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abstract
background

It is uncertain whether ambulatory blood-pressure measurements recorded for 24 hours
in patients with treated hypertension predict cardiovascular events independently of
blood-pressure measurements obtained in the physician’s office and other cardiovascular risk factors.
methods

We assessed the association between base-line ambulatory blood pressures in treated
patients and subsequent cardiovascular events among 1963 patients with a median follow-up of 5 years (range, 1 to 66 months).
results

We documented new cardiovascular events in 157 patients. In a Cox proportional-hazards model with adjustment for age, sex, smoking status, presence or absence of diabetes mellitus, serum cholesterol concentration, body-mass index, use or nonuse of lipidlowering drugs, and presence or absence of a history of cardiovascular events, as well
as blood pressure measured at the physician’s office, higher mean values for 24-hour
ambulatory systolic and diastolic blood pressure were independent risk factors for new
cardiovascular events. The adjusted relative risk of cardiovascular events associated with
a 1-SD increment in blood pressure was 1.34 (95 percent confidence interval, 1.11 to
1.62) for 24-hour ambulatory systolic blood pressure, 1.30 (95 percent confidence interval, 1.08 to 1.58) for ambulatory systolic blood pressure during the daytime, and 1.27
(95 percent confidence interval, 1.07 to 1.57) for ambulatory systolic blood pressure during the nighttime. For ambulatory diastolic blood pressure, the corresponding relative
risks of cardiovascular events associated with a 1-SD increment were 1.21 (95 percent
confidence interval, 1.01 to 1.46), 1.24 (95 percent confidence interval, 1.03 to 1.49),
and 1.18 (95 percent confidence interval, 0.98 to 1.40).
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conclusions

In patients with treated hypertension, a higher ambulatory systolic or diastolic blood
pressure predicts cardiovascular events even after adjustment for classic risk factors including office measurements of blood pressure.
n engl j med 348;24
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everal prospective clinical studies,
as well as population-based studies, have indicated that the incidence of cardiovascular
events is predicted by blood pressure as measured
conventionally or with ambulatory methods, even
after adjustment for a number of established risk
factors.1-11 In some of these studies, ambulatory
measurements of blood pressure predicted cardiovascular events even after adjustment for conventional blood-pressure measurements.1,3,5,7,9,12
However, in most of these studies, the majority of
data on ambulatory blood pressure, which were
used to predict end points, were recorded in initially
untreated subjects or during a placebo run-in phase;
in most cases, treatment was initiated afterward.
There is a lack of data on the prognostic value of
ambulatory blood-pressure monitoring in patients
with treated hypertension in whom both ambulatory measurements of blood pressure and officebased measurements of blood pressure are recorded when patients are receiving active treatment — a
scenario that more closely reflects daily clinical
practice for many patients. An indication that ambulatory blood-pressure measurements during treatment are superior to office blood-pressure measurements in predicting cardiovascular risk came from
a recent post hoc subanalysis involving 790 patients
with treated hypertension.13
We conducted the prospective, multicenter Office versus Ambulatory Blood Pressure (OvA) study
to address whether ambulatory blood pressure monitored in patients with treated hypertension could
predict cardiovascular events and death even after
adjustment for conventional office blood-pressure
measurements. To this end, 1963 patients were prospectively enrolled and followed for approximately
five years.

