY MONITORING

makes it possible to record
blood pressure (BP) through-
out the day while subjects

engage in their routine activities. In com-
parison with conventional BP measure-
ments, automated recordings are de-
void of digit preference and observer bias
and minimize the white-coat effect.1 As
a consequence of these advantages and
the large number of measurements, a
single ambulatory BP recording pro-
vides a reliable estimate of a person’s BP.
To gain equivalent information, con-
ventional BP readings must be standard-
ized and repeated at frequent inter-
vals.2 Furthermore, several studies
support the hypothesis that ambula-
tory BP, in comparison with conven-
tional BP, is better correlated with hy-
pertensive target organ damage, such as
left ventricular hypertrophy,3-5 or with
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Context The clinical use of ambulatory blood pressure (BP) monitoring requires fur-
ther validation in prospective outcome studies.

Objective To compare the prognostic significance of conventional and ambulatory
BP measurement in older patients with isolated systolic hypertension.

Design Substudy to the double-blind placebo-controlled Systolic Hypertension in Eu-
rope (Syst-Eur) Trial, started in October 1988 with follow up to February 1999. The
conventional BP at randomization was the mean of 6 readings (2 measurements in
the sitting position at 3 visits 1 month apart). The baseline ambulatory BP was re-
corded with a noninvasive intermittent technique.

Setting Family practices and outpatient clinics at primary and secondary referral hos-
pitals.

Participants A total of 808 older (aged $60 years) patients whose untreated BP
level on conventional measurement at baseline was 160 to 219 mm Hg systolic and
less than 95 mm Hg diastolic.

Interventions For the overall study, patients were randomized to nitrendipine (n = 415;
10-40 mg/d) with the possible addition of enalapril (5-20 mg/d) and/or hydrochlo-
rothiazide (12.5-25.0 mg/d) or to matching placebos (n = 393).

Main Outcome Measures Total and cardiovascular mortality, all cardiovascular
end points, fatal and nonfatal stroke, and fatal and nonfatal cardiac end points.

Results After adjusting for sex, age, previous cardiovascular complications, smoking,
and residence in western Europe, a 10-mm Hg higher conventional systolic BP at ran-
domization was not associated with a worse prognosis, whereas in the placebo group, a
10-mm Hg higher 24-hour BP was associated with an increased relative hazard rate (HR)
of most outcome measures (eg, HR, 1.23 [95% confidence interval {CI}, 1.00-1.50] for
total mortality and 1.34 [95% CI, 1.03-1.75] for cardiovascular mortality). In the pla-
cebo group, the nighttime systolic BP (12 AM-6 AM) more accurately predicted end points
than the daytime level. Cardiovascular risk increased with a higher night-to-day ratio of
systolic BP independent of the 24-hour BP (10% increase in night-to-day ratio; HR for all
cardiovascular end points, 1.41; 95% CI, 1.03-1.94). At randomization, the cardiovas-
cular risk conferred by a conventional systolic BP of 160 mm Hg was similar to that as-
sociated with a 24-hour daytime or nighttime systolic BP of 142 mm Hg (95% CI, 128-
156 mm Hg), 145 mm Hg (95% CI, 126-164 mm Hg) or 132 mm Hg (95% CI, 120-145
mm Hg), respectively. In the active treatment group, systolic BP at randomization did not
significantly predict cardiovascular risk, regardless of the technique of BP measurement.

Conclusions In untreated older patients with isolated systolic hypertension, ambu-
latory systolic BP was a significant predictor of cardiovascular risk over and above con-
ventional BP.
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other cardiovascular complications.5-10

In the framework of the Systolic Hyper-
tension in Europe (Syst-Eur) Trial,11,12

we compared the prognostic accuracy of
conventional and ambulatory BP mea-
surements.13,14 We also validated diag-
nostic thresholds15,16 for BP monitor-
ing through follow-up of morbidity and
mortality of the placebo group.

METHODS
The protocol of the Syst-Eur Trial was
approved by the ethics committees of the
University of Leuven and participating
centers. Inclusion and exclusion crite-
ria, the definition of end points, and pro-
cedures for recruitment and random-
ization were previously published.11 The
study was started in October 1988 with
follow up to February 1999. Eligible pa-
tients were aged 60 years or older. On
conventional measurement, they had to
have a sitting systolic BP of 160 to 219
mm Hg, with a diastolic BP of less than
95 mm Hg. Standing systolic BP had to
be at least 140 mm Hg. These entry cri-
teria were based on the means of 6 BP
readings obtained during the placebo
run-in period (2 readings in each posi-
tion at 3 visits 1 month apart). Eligible
patients were randomized to double-
blind treatment with active medication
or placebo.11 The study medications were
stepwise titrated and combined to re-
duce the sitting systolic BP (mean of
2 readings at each follow-up visit) by
20 mm Hg or more to less than 150
mm Hg.11 Active treatment was initi-
ated with nitrendipine (10-40 mg/d). If
necessary, the dihydropyridine was com-
bined with or replaced by enalapril (5-20
mg/d), hydrochlorothiazide (12.5-25.0
mg/d), or both drugs. In the control
group, identical placebos were used in
the same way.

