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Comparison of clinic, home and
ambulatory blood pressure measurement
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Twenty untreated patients with diastohic blood pressure between 90 and 110 mml g had
their blood pressures measured with a mercury sphygmomanometer at fortnightly intervals
over a 6-week period during which time one 12-hour ambulatory blood pressure (ABP)
measurement was also recorded. This was followed by a 2-month period of home recording
of blood pressure (HBP) during which fortnightly measurements were made at the clinic
(CBP) wogether with two 12-hour ABP measurements. During a further 4-week period
fortightly ¢linic measurements were made with one final assessment of ABD. Of the three
methods of blood pressure assessment, ABP gave statistically significant lower systolic blood
pressures than cither HBP (p < 0.001) or CBP (p < 0.001). Similar trends were observed
for diastolic pressure but were not significant. The relationship between the three measurement
systems was highly variable, though differences between home and clinic recordings, and
between ambulatory and clinic recordings, were significantly correlated both for systolic
and diastolic pressures. Home recording as judged by clinic and ambulatory blood pressure
measurements did not have a blood pressure lowering effect.
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Introduction

Ambulatory blood pressure (ABP) may be a better predictor of end-organ damage
and therefore of severity of disease than clinic-recorded blood pressure (CBP) in
hypertensive subjects [1]. However, the automated portable blood pressure recorders
on which these studies are based are expensive and not widely available [2]. Home
recording of blood pressure (HBP) is a practical alternative and has been advocated
as a method of assessing blood pressure outside the clinic [3, 4]. Most studies have
shown that patients [5] or their relatives [6] achieve a degree of accuracy comparable
with tramed medical staff after only a short period of training. It has been suggested
that FIBP may have a blood pressure lowering effect in hypertensive subjects [7-9]
but this observation has been based on clinic recordings. In this study CBP and
LIBP recordings are compared with ABP recordings obtained with a portable device
which allows blood pressure measurement during normal daily activities. In addition
the effect of home recording by the patient on both clinic and ambulatory blood
pressure behaviour is assessed.
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Mecthods

Study group

Nincteen patients with untreated essential hypertension with diastolic blood
pressures between 90 and 110 mmHg on two successive clinic visits had clinic
pressure recorded at 2-weekly mtervals over a 6-week period and ambulatory blood
pressure was recorded non-invasively during waking hours using a Remler M2000
semi-automatic portable blood pressure recorder on one day between the second
and third clinie visits. This was followed by HBP recording for 8 weeks during
which clinie pressures were recorded every 2 weeks, and ambulatory recordings
were repeated at 4 weeks and 8 weceks. Following the period of home recording
patients attended the clinie for a further 4 weceks for clinic measurements at 2-
weekly intervals and ambulatory recording prior to the last clinic visit. In all cases
phase Vool the Korotkov sounds was taken as the diastolic end-point.

Clinte blood pressure

This was measured in the sitting position on the left arm after 3 min rest with
standard mercury sphygmomanometer.

Fonie recordin

Groups ol two to four patients attended separate training sessions consisting of
a practical demonstration i blood pressure measurement and individual training
by medical staff as previously described [6]. To facilitate easy home use new
ancroid sphygmomanometers, with a cuff containing the stethoscope head that
could be applied readily to the arm with one hand, were used. Following training,
patients practised self-recording of blood pressure both on themselves and other
patients {or 20 min. At the end of this period their accuracy was assessed by
medical staff using a stethoscope with two sets of earpieces. Patients were requested
to practise at home, and returned after | week for assessment. Any questions or
problems were discussed, following which an assessment of accuracy was made by
medical staff with a dual stethoscope.

Accuracy was defined as a deviation of not more than 5 mmHg in the mean of
two consecutive recordings of systolic and diastolic blood pressures between the
patient and trained mc lical staff. If the patients failed to achieve the required
degree of accuracy a fur aer period of training followed and patients were reassessed
after 1 week.

Patients measured their blood pressure twice daily after sitting quietly with the
arm supported for 3 min, one recording being made between 0700 h and 1000 h
and one between 1700 h and 2000 h. Blood pressure measurements were recorded
i a notebook. At the end of the period of home recording the accuracy of
the patient’s sphygmomanometers was  assessed against a standard  mercury
sphyvgmomanometer. No - further attempt was made during the study to assess

patient accuracy unless patients admitted w0 having problems with the recording
technmique,
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Ambulatory blood pressure

This was measured with a portable non-invasive semi-automated blood pressure
recorder, the Remler M2000 which we have shown to be accurate [10], and the
recordings of which are reproducible {11]. The magnetic tape was decoded by
auscultating each tape to minimize inaccuracy in interpretation. Patients attended
the hospital at 0900 h to have the recorder fitted and recorded their blood pressure
therealter at 30-min intervals until they retired o bed. Home recordings were not
attempted on the day of ambulatory measurement.

