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Objective: The performance of Omron HEM-6232T and Omron HEM-6181 for monitoring
blood pressure (BP) at the wrist was validated in accordance with the ANSI/AAMI/ISO 810602:2013 protocol (ANSI/AAMI/ISO) and the European Society of Hypertension International
Protocol revision 2010 (ESH IP2).
Methods: Three trained medical technologists validated the performance of these devices
by comparing data obtained from these devices with those obtained using a standard mercury
sphygmomanometer.
Results: The mean differences between the devices and mercury readings for SBP and DBP
were as follows: HEM-6232T, –0.4±6.7 mmHg and 1.6±5.4 mmHg, respectively; HEM-6181,
–0.7±6.2 mmHg and –0.7±5.2 mmHg, respectively, satisfying the ANSI/AAMI/ISO protocol.
The mean device–observer measurement difference was –0.9±5.7 mm Hg and 0.2±4.6 mm Hg
for SBP and 0.5±4.9 mm Hg and 1.4±3.5 mm Hg for DBP, for HEM-6232T and HEM-6181,
respectively, satisfying part 1 of the ESH-IP2. All differences for SBP and DBP in both devices
satisfied part 2 of the ESH-IP2. The number of absolute differences in the values obtained using
the devices and those measured by the observers fulfilled the requirements of the ANSI/AAMI/
ISO and the ESH IP2.
Conclusion: The Omron HEM-6232T and HEM-6181 devices met all the requirements of the
ANSI/AAMI/ISO and the ESH IP2.
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Home blood pressure (BP) monitoring (HBPM) is now believed to be superior to
casual BP measurement for prediction of the future development of cardiovascular
diseases.1 Because the recently published clinical guidelines include this superiority of
the HBPM rather than the casual clinic BP measurement, HBPM is recommended for
diagnostic confirmation.2–4 Home BP measuring devices that enable us to frequently
measure BP throughout the activities of daily living are useful for determining more
accurate BP levels, because daily variability of BP is known to be a predictive marker
for the future development of cardiovascular events.5
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Among BP monitors, the wrist device is relatively easy
and convenient to use, as the cuff can be easily wrapped
around the wrist than around the arm, and undressing is
not necessary. The standard location for BP measurements
recommended by guidelines for management of treating
hypertension is the upper arm,6,7 but wrist devices are being
recognized as useful and becoming popular because of their
ease of use. There is no substantial difference in the measurement mechanism between devices measuring BP in the upper
arm and wrist. Since the wrist devices have the advantage of
being smaller and lighter than the upper arm devices, they
are more portable when used outside of home.
The one possible disadvantage of the wrist devices is
that the wrist must be at heart level when measuring BP.
Therefore, recently developed devices are equipped with a
warning mechanism when the wrist is in the wrong position.
Another advantage of these devices for HPBM is the
secondary use of BP data for titration of antihypertensive
medication in hypertensives under treatment.8 Usually, the
BP average over a few days is used to evaluate the BP level,24
but this requires the user to memorize data and calculate
the mean, which can be difficult. If BP data could be stored
on electronic devices, such as personal computers or smart
phones, then those data could be easily processed when
convenient. Advancements in information communication
technology can make this concept a reality, especially since
widely-used smartphones can now be used as user-friendly
portals for data input.
However, the most important factor is to ensure that the
BP measuring device is functioning accurately, and to make
sure the performance of these devices, the protocols that
validate the use of these devices are governed by guidelines.9
The present study aimed to evaluate the accuracy of two
self-measuring devices (Omron HEM-6232T and Omron
HEM-6181), which are equipped with multiple useful

f unctions for the evaluation of HBPM, according to the ANSI/
AAMI/ISO 81060-2:2013 protocol (ANSI/AAMI/ISO).10 and
the European Society of Hypertension International Protocol
revision 2010 (ESH IP2).11