Ambulatory BP was recorded at en-
try and approximately 1 year later13 with
properly validated17,18 and calibrated
monitors programmed to obtain mea-
surements at intervals no longer than 30
minutes. Editing criteria encoded in the
monitor were disabled or set at limits as
wide as possible. The cuff was secured
to the nondominant arm. However, if on
conventional sphygmomanometry the

difference in systolic BP between both
arms was 10 mm Hg or more, the arm
giving the highest reading was chosen.
If arm circumference exceeded 31 cm,
larger cuffs with a 35 3 15 cm bladder
were used.

Of 198 Syst-Eur centers, 46 opted to
enroll their patients in the current
study. Of 837 randomized patients with
a 24-hour BP recording at entry, 29
(3.5%) were excluded because less than
80% of the required readings were avail-
able. Because the Syst-Eur Trial stopped
early,11 only 536 of the remaining 808
patients underwent a follow-up record-
ing. Most recordings were obtained with
SpaceLabs (Redmond, Wash) 90202
(n = 258; 19.2%) or 90207 (n = 838;
62.4%) devices.

The blinded end-point committee as-
certainedallmajorendpointsbyreview-
ingthelocalpatient filesandothersource
documents, requesting detailed written
information from the investigators, or
bothapproaches.Cardiacendpoints in-
cluded fatal and nonfatal heart failure,
fatal andnonfatalmyocardial infarction,
and sudden death. Patients without any
report within the year before the trial
stopped were considered to be lost to
follow-up. This occurred in only 2.6%
of all randomized patients.12

We based the statistical analysis on an
intention-to-treat principle and 2-sided
tests.WeusedSASsoftware,Version6.12
(SAS Institute Inc, Cary, NC). The BP
changes during follow-up were ana-
lyzed using the difference between base-
line and the last available measure-
ments.19 Ambulatory recordings were not
edited. Means of ambulatory measure-
ments were weighted by the interval be-
tween consecutive readings. Awake and
sleeping periods were determined from
diary cards.13,14 Daytime and nighttime
BP, nocturnal BP decrease, and the night-
to-day BP ratio were calculated from
short, fixed clock time20 periods rang-
ing from 10 AM to 8 PM and from 12 AM

to 6 AM. The morning increase in BP was
computed by fitting a regression line
through each person’s BP readings be-
tween 4 AM and 10 AM.

We determined the significance of
mean differences and Pearson correla-

tion coefficients using the normal z dis-
tribution. We calculated relative haz-
ard rates by multiple Cox regression
stratified for treatment group and ad-
justed for significant covariates.21 We
modeled the probability of the 2-year
incidence of end points assuming the
Weibull distribution for failure time.
We estimated that from 2500 to 5000
patient-years of follow-up would be
necessary to test the hypothesis of an
association between the incidence of
cardiovascular complications and the
ambulatory BP.13

RESULTS
Patients Characteristics
at Randomization

At randomization, patients in the pla-
cebo (n = 393) and active treatment
(n = 415) groups had similar character-
istics. The 808 patients had a mean (SD)
age of 69.6 (6.2) years. Body mass in-
dex averaged 26.1 (3.2) kg/m2 in 311
men and 27.0 (4.4) kg/m2 in 497 women.
Previous cardiovascular complications
were present in 215 patients, 119 of
whom had a Sokolow-Lyon voltage in-
dex22 compatible with left ventricular hy-
pertrophy. Of the 808 patients, 93
(11.5%) had been recruited in eastern
Europe, 344 (42.6%) had been treated
with antihypertensive drugs before en-
rollment, 218 (27.0%) were past smok-
ers, 69 (8.5%) were current smokers, and
124 (15.3%) consumed more than 1 glass
of beer, wine, or liquor per day.