s

methods
study design

The study protocol was approved by the institutional review boards of the Ghent University Hospital
(Ghent, Belgium) and other participating centers.
All patients gave written informed consent. All decisions concerning the study design, the collection,
analysis, and interpretation of the data, and the
intellectual content of the manuscript were made
independently by the study committees, without
the involvement of the pharmaceutical-industry
sponsors.
The prerequisite for inclusion was documented
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hypertension at two separate visits within a two-year
period before enrollment (visits 1 and 2). Hypertension was diagnosed if the mean of three sphygmomanometric readings of diastolic blood pressure
(assessed as the fifth Korotkoff sound and obtained
in the office, when the patient was sitting, after five
minutes of rest) exceeded 90 mm Hg in a patient
who was currently taking antihypertensive medication or 95 mm Hg in a patient who was not taking
such medication. In order to be eligible, patients
had to have been treated with antihypertensive drugs
for at least three months by the time of the inclusion
visit (visit 3). Patients of either sex who were 18 years
of age or older were eligible. Criteria for exclusion
included suspicion of secondary hypertension, insulin-treated diabetes mellitus, recent stroke (occurring within the previous three months), recent
acute myocardial infarction, recent hospitalization
for chronic heart failure, recent revascularization or
planned cardiovascular intervention during the succeeding three months, a serum creatinine concentration of more than 2.5 mg per deciliter (220 µmol
per liter), chronic obstructive pulmonary disease,
any coexisting diseases that might seriously reduce
life expectancy, heart transplantation, use of experimental drugs, pregnancy, and refusal to undergo
repeated follow-up visits and ambulatory bloodpressure monitoring. The choice of antihypertensive drugs was at the discretion of the physician, and
physicians were repeatedly advised to follow current guidelines and to target a blood pressure of
140/90 mm Hg, as measured in the office while the
patient was sitting.
data collection

At visit 3, demographic data were recorded, as well
as information about traditional cardiovascular risk
factors, history of cardiovascular events, and current
medications (antiplatelet, antidiabetic, lipid-lowering, and other cardiovascular drugs). Anthropometric data were collected, and a routine 12-lead electrocardiogram was obtained. At that time, a sample of
venous blood was drawn to assess base-line factors.
Immediately after visit 3, ambulatory blood pressure
was recorded over a 24-hour period during the patient’s normal daily activities, with the use of properly validated and calibrated monitors programmed
to obtain readings at intervals of not more than 30
minutes between 8 a.m. and 8 p.m. and at intervals of not more than 60 minutes between 8 p.m.
and 8 a.m. Raw data were sent to the coordinating
center and were visually inspected by a technician
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before being entered into the central data base. No
specific editing criteria were applied to the bloodpressure readings. We planned to follow patients
for up to 5.5 years.

Table 1. Characteristics of the Patients According to Category of Ambulatory
Blood Pressure.*

Characteristic

end points

The end-point committee identified all major end
points by reviewing the patients’ files and source
documents or by requesting more detailed written
information from the investigators; the committee
was blinded with respect to all blood-pressure data.
Cardiovascular events were validated according to
the principles used in the Systolic Hypertension in
Europe trial.14 Stroke was defined as a neurologic
deficit with symptoms continuing for more than 24
hours or leading to death with no apparent cause
other than a vascular cause. Acute myocardial infarction was defined by the presence of two of the
following: typical chest pain, electrocardiographic
changes, and increased cardiac-enzyme concentrations. The definition of myocardial infarction did
not include silent myocardial infarction. The definition of congestive heart failure required the presence of symptoms, clinical signs, and a need for
treatment. Sudden death was defined as any death
of unknown cause occurring immediately or within
24 hours after the onset of acute symptoms or any
unwitnessed death for which no likely cause could
be established on the basis of the medical history.
Angina pectoris was diagnosed if there was chest
pain and documented electrocardiographic signs of
coronary ischemia or if there was a need for coronary revascularization in the absence of acute myocardial infarction. Patients recorded as having peripheral (noncoronary) vascular disease included
those who underwent surgical or angioplastic procedures on the aorta or the arteries of the legs. Transient ischemic attacks were excluded from the statistical analysis.
statistical analysis

Statistical analyses were planned for the primary
end point of fatal or nonfatal cardiovascular events
and the secondary end points of fatal or nonfatal
acute myocardial infarction or stroke, death from
any cause, and death from cardiovascular causes.
The study variables compared were the office blood
pressure (the mean of the sphygmomanometric
blood pressure readings at visit 3, obtained as described above) and the means of the 24-hour, daytime, and nighttime ambulatory measurements of
systolic and diastolic blood pressure (also recorded
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24-Hr Ambulatory
Systolic Blood Pressure

P Value

<135 mm Hg ≥135 mm Hg
(N=810)
(N=1153)
Risk factors
Age (yr)

