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SUMMARY
Background. Several studies have reported overdiagnosis and
overtreatment of hypertensive patients, especially in borderline
hypertensives.
Aim. To find a blood pressure measurement procedure that
reduces the risk of misclassification to an acceptable level. 
Method. Comparative, prospective study over seven months of
primary care patients with elevated initial blood pressures.
Blood pressure measurements made by general practitioners
(GPs), practice nurses, and patients were compared with
ambulatory blood pressure measurements. 
Results. Ninety-nine patients completed the study. Mean differ-
ences (systolic blood pressure) between different measurement
procedures and ambulatory measurement ranged from +10
mmHg (doctor) to –1 mmHg (patient), and (diastolic) from +4
mmHg (doctor) to -2 mmHg (patient). Standard deviations of
mean differences ranged from 12 mmHg (doctor/systolic) to 10
mmHg (patient/systolic), and from 8 mmHg (doctor/diastolic) to
7 mmHg (patient/diastolic). 
Conclusion. Self-measurements by the patient appear to be a
reliable alternative to ambulatory blood pressure measurement.
In diagnosing and managing mild hypertension, we recommend
the use of a valid self-measuring device. 
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Introduction

IN considering the diagnosis of hypertension, the physician is
forced to take into account the large within-person variability

of blood pressure, the phenomenon of regression to the mean,
and the risk of diagnosing ‘white coat hypertension’.  Accurate
diagnosis of hypertension is especially difficult in mild or mod-
erate essential hypertensives, since the closer a subject’s pressure
is to the cut-off point, the greater the likelihood of classification
in the wrong category.1 In many countries, detection, diagnosis,

and treatment of mild to moderate hypertension are considered to
be the work of general practitioners. Accurately diagnosing
hypertension, and withholding or starting drug treatment, are
important tasks in general practice. 

Ambulatory blood pressure monitoring is becoming a popular
method for blood pressure determination and diagnosing hyper-
tension.2 Nevertheless, there is still discussion about the wides-
pread introduction of ambulatory monitors in general and clinical
practice.3-8

Ambulatory blood pressure monitoring has many advantages
over clinical measurements. Measurements take place at the
patient’s work or home, so that the ‘white coat effect’ is avoided.
The large number of measurements reduces the confidence inter-
val of the estimated mean, thereby reducing the risk of misclassi-
fication. The influence of interpersonal observer factors is elimi-
nated and, owing to the large number of measurements, there is
regression to the mean to a lesser degree. Besides, the correlation
with target organ damage and cardiovascular mortality is better
than that in clinical measurement.9 However, its use is relative-
ly expensive, and the reproducibility appears to be only moder-
ate.10-13 In addition to this, the procedure may interfere with daily
activities and sleep.14

Apart from ambulatory measurement, the literature mentions
two alternatives to clinical measurements by the doctor. The first
is home measurement by the patient, as an easily available and
cheap method, and the second is measurements by the practice
nurse. It has been shown that these methods reduce the white
coat effect relative to a doctor’s measurements.15-16 

The aim of the present study is to compare a series of blood
pressure measurements by GPs and practice nurses, and a series
of home measurements by patients, with daytime ambulatory
blood pressure as a reference measurement. 

Method
Seventeen GPs and their practice nurses participated in the study.
All of them were given instructions on adequate techniques of
blood pressure measurement.17 Phase V of the Korotkoff sounds
was recorded as the level of diastolic pressure. 

Patients
Patients were selected on the basis of an initially elevated office
blood pressure.  Inclusion criteria were:

mean of two systolic values (measured in one visit) between
160 and 200 mmHg, and/or mean of two diastolic measure-
ments between 95 and 115 mmHg; and
age range of  between 20 and 75 years.

Exclusion criteria were:

known hypertension or antihypertensive treatment in the year
preceding the study,
suspicion of secondary hypertension,
congestive heart failure or unstable angina, and
pregnancy.
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Measurement procedures
After inclusion by the GP, all patients underwent four procedures
of blood pressure measurement.

