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Comparison of wrist-type and arm-type 24-h blood pressure
monitoring devices for ambulatory use
Takahiro Komoria, Kazuo Eguchia, Satoshi Hoshidea, Bryan Williamsb
and Kazuomi Karioa
Objective(s) We compared a convenient, cuffless,
wrist-type ambulatory blood pressure monitoring (ABPM)
device (BPro) and a standard arm-type ABPM monitor
under ambulatory conditions.
Methods Fifty normotensive and prehypertensive
volunteers who had no interarm differences in BP were
enrolled. The wrist and arm monitors were attached
to the left wrist and the right arm, respectively, and
provided readouts at 15 and 30-min intervals, respectively.
Ambulatory BP levels and the extent of agreement by
intraclass correlation were evaluated. In 15 of the 50
participants, we also examined values at different arm
positions: heart level, above the head, and hanging
at the sides.
Results The awake mean systolic blood pressure
(SBP) values (122±13 vs. 127±11 mmHg, P < 0.01) were
significantly lower with the wrist monitor than the arm
monitor, and the mean sleep diastolic blood pressure
(DBP) (71±8 vs. 64±8 mmHg, P < 0.01) was significantly
higher with the wrist monitor than the arm monitor.
The intraclass correlation values between the monitors
were 0.54 for 24 h SBP and 0.52 for awake SBP, considered

Introduction
Ambulatory blood pressure monitoring (ABPM) is one of
the most important methods for the management of
hypertension. ABPM yields a variety of BP parameters
including the average BP level, circadian rhythm, and BP
variability. Since noninvasive ABPM was introduced in
1964 [1], arm-cuff ABPM has been used widely, but some
patients find the frequent compressions of their arm by
the cuff uncomfortable.

to indicate a moderate agreement. The BP values
in the arm-raised position were significantly higher for
the wrist monitor than for the arm monitor (SBP: 129±14
vs. 108±14 mmHg, P < 0.01; DBP: 83±13 vs. 64±11 mmHg,
P < 0.01). However, the SBP and DBP values in the other
arm positions were similar between the monitors.
Conclusion The wrist monitor showed fair agreement with
the arm monitor in the ambulatory condition, and was
stable irrespective of arm positions. Blood Press Monit
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measurements of radial artery wave form height are then
taken to represent variations in brachial BP. There have
been no studies comparing this wrist-type monitor with
the conventional arm-type monitor under ambulatory
conditions. In this study, we tested the accuracy of the
two different monitor types and the agreement between
the BP values of the monitors.

Methods
In the sphygmomanometers for self-measurement of BP,
many validated wrist monitors have been used widely [2].
With respect to ABPM, a cuffless, wrist-type ABPM was
developed in 2008 and validated [3] using the European
Society of Hypertension (ESH) protocol [4] and the
Association for the Advancement of Medical Instrumentation (AAMI) standard [5]. This monitor uses a novel
but simple principle to measure BP. The wrist monitor
contains a tonometer that is placed over the radial artery
to capture the radial artery pulse wave form. The radial
wave form height is calibrated to the brachial BP when
the monitor is first applied to the wrist. All subsequent
1359-5237 c 2013 Wolters Kluwer Health | Lippincott Williams & Wilkins

Participants

This was a preliminary study carried out before the wristtype monitor was to be used in clinical practice, and
therefore, we enrolled 50 normotensive volunteers and
prehypertensive individuals. The study participants were
healthy adults, typically medical doctors, residents, and
office clerks at the hospital. At baseline, we obtained
informed consent from all participants. We measured
their BP once in each arm sequentially at baseline in the
seated position with the arm-type monitor, and we
confirmed that there were no significant interarm
differences in BP, that is differences of at least 10 mmHg.
DOI: 10.1097/MBP.0b013e32835d124f
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Blood pressure measurements