56±13

57±13

0.002

Female sex (%)

51.9

44.0

<0.001

28.0±4.7

27.8±4.6

0.27

14.7

20.8

<0.001

Previous cardiovascular disease (%)

5.3

6.8

0.17

Diabetes mellitus (%)

8.6

14.4

<0.001

235±46

233±47

0.37

11.4

12.0

0.72

Systolic

148±18

165±21

<0.001

Diastolic

91±10

96±12

<0.001

Body-mass index
Current smoking (%)

Total serum cholesterol concentration
(mg/dl)
Use of lipid-lowering drugs (%)
Office blood pressure (mm Hg)

Ambulatory blood pressure (mm Hg)
24-Hr systolic

123.5±7.7

148.8±11.8

<0.001

24-Hr diastolic

78.8±8.2

90.2±11.2

<0.001

Daytime systolic

128.8±9.2

153.7±12.9

<0.001

Daytime diastolic

83.8±9.1

94.8±11.9

<0.001

Nighttime systolic

113.2±10.4

138.0±15.6

<0.001

Nighttime diastolic

69.8±9.6

81.4±12.6

<0.001

Ratio of nighttime systolic to daytime
systolic

0.88±0.09

0.90±0.09

<0.001

Ratio of nighttime diastolic to daytime
diastolic

0.84±0.10

0.86±0.11

<0.001

No. of events
Fatal or nonfatal cardiovascular event

56

101

<0.001

Fatal or nonfatal myocardial infarction
or stroke

22

55

<0.001

Death from any cause

35

43

0.01

* Plus–minus values are means ±SD. The body-mass index is the weight in kilograms divided by the square of the height in meters. Previous cardiovascular
disease includes stroke, transient ischemic attack, acute myocardial infarction, stable or unstable angina pectoris, peripheral vascular disease, and congestive heart failure. For 24-hour monitoring, nighttime is defined as midnight
to 6 a.m., and daytime as 8 a.m. to 8 p.m. To convert values for cholesterol to
millimoles per liter, multiply by 0.02586.
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Table 2. Relative Risks Associated with Office and Ambulatory Measurements
of Systolic and Diastolic Blood Pressure at Entry.*

Blood-Pressure
Measurement

Fatal or Nonfatal
Fatal or Nonfatal
Cardiovascular Myocardial Infarction
Event
or Stroke
(N=157)
(N=77)

Death from
Any Cause
(N=78)

relative risk (95% confidence interval)
Systolic
Office

1.48 (1.25–1.75)

1.22 (0.95–1.59)

1.40 (1.10–1.78)

24-Hr

1.50 (1.27–1.78)

1.51 (1.19–1.92)

1.18 (0.94–1.48)

Daytime

1.47 (1.24–1.74)

1.54 (1.21–1.96)

1.18 (0.94–1.50)

Nighttime

1.40 (1.20–1.65)

1.30 (1.03–1.65)

1.18 (0.94–1.49)

of

medicine

models were used to estimate relative risks (with 95
percent confidence intervals) for events associated
with a 1-SD increment in blood pressure, with adjustment for sex, age, body-mass index (the weight
in kilograms divided by the square of the height in
meters), smoking status, presence or absence of diabetes mellitus, serum cholesterol concentration,
use or nonuse of lipid-lowering drugs, and history
of cardiovascular events. All statistical analyses were
performed with the use of SAS software, version
6.12 (SAS Institute).

results
characteristics of the patients

Diastolic
Office

1.40 (1.16–1.68)

1.14 (0.86–1.52)

1.27 (0.98–1.64)

24-Hr

1.32 (1.11–1.57)

1.41 (1.10–1.80)

1.22 (0.96–1.55)

Daytime

1.35 (1.13–1.61)

1.45 (1.13–1.86)

1.22 (0.95–1.56)

Nighttime

1.26 (1.06–1.50)

1.28 (0.99–1.65)

1.22 (0.96–1.56)

