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The aim of this study was to investigate impact of central
blood pressure (BP) levels and sex on the difference
between central and upper arm oscillometric BP values.
Oscillometric arterial BP measurements of 675 patients were
simultaneously compared with values measured from the
ascending aorta. The patients were divided into 3 groups
according to systolic BP levels. The upper arm oscillometric
device overestimated systolic BP (SBP) at low and medium
BP levels but it underestimated SBP at high BP level. As for

the effect of sex on differences in central and oscillometric
BP, SBP was overestimated to a lesser degree in women
than in men at low BP levels, but it was more highly
underestimated in women than in men at high BP levels. The
difference between oscillometric upper arm BP and aortic
BP was directly affected by the patient’s central BP level. In
addition, the difference between central and oscillometric
BP was also affected by sex factor. J Clin Hypertens
(Greenwich). 2013;15:681–686. ª2013 Wiley Periodicals, Inc.

The limited accuracy of oscillometric devices has been
mentioned in some studies.1,2 Validation studies to
determine the effect of blood pressure (BP) level on
oscillometric BP measurement have had major limita-
tions in that BP measurements cannot be taken simul-
taneously. As a result of extreme fluctuations in pressure
at high BP levels, differences in pressure produced using
different methods do not reflect true BP differences.3 It
is essential to determine the reliability of new oscillo-
metric devices compared with a mercury manometer,
which is the gold standard reference method. However,
literature related to central aortic BP does not ade-
quately address the relationship between oscillometric
BP and central BP measurement.

In recent large randomized controlled trials it has
been shown that aortic BP is more important than
peripheral BP,4,5 and new terms such as aortic stiffness,
pulse wave velocity, and pulse wave amplification have
been defined in this area. Many factors, such as BP, age,
sex, heart rate, and diabetes mellitus, can affect pulse
wave amplification and aortic stiffness.6,7 In contrast, a
validation study population consists of healthy patients,
current users of oscillometric devices, and patients with
the aforementioned characteristics. For these reasons, it
is reasonable to focus directly on the similarities and

differences between oscillometric and central aortic BP
measurements.

The aim of this study was to investigate the impact of
central BP levels and sex on the difference between
central and upper arm oscillometric BP values.

METHODS

Patient Selection
A total of 675 patients undergoing routine cardiac
catheterization were selected for this study. Patient
consent was obtained before any measurements were
made, and the project was approved by the local ethics
committee. Three centers, located in eastern, western,
and central regions of the country, were included in this
study. The goal was to create a heterogeneous group
that included patients from all 3 centers.

The exclusion criteria were an abnormal atrial or
ventricular rhythm, a high degree of atrioventricular
block, hemodynamic instability, acute coronary syn-
drome, cardiogenic shock, severe valvular heart disease,
end-stage renal artery disease, an arm circumference
>38 cm or <20 cm, and a body mass index (BMI)
>38 kg/m2 or <20 kg/m2.

Arterial BP Measurement
Intra-arterial BP measurements were performed with a
6-F pigtail catheter positioned in the ascending aorta
and attached to a properly calibrated transducer and
monitoring system. The transducer was kept at the same
level as the BP cuff to avoid hydrostatic effects. Central
BP was measured simultaneously at the upper arm
peripheral area starting at deflation of the oscillometric
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device cuff. Means of 10 to 12 beats recorded from
aortic measurements were calculated as the systolic BP
(SBP) and diastolic BP (DBP). The paper processing rate
of the central BP recording was adjusted to 25 m/s.

Indirect BP Measuring Device
An Omron M3 Intellisense device (HEM-7051-E; Om-
ron Healthcare Europe B.V., Hoofddorp, the Nether-
lands) was used on the upper arm. Each measurement
was taken twice and average values were calculated. All
values were compared with aortic BP measurements.
The cuff of the Omron M3 was positioned across the
midportion of the right upper arm, with the bladder
directly over the brachial artery and the lower edge
2.5 cm above the antecubital space.