We performed ambulatory BP monitoring with the ‘wrist
monitor’, the BPro (HealthSTATS International, Singapore), a watch-like BP monitoring device that measures
ambulatory BP using the arterial tonometric method. The
wrist strap of this device contains a tonometer situated
over the radial artery that samples the radial artery pulse
wave. When the monitor is initially placed on the wrist,
the radial wave form is calibrated to brachial BP (the
monitor used to calibrate, TM-2431; A&D, Tokyo, Japan)
measured in the seated position at rest. To calibrate the
wrist monitor, we use measured brachial BP twice for
each individual and enter the average brachial BP value
into the wrist monitor. Subsequent repeated sampling
of the radial artery wave form over 24 h provides a measurement of brachial BP. The BPro monitor has been
validated according to the modified ESH protocol and the
AAMI standard [3], but it was not recommended by the
website of the dabl Educational Trust [2]. The comparator for these studies was a conventional arm-cuff monitor
(TM-2431; A&D), the ‘arm monitor’, which measures
ambulatory BP by an oscillometric method. The arm
monitor uses the same algorithm as the TM-2430 armcuff monitor, and has been validated according to the
British Hypertension Society (BHS) [6]. The average
awake and sleep ambulatory BP values were calculated on
the basis of the individuals’ diaries.
Protocol

The individuals were seated comfortably and their BP
was measured with the arm monitor. These seated
brachial BP values were also used to calibrate the radial
wave form captured by the wrist monitor. The arm
monitor was attached to the right arm and the wrist
monitor was attached to the left wrist. Ambulatory BP
was measured at 15-min intervals using the wrist monitor
and at 30-min intervals using the arm monitor.
BP monitoring was performed under normal ambulatory
conditions. The study participants were asked to not
restrict their usual daily activities, but were requested to
hold their arms still during the BP measurements. The
individuals were also asked to keep diaries that included
the times they went to bed and woke up.

Table 1

We compared the BP values measured by the wrist
monitor and the arm monitor. We used the average every
15-min BP values from the wrist monitor and the every
30-min values from the arm monitor. Before the analyses,
we compared the wrist BP values between the 15-min
intervals and the 30-min intervals. The mean BP values of
the 15-min intervals in the wrist monitor were almost
identical to those of the 30-min intervals from the arm
monitor (Table 1). We therefore used the every 15-min
BP values from the wrist monitor.
In 15 of the 50 participants, we also examined the effect
of arm position on BP readings in each monitor, testing
three different arm positions: (i) horizontal at the heart
level, (ii) vertical above the head, and (iii) hanging
down by the individual’s side (Fig. 1). The BP measurements with each monitor were performed 5 min after the
participant positioned his or her arms in each position.
Statistical analysis

All statistical analyses were carried out using SPSS
software, version 11.0 (IBM-SPSS, Armonk, New York,
USA). Values shown are means±SDs. The individual BP
values obtained using the two monitors were evaluated as
means±SDs. The group means were compared using
Student’s t-test. The group proportions were compared
using the w2-test. Bland–Altman plots were used for the
comparisons of the two monitors [7]. The correlations
between the two monitors were evaluated by Pearson’s
correlation coefficients and intraclass correlation (ICC)
agreements. The ICC agreements between the two
monitors are expressed as ICC and 95% confidence
intervals.

Results
A total of 50 participants were analyzed in this study.
The mean age was 32.9±6.5 years. The BMI was
21.2±2.4 kg/m2 and 62% were men. Table 2 shows the
success rate of BP measurements according to each type
of monitor. The rate of successful BP measurements using
the wrist monitor was 51% for 24 h BP, 51.5% for awake
BP, and 53.8% for sleep BP, compared with 94.1, 93.5, and
98.2% using the arm monitor (all P < 0.01 for 24 h, awake
period, and during sleep). However, because the number

Comparison of average blood pressure values between 30 and 15-min intervals in the wrist monitor (n = 50)
15-min intervals