* Relative risks are for each 1-SD increment in blood pressure and were adjusted for sex, age, body-mass index, smoking status, presence or absence of diabetes mellitus, serum cholesterol concentration, use or nonuse of lipid-lowering drugs, and presence or absence of cardiovascular complications at entry.
Cardiovascular events include myocardial infarction or sudden death, stroke,
new episodes of angina pectoris, congestive heart failure, and peripheral vascular disease (affecting the aorta or peripheral arteries). For 24-hour monitoring, nighttime was defined as midnight to 6 a.m., and daytime as 8 a.m. to 8 p.m.

at visit 3). Daytime ambulatory blood pressure was
defined as that between 8 a.m. and 8 p.m., and
nighttime ambulatory blood pressure as that between midnight and 6 a.m.15-18 We initially screened
2232 patients, but because of protocol violations
(in 10 patients), technical failure (in 41 patients
with poor-quality ambulatory blood-pressure recordings and 6 patients with an insufficient number of readings to allow statistical analysis), or inadequate clinical follow-up (in 212 patients), a total
of 269 patients had to be excluded from final analyses, yielding 1963 eligible patients (88 percent).
In all 1963 patients, office measurements of blood
pressure, ambulatory measurements of blood pressure, and adequate follow-up documentation were
available.
The distributions of base-line characteristics in
the group of patients with cardiovascular events and
the group without cardiovascular events were compared with the use of Fisher’s exact test for proportions and the t-test or the Mann–Whitney U test
for continuous variables. Cox proportional-hazards
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The median duration of follow-up was 5 years
(range, 1 to 66 months). The event committee validated first cardiovascular events during follow-up in
157 patients (combined incidence of fatal and nonfatal cardiovascular events, 12.8 per 1000 personyears). Fatal events occurred in 78 patients (incidence, 6.1 deaths per 1000 person-years), and 38
of these events were cardiovascular events. Patients
who had cardiovascular events were older than those
who did not have such events (P<0.001), were more
likely to be male (P<0.001), and had a higher prevalence of diabetes mellitus (P<0.001) and previous
cardiovascular disease (P<0.001). In addition, they
had higher cholesterol levels (P=0.001) and a higher rate of use of lipid-lowering drugs (P<0.001).
Characteristics of the patients according to category
of ambulatory systolic blood pressure (<135 mm Hg
or ≥135 mm Hg) are summarized in Table 1. The
higher category of ambulatory blood pressure was
associated with older age, male sex, current smoking, presence of diabetes mellitus, and higher office
blood pressures. Fatal and nonfatal cardiovascular
events and death from any cause were also more frequent among patients with an ambulatory systolic
blood pressure of 135 mm Hg or higher.
office and ambulatory blood pressures
as predictors of risk