Measurement Protocol
The patients were seated in a warm, quiet room and
allowed to rest for at least 5 minutes prior to angiog-
raphy. Demographic information (ie, age, height,
weight, and sex) was recorded for each patient, as well
as arm circumference, which was measured at the
approximate midpoint of the upper arm. Initial readings
were taken with the upper arm device. All BP measure-
ments were made with the patient in a supine position,
and each measurement was taken twice at intervals of
>30 seconds to minimize venous congestion and at
intervals of <2 minutes to limit variability in BP.

Statistical Analysis
Summary values are expressed as mean�standard devi-
ation unless stated otherwise. Discrepancies between
our oscillometric and intra-arterial BP measurements
were assessed using Bland-Altman plots with the

MedCalc packet program.8 An intraclass correlation
coefficient was used to examine the repeatability of the
oscillometric devices with the SPSS 13.0 packet program
(SPSS, Inc, Chicago, IL). Differences among the 3
groups were evaluated by analysis of variance for
parametric variables and a chi-square test for categor-
ical variables. Student t test was used to compare
parametric data between groups. A two-tailed P value
<.05 was considered statistically significant.

RESULTS
The 675 patients in this study were divided into 3
groups according to their aortic SBP. Those with an SBP
<130 mm Hg were categorized as having low BP, those
with an SBP between 130 mm Hg and 159.9 mm Hg as
having a moderate BP level, and those with an SBP
≥160 mm Hg as having high BP. The patients’ charac-
teristics are listed in Table I. Coronary artery disease
(CAD) was apparent in approximately two thirds of the
patients. Demographic features such as arm circumfer-
ence, BMI, and frequency of CAD were similar at each
SBP level.

The upper arm oscillometric device underestimated
SBP at high BP levels (Figure 1). The mean bias at this
BP level was �3.8 mm Hg. In addition, the device
overestimated DBP by about 7 mm Hg at each BP level.
Bland-Altman plots for the SBP and DBP values are
shown in Figures 2 and 3, respectively.

Some characteristics were different for women and
men (Table II). The effect of sex on differences in
central and oscillometric BP according to BP level was
also analyzed (Table II). SBP was overestimated to a
lesser degree in women than in men at low BP levels, but
it was more highly underestimated in women than in

TABLE I. Demographic Characteristics of the Patients According to BP Levels

Low BP Level (n=291) Medium BP Level (n=234) High BP Level (n=150) P Value

Age, y 59.1�11.6 61.0�11.3 64.3�8.8a .001

Men/women 199/92 141/93 75/75a .01

Hypertension, No. (%) 109 (37.5) 149 (63.7) 128 (85.3)a,b .001

Diabetes mellitus, No. (%) 70 (24.1) 58 (24.8) 56 (37.3)a .007

Smoking, No. (%) 109 (37.5) 61 (26.1) 30 (20.0)a .001

Body mass index 27.8�4.4 28.2�4.2 28.7�4.5 .89

Arm circumference, cm 28.5�3.27 28.7�2.8 28.6�3.1 .18

CAD, No. (%) 191 (65.6) 163 (69.7) 92 (61.3) .24

Total cholesterol, mg/dL 174.0�47.1 188.1�48.8 177.7�43.8 .05

LDL, mg/dL 109.5�47.1 113.6�41.2 111.8�38.3 .61

HDL, mg/dL 42.2�14.5 42.5�15.6 44.4�13.7 .55

Trigliseride, mg/dL 180.2�47.4 133.8�93.1 185.7�325.8 .06

Blood urea, mg/dL 37.9�16.1 36.7�20.0 40.1�19.2 .44

Creatinine, mg/dL 0.9�0.26 1.1�0.8 1.2�1.0a .01

Mean central SBP 112.4�12.2 143.5�10.8a 174.2�13.8a,b .001

Mean central DBP 63.6�9.4 73.3�11.0a 83.1�13.6a,b .001

Heart rate, beats per min 72.2�10.5 75.4�12 76.1�13.7 .26

Abbreviations: CAD, coronary artery disease; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic

blood pressure. aStatistical importance compared with low blood pressure (BP) level. bStatistical importance compared to medium BP level, P value

statistical significance level by analysis of variance.
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men at high BP levels. There was no difference in SBP
between women and men at an intermediate BP level
using the upper arm oscillometric device. Differences in

DBP between the upper arm and central measurements
were also comparable in women and men at each BP
level.

