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Figure 1.  Bland–Altman plots comparing the difference in blood pressure (BP) measurements obtained with an automated device, the A&D UA-767PC, 
vs. a mercury sphygmomanometer. The systolic BP (SBP) measurement difference (upper panel) was higher in females. The diastolic BP (DBP) measure-
ment difference (middle panel) did not differ between genders. The values of pulse pressure (PP) difference (lower panel) were more widely distributed 
than those of SBP and DBP. The differences in PP were significant only in males. Abbreviations: MM, mercury manometer; AD, automated device.
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Figure 2.  Correlation between blood pressure measurements recorded in males and females with a mercury sphygmomanometer vs. an automated 
device, the A&D UA-767PC. Pearson correlation coefficients for systolic (upper panel) and diastolic blood pressure (middle panel) are not significantly 
different in males and females. Pearson coefficients for pulse pressure (lower panel) show that the correlation between the methods is higher in females 
(P = 0.01).
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for SBP, 3.1 ± 5.5 mm Hg for DBP, and −1.2 ± 7.9 mm 
Hg for PP. The mean d-SBP was 2.1 ± 6.9 mm Hg and 
1.7 ± 7.0 mm Hg and the mean d-DBP was 2.6 ± 5.2 mm 
Hg and 3.6 ± 5.8 mm Hg, as recorded by the first and sec-
ond observer, respectively. These values fall within the 
permissible ranges of difference defined by the AAMI.13 
Mean differences (n = 4) between the two observers using 
the same device were 1.46 mm Hg and 1.54 mm Hg for 
SBP and DBP, respectively, and mean differences (n = 6) 
between the devices used by the same raters were 1.44 mm 
Hg and 1.07 mm Hg for SBP and DBP, respectively. The 
differences are all similar and <2 mm Hg.

As shown in Table  1, most manual BP measurements 
(BPMM) were significantly higher than the automated meas-
urements (BPAD), with the exception of SBPMM in males. 
The mean d-SBP was lower in males than in females, but 
the mean d-DBP was not statistically significant between 
genders. Interestingly, the mean d-DBP in males was sig-
nificantly higher than the d-SBP, but there was no sig-
nificant difference between d-SBP and d-DBP in females. 
Consequently, the PP based on the AD measurements was 
significantly higher only in males.

As shown in Figure  1, the proportions of the absolute 
value of the difference below ≤2 mm Hg, ≤5 mm Hg, 
≤10 mm Hg, and ≤15 mm Hg were 53.5%, 71.5%, 90.0%, and 
97.7% for SBP; 44.8%, 69.0%, 90.4, and 99.3% for DBP; and 
2.8%, 20.8%, 56.6%, and 80.4% for the combined difference, 
respectively.

Concordant correlation coefficients between  
the MM and the AD

As shown in Figure 2, the MM and AD measurements were 
highly correlated, with R2 of 0.81 for SBP and 0.73 for DBP. 
CCCs between the MM and the AD are shown in Table 2. 
The CCC for SBP was 0.8914 (95% confidence interval [CI], 
0.8727–0.9102), and the CCC for DBP was 0.8207 (95% CI, 
0.7920–0.8494). CCCs of 0.89 or higher were observed only 
in SBPs of the female subgroup and the second quartile of 
age and arm circumference.

With a cutoff value of 140/90 mm Hg, 13.4% (n = 61) and 
9.4% (n = 43) were diagnosed as hypertensive using the MM 
and the AD, respectively (kappa, 0.6538 (0.5436–0.7641); 
P < 0.0015), showing moderate to good strength of agree-
ment. However, the sensitivity of the diagnosis of hyperten-
sion when the MM was regarded as the standard device was 
59% (true positive, n = 31; false negative, n = 25). The pro-
portions of normal BP, prehypertension, and stage 1 and 2 
hypertension identified were 51.5%, 35.0%, 10.9%, and 2.7% 
for the MM and 61.0%, 29.5%, 6.8%, and 2.6% for the AD 
(kappa, 0.5703 (0.5055–0.6351); P < 0.0001).

Multiple regression analyses for SBPMM and DBPMM

With respect to SBPMM, model 1 identified age, female 
gender, arm circumference, and heart rate as independent 
factors in addition to SBPAD. In model 2, age, female gen-
der, PPMM, and AR-SBPMM in addition to SBPAD were inde-
pendent factors of SBPMM. With regard to DBPMM, model 1 Ta
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identified DBPAD, age, and height as independent factors. In 
model 2, height, AR-SBPMM and PPMM were independent 
factors of DBPMM in addition to DBPAD (Table 3).