Materials and methods
Devices
Omron HEM-6232T (Figure 1, left panel, Omron Healthcare
Co, Ltd., Kyoto, Japan) is an automatic oscillometric BP
measuring device at the wrist with a sensor for the angle of
the forearm, and has a pressure range of 0–299 mmHg and
a heart rate range of 40–180 beats/minute. SBP, DBP, and
pulse rate are displayed on a liquid crystal digital monitor.
The entire weight of the device is ~101 g (without batteries), and the dimensions of the device are approximately
91×63.4×13.4 mm (width × height × depth). The cuff can be
used for wrist circumferences in the range of 13.5–21.5 cm.
It can store 100 BP measurements for two users. It can also
calculate an average value based on the three measurements
taken within 10 minutes. It detects and displays an irregular
pulse, the cuff wrapping status, and body movement during
BP measurements. It can quickly and easily synchronize
the data of BP and pulse rate recorded on the monitor with
a smartphone equipped with Bluetooth.
Omron HEM-6181 (Figure 1, right panel, Omron Healthcare Co, Ltd.) is also an automatic oscillometric device for BP
measurements at the wrist with a preformed cuff, but without
a sensor for the angle of the forearm. The dimensions of the
device are approximately 93×62×20 mm (width × height ×
depth). It can store 60 BP measurements. Otherwise, it functions in a similar manner to Omron HEM-6232T.

Blood pressure measurements
The manufacturer provided standard production device
models for each experiment. The validation team for each

Figure 1 Omron HEM-6232T (left) and Omron HEM-6181 (right).
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device consisted of three medical technologists who were
experienced in measuring BP. They were also trained by the
British and Irish Hypertension Society’s online program
(http://www.bihsoc.org). The third observer served as a
supervisor who checked both the BP readings by the two
observers and device readings. BP measurements were
collected by alternating between the Korotkoff method
with a mercury sphygmomanometer and the tested device.
Simultaneous auscultations were performed by two observers using the double stethoscope (Y tube) when measured
with the Korotkoff method. The two observers were blinded
to each other’s readings, and the third observer served
as a supervisor who checked the BP readings by the two
observers.

Subject selection
This study was approved by the institutional review board
of the Biwako Central Hospital and the Omron Healthcare
Co., Ltd., with written informed consent obtained from each
volunteer. The study was performed in a measurement room
in the OMRON healthcare Co. or in the Biwako Central
Hospital, respectively by the same staff employed by Omron
Healthcare Co., Ltd. in accordance with the Declaration of
Helsinki. The devices were tested on 85 subjects according to the ANSI/AAMI/ISO, and subsequently, they were
tested on 33 subjects according to the ESH IP2 in a separate
study. In accordance with the ANSI/AAMI/ISO or the ESH
IP2, subjects were screened to ensure that sex, age, wrist
circumference, and BP readings fulfilled the participation
requirements described in those protocols. Subjects aged
<20 years old, having wrist circumference outside of the
designated range (13.5–21.5 cm), having arrhythmias, who
moved their arms or bodies during the BP measurements, and
had unclear Korotkoff sounds were excluded from this study.

Saito et al

Analysis
Data were analyzed according to the ANSI/AAMI/ISO and
the ESH IP2 requirements. Data were expressed as the mean
± SD, and the minimum and maximum values were also
described. The mean of each pair of observer measurements
was calculated as a reference value. The difference between
the mean observer value and the test values were calculated
according the protocols and were displayed as Bland–Altman
plots against the mean between the two values.

Results
Omron HEM-6232T
According to the ANSI/AAMI/ISO, a total of 94 subjects
were screened for the present experiment. Nine subjects
were excluded from the study according to the criteria specified in Table 1, a total of 85 subjects, 38 men (45%) and 47
women (55%), fulfilled the inclusion criteria. Other baseline
characteristics of the subjects according to the ANSI/AAMI/
ISO are listed in Table 2.
The mean value of the 255 measurements by using the
standard mercury sphygmomanometer, were 123±21.8
Table 1 Screening and recruitment details according to the
ANSI/AAMI/ISO 81060-2:2013 protocol

Total screened
Total excluded
Arrhythmias
Poor quality sounds
Cuff size unavailable
Movement during BP measurement
BP variation
Total recruited

Omron
HEM-6232T

Omron
HEM-6181

94
9
0
0
0
0
9
85

92
7
0
0
0
0
7
85

Abbreviation: BP, blood pressure.

