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Influence of Measurement Duration and Frequency
on Ambulatory Blood Pressure Monitoring
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Introduction and objectives. Most studies of
ambulatory blood pressure monitoring have involved
taking measurements every 15-30 minutes over a
24-hour period. We investigated the effect of measurement
duration and frequency on the diagnostic blood pressure
values obtained by ambulatory monitoring.

Methods. The study involved 1450 hypertensive patients
and a control group of 378 normotensive volunteers. Blood
pressure was measured at 20-minute intervals from
07:00 to 23:00 and at 30-minute intervals at night for
48 consecutive hours. Data were subdivided in such a way
as to generate different series of data that were collected
at 1-, 2-, 3-, or 4-hour intervals over the 48-hour period. In
addition, two data series at the original measurement
frequency were derived for the first and second 24-hour
periods. The correspondence between the mean blood
pressure values derived from the original data series and
those from the different subdivided data series was
assessed.

Results. Variability in the estimated mean blood
pressure increased progressively as the measurement
frequency decreased: the error range grew from 11
mmHg for hourly data to 28 mm Hg for 4-hourly data. The
error range was even greater (ie, 36 mm Hg) for data
divided into 24-hour series at the original sampling rate.

Conclusions. This study demonstrates that the
reproducibility of mean blood pressure values depends
more on measurement duration than measurement
frequency. The findings indicate that monitoring blood
pressure for only 24 hours may be insufficient for
diagnosing hypertension, identifying a dipper circadian
pattern, or assessing treatment efficacy.
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Influence of Measurement Duration and
Frequency on Ambulatory Blood Pressure
Monitoring

Introduccidn y objetivos. La mayoria de los estudios
con medicién ambulatoria de la presion arterial se han
basado en registros obtenidos cada 15-30 min durante
24 h. Hemos examinado el impacto de la duracion y la
frecuencia de muestreo en la estimaciéon de parametros
de diagndstico derivados de la medicion ambulatoria.

Métodos. Estudiamos a 1.450 pacientes hipertensos y
un grupo control de 378 voluntarios normotensos. La pre-
sion arterial se midié cada 20 min entre las 7.00 y las
23.00 y cada 30 min en la noche durante 48 h consecuti-
vas. Los datos fueron divididos generandose distintas se-
ries con datos obtenidos a intervalos de 1, 2, 3 0 4 h du-
rante 48 h. También se crearon un par de series con la
frecuencia de muestreo original para las primeras y ulti-
mas 24 h. Se comparé la concordancia del valor medio
de presion entre las series originales y cada grupo de se-
ries diezmadas.

Resultados. La variabilidad en la estimacién de la me-
dia de presion aumenta de forma progresiva con la pérdi-
da de datos, con un rango de error creciente desde 11
mmHg con datos cada hora hasta 28 mmHg con datos
cada 4 h. Este rango de error aumenta todavia mas (36
mmHg) cuando, a la frecuencia de muestreo original, se
recorta la serie a 24 h.

Conclusiones. Este estudio demuestra que la reprodu-
cibilidad de los valores medios de presion arterial depen-
de mas de la duracién que de la frecuencia de muestreo.
Los resultados indican que 24 h de medicién pueden ser
insuficientes en el diagndstico de hipertension, la identifi-
cacion del patrén dipper y la valoracion de la eficacia te-
rapéutica.

Palabras clave: Presion arterial. Medicion ambulatoria.
Requerimientos de muestreo. Hipertension esencial. Dip-
per. No-dipper.

INTRODUCTION

Conventional blood pressure (BP) monitoring
performed in the doctor’s office is commonly used to
diagnose hypertension and evaluate the efficacy of
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ABBREVIATIONS

ABPM: ambulatory blood pressure monitoring
BP: blood pressure

DBP: diastolic blood pressure

SBP: systolic blood pressure

treatment.!> However, from a pathophysiological point
of view, the correlation in hypertension between the value
of the BP and target organ damage, cardiovascular risk
and prognosis for these patients is greater when the values
are obtained by ambulatory blood pressure monitoring
(ABPM) than when they are taken in the office.’