Systolic and diastolic BP were, on av-
erage, 21.9 mm Hg and 1.9 mm Hg
higher (P,.001) on conventional than
daytime ambulatory measurement, re-
spectively (TABLE 1). The correspond-
ing mean ±2 SD intervals ranged from
−8.3 to 52.3 mm Hg and −17.2 to 21.2
mm Hg, respectively. The difference be-
tween conventional and daytime BP did
not correlate with age (P = .16 and
P = .57 for systolic and diastolic BP, re-
spectively). Awake and sleeping BP
measurements were similar to day-
time and nighttime BP measurements,
respectively. The results of Cox regres-
sion analysis were also comparable re-
gardless of whether the diurnal high and
low BP spans were defined by time or
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sleep. Because short, fixed clock time
intervals20 are easy to reproduce across
studies, only the results for the day-
time and nighttime BP are reported
herein. The mean (SD) within-subject
coefficient of variation was signifi-
cantly smaller for nighttime than for
daytime BP (8.7% [3.6%] vs 10.4%
[3.3%]; P,.001).

Treatment and BP
During Follow-Up
The median follow-up in the 808 pa-
tients was 4.4 years. Because the pa-
tients had been recruited over 8 years
and because the trial stopped early,11

follow-up of individual patients ranged
from 1 to 110 months. The number of
patient-years in the placebo and active
treatment groups amounted to 1666
and 1742, respectively.

Of the 808 patients, 265 in the pla-
cebo group and 271 in the active treat-
ment group underwent a reassess-
ment of their conventional and
ambulatory BP after randomization
(TABLE 2). At the last follow-up visit,
214 (80.8%) of the patients random-
ized to placebo and 243 (89.7%) of the
active treatment group were still tak-
ing double-blind treatment (P = .004),
while 51 (19.2%) and 28 (10.3%) were
in open follow-up. Of the actively
treated patients, 213 (87.7%) were tak-
ing nitrendipine (mean dosage, 27.7
mg/d), 75 (30.9%) were taking enala-
pril (14.0 mg/d), and 47 (19.3%) were
taking hydrochlorothiazide (22.6 mg/
d); for matching placebos in the con-
trol group, these numbers were 201
(93.9%), 128 (59.8%), and 74 (34.6%),
respectively. For all patients in double-
blind or open follow-up (intention-to-
treat analysis), the net treatment ef-
fect on BP averaged 10.6 mm Hg for
systolic and 4.2 mm Hg for diastolic for
the conventional levels and 8.5 mm Hg
for systolic and 3.8 mm Hg for dias-
tolic for the 24-hour levels (Table 2).

Conventional and Ambulatory BP
as Risk Predictors
In exploratory nonparametric analy-
ses, the incidence of all cardiovascular
end points was plotted in thirds of the

distributions of the conventional and
ambulatory BP at entry. For systolic BP
in the placebo group, we observed posi-
tive associations regardless of the type
of BP measurement (FIGURE 1). Dias-
tolic BP was not associated with out-

come. The Cox regression analysis was
therefore restricted to systolic BP.

In Cox regression we applied cumu-
lative adjustments for sex, age, previ-
ous cardiovascular complications,
current smoking status, and residence in

Table 1. Conventional and Ambulatory BPs at Entry in 808 Patients*

Systolic BP,
mm Hg

Diastolic BP,
mm Hg

Conventional BP in sitting position† 173.3 (10.8) 86.0 (5.8)

Ambulatory BP measurements
24-Hour 145.8 (15.6) 79.3 (8.9)

Daytime (10 AM-8 PM) 151.4 (16.2) 84.1 (9.8)

Nighttime (12 AM-6 AM) 134.0 (18.6) 70.2 (10.1)

Nocturnal decrease‡ 17.4 (14.8) 13.8 (8.8)

Increase from 4 AM to 10 AM 4.7 (4.9) 3.7 (3.5)

Night-to-day ratio§ 0.89 (0.09) 0.84 (0.10)

Awake 151.0 (15.8) 83.6 (9.4)

Sleeping 134.7 (18.1) 70.8 (9.9)

*BP indicates blood pressure. All data are given as mean (SD).
†Mean of 6 readings, ie, 2 at each of 3 baseline visits 1 month apart.
‡Daytime minus nighttime BP.
§Dimensionless ratio of night-to-day BP.

Table 2. Treatment Status and Reduction in BP at Follow-up*

Placebo
Group

Active
Treatment

Group

Both
Treatment

Groups

No. of patients with follow-up ambulatory BP recording 265 271 536

Treatment status at last follow-up visit
Double-blind follow-up† 214 243 457

Nitrendipine only 75 144 219

Nitrendipine‡ 201 213 414

Enalapril‡ 128 75 203

Hydrochlorothiazide‡ 74 47 121

Other antihypertensive drugs‡§ 4 2 6

Open follow-up 51 28 79

Taking antihypertensive drugs 45 20 65

Not taking antihypertensive drugs 5 7 12

Unknown 1 1 2

Reduction in BP, mean (SD), mm Hg\
Systolic

Conventional 12.8 (19.6) 23.5 (19.0) 10.6 (7.4-13.9)