Procedure
The study was performed in an isolated room with comfortable room temperature and the subject in the sitting position.
Talking during the study was prohibited. After resting for >10
minutes, the BP measurements were started. The subjects
were sitting on a chair with a supportive rest for the back,
elbow, and forearm, and with their legs uncrossed and feet flat
on the floor. First, arm and wrist circumference of the subject
was measured, and the appropriate cuff size was adapted. BP
was measured on the subject’s left arm at heart level. These
devices were validated according to the same arm, sequential
method of the ANSI/AAMI/ISO and the ESH IP2.
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Table 2 Baseline characteristics of the subjects according to the
ANSI/AAMI/ISO 81060-2:2013 protocol

Women (%)
Age (years), mean ± SD
(min to max)
Wrist circumference (cm),
mean ± SD (min to max)
13.5–17.4 cm (%)
17.5–21.5 cm (%)
13.5–15.4 cm (%)
19.5–21.5 cm (%)

Omron
HEM-6232T
55
57±12.7 (23 to 80)

Omron
HEM-6181
61
55±12.2 (23 to 84)

17.0±2.2
(13.5 to 21.4)
59
41
32
20

17.1±2.2
(13.5 to 21.4)
56
44
31
20
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(range, 83–197) for SBP and 80±14.2 (range, 52–112)
mmHg for DBP.
BP distribution for the ANSI/AAMI/ISO (N=255) is
listed in Table 3.
The differences between the two observers were 0±1.5
mmHg and 0±1.5 mmHg for SBP and DBP, respectively. The
Table 3 Blood pressure distribution according to the ANSI/
AAMI/ISO 81060-2:2013 protocol (n=255)

SBP (mmHg), mean ± SD
(min to max)
≥160 mmHg (%)
≥140 mmHg (%)
≤100 mmHg (%)
DBP (mmHg), mean ± SD
(min to max)
≥100 mmHg (%)
≥85 mmHg (%)
≤60 mmHg (%)

Omron
HEM-6232T

Omron
HEM-6181

123±21.8
(83 to 197)
5
20
12

124±25.9
(85 to 195)
11
28
18

80±14.2
(52 to 112)
9
26
8

81±16.2
(50 to 118)
15
35
9

Table 4 Validation results according to the ANSI/AAMI/ISO
81060-2:2013 protocol

Criterion 1
SBP (mmHg)
DBP (mmHg)
Criterion 2
SBP (mmHg)
DBP (mmHg)

Omron HEM-6232T,
(mean ± SD
[min – max])

Omron HEM-6181,
mean ± SD
(min – max)

–0.4±6.7 (−33 to 19)
1.6±5.4 (−12 to 18)

–0.7±6.2 (−19 to 16)
–0.7±5.2 (−19 to 12)

–0.4±5.6 (−24 to 10)
1.6±4.8 (−10 to 14)

–0.7±5.2 (−13 to 9)
–0.7±4.7 (−17 to 9)

B

SBP
35
30
25
20
15
10
5
0
–5
–10
–15
–20
–25
–30
–35

mean differences between the two observers and the Omron
HEM-6232T were –0.4±6.7 mmHg (range, −33 to 19 mmHg)
for SBP and 1.6±5.4 mmHg (range, −12 to 18 mmHg) for
DBP according to criterion 1 (Table 4). These data fulfilled
the ANSI/AAMI/ISO requirements of ≤5±≤8 mmHg. The
mean differences between the two observers and the Omron
HEM-6232T were –0.4±5.6 mmHg (range, −24 to 10 mmHg)
for SBP and 1.6±4.8 mmHg (range, −10 to 14 mmHg) for
DBP according to criterion 2 (Table 4). Thereby, the SD for
SBP is calculated to be <6.9 mmHg and for DBP, 6.7 mmHg
by criterion l (Table 4). These results are in accordance with
the ANSI/AAMI/ISO requirements for criteria 1 and 2.
Figure 2A, B shows the differences in the SBP and DBP
readings in relation to the mean differences between the
HEM-6232T and mercury sphygmomanometer.
A total of 46 subjects were screened for this experiment
according to the ESH IP2 (Table 5). Thirteen subjects were
excluded from the study according to the criteria, and 17
men and 16 women were included fulfilling the requirements.
Other baseline characteristics of the subjects according to
the ESH IP2 are listed in Table 6. Observer measurements in
each recruitment range according to the ESH IP2 are listed
in Table 7. The differences between the two observers were
0±1.5 mmHg and 0±1.8 mmHg for SBP and DBP, respectively. The mean differences between the two observers and
the Omron HEM-6232T were –0.9±5.7 mmHg (range, −17
to 18 mmHg) for SBP and 0.5±4.9 mmHg (range, −12 to 18
mmHg) for DBP. The number of measurements that differed
from the mercury standard by 5, 10, and 15 mmHg or less is
shown in Table 8 fulfilling the requirements of the ESH IP2.