Procedure 1 consisted of duplicate measurements in one visit
by the GP in his office in weeks 2, 3, and 4, and in months 2, 3,
4, 5, 6 and 7. Procedure 2 consisted of duplicate measurements in
one visit (on days other than when the measurements were made
by the GP) by the practice nurse in weeks 2, 3, and 4. Procedure
3 consisted of home measurements by the patient (two measure-
ments in the morning and two in the evening, on two working
days) in week 2 and week 3.  Procedure 4 consisted of ambulato-
ry blood pressure measurements on one working day in week 4
and month 7. In week 4 and month 7 of the study, the weight (in
kilogrammes) of all patients was measured.

Measurement instruments
The GP and the practice nurse measured blood pressures with a
calibrated mercury sphygmomanometer, provided with a stan-
dard-sized (12 x 35 cm) cuff.  Home measurements by the

patient were made using a BOSO-Oscillomat. The BOSO-
Oscillomat (Bosch LTD, Jungingen, Germany) is a battery-pow-
ered cuff-oscillometric measuring device, which is triggered by
the patient. It is driven by an automatic internal pump. The appa-
ratus has been validated and has been described as an acceptable
alternative to a conventional sphygmomanometer.18 The patients
were asked to record 16 blood pressure readings, according to
the schedule mentioned above. In addition, the blood pressure
values were stored in the memory of the apparatus (maximum
capacity 14 readings). The stored readings were printed out at the
GP’s office and compared with the values written down by the
patient. Ambulatory blood pressure was measured using a
SpaceLabs 90207 (SpaceLabs Inc, Hillsboro, Oregon, USA)
automatic cuff-oscillometric monitor. This monitor received a B
rating for both systolic and diastolic blood pressure according to
the criteria of the British Hypertension Society protocol, and sat-
isfies the criteria of the Association for the Advancement of
Medical Instrumentation.19-20 Blood pressures were recorded
automatically every 15 minutes from 6.00 am until 10.00 pm,
and every 30 minutes during the night.  

Figure 1a. Differences (systolic) between the means of three dupli-
cate measurements by GPs, and ambulatory measurements/ABPM
(y-axis) versus their means (x-axis). All values are in mmHg. The
mean difference (         ), and the 95% limits of agreement (              )
are indicated. 

Figure 1b. Differences (diastolic) between the means of three dupli-
cate measurements by GPs, and ambulatory measurements/ABPM
(y-axis) versus their means (x-axis). All values are in mmHg. Mean
difference (            ), and 95% limits of agreement (              ) are indi-
cated.

Table 1. Systolic and diastolic means, standard errors of means, and standard deviations of ambulatory blood pressure measurement (ABPM);
three duplicate (n = 6) and six duplicate (n = 12) measurements by general practitioners (GP); three duplicate (n = 6) measurements by practice
nurses (PN); and four duplicate (n = 8) measurements by patients; where n = number of blood pressure measurements.

Mean Standard error of mean Standard deviation

ABPM systolic 142 1 11
Measurements by GP systolic (n= 6) 152 1 15
Measurements by GP systolic (n = 12) 152 1 14
Measurements by PN systolic (n = 6) 148 1 14
Home measurements systolic (n = 8) 141 1 14

ABPM diastolic 91 1 8
Measurements by GP diastolic (n = 6) 95 1 8
Measurements by GP diastolic (n = 12) 95 1 7
Measurements by PN diastolic (n = 6) 95 1 9
Home measurements diastolic (n = 8) 89 1 9
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Data analysis
In the present study, the reference value was defined as the aver-
age of two ambulatory blood pressure measurements (six-month
interval). Only daytime values were used, as we compared the
ambulatory blood pressure values with daytime measurements by
the GP, the practice nurse, and the patient. We used the average
of two ambulatory measurements, since the reproducibility of a
single ambulatory measurement is only moderate but can be aug-
mented by increasing the number of measurements.21 An average
of two or more ambulatory blood pressure measurements on dif-
ferent days has been advocated in a study by Reeves et al.22 In
general, the accuracy of the estimated mean blood pressure will
increase (reducing the 95% confidence interval of the estimated
mean) by augmenting the number of measurements.23

Means, standard errors of means, and standard deviations of
systolic and diastolic measurements by the GP, practice nurse,
patient, and ambulatory monitoring were computed. Mean differ-
ences and standard deviations of procedures 1, 2, and 3 versus
the reference measurement were computed.24 

All data were computerized and analysed using SPSS
(Statistical Package Social Sciences). 