Data analysis

The four clinic pressures during home recording were compared with the two
clinie pressures immediately preceding and the two clinic pressures following home
recordings. Similarly, the two ambulatory recordings (mean of all recordings in
the day) during the home recording period were compared with the ambulatory
recording immediately preceding and that following home recording. The first day
of ambulatory recording was not included in the analysis as previous studies have
suggested that recordings on subscquent days tend to be lower [12, 13]. For
comparison of methods, the mean of each 2 weeks of home recording (four
measurements) was compared with the corresponding clinic (four measurements)
and mean ambulatory blood pressures (two measurements). Comparison of muluple
means was by two-way analysis of variance with Scheffe’s correction for multiple
comparisons where appropriate [14]. When Scheffe’s correction was used, a
probability level of 10% was considered to be significant.

Results

Of the 20 patients recruited for the study one patient failed to return to the clinic
and one had a marked rise in clinic and ambulatory blood pressure during the
home recording period which was not detectable by her own blood pressure
determimations, and as neither of these patients completed the study their data are
not included. Another patient required treatment after completion of the home
recording period, but prior to her final clinic visit, because of an excessive rise in
home and clinic blood pressure, and is included in the analysis. The mean age
(= SEM) of the remaining 18 patients was 43.9 = 2.1 with a range of 29 to 60
years. All patients achieved the required degree of accuracy in self-recording of
blood pressure.

Flome-recorded blood pressures were less than clinic pressures although this was
significant only for systolic blood pressure (table I, figure 1). Similarly, comparison
of ambulatory recordings with c¢linic and home recordings during the home-
recording period showed that ambulatory systolic, but not diastolic, recordings
were less than both home and clinic blood pressures. However, the relationships
betswween home, clinic and ambulatory recordings were highly variable, particularly
for svstolic pressure recordings (table 2). Differences between home and clinie
recordings, and between ambuluory and clinic recordings, were significantly
cortelated both for svstolic and diastolic pressures.

Home=clinic differences tended o decrease with age, though this was significant
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Fable 1. Comparison of home (HBP, four 2=weckly intervals), clinic (CBP, four 2-weekly

visits), and ambulatory (ABP, 2 days) blood pressures during the home recording period in
I8 patients

HBP CcBP ABP

Svstolic blood pressure

Mcan L SIEM 153.5 + 3.5 160.0 = 3.9 147.9 = 3.2

Mean dilference 6.5 = 317 12.1 = 3.8*

Mecean HBP-CBP difference 5.4 + 3.3
/)m([()/l'(' /)/um{ pressire

Mecean = SIEM 93.6 - 2.6 95.7 + 2.6 96.8 + 2.8

Mean difference 2.1 £ 1.6 1.1 £ 1.5

Mean HBP-CBP difference 3.2 = 1.6

p - 0.001.

only for diastolic blood pressure. During the home-recording phase no change
oceurred n systolic or diastolic blood pressure recorded in the clinic. Similarly,
there was no change in ambulatory blood pressure during this phase when compared

with the ambulatory recordings preceding and following the home-recording period
(higure 1),
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Table 2. Correlation between home (IHBP), cinic (CBP), and ambulatory (ABP) blood
pressurve measwrement, and differences between methods and age for systolic and diastolic
pressures i 18 patients

Systolic Diastolic
} /) 14 l)
CBP v. ABP? 0.44 <0.05 0.836 <0.001
CBP v. HHBP* 0.67 <0.01 0.821 <0.001
HBP v. ABP 0.509 <0.05 0.824 <0.001
Age v. CBP-HBP dilference —0.263 n.s. —-0.509 <0.05
Age v. CBP-ABP difference 0.265 n.s. 0.017 n.s.

* Comparison of means duving the home-recordimg period.

Discussion

This study confirms that patients can be trained to record blood pressure accurately,
and that only a short period of training is required [3, 4]. As reported in other
studies home-recorded systolic blood pressure was lower than that recorded in the
clinic {4, 5]. The difference between clinic and home blood pressure recordings
varies widely between studies, possibly reflecting diffcrences in the patients studied
as clinic-home differences increase with the level of blood pressure and decreases
with age and duration of clinic attendance [15].