+2SD
+1SD
Mean
–1SD
–2SD

80 90 100 110 120 130 140 150 160 170 180 190 200

Mean device and observer measurement
(mmHg)

DBP

Device–observer measurement
(mmHg)

A

Device–observer measurement
(mmHg)
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+2SD
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Mean
–1SD
–2SD

40 50 60 70 80 90 100 110 120 130 140
Mean device and observer measurement
(mmHg)

Figure 2 Bland–Altman plots of the differences between the Omron HEM-6232T readings and the observer measurements for: (A) SBP and (B) DBP according to the ANSI/
AAMI/ISO 81060-2:2013 protocol.
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Figure 3A, B shows the differences in the SBP and DBP
readings in relation to the mean differences between the
HEM-6232T and mercury sphygmomanometer.
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Omron HEM-6181
In accordance with the ANSI/AAMI/ISO requirements, a
total of 92 subjects were screened for this experiment. Seven
subjects were excluded according to the criteria (Table 1),
and 33 men (39%) and 52 women (61%) were included.
Other baseline characteristics of the subjects according to the
ANSI/AAMI/ISO are listed in Table 2. Using the standard
mercury sphygmomanometer, the mean values of the 255
measurements were 124±25.9 (range, 85 to 195) for SBP
and 81±16.2 (range, 50 to 118) mmHg for DBP.
BP distribution for the ANSI/AAMI/ISO is shown in
Table 3 fulfilling the requirements.
The differences between the two observers were 0±1.5
mmHg and 1±1.6 mmHg for SBP and DBP, respectively. The

mean differences between the two observers and the Omron
HEM-6232T were –0.7±6.2 mmHg (range, −19 to 16 mmHg)
for SBP and –0.7±5.2 mmHg (range, −19 to 12 mmHg) for
DBP according to criterion 1 (Table 4). These data fulfilled
the ANSI/AAMI/ISO requirements of ≤5±≤8 mmHg. The
mean differences between the two observers and the Omron
HEM-6181 were –0.7±5.2 mmHg (range, −13 to 9 mmHg)
for SBP and −0.7±4.7 mmHg (range, −17 to 9 mmHg) for
DBP according to criterion 2 (Table 4). Thereby, the SD for
SBP is calculated to be <6.9 mmHg and for DBP 6.9 mmHg
by criterion l (Table 4). These results are in accordance with
the ANSI/AAMI/ISO requirements for criteria 1 and 2.
Figure 4A, B shows the differences in the SBP and DBP
readings in relation to the mean differences between the
HEM-6181 and mercury sphygmomanometer.

Table 7 Observer measurements in each recruitment range
according to the ESH IP2

Table 5 Screening and recruitment details according to the ESH IP2

Total screened
Total excluded
Range complete
Range adjustment
Arrhythmias
Device failure
Poor quality sounds
Cuff size unavailable
Observer disagreement
Other reasons
Total recruited

Omron
HEM-6232T

Omron
HEM-6181

46
13
0
9
1
0
0
0
1
2
33

37
4
0
3
0
0
0
0
0
1
33

Abbreviation: ESH IP2, European Society of Hypertension International Protocol
revision 2010.