24-h SBP
24-h DBP
Awake SBP
Awake DBP
Sleep SBP
Sleep DBP

30-min intervals

BP values

Number of measurements

BP values

Number of measurements

P-values

119.3±12.2
76.2±6.6
122.5±12.7
78.2±6.8
111.3±13.9
71.1±7.9

2467
2467
1811
1811
656
656

118.6±12.4
75.6±6.7
121.7±12.2
77.7±6.9
110.5±13.4
70.4±8.6

1194
1194
878
878
316
316

0.02
< 0.01
0.18
0.20
0.12
0.13

All SBP and DBP values are mmHg.
BP values are means±SDs.
DBP, diastolic blood pressure; SBP, systolic blood pressure.
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of readings taken by the wrist monitor was greater, the
total number of readings contributing to the 24 h BP
average for each monitor was similar (wrist monitor
49±10 measurements per 24 h vs. arm monitor 48±3
measurements per 24 h).
The average BP values using each monitor are shown
in Table 3. The awake systolic blood pressures (SBP)
were significantly lower in the wrist monitor than in the
arm monitor, and sleep diastolic blood pressures (DBP)
were significantly higher in the wrist monitor than in the
arm monitor. However, there were no significant differences in 24 h SBP, 24 h DBP, awake DBP, or sleep SBP.
Table 4 shows Pearson’s correlation coefficients and the
ICC agreements of BP values provided by the arm
monitor and wrist monitor. All BP values from the two
monitor types were significantly correlated with each
other. The ICC agreements between the two monitors
were moderate for the 24 h and awake SBP.

Fig. 1

Vertical above the head

Horizontal at the heart level

Because the arm position is critical in the use of wrist
monitors, we compared the BP values of the two types of
monitor in three different arm positions (Fig. 1). In the
sitting position, the BP values provided by the wrist
monitor and arm monitor were similar (SBP: 128±15 vs.
127±12 mmHg, P = 0.54; DBP: 82±8 vs. 82±9 mmHg,
P = 0.96). Notably, in the arm-raised position, the BP
values provided by the wrist monitor were significantly
higher than those provided by the arm monitor (SBP:
129±14 vs. 108±14 mmHg, P < 0.01; DBP: 83±13 vs.
64±11 mmHg, P < 0.01). In the hanging-arm position,
the BP values were similar between the two monitors
(SBP: 127±16 vs. 127±14 mmHg, P = 0.97; DBP:
84±10 vs. 82±9 mmHg, P = 0.41). Importantly, the BP
values provided by the wrist monitor were almost
identical in the three arm positions.

Discussion
In this study, we compared a new, cuffless, wrist ABPM
monitor with a conventional cuff ABPM monitor under
ambulatory conditions. The agreement between the two
types of monitor was moderate. This is the first report
comparing a wrist-type and an arm-type monitor,
especially under the ambulatory conditions. Although it
may be unusual to compare monitors under ambulatory
conditions, the relatively good agreement we found
merits further discussion of the potential clinical use
of ambulatory wrist monitors.

Hanging down by
the individual's side

Three arm positions to examine the effects of arm position. (i) Horizontal
at the heart level, (ii) vertical above the head, and (iii) hanging down by
the individual’s side.

Table 2

Figures 2 and 3 show Bland–Altman plots of the BP values
provided by the two monitors. In the awake BP period,
the arm monitor showed 4.5 mmHg higher SBP values
and 0.8 mmHg higher DBP values than the wrist monitor.
In the sleep BP period, the wrist monitor showed
2.1 mmHg higher SBP values and 7.4 mmHg higher
DBP values than the arm monitor. However, there was
no relationship between the difference in BP values in
both monitors and the average of the BP values in both
monitors. The agreement between the wrist monitor and
the arm monitor values of awake and sleep BP was fair
(Figs 2 and 3).