Most ABPM studies so far have been based on
measurements taken over 24 hours. Thus, the criteria
from an ABPM recording for both the diagnosis of
hypertension'>*3 and for the evaluation of antihypertensive
therapy® have been established from data obtained every
15-30 min over a single day. The sampling requirements
and their possible influence on the diagnostic sensitivity,
however, have been the subject of just a few studies.”®
The reproducibility of the mean BP values has been
shown to increase progressively with an increasing number
of BP measurements.” Additionally, the validity of ABPM
versus the continuous intra-arterial measurement of BP
has been established, demonstrating that the “true” mean
BP value (obtained from continuous measurement) can
be reproduced precisely by measuring at intervals of up
to 30-60 min.!°

These studies all examined the influence of the sample
interval on reproducibility using recordings taken over
24 h but did not, therefore, evaluate the possible influence
on the results of the duration of the measurement.
Previous studies have indicated the possible advantages
of ABPM over 48 h rather than just the usual 24 h in
terms of reproducibility.'!"!* The aim of this study was
to evaluate the impact of the duration of the recording
of ABPM and sampling frequency on the estimation of
both the mean BP values (commonly used to diagnose
hypertension) and the fall (relative drop in the mean
nocturnal BP as compared with the diurnal BP, an index
that determines whether a patient has a dipper or non-
dipper pattern'*) in persons with and without
hypertension.

METHODS

Patients

The study included a total of 1450 untreated patients
with essential hypertension (625 men and 825 women)
and 378 volunteers without hypertension (182 men and
196 women). The mean age (the standard deviation) of
the volunteers was 51.8 (14.4) years at the time of the
study. For the purposes of this study, a diagnosis of
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hypertension required the mean 24 h systolic BP (SBP)
/diastolic BP (DBP) to be above 130/80 mm Hg, or the
mean diurnal figures to be over 135/85 mm Hg, or the
mean nocturnal figures over 120/70 mm Hg.** Volunteers
were excluded if they were shift workers, consumed more
than 80 g per day of alcohol or smoked more than 20
cigarettes per day, as were patients with secondary
hypertension or cardiovascular or cerebrovascular disease,
including angina pectoris, heart failure, ictus, nephropathy,
retinopathy, a previous myocardial infarction or coronary
revascularization.

The study was carried out at the Hypertension and
Vascular Risk Unit of the Hospital Clinico Universitario
in Santiago de Compostela, Spain. All the participants
underwent a full clinical examination according to the
standardized Unit protocol. The clinical measurements
of the BP (six at each visit, just before starting the ABPM
session, taken at 1 min intervals and after the subject had
been seated for at least 5 min) were always done by the
same researcher and using a validated and calibrated
automatic device (HEM-737, Omron Care Inc., Vernon
Hills, Illinois, US)." This study, which formed part of a
trial on the prognostic value of ABPM, was approved by
the Clinical Research and Ethics Committee. The
volunteers all gave informed consent prior to participating
in the study.

Ambulatory Blood Pressure Measurement

The SBP, DBP, and heart rate of each subject were
measured automatically each 20 min between 7:00 and
23:00 and each 30 min during the night for 48 consecutive
hours with a validated and calibrated SpaceLabs 90207
device (SpaceLabs Inc., Redmond, Washington, US).
None of the patients was hospitalized during the ABPM.
The subjects continued their usual daily pattern of
activities (from approximately 8:00 to 23:00 for most of
them) and nocturnal rest during the days the ABPM was
taken, under the usual conditions and with the minimum
of restrictions. They were asked to follow a similar pattern
of diurnal and nocturnal activities and to avoid an
afternoon sleep (siesta) on the two days the ABPM was
being taken.

Blood pressure recordings were eliminated from the
series if the subject showed an irregular cycle of diurnal
and nocturnal activity on the two days the ABPM was
being taken, if he or she spent <6 h or >12 h resting at
night, if the series contained more than three consecutive
hours with no measurement of the BP, or if the subject
had fewer than 70% of the expected number of BP
recordings. The pressure cuff was always placed on the
non-dominant arm, the circumference of which
determined the cuff size. The ABPM was always started
between 10:00 h and 12:00 h (mean, 11:09 [0:42]). During
the days the recordings were being taken each subject
filled in an activity diary indicating the times of going
to bed, getting up, eating, exercise or unusual physical