FIGURE 1. Bland-Altmann plots of systolic blood pressure (BP) values illustrated according to BP levels obtained from upper arm oscillometric
device. SD indicates standard deviation; SBP, systolic blood pressure.

FIGURE 2. Bland-Altman plots of diastolic blood pressure (BP) values were shown according to BP levels obtained from upper arm
oscillometric device. SD indicates standard deviation.
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No correlation was found between BMI and SBP
differences for the upper arm-aortic measurements
(r=0.03, P=.2). In addition, arm circumference was
poorly correlated with SBP differences between the
upper arm and aortic BP measurements (r=0.08, P=.03).
DBP differences in the upper arm-aortic BP values were
weakly, negatively correlated with BMI (r=�0.10,
P=.01) but not with arm circumference (r=0.2, P=.5).

The repeatability of the oscillometric measurements
was analyzed according to BP level. The repeatability of
the oscillometric measurements for each BP level is
shown in Table III.

DISCUSSION
This is the first study to systematically assess the impact
of central BP levels on oscillometric BP measurements.
Our results indicate that the SBP measurements pro-
duced using an upper arm oscillometric device were
closest to the central BP measurement for patients with
high BP but overestimated in patients with low or

moderate BP. In addition, the difference between central
aortic SBP and oscillometric SBP was affected by sex.
As for DBP, the upper arm oscillometric device overes-
timated the DBP at each BP level. Validation of the
device was not undertaken in this study because the
device was previously validated.9,10

O’Brien and colleagues11 compared the accuracy of 3
ambulatory devices according to BP level and reported
that all 3 oscillometric devices were less accurate in the
high-pressure range. Braam and colleagues2 classified
their validation study results according to BP levels of
23 oscillometric BP-measuring devices. However, they
found differences in BP between oscillometric devices
and a sphygmomanometer in 9 studies. The authors
argued that BP-measuring devices become less accurate
as BP levels increase because of a combination of two
factors: the sequential measurements used during vali-
dation studies and increasing BP variability at higher BP
levels. Mancia and colleagues3 reported that absolute
short-term variability in BP was greater in hypertensive
patients than in normotensive individuals. (Short-term
variability increased from 9.5 mm Hg to 12.2 mm Hg
for SBP and from 6.1 mm Hg to 9.0 mm Hg for DBP.)
In the present study, oscillometric BP measurements
were simultaneously obtained together with aortic BP
measurements; therefore, an increased difference in BP
measurement cannot be attributed to BP variability at
high BP level.

In hypertensive patients, it is known that little or no
pulse wave amplification occurs and pulse pressure is
expected to be similar at the aortic and brachial arterial
levels.12 Whether the same holds true for normotensive
patients with physiological pulse wave amplification
(~15 mm Hg) remains to be established; however, the
same is true for elderly patients.13 SBP amplification
between the aorta and peripheral arteries decreases with
age and heart rate and in accordance with BP level.14

Age did not correlate with differences in SBP between
central and oscillometric measurements obtained using
either a wrist or upper arm device. A possible explana-
tion for this conflicting result is that the mean age of the

FIGURE 3. Mean systolic blood pressure (SBP) bias of upper arm
device according to BP level and sex.