Wrist-type ambulatory blood pressure monitoring
monitors

Although the use of a brachial cuff BP monitor is a
standard method to measure BP and various hypertension

Numbers and percentages of successful blood pressure readings by wrist monitor and arm monitor (n = 50)
Wrist monitor

24 h
Awake
Sleep

Arm monitor

Number of successful
measurements

Number of
measurements

Success rate of BP
measurement (%)

Number of successful
measurements

Number of
measurements

Success rate of BP
measurement (%)

P-values

49±10
37±9
13±7

96±0
72±6
24±5

51.0
51.5
53.8

48±3
35±4
12±3

51±2
38±4
12±3

94.1
93.5
98.2

< 0.01
< 0.01
< 0.01

Successful measurements and numbers of measurements are means±SDs.
BP, blood pressure.
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Wrist monitor

Arm monitor

P-values

119±12
76±7
122±13
78±7
111±1
71±8

122±11
75±7
127±11
79±8
109±13
64±8

0.07
0.37
< 0.01
0.49
0.28
< 0.01

24-h SBP (mmHg)
24-h DBP (mmHg)
Awake SBP (mmHg)
Awake DBP (mmHg)
Sleep SBP (mmHg)
Sleep DBP (mmHg)

Data shown are means±SDs.
DBP, diastolic blood pressure; SBP, systolic blood pressure.

Correlations between the wrist monitor and the arm
monitor (n = 50)
Table 4

Average
Average
Average
Average
Average
Average

24-h SBP
24-h DBP
awake SBP
awake DBP
sleep SBP
sleep DBP

Pearson’s
correlation
coefficients

P-values

0.54
0.30
0.55
0.34
0.39
0.28

< 0.01
0.03
< 0.01
0.02
< 0.01
0.05

ICC (95% CI)
0.54
0.37
0.52
0.46
0.29
0.29

(0.31–0.71)
(0.10–0.58)
(0.29–0.70)
(0.21–0.65)
(0.009–0.52)
(0.01–0.53)

Fig. 2

(a) (mmHg)
50

Difference in wrist monitor − arm monitor

Table 3 Comparison of average blood pressure levels provided by
a wrist monitor and an arm monitor (n = 50)

40
30

0.38
0.95
0.33
0.92
0.83
0.97

CI, confidence interval; DBP, diastolic blood pressure; ICC, intraclass correlation
coefficients; SBP, systolic blood pressure.
P-values show the difference from ICC agreement 0.5 as a reference.

guidelines recommend using a brachial cuff BP monitor,
there are some advantages to the wrist-type BP
monitors [8]. Wrist monitors do not require the removal
of clothing for a cuff application, and they are easy to
wear, particularly in the winter, because long-sleeved
clothing can be used with a wrist monitor, but not with an
arm-cuff monitor. Another advantage of wrist monitors is
that they can even be used for obese patients for whom
an appropriate arm-cuff size is not available. A large cuff
should be used to measure BP in the obese with large arm
circumferences, but the upper arms are sometimes
tapered, in which case the cuff will not fit properly.
Because the wrist size is more similar between obese and
nonobese individuals, the wrist-type BP monitor measurements are not affected by body size.
Almost all wrist-type home-use BP monitors are the ‘cuff ’
type, which uses a cuff-oscillometric algorithm. The
disadvantage of the wrist cuff-type monitor is the
inconsistency of BP readings for different wrist positions.
That is, the BP value for an arm position higher than the
heart will likely be lower than that at the heart level, and
BP values for an arm position lower than the heart may be
higher. This variability can be avoided if the wrist is
always at the heart level when the readings are taken, but
it is often difficult for patients to fix their wrists at the
heart level as they go about their daily lives. In fact, it was
noted that the SD of a wrist cuff-type BP monitor was

(b)

Mean + 2 SD = 18.3
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−40
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P-values

Difference in wrist monitor − arm monitor
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Average of wrist monitor and arm monitor

(mmHg)
50
40
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Mean + 2 SD = 16.2

20
10

Mean = −0.8

0
−10
−20
−30

Mean − 2 SD = −17.8

−40
−50
50

60

70

80

90

Average of wrist monitor and arm monitor

100
(mmHg)

Average awake (a) SBP and (b) DBP values as Bland–Altman plots.
The arm monitor showed 4.5 mmHg higher SBP values and 0.8 mmHg
higher DBP values than the wrist monitor. DBP, diastolic blood
pressure; SBP, systolic blood pressure.