Cox proportional-hazards analysis for each outcome variable was performed with the use of fixed
clock-time definitions of both daytime and nighttime ambulatory blood pressure. Table 2 shows the
relative risks (and 95 percent confidence intervals)
associated with a 1-SD increment in blood pressure
after adjustment for sex, age, body-mass index,
smoking status, presence or absence of diabetes
mellitus, serum cholesterol concentration, use or
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nonuse of lipid-lowering drugs, and presence or absence of a history of cardiovascular events. Both office and ambulatory measurements of systolic and
diastolic blood pressure significantly predicted the
primary end point of fatal or nonfatal cardiovascular
events. Table 3 summarizes the relative risks associated with each 1-SD increment in ambulatory
measurements of systolic and diastolic blood pressure after additional adjustment for office blood
pressure. For the primary end point, 24-hour and
daytime ambulatory systolic and diastolic blood
pressure predicted outcome even after adjustment
for office blood pressure. The mean 24-hour bloodpressure measurements at base line for patients
who had a cardiovascular event and those who did
not are shown in Figure 1. Results were similar for
the end point of fatal or nonfatal myocardial infarction or stroke (Table 3).
We also examined separately the cerebrovascular and coronary outcomes (although this was not a
prespecified aim, and the numbers were small). Systolic blood pressure as measured in the office independently predicted the risk of cerebrovascular
events (36 patients had such an event; relative risk
associated with a 1-SD increment in office systolic
blood pressure, 1.50 [95 percent confidence interval, 1.08 to 2.08]), and ambulatory blood pressure
was not predictive of the risk of cerebrovascular
events after adjustment for office blood pressure.
However, 24-hour and daytime ambulatory systolic
blood pressure predicted the risk of coronary events
(which occurred in 42 patients) even after adjustment for office blood pressure (relative risk associated with a 1-SD increment in ambulatory systolic
blood pressure, 1.63 [95 percent confidence interval, 1.10 to 2.42] and 1.68 [95 percent confidence
interval, 1.14 to 2.48], respectively). None of the
ambulatory blood-pressure variables predicted the
risk of death from any cause (Tables 2 and 3) or
death from cardiovascular causes (which occurred
in 38 patients; data not shown).
As compared with patients with a mean 24-hour
systolic blood pressure of less than 135 mm Hg,
patients with a 24-hour ambulatory systolic blood
pressure of 135 mm Hg or higher had a relative risk
of cardiovascular events, with adjustment for office
blood pressure and other potential confounders, of
1.74 (95 percent confidence interval, 1.15 to 2.63).
Figure 2 further illustrates the higher incidence
of cardiovascular events with higher ambulatory
blood-pressure measurements among patients in
each of three categories of office systolic blood
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Table 3. Relative Risks Associated with Ambulatory Blood-Pressure
Measurements after Additional Adjustment for Office Blood Pressure
at Entry.*

Blood-Pressure
Measurement

Fatal or Nonfatal
Fatal or Nonfatal
Cardiovascular Myocardial Infarction
Event
or Stroke
(N=157)
(N=77)

Death from
Any Cause
(N=78)

relative risk (95% confidence interval)
Systolic
24-Hr

1.34 (1.11–1.62)

1.52 (1.16–2.00)

1.03 (0.79–1.33)

Daytime

1.30 (1.08–1.58)

1.56 (1.19–2.05)

1.03 (0.79–1.34)

Nighttime

1.27 (1.07–1.51)

1.25 (0.97–1.62)

1.06 (0.82–1.36)

24-Hr

1.21 (1.01–1.46)

1.41 (1.08–1.85)

1.16 (0.90–1.49)

Daytime

1.24 (1.03–1.49)

1.46 (1.11–1.92)

1.15 (0.89–1.49)

Nighttime

1.18 (0.98–1.40)

1.25 (0.96–1.64)

1.17 (0.91–1.50)

Diastolic

* Relative risks are for each 1-SD increment in blood pressure and were adjusted for sex, age, body-mass index, smoking status, presence or absence of diabetes mellitus, serum cholesterol concentration, use or nonuse of lipid-lowering drugs, presence or absence of cardiovascular complications at entry, and
office blood pressure at entry (ambulatory systolic blood pressure was adjusted for office systolic blood pressure, and ambulatory diastolic blood pressure
was adjusted for office diastolic blood pressure). Cardiovascular events include myocardial infarction or sudden death, stroke, new episodes of angina
pectoris, congestive heart failure, and peripheral vascular disease (affecting
the aorta or peripheral arteries). For 24-hour monitoring, nighttime was defined as midnight to 6 a.m., and daytime as 8 a.m. to 8 p.m.

pressure (<140 mm Hg, 140 to 159 mm Hg, and
≥160 mm Hg).
A higher pulse pressure (calculated as the systolic pressure minus the diastolic pressure) was also
predictive of cardiovascular events (data not shown).
However, neither office nor ambulatory measurements of pulse pressure independently predicted the
risk of cardiovascular events according to a model
including the ambulatory systolic or diastolic blood
pressure. Neither the ratio of nighttime systolic
blood pressure to daytime systolic blood pressure
nor the ratio of nighttime diastolic blood pressure to
daytime diastolic blood pressure was an independent predictor of the risk of cardiovascular events
(data not shown).