TABLE II. A Comparison of BP Measurements and Demographic Features in Men vs Women According to BP
Levels

Low BP Level Medium BP Level High BP Level

Men (n=199) Women (n=92) P Value Men (n=141) Women (n=93) P Value Men (n=75) Women (n=75) P Value

Age, y 58.6�11.6 60.1�11.4 .31 61.7�11.1 60.0�11.4 .25 65.7�9.6 62.8�7.6 .04

Arm circumference, cm 28.5�3.2 28.6�3.4 .64 28.6�2.9 28.8�2.6 .54 27.9�3.3 29.1�2.7 .02

Body mass index 27.0�3.8 29.5�5.0 .01 27.5�4.0 29.3�4.2 .01 27.5�4.6 29.8�4.0 .01

Mean central SBP 110.5�12.3 116.6�11.1 .01 143.0�11.3 144.2�10.0 .38 175.3�13.6 172.0�13.6 .25

Mean central DBP 63.5�9.6 63.8�9.2 .74 73.4�10.8 73.2�11.4 .91 79.9�15.1 78.6�12.0 .54

SBP difference between

upper arm and aorta

10.0�12.2 6.8�10.2 .02 3.8�11.6 2.0�11.6 .24 �1.2�12.3 �6.4�13.2 .01

DBP difference between

upper arm and aorta

7.7�9.1 6.5�8.4 .31 7.0�8.9 9.4�9.0 .42 8.1�8.4 8.4�8.7 .82

Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure. P value statistical significance level by Student t test.
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study population was relatively low. In addition, the
mean age of the patients with high BP was slightly
greater than that of the other two groups. This is an
expected result since age differences may contribute to
the underestimation of BP at high BP levels via
decreasing pulse wave amplification.

Weber and colleagues15 found that upper arm devices
overestimated SBP by about 4 mm Hg and they found
no correlation between mean BP and central-peripheral
measurement differences. Mean SBP values were not
mentioned in their paper, but a Bland-Altman plot
revealed that the BP level was moderate. This result is
comparable to that produced for patients with a
moderate BP in the present study. In this group, mean
BP was poorly correlated with differences in central-
peripheral measurement (r=0.2, P=.01). It was reported
that oscillometric upper arm BP measurements under-
estimated SBP (by �7 to �10 mm Hg) in all groups and
overestimated DBP.16 However, the mean SBP for each
group was >150 mm Hg (150–159 mm Hg). In our
study, upper arm devices underestimated the SBP at
higher BP levels, but the same devices showed different
characteristics at lower and moderate BP levels. Thus,
the results of the present study may partially explain the
conflicting measurements produced by upper arm oscil-
lometric devices via comparison with central BP levels.

Another issue is the effect of patient characteristics on
differences between central and peripheral BP measure-
ments. In brief, it is accepted that BMI and arm
circumference are the two main factors that affect the
reliability of peripheral BPmeasurements,17 but themean
of the two parameters was similar for all BP levels in the
present study. The difference between central and
peripheral BP was poorly correlated with BMI. This
poor correlation may be explained by the fact that we
excluded patients with both a BMI >38 kg/m2 or <20 kg/
m2 and an arm circumference of >38 cm or <20 cm.

Because of the greater number of women than men in
this study, the effect of sex on oscillometric measure-
ment was examined in a separate analysis. Sex affected
the difference in SBP between the upper arm and aorta
at both high and low BP levels. It is possible that the SBP
was higher in women than in men (by about 6 mm Hg)
at a low BP level. The arm circumference among women
was similar to that among men at both low and
moderate BP levels, but this situation did not occur at
a high BP level. Increasing arm circumference in women

may contribute to the underestimation of SBP with an
upper arm device only at a high BP level, compared with
men. Nevertheless, these factors do not completely
explain the effect of sex on SBP differences. It is known
that the augmentation index is about 7% higher in
women than in men for those older than 55, and the
level of estrogen may also affect central arterial pulse
wave properties.18,19 Thus, central wave reflection
properties may be important in women for upper arm
oscillometric measurements as well as in patients with
other demographic characteristics.