Hermida RC et al. Measurement Schedule for ABPM

20
5

][Values Obtained Each 2 Hours |

r=—0.089; P=.002

_ Meap +2.5D
i S T

s eMean —2SD

Main Systolic Blood Pressure, mm Hg

5 .0 T 20 :

£ 201[Values Obtained Each Half Hour | g |][Values Obtained Each 1 Hour |

£ 7 g 101

% w

B 2 S

g s o

s e

= -101 8107

g 151 r=—0.082; P=.004 §—15-

& 20 R
S 780 100 120 140 160 180 200 SR LG L ey

Main Systolic Blood Pressure, mm Hg

Defference (All-Values Each 2 Hours)

80 100 120 140 160 180 200
Main Systolic Blood Pressure, mm Hg

= T 38w \ean—2SD

-151 r=—0.123; P<.001

207 Values Obtained Each 3 Hours | 207(Values Obtained Each 4 Hours |
151 151
101 101 o

51 :

0

207[Values Obtained in the Fiust 24 Hour |

=  Mean +2 SD

"= Mean -2 SD

_r=—0,077; P<.001

-101 :i_ rl\féan_—Z-SD

t R4

" 14=-0.002; P<.001

Defference (All-Values Each 4 Hours)

Lo
SCTSgoq
@
:
4

-20+—/————————rrT T
80 100 120 140 160 180 200

Main Systolic Blood Pressure, mm Hg

Difference (All-Values Each 3 Hours)

80 100 120 140 160 180 200
Main Systolic Blood Pressure, mm Hg

Defference (All-Values Each 24 Hours)
o

780 100 120 140 160 180 200
Main Systolic Blood Pressure, mm Hg

Figure 1. Bland and Altman plots for the concordance value in the estimation of the mean daily systolic blood pressure (SBP) calculated from data
sampled using measurements taken with ambulatory blood pressure monitoring (ABPM) each 20-30 min over 48 consecutive hours and from data
sampled each half hour, each hour, each 2, 3, and 4 h over 48 h, as well as each 20-30 min over the first 24 h. The mean value of the differences for
all the subjects is represented by the continuous horizontal line in each plot. The dotted lines represent the values of the mean differences (2 standard

deviations).

activity, and any events or emotional situation that could
affect the BP.

Actigraphy

The volunteers also wore a Mini-Motion logger
actigraph (Ambulatory Monitoring Inc., Ardsley, New
York, US) on the wrist of the dominant arm in order to
measure their physical activity each minute during the
2 days of ABPM. The actigraph data were used to
determine the precise times of the start and end of the
nocturnal resting cycle and diurnal activity cycle, in order
to calculate the diurnal (activity) and nocturnal (resting)
means of the BP for each patient.!® The advantages of
using an actigraph rather than using predetermined time
intervals to define the day and night, and thus to enable
precise calculation of the diurnal and nocturnal means,
have been shown previously.!”

Statistical Analysis

The data on BP and heart rate were edited using the
normal criteria to eliminate any anomalous values or
outliers and errors of measurement.'® In particular, BP
recordings with the SBP >250 or <70 mmHg, DBP >150
or <40 mm Hg or the ambulatory pulse pressure (difference
between the SBP and DBP) >150 or <20 mm Hg were
automatically eliminated. The original series of BP was
then subdivided (systematic elimination of data) to

generate new series of data collected at 1-, 2-, 3-, or 4-
hour intervals over the 48-hour period. In addition, two
data series at the original measurement frequency were
derived for the first and second 24-hour periods.

The concordance of the mean 24 h, daytime and night-
time BP values was evaluated, as was the fall in the BP,
and the values of these parameters were compared with
the original series of ABPM and for each reduced group
of ABPM series, in duration (48 to 24 h) and in sample
frequency. The concordance limits between the original
parameters and those obtained from the subdivided series
were calculated using the Bland and Altman method.'*?°
This analysis is based on the differences between the
values (for each study parameter) obtained for each pair
of ABPM series (original and reduced). These differences
were represented graphically according to the mean of
the two values. The concordance study is a more sensitive
and suitable method than linear correlation for the
detection of errors in the estimation of a variable when
two methods of clinical measurement are compared. '