24-Hour 2.1 (13.6) 10.7 (13.8) 8.5 (6.2-10.8)

Daytime (10 AM-8 PM) 3.7 (16.6) 11.2 (14.7) 7.5 (4.8-10.1)

Nighttime (12 AM-6 AM) 0.0 (14.2) 9.7 (18.1) 9.7 (6.9-12.4)

Diastolic

Conventional 3.8 (9.3) 8.0 (9.6) 4.2 (2.6-5.8)

24-Hour 2.6 (8.1) 6.4 (8.5) 3.8 (2.4-5.2)

Daytime (10 AM-8 PM) 3.6 (9.7) 7.0 (10.2) 3.4 (1.8-5.1)

Nighttime (12 AM-6 AM) 1.3 (9.0) 5.4 (10.2) 4.1 (2.5-5.8)

*BP indicates blood pressure.
†In the placebo group, matching placebos were used. In the active treatment group, the mean (SD) dosages of ni-

trendipine, enalapril, and hydrochlorothiazide were 27.7 (12.5) mg/d, 14.0 (6.7) mg/d, and 22.6 (5.0) mg/d, respec-
tively.

‡Because many patients were taking combined treatment, these numbers are not additive.
§To bridge medical emergencies without having to break the code, antihypertensive drugs could be prescribed during

the double-blind period for up to 3 consecutive months.
\For the 2 treatment groups combined, the net treatment effects, corrected for baseline and placebo, are given with

95% confidence intervals in parentheses.
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western Europe.21 In the placebo group,
conventional BP at baseline was only
weakly associated with incidence of car-
diovascular complications, whereas the
24-hour, daytime, and nighttime sys-
tolic BP measurements significantly pre-
dicted cardiovascular mortality, all car-
diovascular end points, and fatal and
nonfatal stroke (TABLE 3). Cardiac end
points were predicted only by night-
time BP, which was a significant and con-
sistent predictor of all types of end points.
Furthermore, in the placebo group, af-
ter additional adjustment for the con-
ventional BP (TABLE 4), the nighttime BP
still predicted all types of end points with
the exception of stroke, while the 24-
hour and daytime BP still predicted the
incidence of all cardiovascular end points
and total stroke (Table 4).

In treated patients, ambulatory BP at
entry was only a weak predictor of end
points (Table 3); after additional ad-
justment for the conventional BP, none
of the ambulatory measurements was
significantly correlated with outcome
(Table 4). Furthermore, in both treat-
ment groups combined, nighttime BP

was an independent and consistent pre-
dictor of all end points, both before
(Table 3) and after (Table 4) adjust-
ment for conventional BP.

In the adjusted21 Cox models, night-
time BP was a consistently stronger pre-
dictor of risk than daytime BP, regard-
less of whether the patients had been
randomized to placebo or active treat-
ment (TABLE 5). The only exception was
noted for stroke in the placebo group
(Table 5). Excluding the initial 2 hours
from each recording did not improve the
predictive accuracy of the daytime BP.

Analyses Confined
to the Placebo Group
After adjustment for the same poten-
tial confounders as already mentioned
(Table 5), the 24-hour level and the
night-to-day ratio of systolic BP were
significantly and independently corre-
lated with the incidence of all cardio-
vascular end points in the placebo
group (FIGURE 2). The relative hazard
rates associated with a 10-mm Hg in-
crease in the 24-hour BP and with a 10%
higher night-to-day ratio were 1.23

Figure 1. Incidence of All Cardiovascular
End Points in Thirds of the Distributions of
Systolic Blood Pressure at Entry
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Table 3. Relative Hazard Rates for Systolic BP on Conventional and Ambulatory Measurement at Entry*

Mortality Fatal and Nonfatal End Points Combined

Total Cardiovascular Cardiovascular Stroke Cardiac

Placebo group
End points, No. 39 22 54 20 35

Conventional BP 1.21 (0.94-1.56) 1.29 (0.93-1.79) 1.09 (0.86-1.39) 1.30 (0.91-1.86) 1.05 (0.78-1.42)

24-Hour BP 1.23 (1.00-1.50)‡ 1.34 (1.03-1.75)‡ 1.26 (1.06-1.49)§ 1.47 (1.12-1.93)§ 1.14 (0.92-1.41)

Daytime BP 1.18 (0.97-1.44) 1.30 (1.01-1.68)‡ 1.19 (1.01-1.41)‡ 1.51 (1.17-1.95)§ 1.07 (0.86-1.32)

Nighttime BP 1.24 (1.03-1.49)‡ 1.42 (1.11-1.82)§ 1.31 (1.12-1.52)\ 1.30 (1.01-1.69)‡ 1.27 (1.06-1.53)‡