large [9]. However, modern wrist cuff-type monitors
provide good performance, and there are over 30 wrist
cuff-type BP monitors that have passed the AAMI, BHS,
or EHS validation protocol [2].
The algorithm of the wrist-type ABPM monitor we used
in the present study is an arterial tonometric algorithm.
The principle is that a single transducer that is held
manually over the radial artery records the wave form of
SBP and DBP when an artery is partially compressed
against the radius bone. Our present findings show that
the BP values provided by this wrist monitor are the same
in different arm positions and are thus not affected by the
position of the arms.
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Fig. 3

Difference in wrist monitor − arm monitor
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One disadvantage of the wrist monitor is that it can become dislodged during BP measurements under ambulatory conditions. If the sensor moves to an inadequate
position, the measurement fails. In fact, in the present
study, the success rate of BP measurement was as low as
50%. However, this could be an overestimation because
most of the individuals in this study were medical staff
who were physically very active when they wore the
monitors. We would likely obtain a better success rate
using this monitor in less active (i.e. older or more
sedentary) individuals. In fact, the success rate of BP
measurement was 49.8% for medical staff and 61.5% for
office clerk. Even so, the wrist monitor was able to obtain
almost the same number of readings as the arm monitor
when we set the measurement interval at 15 min.
Although the wrist monitor requires twice the measurements of BP compared with the arm monitor, this could
be acceptable because the measurements by the wrist
monitor were less uncomfortable for the individuals. The
wrist monitor is compact and easy to wear, and can also be
used in individuals who cannot use an arm monitor.

60

70

80

90

Average of wrist monitor and arm monitor

100
(mmHg)

Average sleep (a) SBP and (b) DBP values as Bland–Altman plots.
The wrist monitor showed 2.1 mmHg higher SBP values and 7.4 mmHg
higher DBP values than the arm monitor. DBP, diastolic blood pressure;
SBP, systolic blood pressure.

As the data in Table 3 show, the differences in awake SBP
readings between the wrist and the arm monitors were
large because of the extensive movement of the arm in
the daytime and its influence on the arm monitor. An
arterial tonometric monitor records arterial waveforms
and BP values are calculated from the waveforms. The BP
values obtained with the arterial tonometric method are
not affected by the hydrostatic effect of differences in
the position of the wrist relative to the heart, and thus
the BP value does not change with different arm
positions [10]. Another advantage of the wrist monitor
is that it is comfortable during BP measurement. The
wrist monitor records the BP without compression of the
wrist for every BP measurement.

In this study, the agreement in the BP values between
the wrist monitor and the arm monitor was not always
good under the ambulatory condition. One possible explanation for this is that the BP measurement intervals of
the wrist and the arm monitors were different, and the
timing of the BP measurements was not strictly the same.
The wrist monitor starts BP measurements just after the
individual sets it, and then measures BP every 15 min.
The arm monitor was set to measure BP every 30 min in
this study. Most of the BP values in these devices were
not taken at the same time; the time difference was
at 7 min at a maximum. Second, various factors – such
as noise, muscle contraction, and displacement of the
monitor from the correct position – might have affected
the difference in the BP values under the ambulatory
conditions.
There are some reports of comparison studies between a
noninvasive brachial cuff-type ABPM and an intra-arterial
BP to clarify the accuracy of the cuff-type ABPM under
ambulatory and resting conditions [11,12]. These reports
indicated that the cuff-type ABPM showed more
different BP values from the intra-arterial BP under the
ambulatory condition than at rest. It is possible that the
measurements provided by an arm-type ABPM, even as a
reference, can fluctuate under the ambulatory condition,
especially when the individuals move their arms. This
hydrostatic effect is not seen with the wrist monitor.
As shown in Table 3, the awake SBP readings of the wrist
monitors and arm monitors were significantly different
(P < 0.01). However, the huge differences in BP values
between the wrist monitor and the arm monitor were
within the range of random variation rather than
indicating a failure of comparison.
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There are some limitations to this study. First, as
described above, the timing of BP measurements by the
two monitors was not exactly the same. It was not
possible to synchronize the monitors because we used
different types of monitors. If the timing can be set to be
exactly the same, the agreement could be improved [13].
However, the timing of the BP measurement was not
crucial for this study, because we compared the average
BP values and not single readings. Second, the success
rate of BP measurements by the wrist monitor was
significantly lower than that of the arm monitor. However,
this can be overcome by a higher sampling frequency.
Third, the participants in the study were normotensive
and prehypertensive individuals; we did not compare BP
values in individuals with high BP. However, this study
was a preliminary investigation conducted before the use
of the wrist monitor in clinical practice, and further
examinations of this monitor’s utility for hypertensive
individuals are necessary.