RESULTS

As an illustrative example, Figure 1 shows the
concordance in the estimation of the daily mean of the
SBP between the values obtained with the original series
of ABPM and various sets of subdivided series of ABPM,
which results in a sampling scheme that is less dense, in
accordance with the procedure described above in the
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Methods section. Each of the Bland and Altman plots
shows, on the vertical axis, the difference between the
mean 24 h values of the SBP calculated from the original
series and the values calculated from the reduced series.
The horizontal axis represents the average of the two
mean 24 h values of the SBP calculated for each subject
(in the original series and the subdivided series). The
average for all the study participants of the difference
between the original mean value of the SBP and the value
obtained in each subdivided series ranged from —1.2
mm Hg (for series in which sampling was done each 4
h for 48 h) to 0.7 mm Hg (for series in which sampling
was done each half hour for 48 h) (Table 1). The results
for the DBP were similar (right hand columns in Table
1). Although these mean differences appear low and have

little clinical relevance, all were significantly different
from zero.

Figure 1 shows that the values for the individual
differences in the mean 24 h readings of the SBP between
the original series and the reduced series were distributed
homogenously over the average value of these differences
(continuous horizontal line), with a slight, though
significant (due to the large sample size) negative
correlation, indicating a greater negative difference in
the estimation of the mean value for higher SBP values.
The plots in Figure 1 also show that the degree of lack
of concordance in the estimation of the mean SBP rose
progressively as the sampling frequency, and therefore
the number of BP data used to calculate this mean, was
reduced.

TABLE 1. Difference in the Mean Daily, Diurnal and Nocturnal Blood Pressure Measurements Calculated From
Data Obtained Each 20 min From 7:00 to 23:00 and Each 30 min From 23:00 to 7:00 Over 48 Consecutive Hours,
and the Respective Values Calculated From Data Obtained With a Less Dense Sampling Scheme

Systolic Blood Pressure

Diastolic Blood Pressure

Length of Length of
Data Obtained Each: Mean (SD) Coverage* Range Range Correlationt Mean (SD) Coverage Range Range Correlationt
Mean 24 h
Half hour for 48 h 0.73(0.83) 958 -235t04.79 7.14 0998 0.75(0.65) 953 -1.79t03.87 5.66 0.998
Each hour for 48 h 023(1.23) 952 -6.36t04.64 11.00 0996 0.30(1.04) 956 -4.26t03.56 7.82 0.962
2hfor48h -0.28 (1.91) 95.0 -9.52t07.27 16.79 0991 -0.14(1.60) 956 -7.59t05.14 1273  0.957
3hfor48h -0.79(2.43) 958 -10.62t06.93 17.55 0985 -0.60(2.01) 95.0 -8.00t05.45 1345  0.951
4hford8h -1.16 (3.00) 95.1 -17.471010.83 28.30 0977 -0.96(2.46) 95.2 -10.411t06.63 17.04 0.944
All the data for -0.85(3.11) 94.8 -16.671t019.10 35.77 0975 -0.67(2.09) 95.0 -16.351t09.77 26.12  0.950
the first 24 h
All the data for 0.65(3.16) 94.7 -20.22t017.26 37.48 0.973 0.46 (2.12) 94.7 -9.75t010.77 20.52 0.947
the second 24 h
Diurnal mean (activity)
Half hour for 48 h -0.19(0.71) 95.0 -3.03t05.17 8.20 0999 -0.13(0.58) 95.0 -2.41t03.77 6.18 0.998
Each hourfor48h  -0.68 (1.45) 948 -719t04.88 12.07 0995 -0.57(1.16) 94.8 -5.85t03.56 9.41 0.993
2hfor48h -1.16 (2.40) 956 -11.25t07.35 18.60 0986 -0.97(1.90) 948 -7.86t05.55 13.41 0.982
3hford8h -1.66 (3.15) 95.3 -18.54t09.12 27.66 0976 -1.40(2.38) 94.8 -11.941t07.96 19.90 0.973
4 hford8h -1.99 (3.81) 95.1 -18.49t012.51 31.00 0964 -1.71(2.99) 952 -13411t0858 2199  0.957
All the data for -1.22 (3.90) 94.7 -20.081t021.96 42.04 0968 -0.92(2.61) 941 —12.42t012.73 25.15  0.967
the first 24 h
All the data for 116 (3.74) 945 -22.021021.36 43.38 0.963 0.88 (2.57) 944 -13.181011.75 24.93 0.963
the second 24 h
Mean nocturnal (resting)
Half hour for 48 h 0.26 (0.68) 95.0 -3.19t05.03 8.22 0999 0.27(0.55) 953 -2.59t05.48 8.07 0.998
Each hourfor48 h  -0.05(1.56) 949 -8.00t06.75 14.75 0995 0.01(1.34) 956 -5.99t05.37 1136  0.991
2hfor48h -0.07 (3.03) 95.0 -14.33t011.49 25.82 0.982 0.01(2.58) 95.3 -11.1510 10.89 22.04 0.967
3hford48h 0.07 (4.23) 951 -20.40t025.22 45.62 0965 0.13(3.54) 951 -13.49t015.41 28.90 0.941
4 hford8h -0.04 (5.05) 95.2 -25.00t022.78 47.78 0952 -0.01(4.32) 95.2 —22.483t019.55 42.03 0.915
All the data for —-0.06 (4.25) 94.8 —22.781t023.95 46.73 0.964 -0.03(2.95) 953 —19.75t012.70 3245 0.954
the first 24 h
All the data for -0.04 (4.20) 954 -29.971019.61 49.58 0964 -0.08(2.85) 95.1 -15.50t015.84 31.34  0.953