discussion
The results of our large-scale prospective study
demonstrate that, after adjustment for classic risk
factors including office blood pressure, the 24-hour
ambulatory blood pressure provided additional
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Figure 1. Hourly Means of Systolic and Diastolic Blood Pressure Derived from 24-Hour Ambulatory Blood-Pressure
Recordings Obtained at Base Line (Visit 3) in the 1963 Participants.

prognostic information concerning cardiovascular
events, including a combined outcome of nonfatal
or fatal myocardial infarction or stroke. However,
this measure did not predict the risk of death from
any cause.
The findings of our study, in which all ambulatory measurements of blood pressure were obtained
in treated patients, are consistent with those of previously published outcome studies,1-11 in which
ambulatory blood-pressure measurements were obtained in untreated or placebo-treated subjects at the
time of inclusion in the study.
In the substudy of the Systolic Hypertension in
Europe trial addressing ambulatory blood pressure,9 about 800 patients underwent ambulatory
blood-pressure monitoring during the placebo runin period before undergoing randomization to
placebo or active treatment. In the placebo group,
ambulatory systolic blood pressure predicted cardiovascular complications after cumulative adjustments for age, sex, smoking status, presence or
absence of previous cardiovascular complications,
residence or nonresidence in western Europe, and
conventional blood-pressure measurements. The
participants in that study were elderly patients with
isolated systolic hypertension, and in contrast to our
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study, that study showed that ambulatory blood
pressure did not predict the outcome in the activetreatment group.
Earlier data based on semiautomatic ambulatory
blood-pressure monitoring demonstrated the potential value of ambulatory blood pressure in discriminating between hypertensive patients at high
cardiovascular risk and those at lower risk; these
data showed that such discrimination was possible
on the basis of the variance in the daytime ambulatory blood pressure, which was not explained by
readings obtained in the clinic.1,12 In that study, for
technical reasons, no nighttime monitoring was
performed, which resulted in incomplete documentation of the 24-hour profile.
Among referred patients with hypertension included in the Progetto Ipertensione Umbria Monitoraggio Ambulatoriale prospective registry, the
base-line ambulatory blood pressure measured before treatment began was an independent predictor of the risk of cardiovascular events.8,19,20 In that
study, the authors focused on the increased risk associated with a blunted nocturnal decrease in blood
pressure but did not directly compare office blood
pressure measured in treated patients with ambulatory blood pressure. A post hoc subgroup analysis
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suggested an association between the ambulatory
blood pressure in patients whose blood pressure
was adequately controlled by treatment and a reduced risk of cardiovascular events that was independent of other traditional risk factors.13 Office
blood-pressure values in treated patients were not
significantly related to cardiovascular risk. However,
the design of that study differed substantially from
our protocol. The authors recorded 24-hour blood
pressure with ambulatory monitoring in treated patients an average of 3.7 years after their enrollment
in the registry and did not study fatal events.
In a large sample of a Japanese community comprising both treated and untreated subjects, ambulatory blood pressure also predicted the risk of fatal
cardiovascular events, even after adjustment for age,
sex, risk factors, medication, cardiovascular history,
and conventional blood pressure.3,21,22 In a study of
688 patients with hypertension followed for more
than nine years, the ambulatory intraarterial blood
pressure recorded before treatment began was predictive of cardiovascular risk. In our study, a noninvasive approach to ambulatory monitoring of blood
pressure was used.
The prognostic value of ambulatory blood pressure has also been assessed in a small study of
patients with treatment-refractory hypertension.5
Higher values for ambulatory blood pressure more
accurately predicted future cardiovascular events
than did clinic-based measurements of blood pressure. The mean blood pressure among patients in
that study was considerably higher than the mean
pressure in our study. In general, the patients we
studied could not be considered to have true refractory hypertension, although it is possible that
a small proportion of our patients presented with
drug-resistant hypertension.
Some limitations of our study should be noted.
We did not have the necessary information to adjust
adequately for a family history of coronary artery disease, urinary albumin excretion, levels of low-density lipoprotein cholesterol or high-density lipoprotein cholesterol, levels of physical activity, or dietary
measures. Thus, we could not account for the effect
of these variables on cardiovascular outcomes.
The results of our study clearly demonstrate the
limitations of office readings as they are routinely
obtained. In our study, three blood-pressure readings from a single office visit were averaged for use
as a measure of office blood pressure. By contrast,
in the Systolic Hypertension in Europe study, conventional blood pressure was calculated on the ba-
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40