Active treatment group
End points, No. 29 14 44 10 34

Conventional BP 1.35 (1.00-1.82)‡ 1.04 (0.93-1.22) 1.20 (0.94-1.52) 1.33 (0.80-2.22) 1.19 (0.91-1.56)

24-Hour BP 1.04 (0.80-1.34) 1.01 (0.71-1.43) 1.11 (0.91-1.36) 1.25 (0.81-1.92) 1.10 (0.88-1.39)

Daytime BP 0.93 (0.72-1.19) 1.01 (0.72-1.41) 1.01 (0.84-1.22) 0.96 (0.64-1.43) 1.04 (0.84-1.29)

Nighttime BP 1.07 (0.88-1.29) 1.03 (0.79-1.34) 1.14 (0.97-1.33) 1.42 (0.99-2.03)‡ 1.09 (0.91-1.31)

Both treatment groups¶
End points, No. 68 36 98 30 69

Conventional BP 1.24 (1.03-1.49)‡ 1.32 (1.03-1.68)‡ 1.13 (0.96-1.34) 1.29 (0.98-1.71)‡ 1.11 (0.91-1.35)

24-Hour BP 1.16 (0.99-1.35)† 1.20 (0.98-1.49) 1.18 (1.04-1.35)§ 1.40 (1.12-1.76)§ 1.12 (0.96-1.31)

Daytime BP 1.07 (0.91-1.24) 1.17 (0.96-1.44) 1.11 (0.98-1.25) 1.30 (1.05-1.62)‡ 1.06 (0.91-1.23)

Nighttime BP 1.17 (1.03-1.33)‡ 1.23 (1.03-1.46)‡ 1.21 (1.09-1.35)\ 1.35 (1.11-1.65)§ 1.17 (1.03-1.33)‡

*BP indicates blood pressure. Relative hazard rates (95% confidence intervals) reflect the risk associated with a 10-mm Hg increase in systolic BP level. Hazard rates were adjusted
for sex, age, cardiovascular complications at entry, current smoking status, and residence in western Europe.21

†P#.07.
‡P#.05.
§P#.01.
\P#.001.
¶Adjusted for active treatment as well.
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(95% confidence interval [CI], 1.03-
1.46; P = .02) and 1.41 (95% CI, 1.03-
1.94; P = .03), respectively. Further-
more, after adjustment for daytime BP,
the early morning increase in systolic
BP was a significant and independent
predictor of all cardiovascular end
points in the placebo group. In the lat-
ter model, a 10-mm Hg increase in the
daytime systolic BP and a 1-mm Hg/h
steeper increase in the morning sys-
tolic BP were associated with relative
hazard rates of 1.22 (95% CI, 1.03-
1.44; P = .02) and 0.92 (95% CI, 0.87-
0.97; P = .003), respectively.

If systolic BP on conventional mea-
surement at randomization to placebo
was 160 mm Hg, the Cox model, ad-
justed for sex, age, previous cardiovas-
cular complications, current smoking
status, and residence in western Eu-
rope,21 predicted a 2-year incidence of
cardiovascular end points of 3.4 per 100
patients (95% CI, 1.3-5.5 per 100 pa-
tients, FIGURE 3). The predicted rate of
cardiovascular complications was simi-
lar if, at randomization, the 24-hour BP
level was 142 mm Hg (95% CI, 128-
156 mm Hg), if the daytime BP level was
145 mm Hg (95% CI, 126-164 mm Hg),

or if the nighttime BP level was 132
mm Hg (95% CI, 126-145 mm Hg).

COMMENT
We found that in untreated older pa-
tients with isolated systolic hyperten-
sion, theambulatory systolicBP,overand
above theconventionalBP,predictedcar-
diovascular risk. Active treatment weak-
ened this relationship to a nonsignifi-
cant level. In the placebo group, at any
given level of conventional systolic BP,
each 10-mm Hg increment in the day-
time systolic BP was accompanied by a
20% higher cardiovascular risk. Thus, in

Table 4. Adjusted Relative Hazard Rates for Ambulatory Systolic BP After Adjustment for Conventional Systolic BP
and Entry Characteristics From Table 3*

Mortality Fatal and Nonfatal End Points Combined

Total Cardiovascular Cardiovascular Stroke Cardiac

Placebo group
24-Hour 1.19 (0.95-1.49) 1.29 (0.95-1.75) 1.27 (1.05-1.54)‡ 1.51 (1.06-2.15)‡ 1.14 (0.90-1.43)

Daytime 1.14 (0.91-1.42) 1.25 (0.92-1.69) 1.20 (1.00-1.45)‡ 1.61 (1.14-2.28)§ 1.06 (0.85-1.33)