the second 24 h

*The coverage is defined as the percentage of patients with a difference within the interval (mean [2 standard deviations]).
tCorrelation between the values calculated from the original series and each group of subdivided series
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The results shown in Table 1 indicate that the variability
in the estimation of the mean BP values (represented by
the standard deviation [SD]) increased progressively
with the loss of data and the use of less and less dense
sampling. The discontinuous horizontal lines in the plots
of Figure 1 represent the values of the average difference
plus or minus 2 SD, respectively. The percentage of
subjects with an individual difference within the margins
delimited by these discontinuous lines is called the
coverage (Table 1) and should approach 95% of the
population under the hypothesis of normality. The range
provides the maximum and minimum values of the
individual differences obtained for each sampling scheme,
while the length of the range is calculated as the difference
between the extreme values of the range. Thus, the length
of the range provides information about the maximum
error that can be committed in the individual estimation
of the mean BP depending on the sampling scheme used.
Table 1 indicates that the length of the range of the
individual differences is relatively short when the
sampling frequency is one BP measurement each hour,
increasing markedly with the progressive loss of
information in the sampling schemes that only obtained
one figure each 3 h or 4 h.

With respect to the impact of the duration of the
ABPM, the results in Figure 1 and Table 1 show a greater
dispersion and a greater length of range, and thus worse
concordance, when the mean BP was estimated from
the data obtained with the original frequency of 20-30
min over 24 h (maximum, 64 BP recordings per ABPM
series) than when it was estimated from the data
measured each 3 h or even each 4 h for 48 consecutive
hours (maximum, 12 BP recordings per ABPM series).
The total range of the difference in the estimation of

Hermida RC et al. Measurement Schedule for ABPM

the mean daily SBP between the original series and the
subdivided ABPM series was 17 mm Hg for the data
measured each 3 h over 48 h, increasing to 37 mm Hg
for the data obtained each 20-30 min over 24 h,
independently of whether the first or second of the two
consecutive days of ABPM was used for the calculation.
This error in estimation was even greater when the mean
diurnal or nocturnal BP was calculated (Table 1).
Identical conclusions were found from the columns
providing the correlation values between the values
calculated from the original data and each group of
subdivided series. These correlations decreased
progressively with the reduction in sampling frequency,
and even more so when the series was shortened to just
24 h.