24-Hr ambulatory systolic blood pressure <135 mm Hg
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26/284
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19/271
10

23/506

14/376
5
0

<140

140–159

≥160

Office Systolic Blood Pressure (mm Hg)

Figure 2. Incidence of Cardiovascular Events According to Category of Office
Systolic Blood Pressure.
All blood-pressure values were obtained at the inclusion visit. Among patients
in all three categories of office systolic blood pressure, a 24-hour ambulatory
systolic blood pressure of 135 mm Hg or higher predicted a higher incidence
of cardiovascular events than a 24-hour ambulatory systolic blood pressure of
less than 135 mm Hg. The unadjusted relative risk of a cardiovascular event
associated with a 24-hour ambulatory systolic blood pressure of 135 mm Hg
or higher as compared with a 24-hour ambulatory systolic blood pressure of
less than 135 mm Hg was 3.19 (95 percent confidence interval, 1.34 to 7.59)
among patients with an office systolic blood pressure of less than 140 mm Hg,
2.09 (95 percent confidence interval, 1.19 to 3.66) among patients with an office systolic blood pressure of 140 to 159 mm Hg, and 2.21 (95 percent confidence interval, 1.33 to 3.68) among patients with an office systolic blood
pressure of 160 mm Hg or higher. After adjustment for sex, age, body-mass
index, smoking status, presence or absence of diabetes mellitus, serum cholesterol concentration, use or nonuse of lipid-lowering drugs, and presence or
absence of cardiovascular complications at entry, the corresponding relative
risks were 2.80 (95 percent confidence interval, 0.80 to 9.85), 1.82 (95 percent
confidence interval, 0.92 to 3.56), and 2.31 (95 percent confidence interval,
1.26 to 4.22). Numbers above the bars are the number of patients in the specific subgroup with a cardiovascular event over the total number of patients in
that subgroup.

sis of six readings (two readings from each of three
visits).9,14 Fagard et al.23 demonstrated that the correlations between left ventricular mass and clinic
blood pressure and between left ventricular mass
and ambulatory blood pressure became much closer when clinic readings were better standardized
and when the readings were averaged over more
than one visit. That study suggests that for direct
comparisons between conventional and ambulatory measurements of blood pressure, it is best to use
repeated, standardized conventional readings ob-
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tained at prespecified intervals. The use of protocols
that are not well standardized in the assessment of
the office blood pressure may lead to a high degree
of variance in this measure, particularly among
treated patients such as those in our study.
Another weakness of routine blood-pressure
measurement that may have influenced our results
is that the effects of drugs (e.g., peak and trough effects) may have had a greater influence on the variance in office readings than on that in 24-hour ambulatory readings. Our study was not designed to
address the effects of individual drugs or classes of
drugs; therefore, patients were allowed to take all
classes of drugs, which were administered at the
discretion of their physicians.
Patients enrolled in our study were not optimally treated, as judged by their office readings at visit
3 (only 25 percent had an office systolic blood pressure below 140 mm Hg). Yearly follow-up visits
failed to show improvement (data not shown), although participating physicians were continuously
asked to adhere more closely to the target office
blood pressure of 140/90 mm Hg. It is well recog-

of

medicine

nized24,25 that in follow-up visits in observational
studies, the proportion of patients with adequately
controlled blood pressure is still far from optimal.
In this sense, our study is a more accurate reflection
of everyday practice than are studies in which blood
pressure is better controlled.
Our study shows that 24-hour ambulatory blood
pressure predicts the risk of cardiovascular events
even after adjustment for classic risk factors including office blood pressure. The next step will be to
determine the role of ambulatory blood-pressure
monitoring in clinical practice and whether the
cost–benefit ratio favors adding such monitoring
to the standard care of patients with treated hypertension.26,27
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