The study was approved by the local ethics committee. All sub-
jects gave written informed consent for participation in the study. 

Results
One hundred and twenty-two patients were included in the study.
Twenty-three dropped out: seven were excluded because they
started hypotensive drug treatment during the study, one patient
had a heart attack, one patient refused a second ambulatory
measurement (the first measurement had been too painful), six
patients had missing values, and eight withdrew for personal rea-
sons (heart attack of husband, study too long, nervousness
because of home measurements, lack of understanding of the
instructions).

Characteristics of the dropouts were as follows: 14 men and 9
women, mean initial systolic blood pressure 167 mmHg (SD =
20), mean initial diastolic blood pressure 104 mmHg (SD = 6),
mean age 51 years (range 28–71).  

Figure 2a. Differences (systolic) between the means of four duplicate
home measurements by patients (HP) and ambulatory measure-
ments/ABPM (y-axis) versus their means (x-axis). All values are in
mmHg. Mean difference (            ), and 95% limits of agreement 
(              ) are indicated.

Figure 2b. Differences (diastolic) between the means of three dupli-
cate home measurements by patients (HP) and ambulatory measure-
ments/ABPM (y-axis) versus their means (x-axis). All values are in
mmHg. Mean difference (            ), and 95% limits of agreement 
(              ) are indicated.

Table 2. Means, standard errors, and standard deviations of differences between ambulatory blood pressure (ABPM) on the one hand, and three
duplicate measurements by the general practitioner (GP, n = 6), six duplicate measurements by the general practitioner (GP, n = 12), three dupli-
cate measurements by the practice nurse (PN, n = 6), and four duplicate measurements by the patient at home (HP, n = 8); where n = number of
blood pressure measurements.

Mean Standard error of mean Standard deviation

GP (n = 6) - ABPM (systolic blood pressure) 10 1 12
GP (n = 12) - ABPM (systolic blood pressure) 10 1 11
PN (n = 6) - ABPM (systolic blodd pressure) 6 1 11
HP (n = 8) - ABPM (systolic blood pressure) –1 1 10

GP (n = 6) - ABPM (diastolic blood pressure) 4 1 8
GP (n = 12) - ABPM (diastolic blood pressure) 4 1 7
PN (n = 6) - ABPM (diastolic blood pressure) 4 1 8
HP (n = 8) - ABPM (diastolic blood pressure) –2 1 7
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Ninety-nine patients completed the study: 49 men and 50
women, with a mean age of 48 years (range 21–72); mean initial
systolic blood pressure was 161 mmHg (SD 18), mean initial
diastolic blood pressure 102 mmHg (SD = 6). There was no
weight reduction in the course of the study (75.6 versus 75.3 kg,
P = 0.3). 

The reference value was defined as the mean of two daytime
ambulatory measurements (mean number of measurements = 84,
SD = 11, minimum = 44, and maximum = 101). 

Table 1 shows the means, standard errors of means, and stan-
dard deviations of doctor-measured blood pressures (three
respectively, six visits), nurse-measured blood pressures (mean
of three visits), home measurements (four duplicate measure-
ments), and means of two ambulatory measurements.  On aver-
age, nurse-measured systolic and diastolic blood pressures were
lower than blood pressures measured by the doctors, but both
procedures revealed higher blood pressures than ambulatory and
home measurements. Mean differences and standard deviations
of differences between procedures 1, 2, and 3 on the one hand,
and ambulatory measurement on the other, are given in Table 2.
Mean differences between the reference value and the various
procedures ranged from +10 mmHg (doctor/systolic) to –1
mmHg (home/systolic), and from +4 mmHg (doctor/diastolic) to
–2 mmHg (home/diastolic). Procedure 3 (four duplicate measure-
ments by the patient) showed the smallest standard deviations of
differences: 10 mmHg (systolic blood pressure) and 7 mmHg
(diastolic blood pressure). The differences of blood pressures
measured by the GP and the patient on the one hand, and ambu-
latory blood pressure on the other were plotted against their
means (Figures 1a, 1b, 2a, and 2b).  