SBP (mmHg)
Overall range (low : high)
Low (<130 mmHg)
Medium (130–160 mmHg)
High (>160 mmHg)
Maximum difference
DBP (mmHg)
Overall range (low : high)
Low (<80 mmHg)
Medium (80–100 mmHg)
High (>100 mmHg)
Maximum difference

Omron
HEM-6232T

Omron
HEM-6181

87:205
33
41
25
16

90:188
36
38
25
13

50:122
33
37
29
8

49:120
33
38
28
10

Abbreviation: ESH IP2, European Society of Hypertension International Protocol
revision 2010.

Table 6 Baseline characteristics of the subjects according to the ESH IP2
Women (%)
Age (years), mean ± SD (min–max)
Wrist circumference (cm), mean ± SD (min–max)
SBP (mmHg), mean ± SD (min–max)
Low (n) (<90 mmHg)
(90–129 mmHg)
Medium (n) (130–160 mmHg)
High (n) (161–180 mmHg)
(>180 mmHg)
DBP (mmHg), mean ± SD (min–max)
Low (n) (<40 mmHg)
(40–79 mmHg)
Medium (n) (80–100 mmHg)
High (n) (101–130 mmHg)
(>130 mmHg)

Omron HEM-6232T

Omron HEM-6181

48
54±9.6 (42–76)
17.7±1.6 (15.3–21.2)
142±26.4 (92–210)
0
12
10
10
1

48
54±12.1 (25–74)
17.3±2.0 (13.9–20.8)
141±26.7 (89–178)
1
10
12
10
0

89±17.8 (46–122)
0
11
11
11
0

87±19.6 (56–118)
0
12
11
10
0

Abbreviation: ESH IP2, European Society of Hypertension International Protocol revision 2010.
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Table 8 Validation results according to the ESH IP2 for the Omron HEM-6232T
Required
Two of
All of
Achieved
SBP
DBP
Part 2
Required
Achieved
SBP
DBP

£10 mmHg

£15 mmHg

73
65

87
81

96
93

70
73
2/3£5 mmHg
≥24

91
96

97
98
0/3£5 mmHg
≤3

24
25

Grade 1

Mean (mmHg)

SD (mmHg)

Pass
Pass

–0.9
0.5
Grade 2

5.7
4.9
Grade 3

Pass
Pass

Pass
Pass

1
0

B

SBP

DBP

30

30

25

25

20

20

Device–observer measurement
(mmHg)

A

15
10
5
0
–5
–10
–15
–20
–30

15
10
5
0
–5
–10
–15
–20
–25

–25
80 90 100 110 120 130 140 150 160 170 180 190 200 210

Mean device and observer measurement
(mmHg)

–30

40

50

60

70

80

90

100 110 120 130 140

Mean device and observer measurement
(mmHg)

Figure 3 Bland–Altman plots of the differences between the Omron HEM-6232T readings and the observer measurements for: (A) SBP and (B) DBP according to the ESH IP2.
Abbreviation: ESH IP2, European Society of Hypertension International Protocol revision 2010.

A total of 37 subjects were screened for this experiment
in the ESH IP2 (Table 5). Four subjects were excluded from
the study according to the criteria, 17 men and 16 women
were included fulfilling the subjects requirements. Baseline
characteristics of the subjects according to the ESH IP2 are
listed in Table 6 fulfilling the requirements. Observer measurements in each recruitment range according to the ESH
IP2 are shown in Table 7 fulfilling the requirements. The
differences between the two observers were 0±1.8 mmHg
and 0±1.9 mmHg for SBP and DBP, respectively. The mean
differences between the two observers and the Omron HEM6181 were 0.2±4.6 mmHg (range, −11 to 16 mmHg) for SBP
and 1.4±3.5 mmHg (range, −8 to 10 mmHg) for DBP. The
number of measurements that differed from the mercury
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standard by 5, 10, and 15 mmHg or less is shown in Table 9
fulfilling the requirements of the ESH IP2.
Figure 5A, B shows the differences in the SBP and
DBP readings in relation to the mean differences between
the HEM-6181 readings and mercury sphygmomanometer
measurements.