Bearing in mind the impact of the frequency and
duration of the sampling in the estimation of the mean
diurnal and nocturnal BP, we also examined the influence
of the sampling scheme on the estimation of the fall in
the BP (Figure 2 and Table 2). The results indicate the
gradual increase in the lack of concordance with the
progressive loss of data associated with the use of a less
dense sampling scheme (Figure 2) and, more importantly,
the absence of concordance and the dispersion in the
estimation of the fall increased far more when the process
of subdivision affected the duration of the ABPM series
than when the subdivision affected the sampling
frequency (Table 2). When the fall was calculated
according to the first 24 h of ABPM (the most common
procedure in clinical practice) there was a clear tendency
to misclassify the subjects with a non-dipper profile
(subjects with a fall <10%) and characterized them as
dippers. However, the opposite (classifying a dipper as
anon-dipper) was more usual when the fall was calculated

TABLE 2. Difference in the Fall (relation Between Mean Activity and Mean Resting Values) of the Systolic Blood
Pressure Calculated From Data Obtained Each 20 min From 7:00 to 23:00 and Each 30 min From 23:00 to 7:00
Over 48 Consecutive Hours, and the Respective Values Calculated From Data Obtained With a Less Dense

Scheme
% Loss % Loss % Change

Length of of of in the
Data Obtained Each: Mean (SD) Coverage* Range Range  Correlationt Dippers Non-Dippers Classification:
Half hour for 48 h -0.33 (0.71) 946 -3.14102.65 5.79 0.995 1.36 5.94 3.56
Each hour for 48 h -0.41 (1.56) 954 -7.79105.06 12.85 0.976 5.56 10.51 7.39
2hfor48h -0.72 (2.80) 954 -13.10109.53 22.63 0.929 9.23 16.80 12.86
3hfor48h -1.15 (3.84) 953 -20.911013.12 34.03 0.876 9.65 22.74 15.92
4 hfor48h —-1.28 (4.61) 949 -20.14t016.31 36.45 0.836 13.96 25.71 19.58
All the data for the first 24 h —-0.74 (3.55) 949 -20.221017.39 37.61 0.895 11.02 18.29 14.50
All the data for the second 24 h 0.86 (3.74) 948 -17.831022.44 40.27 0.887 20.76 11.09 16.14

*The coverage is defined as the percentage of patients with a difference within the interval (mean [2 standard deviations]).
tCorrelation between the fall values calculated from the original series and each group of subdivided series
fTotal percentage of patients who were classified as dippers in the original series and who were later classified as non-dippers according to the data obtained with

a less dense sampling scheme, and vice versa.
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Figure 2. Bland and Altman plots to evaluate the concordance in the estimation of the fall in the systolic blood pressure (SBP) (relative drop in the
mean nocturnal with respect to the mean diurnal blood pressure reading) calculated from data sampled using ambulatory blood pressure monito-
ring (ABPM) each 20-30 min over 48 consecutive hours and from data sampled each half hour, each hour, each 2, 3, and 4 h over 48 h, as well as
each 20-30 min over the first 24 h. The mean value of the differences for all the subjects is represented by the continuous horizontal line in each
plot. The dotted lines represent the values of the mean difference (2 standard deviations).

according to the second 24 h of ABPM. The percentage
of errors in the classification of subjects as dippers or
non-dippers was greater when the data used corresponded
to those obtained each 20-30 min over 24 h than with
measurement series each 3 h over 48 h. The negative
correlation values shown for these cases in Figure 2
indicate a marked tendency to underestimate the true
value of the fall in the non-dipper patients when the 24
h ABPM was used. Even though the total percentage of
errors in the classification obtained when just the 24 h
data were used could be considered relatively small
(15%), the total range of the possible error in the
individualized estimation of the fall was four times the
difference in the fall between the dipper and the non-
dipper patterns.

DISCUSSION

This study of the impact of the frequency of sampling
and the duration with ABPM on the correct estimation
of the parameters used to diagnose hypertension, provide
a prognosis and assess therapeutic efficacy in patients
with hypertension shows that this estimation depends far
more on the duration of the ABPM than on sampling
frequency. Figure 1 shows that the mean BP can be
estimated with greater precision when the measurement
time is extended to 48 h, even with an important reduction
in sampling frequency. The results shown in Table 1
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indicate that the range of error in the estimation of the
mean BP can surpass 35 mm Hg when the calculation is
done using the data obtained during the 24 h measurement,
a clearly unacceptable potential error in clinical practice
and which results in an increased cost/benefit ratio of
ABPM.