White coat hypertension, defined as a difference of 10 mmHg
or more between diastolic office measurements and ambulatory
blood pressure, was found in 27% of participating subjects (14
men and 13 women) when blood pressures were measured by the
doctor, and in 18% of subjects (seven men and 11 women) when
measured by the practice nurse.   

Discussion
The aim of this study was to compare a series of blood pressure
measurements by GPs, practice nurses, and patients with the
mean of two daytime ambulatory blood pressure measurements.
On theoretical grounds, and because of the improved repro-
ducibility of two ambulatory blood pressure measurements on
different days, we consider this a better reference value than a
single ambulatory measurement.21-22 We compared the reference
values with the means of six and 12 measurements (in three and
six visits) by the GP, the means of six measurements in three vis-
its by the practice nurse, and the means of eight measurements
(on four occasions) by the patient. The Fifth Report of the Joint
National Committee on Detection, Evaluation, and Treatment of
High Blood Pressure recommends at least two subsequent visits
during one to several weeks.25

In accordance with the study of Veerman et al, nurse-measure-
blood pressure appeared to be more in accordance with ambula-
tory blood pressure than blood pressure measurements by a doc-
tor.16 However, both procedures distinctly overestimated
ambulatory blood pressure.  On the contrary, in this study the
series of blood pressures measured by the patient at home agreed
quite well with ambulatory blood pressures. The slightly lower
systolic and diastolic means of home measurements may be due
to the more standardized measurements at home (patients were
sitting, and probably preferred to perform their measurements
during quiet moments). Mean differences and standard devia-
tions of differences of home measurements versus ambulatory

measurements appeared to be within the ranges of these values
found in studies on the reproducibility of ambulatory blood pres-
sure measurement.11,13,21 Our results confirm the conclusions
from earlier studies.26-27

Having the doctor make 12 instead of six measurements
provied only marginally better agreement with ambulatory blood
pressure measurement. This does not agree with the results of
Watson et al, who investigated percentages of misclassification
on the basis of different numbers of office measurements, using
the ‘notional stable blood pressure’ (equivalent to the mean of 12
measurements in six visits) as a reference value.28 In our study,
there seems to be a systematic difference between office blood
pressure and ambulatory blood pressure, which can scarcely be
reduced by augmenting the number of measurements above a
certain critical number.  

Our study reveals better agreement, between home measur-
ments by the patient and ambulatory measurements than that of
the study of Stergiou et al. However, they had used different
types of instruments for the home measurements.29 Also, in their
conclusions, the authors did not take into account the fact that
measurements by the patient are much cheaper and more easily
available than measurements by a doctor, even though both mea-
surement procedures appeared to be as good as each other. Using
at least six home measurements, Chatellier et al demonstrated the
improvement of the measurement precision as compared to
office measurements.30

A limitation of our study concerns the non-optimal standard-
ization of measurements, but this will always be a limitation of
research in large numbers of general practices. We consider the
achieved standardization in this multi-centred study as sufficient.

In conclusion, a series of eight blood pressure measurements
(on four occasions) by the patient appeared to be a good and reli-
able alternative to ambulatory blood pressure measurement. In
diagnosing mild to moderate hypertension in general practice,
cheap, easy available, and accurate self-measurements by the
patient should have priority above ambulatory measurements. In
contrast with Cox et al, we reject widespread use of ambulatory
blood pressure measurement in general practice.3 Ambulatory
monitoring of blood pressure should be restricted to scientific
research, and to tracing ‘white coat hypertension’ in patients
unable to perform self-measurements.31
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