Nighttime 1.21 (1.00-1.47)‡ 1.39 (1.07-1.79)‡ 1.31 (1.12-1.53)\ 1.25 (0.94-1.66) 1.22 (1.06-1.54)‡

Active treatment group
24-Hour 0.95 (0.72-1.24) 0.89 (0.61-1.30) 1.05 (0.84-1.31) 1.15 (0.69-1.90) 1.05 (0.81-1.35)

Daytime 0.81 (0.62-1.06) 0.86 (0.60-1.25) 0.94 (0.77-1.16) 0.82 (0.52-1.29) 0.97 (0.77-1.24)

Nighttime 1.05 (0.86-1.27) 1.00 (0.77-1.30) 1.12 (0.95-1.32) 1.38 (0.96-2.00) 1.07 (0.89-1.29)

Both treatment groups¶
24-Hour 1.09 (0.92-1.29) 1.11 (0.88-1.40) 1.17 (1.01-1.35)‡ 1.36 (1.04-1.79)§ 1.11 (0.93-1.31)

Daytime 0.98 (0.83-1.17) 1.07 (0.85-1.34) 1.08 (0.94-1.24) 1.25 (0.97-1.61) 1.03 (0.87-1.21)

Nighttime 1.14 (1.00-1.30)‡ 1.18 (0.98-1.42)† 1.20 (1.08-1.35)§ 1.31 (1.06-1.62)‡ 1.16 (1.02-1.33)‡

*BP indicates blood pressure. Relative hazard rates (95% confidence intervals) reflect the risk associated with a 10-mm Hg increase in systolic BP. Hazard rates were also adjusted
for sex, age, cardiovascular complications at entry, current smoking status, and residence in western Europe.21

†P#.07.
‡P#.05.
§P#.01.
\P#.001.
¶Adjusted for active treatment as well.

Table 5. Adjusted Relative Hazard Rates Independently Associated With Daytime and Nighttime Systolic BP*

Mortality Fatal and Nonfatal End Points Combined

Total Cardiovascular Cardiovascular Stroke Cardiac

Placebo group
Daytime 1.03 (0.79-1.33) 1.03 (0.73-1.45) 0.95 (0.76-1.20) 1.52 (1.06-2.17)§ 0.80 (0.60-1.06)

Nighttime 1.22 (0.95-1.56) 1.40 (1.00-1.95)‡ 1.35 (1.10-1.66)§ 0.99 (0.69-1.43) 1.47 (1.14-1.90)§

Active treatment group
Daytime 0.85 (0.63-1.15) 0.99 (0.67-1.47) 0.90 (0.71-1.14) 0.68 (0.38-1.20) 0.98 (0.75-1.27)

Nighttime 1.13 (0.91-1.42) 1.03 (0.76-1.40) 1.20 (0.99-1.45)† 1.69 (1.07-2.68)‡ 1.10 (0.89-1.37)

Both treatment groups\
Daytime 0.93 (0.77-1.13) 1.03 (0.79-1.33) 0.94 (0.80-1.10) 1.11 (0.84-1.46) 0.91 (0.75-1.10)

Nighttime 1.21 (1.03-1.42)‡ 1.21 (0.96-1.51) 1.26 (1.10-1.45)§ 1.28 (0.99-1.65)† 1.23 (1.05-1.45)‡

*BP indicates blood pressure. Relative hazard rates (95% confidence intervals) reflect the risk associated with a 10-mm Hg increase in systolic BP level. Because daytime and
nighttime BP were forced in the same model, they are automatically adjusted for each other. Hazard rates were also adjusted for sex, age, cardiovascular complications at entry,
current smoking status, and residence in western Europe.21

†P#.07.
‡P#.05.
§P#.01.
\Adjusted for active treatment as well.
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our untreated patients, the risk con-
ferred by any level of conventional sys-
tolic BP at entry declined by nearly one
fifth for each 10-mm Hg increase in the
white-coat effect, if the latter was de-
fined as the difference between conven-
tional and daytime BP. By introducing
both the conventional and ambulatory
BP as continuous variables in the same
Cox regression model, we avoided the
use of arbitrary diagnostic thresholds to
classify our patients into those with
white-coat hypertension and those with
sustained hypertension.