The average individual difference in the estimation of
the mean BP values (Table 1) was very small, though at
all times statistically significant, and consistently below
2 mm Hg, independently of the ABPM sampling frequency
and duration. These results corroborate the apparent
reproducibility of ABPM from the populational point of
view?! and could lead to the mistaken conclusion that
ABPM is highly reproducible independently of the
sampling frequency and measurement duration. However,
Table 1 reflects the lack of concordance in the individual
estimation of the mean BP values associated with the
progressive loss of data and especially with the reduction
in the duration of ABPM.®

The results corroborate the foreseeable progressive
loss of reliability in the estimation of diagnostic
parameters derived from the ABPM associated with the
reduction in sampling frequency.® The increased
dispersion in the estimation of the mean BP values
associated with the loss of data (Table 1) indicates that
the adequate evaluation of the BP in any given patient
requires the sampling interval to be no greater than 30-
60 min.!” The present study corroborates the results of



a previous trial carried out in the setting of gestational
hypertension,® which showed that the loss of reliability
depended more on the reduction of the measurement
duration. Thus, the concordance between the mean BP
values and the fall with respect to the values obtained
with all the available data (original series) is lost far
more notably when the duration of the ABPM is reduced
to 24 h (64 possible BP values) than when the sampling
frequency is reduced to one reading every 3 h (16
possible BP values). For an almost equivalent number
of BP measurements, the potential range of error is four
times greater with an ABPM of 24 h and a sampling
interval of 20-30 min (64 BP values) than with an ABPM
of 48 h and a sampling interval each hour (48 BP values)
(Table 1).

Although most studies on the circadian variability of
BP so far published have been based on 24 h ABPM
recordings, measurement over 48 h has been shown to
have important advantages for the analysis of the
variability of BP, the diagnosis of hypertension and the
evaluation of the response of a patient to antihypertensive
treatment.®!!"'> Moreover, important changes in BP may
take place between one day and the next, due in part to
differences in the daily activities and the influence of
external stimuli (intake of food, consumption of alcohol
and caffeine, emotional state, changes in the cycle of
activity and rest, physical exercise, etc.) which can, at
least partly, be taken into account when measurements
are made over 48 h. ABPM studies of up to seven
consecutive days, however, have shown that the extension
of the duration of the ABPM beyond 48 h only provides
a marginal increase in reliability in relation with the
increased cost of the ABPM and the trouble experienced
by the patient associated with the prolonged measurement
period.?

With respect to the possible influence of the duration
of the ABPM in the diagnosis of hypertension,
hypertensive patients who undergo the measurement for
the first time experience a significant reduction in the
diurnal mean BP on the second day in comparison with
the first day. This “ABPM effect” increases the SBP and
DBP by an average of 7 and 5 mm Hg, respectively, over
the first four hours of measurement and persists
significantly during the first ten hours of the ABPM. %13
As a consequence of this effect, one third of the patients
with a dipper pattern on the first ABPM day were classified
as non-dippers on the second measurement day.'?
Considering that the adequate classification of a patient
as a dipper or non-dipper depends on the correct esti-
mation of the mean diurnal and nocturnal BP
measurements, the results depicted in Table 2 show that
extending the duration of the ABPM to 48 h is associated
with a significant reduction in the greater than 35%
uncertainty in the dipper classification of hypertense
patients.!! The results shown in Tables 1 and 2 indicate
that if the aim of the ABPM includes both the adequate
estimation of the diagnostic and prognostic parameters
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as well as the appropriate classification of the dipper
profile of the patient, the ABPM should be carried out
with a sampling interval no greater than one recording
each hour over 48 consecutive hours.

CONCLUSIONS

In conclusion, this study in subjects who underwent
BP monitoring for 48 consecutive hours shows that the
estimation of the diagnostic parameters derived from the
ABPM depends far more on the duration of the recordings
than on the sampling frequency. Thus, the mean daily,
diurnal and nocturnal BP values and the fall in the BP
can be reproduced with greater reliability if taken from
data obtained each three hours over two days than with
data sampled each 20-30 min over 24 h, in spite of the
fact that in the latter case the number of BP measurements
is four times higher than in the former case. The results
indicate that in order to minimize the possible range of
error, the ABPM should be carried out over 48 consecutive
hours and with a sampling interval no greater than one
hour. Finally, the results also show that a 24 h ABPM is
not sufficient for the correct diagnosis of hypertension,
the identification of a dipper or non-dipper pattern in the
patient or the evaluation of the therapeutic efficacy and
the degree of control in patients receiving antihypertensive
treatment. '
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