Home-recorded blood pressures were higher than ambulatory blood pressure
and were ncarer to clinic pressures, as has been observed by Gould et al. [3].
Differences between clinic and ambulatory blood pressure measurements are of
chinical importance since ambulatory blood pressure recordings may be more
accurate v predicting end-organ discase in hypertensive subjects (1.

In this study blood pressure controly as determined o the clinic and by
ambulatory monitoving during normal daily activities, was unaltered during the
phase of home recording. Although previous reports have suggested that home
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recording of blood pressure by hypertensive patients, both treated and untreated,
lowers blood pressure these studies were poorly controlled [7-9] or antihypertensive
treatment was altered as required [7, 9] and may have been influenced by the level
of blood pressure measured at home. Furthermore, the fall in blood pressure was
most marked in the initial period of home recording [8] and may have reflected
the tendency for blood pressure to decrease with repeated measurement [16]. In
addivion the conclusion of previcus studies that home recording by patients may
influence blood pressure control was based on clinic measurements. In this study
patients were untreated and the lack of any effect on clinic blood pressure control
was confirmed by ambulatory recordings.
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Application of cusums to ambulatory blood pressure data:

a simple statistical technique for detecting trends over time

Eoin O’Brien, lvan Perry, James Sheridan, Neil Atkins
and Kevin O’Malley

Journal of Hypertension 1989, 7:707-709

Keywords: Twenty-four-hour ambulatory blood pressure, cusums.

Review

Ambulatory blood pressure measurement monitoring has
become an increasingly important method of investigation
in hypertension [1] and automated non-invasive devices
which allow frequent measurements of ambulatory blood
pressure and the pulse rate over 24 h are now available.
The accuracy [2] and the reproducibility [3] of ambula-
tory measurements have been documented."However, data
from ambulatory blood pressure monitoring are character-
ized by wide scatter, due to random variability, short-term
fluctuations with posture, physical and mental activity and
long-term variability with seasonal [4], dietary [5,6] and
hormonal (7] changes. Superimposed upon the distribu-
tion of data there is also the influence of diurnal blood
pressure variation.

It is difficult to detect early trends when data collected
at regular time intervals show wide scatter. The calculation
of cumulative sums (‘cusums’) is a simple statistical tech-
nique which allows early and precise detection of trends
in data of this nature. Although described in the medical
literature over a decade ago [8,9], this technique is still
uncommon in clinical medicine. It is particularly appropri-
ate for the analysis of data derived from 24 h ambulatory
blood pressure monitoring.

The cusums technique consists of the selection of an ar-
bitrary reference value, such as the mean of daytime blood
pressure, which is then subtracted from each point in suc-
cession. The successive deviations of each data point from
the reference value are then added cumulatively, ie. the
first to the second, the sum of these to the third and so
on. The ‘cumulative sums’ derived in this manner are then
plotted against time with the ambulatory blood pressure
data. The reference value chosen is typically the mean of an
initial series of observations. However, the overall mean or
any other clinically relevant reference point may be used.

Figures 1 and 2 illustrate cusum plots of blood pressure
superimposed on the original ambulatory blood pressure
data recorded over 24 h in a normotensive subject. The
reference value used in Fig. 1 (122/80 mmHg) is the mean
of all recordings. Minor changes in the mean of the orig-
inal data from the baseline are detected by a change in
the slope of the cusum plot. The point-in-time of change
is accurately identified and the statistical significance of
changes in trend is readily calculated [10,11]. Any refer-
ence value, arbitrarily chosen from the same data set, will
yield a cusum plot giving the same point of change. Figure
2 shows the data from the same subject using a different
reference value, the mean daytime (0800-2400h) blood
pressure (128/83 mmHg). While the slope of the cusum
plot is necessarily different, the point of change in slope is
the same as in Figure 1 and is as readily identified. How-
ever, the selection of the mean daytime ambulatory blood
pressure 4s a reference value illustrates the point of change
more clearly by bringing the plots of daytime blood pres-
sure and cusum closer together.

The cusum technique has a number of uses in ambula-
tory blood pressure measurement: diurnal patterns may be
identified; the time and the extent of the nocturnal blood
pressure fall are readily appreciated from the illustrated
plots; the nature of blood pressure variability and its re-
lationship with situational and biological factors such as
sleep, level of activity, stress, the heart rate and hormonal
activity may be carefully analysed; subgroups of hyperten-
sive patients who display less marked diurnal blood pres-
sure change may be characterized, and the onset and dura-
tion of effect of antihypertensive agents may also be iden-
tified.