Placebo-controlled trials in isolated
systolic hypertension have consis-
tently proven benefit of antihyperten-
sive drug treatment if, on repeated mea-
surement, the conventional systolic BP
was 160 mm Hg or higher.23 The levels
of the 24-hour, daytime, and nighttime
BP that were, in terms of cardiovascular
risk, equivalent to a conventional BP of
160 mm Hg, were 142 mm Hg, 145 mm
Hg, and 132 mm Hg, respectively. These

thresholds must be cautiously inter-
preted. In our study, the distribution of
the conventional systolic BP level started
at 160 mm Hg, whereas in prospective
epidemiological studies24 conventional
BP behaved as a continuous risk factor,
with a significant proportion of cardio-
vascular disease already occurring at less
than 160 mm Hg for systolic BP. Fur-
thermore, the 95% CIs of the ambula-
tory BP thresholds with equivalent risk
were wide. On the other hand, they in-
cluded the cutoff values proposed in vari-
ous national guidelines16,25 as well as the
limits of normality based on the distri-
bution of ambulatory BP in normoten-
sive subjects15,16 or on the absence of left
ventricular hypertrophy in patients with
white-coat hypertension.26

Perloff et al7 started the validation of
ambulatory BP monitoring in terms of
cardiovascular end points by showing
that the portion of the daytime ambula-
tory BP that was not already explained
by the conventional BP could discrimi-

nate high-risk from low-risk patients.
These results, obtained by life-table
analysis in 1076 hypertensive patients,
were later confirmed by multiple Cox re-
gression in a subgroup of 761 patients
who were untreated at baseline.8 A
smaller study of 137 newly referred hy-
pertensive patients revealed that BP,
when measured intra-arterially over 24
hours, significantly increased the prog-
nostic accuracy of conventional BP read-
ings.6 A recent report from the same cen-
ter included 479 patients followed up for
an average of 9.1 years.5 White-coat hy-
pertension, defined as a conventional sys-
tolic BP of 140 to 180 mm Hg associ-
ated with a 24-hour intra-arterial BP of
less than 140 mm Hg systolic and 90
mm Hg diastolic, was present in 126 pa-
tients. Compared with the patients with
sustainedhypertension, the formergroup
had a 71% lower risk (95% CI, 10%-
91%; P = .04) of experiencing cardiovas-
cular events.5 Verdecchia et al26 fol-
lowed up 1187 subjects with essential

Figure 2. Night-to-Day Ratio and 24-Hour Systolic Blood Pressure at
Entry as Independent Predictors of the 2-Year Incidence of
Cardiovascular End Points in the Placebo Group

0.30

0.25

0.20

0.15

0.10

0.05

0.00
1.2

1.0
0.8

0.6
Night-to-Day Ratio

2-
Ye

ar
 In

ci
de

nc
e 

of
 

C
ar

di
ov

as
cu

la
r 

E
nd

 P
oi

nt
s

24
-H

ou
r S

ys
to

lic
 B

lo
od

 

Pr
es

su
re

, m
m

 H
g

196

165

134

103

Using multiple Cox regression, the event rate was standardized to female sex, 69.6
years (mean age), no previous cardiovascular complications, nonsmoking status,
and residence in western Europe. Incidence is given as a fraction (ie, 0.02 is an
incidence of 2 events per 100 people).

Figure 3. Systolic Blood Pressure on Conventional, 24-Hour,
Daytime, and Nighttime Measurement at Entry as Predictors of the
2-Year Incidence of Cardiovascular End Points in the Placebo Group
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hypertension and 205 normotensive con-
trol subjects for up to 7.5 years (mean,
3.2 years), all of whom underwent base-
line off-therapy BP monitoring. In the hy-
pertensive patients, the prevalence of
white-coat hypertension, defined as a
daytime BP of less than 136/87 mm Hg
in men and less than 131/86 mm Hg in
women, was 19.2%. After adjustment for
traditionalmarkersof cardiovascular risk,
morbidity did not differ between the nor-
motensive subjects and the white-coat
hypertensive group (P = .83).26 Re-
cently, Ohkubo et al27 found in 1542 resi-
dentsof a rural Japanesecommunityaged
40 years or older that the 24-hour sys-
tolic and diastolic BP were significantly
and curvilinearly correlated with total
mortality. This second-order relation-
ship persisted after cumulative adjust-
ments for sex, age, and other cardiovas-
cular risk factors. However, the Japanese
group did not report whether the corre-
lation remained after adjusting for the
conventional BP at baseline or after ex-
cluding the noncardiovascular deaths.27