Although the mean difference between peripheral and
central BP changed significantly according to BP level,
the repeatability of the measurements produced using an
upper arm oscillometric device was relatively high at
all BP levels. Thus, the degree of difference between
peripheral and central BP did not affect the repeatability
of our oscillometric measurements. For example, if an
oscillometric device underestimates the central BP in a
single individual, repeated measurement will be under-
estimated in the same person and vice versa. Because
factors affecting the difference between central and
oscillometric values were constant during the first and
second oscillometric measurements, high repeatability
was expected.

STUDY LIMITATIONS
An important limitation of this study is that all BP
measurements were taken with the patients in a supine
position; however, BP is frequently measured in a sitting
position. It has been recommended that BP measure-
ments be performed in both supine and sitting positions,
although this matter is under discussion.20,21 Second,
only two types of upper arm oscillometric devices were
used as a prototype of their groups in the present study.
Thus, our results may not be applicable to all oscillo-
metric devices. Third, our results are not comparable to
those of a previous validation study because mercury
sphygmomanometers were not used; however, it is
important to note that the majority of patients in this
study were actual cardiac patients, compared with the
frequent use of healthy volunteers in validation studies.
Many factors, such as age, CAD, diabetes mellitus, sex,
and left ventricular dysfunction, which many oscillo-
metric device users have in the real world, may have
complex effects on aortic stiffness and on the difference
in peripheral-central BP. Fourth, an upper arm device

TABLE III. Repeatability of Oscillometric Device for Each BP Level

Low BP Level

r (95% CI)

Medium BP Level

r (95% CI)

High BP Level

r (95% CI)

Total BP Level

r (95% CI)

1 and 2 measurements of SBP with wrist device 0.92 (0.89–0.93) 0.90 (0.87–0.92) 0.95 (0.93–0.96) 0.97 (0.97–0.98)

1 and 2 measurements of SBP with upper arm device 0.93 (0.92–0.95) 0.92 (0.90–0.94) 0.91 (0.87–0.94) 0.98 (0.97–0.98)

1 and 2 measurements of DBP with wrist device 0.94 (0.93–0.96) 0.87 (0.83–0.90) 0.96 (0.94–0.97) 0.95 (0.94–0.96)

1 and 2 measurements of DBP with upper arm device 0.93 (0.91–0.95) 0.96 (0.95–0.97) 0.95 (0.93–0.96) 0.96 (0.95–0.97)

Abbreviations: BP, blood pressure; CI, confidence interval; DBP, diastolic blood pressure; SBP, systolic blood pressure; r, intraclass correlation

coefficient (Cronbach’s a).
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with a large standard cuff (22935 cm) was used in this
study because only one type of cuff is commonly used
for BP measurement in routine clinical practice. More-
over, some devices are manufactured with only one cuff
size; however, we know that the use of an inappropriate
cuff size can lead to systematic underestimation or
overestimation of pressure when the ratio of bladder
width to arm circumference is not 0.40.20 On the other
hand, the British Hypertension Society has recom-
mended the use of a single large cuff (12.5935 cm)
for all adults with an arm circumference up to 42 cm to
avoid the need for multiple cuff sizes.21 For this reason,
patients with a BMI >38 or <20 were excluded from the
present study, as were patients with an arm circumfer-
ence >38 cm. Fifth, pulse wave amplification and aortic
stiffness were not measured in this study. The effects of
these parameters on oscillometric BP measurements
remain unclear.

CONCLUSIONS
The results of this study suggest that the difference
between oscillometric upper arm BP and aortic BP was
directly affected by the patient’s central BP level.
Another important factor was sex. Based on the results
of this study, physicians should consider a patient’s BP
level and sex when predicting central aortic SBP
following upper arm oscillometric measurement. An
upper arm oscillometric device reflected the central
aortic BP most accurately, especially for men with high
BP. For this reason, upper arm oscillometric devices
should be considered for self-measurement by male
patients with high BP. Despite technological advances,
the values produced by oscillometric BP measurement
differed from the central BP values by about
�20 mm Hg for most patients.
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