We suggest that cusum plots extend the potential of 24 h
ambulatory blood pressure monitoring both in hyperten-
sion research and in the clinical assessment of patients
with this disorder.

From the Blood Pressure Unit, Beaumont Hospital, Dublin 9, and The
Department ot Clinical Pharmacology, Royal College of Surgeons in
Ireland, Dublin 2, Eire.

Sponsorship: Grants from the Charitable Infirmary Trust, the Royal Col-
lege of Surgeons in Ireland and the Heaith Research Board are grate-

fully acknowledged.

Date of receipt: 1 December 1988; revised: 17 April 1989.

Requests for reprints to: Dr E. O'Brien, The Blood Pressure Unit, Beau-
mont Hospital, Dublin 9, Eire.

© Current Science Ltd ISSN 0263-6352 707



708

Journal of Hypertension 1989, Vol 7 No 9

150 4
140
130
:fg ] - 200
100
S} 90
(—:; 80 :E’
1 7]
('7) 70 35
> 60 7 -100 ©
o 50 1
40 +
30
20
10
0 x T L] T ¥ | R T .4 T T it T 0
8 10 12 14 16 18 20 22 8
TIME
110 q r 120
100 . L 100
90 1 I
80 - 80
o 70 y - 60
] =
& 60 ] Lao @
2 50 ] 3 D
5 40 - r0 °©
30 . -0
20 1 I
10 -20
0 T T T T T— T T -40
8 10 12 14 16 18 20 22 10
TIME
Fig. 1. Ambulatory blood pressure data and derived cusum plols in a normotensive subject. Cusum reference values, 122/80 mmHg. [, systolic:
&, cusum.
150 1
-0
- -50
100 A
K - -100
S
(% : -150
507 L 200
- -250
0 T T T )4 T T Y T T v T -300
8 10 12 14 16 18 20 22 0 10
Time (Hrs.)
100 - 50
80 L 10
o 60 J I -30
S
s 407 70
(e}
20 4 F-110
0 — 1 — 7 ———— -150
-8 10 12 14 16 18 20 22 0 10
Time (Hrs.)

Fig. 2. Ambulatory blood pressure data and derived cusum plot for a normotensive subject (Fig. 1). Cusum reference values, 128/83mmHg. [+

systolic; @, cusum.

Cusum

Cusum



Cusums and ambulatery blood pressure measurements O'Brien et al.

References

O'Brien £, O'Malley K, Fitzgerald DJ: The role of home and ambu-
lalory blood pressure recording in the managemeni of hyperten-
sion. J Hyperlens 1985, 3 (suppl 1):.35-39.

. Fitzgerald BJ. O'Callaghan WG, McQuaid R, O'Malley K, O'Brien

ET: Accuracy and reliability of two indirect ambulatory blood pres-
sure recorders: Remler M2000 and Cardiodyne Sphygmolog. Br
Hearl J 1982, 48:572-579

. Fitzgerald DJ. O'Malley K, O'Brien ET: Reproducibility of ambu-

latory blood pressure recotdings. /n Ambulatory Blood Pressure
Monitoring edited by Weber MA, Drayer JIM. New York: Springer-
Verlag 1984, pp 71-74,

Brennan PJ, Greenberg G, Mialt WE, Thompson SG: Seasonal vari-
ation in arterial blood pressure. Br Med J 1982, 285:919-023.
Strazzullo P, Siani A, Guglielini S, ef al: Controlled trial of fong term
calcium supplementation in essential hypertension. Hypertension
1986. 8.1084 -1088.

. Grimm RH, Prineas RJ: The effecls ol sodium reduction on con-

trof of blood pressure elevation: a review. /n Non-Pharmacologic
Therapy ol Hypertension ediled by Blaufox MD and Langlord HG.
Basel: Karger, 1987, pp 40-56.

. Kelleher C, Joyce C, Kelly G, Ferriss JB: Blood pressure alters

during the normal menstrual cycle. Br J Obstet Gynaecol 1986.
93.523-526.

. Wohi H: The cusum plot: its utility in the analysis of clinical data.

N Engl J Med 1977, 296:1044-1045.

. De Sainlogne DMC, Vere DW: Why don‘l doclors use cusums?

Lancet 1974, £120-121.

. Woodward RH, Goldsmith PL: Cumuiative sum techniques. In

Mathematical and Statistical Techniques for Industry. Monograph
No. 3. Edinburgh: Oliver and Boyd Ltd, 1964.

. Healy MJR: The disciplining of medical dala. Br Med Bull 1968,

24:210-224.

709