The hypothesis that nondipping
would be associated with greater car-
diovascular risk28 is not generally ac-
cepted.29 Poor reproducibility of the
dipping status30 and the use of varying
definitions for nondipping26,31 sustain
the controversy. To avoid the use of ar-
bitrary thresholds, we analyzed the
night-to-day BP ratio as a continuous
variable. We confirmed the hypoth-
esis of an inverse association between
cardiovascular risk and BP decreasing
at night.28 Indeed, with adjustment for
the 24-hour BP and other risk fac-
tors,21 the cardiovascular risk in the pla-
cebo group increased by 41% for each
10% increment in the night-to-day ra-
tio. In addition, in the placebo group
and in all patients combined, the night-
time BP behaved as a more consistent
predictor of major end points than the
daytime BP. The influence of physical
and psychoemotional stress may
weaken the predictive power of day-
time BP, whereas the greater unifor-
mity resulting from sleeping may help
to demonstrate correlations with night-
time BP. The smaller mean within-
subject coefficient of variation for night-

time BP than for daytime BP supports
this hypothesis. An additional expla-
nation for the close correlation be-
tween cardiovascular risk and night-
time BP is that both could be linked to
a common pathophysiologic mecha-
nism, such as an increased sympa-
thetic tone32 or renal dysfunction ne-
cessitating a higher nighttime BP to
sustain natriuresis.33 Prospective stud-
ies showed a greater incidence of car-
diovascular complications during the
early morning hours.34 In contrast with
these findings, we found in the pla-
cebo group that a 1-mm Hg per hour
steeper increase in the morning sys-
tolic BP was associated with an 8%
lower incidence of cardiovascular end
points. However, this relationship was
adjusted for the daytime BP, so that a
steeper increase in the morning BP was
also an index of a lower nighttime BP,
which in turn was associated with lower
cardiovascular risk.

In conclusion, in older patients with
isolated systolic hypertension, ambu-
latory systolic BP, especially when mea-
sured at night or when exceeding 142,
145, or 132 mm Hg, respectively, on 24-
hour, daytime, and nighttime measure-
ment was a significant predictor of car-
diovascular complications over and
above conventional systolic BP.

Author Affiliations: Hypertension and Cardiovascu-
lar Rehabilitation Unit, Department of Molecular and
Cardiovascular Research, University of Louvain, Leu-
ven, Belgium (Drs Staessen and Fagard and Mr Thijs);
Beaumont Hospital, Dublin, Ireland (Dr O’Brien); De-
partment of Cardiology, University of Ghent, Ghent,
Belgium (Dr Clement); Department of Internal Medi-
cine, University of Maastricht, Maastricht, the Neth-
erlands (Dr de Leeuw); Department of Internal Medi-
cine, San Gerardo Hospital, University of Milan, Monza,
Italy (Dr Mancia); Department of Internal Medicine,
Alexandrov’s University Hospital, Sofia, Bulgaria (Dr
Nachev); First Medical Clinic, University of Padua,
Padua, Italy (Dr Palatini); Center of Clinical Physiol-
ogy and Hypertension, University of Milan, Milan, Italy
(Dr Parati); Department of Epidemiology and Health
Promotion, National Public Health Institute, Helsinki,
Finland (Dr Tuomilehto); and Department of Medi-
cine and Therapeutics, University of Aberdeen, Ab-
erdeen, Scotland (Dr Webster).
Trial Coordinators: Robert Fagard, MD; and Jan A.
Staessen, MD.
Coordinators of the Project on Ambulatory Blood Pres-
sure Monitoring: Denis Clement, MD; Eoin T. O’Brien,
MD; Giuseppe Mancia, MD; Gianfranco Parati, MD;
Jan A. Staessen, MD; and Lutgarde Thijs, BSc.
Regional Coordinators: Guramy G. Arabidze, MD (Be-
lorussia and the Russian Federation); Willem H. Birken-
häger, MD (the Netherlands); Christopher J. Bulpitt,
MD (United Kingdom); Manuel Carrageta, MD (Por-

tugal); Hilde Celis, MD (Belgium); Françoise Forette,
MD (France); Jozef Kocemba, MD (Poland); Gastone
Leonetti, MD (Italy); Choudamir Nachev, MD (Bul-
garia); Eoin T. O’Brien, MD (Ireland); Eberhard Ritz,
MD (Germany); Jose L. Rodicio, MD (Spain); Joseph
Rosenfeld, MD (Israel); and Jaakko Tuomilehto (Fin-
land, Estonia, and Lithuania).
Steering Committee: Guramy G. Arabidze, MD; Paul
De Cort, MD; Robert Fagard, MD; Françoise Forette,
MD; Kalina Kawecka-Jaszcz, MD; Gastone Leonetti,
MD; Choudomir Nachev, MD; Eoin T. O’ Brien, MD;
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There is no form of lead-poisoning which more rap-
idly and thoroughly pervades the blood and bones and
marrow than that which reaches the young author
through mental contact with type-metal. . . . So the
man or woman who has tasted type is sure to return
to his old indulgence sooner or later.

—Oliver Wendell Holmes (1809-1894)
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