References
1

2
3

4

5

6

7
8

Conclusion

Under the ambulatory condition, the BP values provided
by the wrist monitor showed fair agreement with those
provided by the arm monitor. This new monitor could be
used for 24 h BP measurement.

9

10
11

Acknowledgements
The authors thank Hideko Taguchi for her expert
technical assistance, and all the volunteers who participated in this study.

12

13

Conflicts of interest

There are no conflicts of interest.

Kain HK, Hinman AT, Sokolow M. Arterial blood pressure measurements with
a portable recorder in hypertensive patients. I. Variability and correlation with
‘casual’ pressures. Circulation 1964; 30:882–892.
Blood pressure monitors – validations, papers and reviews. Available at:
http://www.dableducational.org [Accessed 17 July 2012].
Nair D, Tan SY, Gan HW, Lim SF, Tan J, Zhu M, et al. The use of ambulatory
tonometric radial arterial wave capture to measure ambulatory blood
pressure: the validation of a novel wrist-bound device in adults. J Hum
Hypertens 2008; 22:220–222.
O’Brien E, Pickering T, Asmar R, Myers M, Parati G, Staessen J, et al.
Working group on blood pressure monitoring of the European society of
hypertension international protocol for validation of blood pressure
measuring devices in adults. Blood Press Monit 2002; 7:3–17.
White WB, Berson AS, Robbins C, Jamieson MJ, Prisant LM, Roccella E,
et al. National standard for measurement of resting and ambulatory blood
pressures with automated sphygmomanometers. Hypertension 1993;
21:504–509.
Palatini P, Frigo G, Bertolo O, Roman E, Da Corta R, Winnicki M. Validation
of the A&D TM-2430 device for ambulatory blood pressure monitoring and
evaluation of performance according to subjects’ characteristics. Blood
Press Monit 1998; 3:255–260.
Bland JM, Altman DG. Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet 1986; 1:307–310.
Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves J, Hill MN, et al.
Recommendations for blood pressure measurement in humans and
experimental animals: part 1: blood pressure measurement in humans:
a statement for professionals from the subcommittee of professional and
public education of the american heart association council on high blood
pressure research. Circulation 2005; 111:697–716.
Kikuya M, Chonan K, Imai Y, Goto E, Ishii M. Accuracy and reliability of wristcuff devices for self-measurement of blood pressure. J Hypertens 2002;
20:629–638.
Drzewiecki GM, Melbin J, Noordergraaf A. Arterial tonometry: review and
analysis. J Biomech 1983; 16:141–152.
Casadei R, Parati G, Pomidossi G, Groppelli A, Trazzi S, Di Rienzo M, et al.
24-hour blood pressure monitoring: evaluation of Spacelabs 5300 monitor
by comparison with intra-arterial blood pressure recording in ambulant
subjects. J Hypertens 1988; 6:797–803.
Groppelli A, Omboni S, Parati G, Mancia G. Evaluation of noninvasive blood
pressure monitoring devices Spacelabs 90202 and 90207 versus resting
and ambulatory 24-hour intra-arterial blood pressure. Hypertension 1992;
20:227–232.
Stergiou GS, Tzamouranis D, Nasothimiou EG, Karpettas N, Protogerou A.
Are there really differences between home and daytime ambulatory blood
pressure? Comparison using a novel dual-mode ambulatory and home
monitor. J Hum Hypertens 2010; 24:207–212.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