Discussion
Both the Omron HEM-6232T and the Omron HEM-6181
were found to pass the validation requirements of the International Protocols in the present validation study. On the
performance of additional functions, such as detection of
inadequate wrapping of the cuff, body movement, the positioning sensor of wrist, and irregular pulses were recorded

Vascular Health and Risk Management 2019:15
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SBP

DBP

30

30

15
10

+2SD

5

+1SD

0
–5

Mean

–10

–1SD

–15

–2SD

–20

Device–observer measurement
(mmHg)

Device–observer measurement
(mmHg)

25

20

–30

20
15
10

+2SD

5

+1SD

0

Mean
–1SD

–5

–10

–2SD

–15
–20
–25

–25

–30

80 90 100 110 120 130 140 150 160 170 180 190 200 210

40

Mean device and observer measurement
(mmHg)

50

60

70

80

90 100 110 120 130 140

Mean device and observer measurement
(mmHg)

Figure 4 Bland–Altman plots of the differences between the Omron HEM-6181 readings and the observer measurements for: (A) SBP and (B) DBP according to the ANSI/
AAMI/ISO 81060-2:2013 protocol.

Table 9 Validation results according to the ESH IP2 for the Omron HEM-6181
Part 1
Required
Two of
All of
Achieved
SBP
DBP
Part 2
Required
Achieved
SBP
DBP

£5 mmHg

£10 mmHg

£15 mmHg

73
65

87
81

96
93

78
81
2/3£5 mmHg
≥24

96
99

98
99
0/3£5 mmHg
≤3

27
28

Grade 1

Mean (mmHg)

SD (mmHg)

Pass
Pass

0.2
1.4
Grade 2

4.6
3.5
Grade 3

Pass
Pass

Pass
Pass

0
1

Abbreviation: ESH IP2, European Society of Hypertension International Protocol revision 2010.

SBP
30
25
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(mmHg)

DBP
30
25
20
15
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5
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(mmHg)

Figure 5 Bland–Altman plots of the differences between the Omron HEM-6181 readings and the observer measurements for SBP (A) and DBP (B) for ESH IP2.

Vascular Health and Risk Management 2019:15

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

53

Dovepress

Vascular Health and Risk Management downloaded from https://www.dovepress.com/ by 184.72.102.217 on 16-Jan-2021
For personal use only.

Saito et al

during the process of screening subjects, and found to be
properly functioning. The two devices used in the present
study contribute to secure the compliance of a BP measurement by the foregoing functions.
The dabl Educational Trust web site (http://www.dableducational.org/) and BHS web site (https://bihsoc.org/) provide
recommendation lists that contain many BP monitors for
home use that have been validated according to either the
guidelines of the International Protocol, the BHS, ESH,
or the AAMI. There are some important points that clinicians should be aware of when authorizing the use of a BP
monitor at home by ordinary people. One is the possibility of
incorrectly wrapping the cuff and another is the importance
of keeping the devise at the level of the heart during BP
measurement. Wrapping the cuff perfectly around the wrist
leads to an accurate reading.12,13 If the BP monitor is not used
correctly, the measurements will be incorrect, leading users
to distrust the monitor. Furthermore, correctly wrapping the
cuff requires experience, and some users will not use a BP
monitor because they find wrapping the cuff to be difficult.
Especially in the wrist device, the position of the device
substantially influences the BP reading, and while measuring
BP, it is necessary to keep the cuff position at heart level. The
Omron HEM-6232T senses the angle of the forearm, and lets
us achieve the proper angle with blue light or arrow display.
Only when it is blue light, the device starts to measure BP. A
10 cm difference between the heart level and the cuff position
breeds 7 mmHg difference by hydrostatic pressure between
the heart level and the cuff position.14,15 The upper arm device
has no influence by the hydrostatic pressure on the measurement. Thus, the guidelines2–4,16 do not recommend use of wrist
device for home BP monitoring. These issues were addressed
by the two devices validated in this study, which may make
them useful for ensuring compliance in using a home BP
monitor. Collectively, these devices are useful not only for
healthcare professionals but also for ordinary subjects who
are not familiar with BP measurements.

Conclusion
The results of this study show that the Omron HEM-6232T
and the Omron HEM-6181 devices met the requirements of
the international protocols, ANSI/AAMI/ISO and ESH IP2,
and may be useful for BP measurement at home.
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