Differences in blood pressure by age and arm  
circumference quartiles

As shown in Table 4, d-SBP adjusted for gender and arm 
circumference increased with age, whereas d-DBP decreased 
with age. Subsequently, d-PP was largest in the youngest 
quartile. When adjusted for age and gender, d-SBP decreased 
with increasing arm circumference. Similarly, d-DBP also 
differed among the quartiles, although the effect was not 
linear, and d-PP was highest in the highest arm circumfer-
ence quartile. SBP difference was higher in the quartiles with 
lower ARs.

As shown in the Bland–Altman plot in Figure 1, most 
of the differences are within the 2 SDs, but the differ-
ences were substantially located beyond the limits of 
agreement: 2 mm Hg and 5 mm Hg. The regression coef-
ficients for the differences in the mean values in males 
were 0.1034, 0.052, and 0.3295 (P  <  0.0001) for d-SBP, 
d-DBP, and d-PP. However, the regression coefficients 
were 0.4111 (P  =  0.0061), –0.3409 (P  =  0.0026), and 
0.5913 (P  <  0.0001), respectively, in females, suggesting 

the presence of proportional biases in d-PP in both gender 
and d-SBP and d-DBP.

Discussion

The main finding of this study is that despite the quite 
acceptable difference for clinical use fulfilling the AAMI 
criteria, such small differences do not directly mean accept-
able accuracy or strength of agreement in an epidemiologi-
cal survey situation. The strength of agreement was only 
moderate to good in the classifications and did not reach the 
predefined level in the majority of the quartiles, especially in 
DBP. Moreover, adoption of the AD may result in underes-
timation of the prevalence of hypertension. Underestimated 
prevalence was very similar in the study performed using the 
OMRON HEM 907XL device, which showed the sensitivity 
decreasing to 68%.15 Such studies showed the sensitivity to 
diagnosis of hypertension at 60 s to 80 s percent, despite the 
difference in the average values even below 2 mm Hg.15,21,22

Because of the more feasible standardization with a pre-
disposition that the endurance or maintenance are guaran-
teed, the AD may be a good alternative to the current BP 
measurements with MMs, even in an epidemiological sur-
vey situation. In general, because the general population 
is relatively more homogeneous than the patients in the 

Table 3.  Multiple linear regression analysis to identify predictors of blood pressure measured by mercury sphygmomanometer

Models

SBPMM DBPMM

β P β P

Model 1

SBPAD, mm Hg 0.9452 <0.0001 – –

DBPAD, mm Hg – – 0.8280 <0.0001

Age, y 0.0923 <0.0001 –0.0839 <0.0001

Female 2.3118 0.0222 0.7358 0.3389

Height, cm 0.0069 0.9046 0.0912 0.0392

Heart rate, bpm –0.0851 0.0107 –0.0063 0.8030

Arm circumference, cm –0.5394 <0.0001 0.0621 0.5465

Adjusted R2 0.8331 0.7637

Model 2

SBPAD, mm Hg 0.7608 <0.0001 – –

DBPAD, mm Hg – – 0.8625 < 0.0001

Age, y 0.0447 0.0493 –0.0043 0.8106

Female 2.2188 0.0130 1.0141 0.1539

Arm circumference, cm –0.2176 0.0768 0.0742 0.4336

Heart rate, bpm –0.0428 0.1466 –0.0267 0.2565

Pulse pressureMM, mm Hg 0.3448 <0.0001 –0.1833 <0.0001

Height, cm 0.0628 0.2149 0.0836 0.0404

Alarm reaction of SBP, mm Hg –0.2428 <0.0001 –0.1382 0.0001

Adjusted R2 0.8731 0.8020

Abbreviations: AD, automated device; DBP, diastolic blood pressure; MM, mercury sphygmomanometer; SBP, systolic blood pressure.
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clinic, the reliability seems to be low, even though the dif-
ference is quite acceptable for clinical standards. There are 
two approaches for adopting the AD. First, in addition to a 
BP measurement with an MM, multiple self-measured BPs, 
approximately 10–20 times, can be added. Second, BP meas-
ured by the AD can be adjusted by the factors related to the 
systematic differences between the devices. For an appropri-
ate adjustment, the factors related to the differences in a spe-
cific population should be identified.

The BP differences in our study were slightly higher than 
or comparable to those from a previous study.4 The find-
ings of the present study performed in the same place and 
by the same observers suggest that factors other than the 
“white-coat effect” are involved. The associations of age, 
pulse pressure, heart rate, and AR with manually measured 
SBP are compatible with the notion that arterial stiffness can 
cause such differences.6,23 The finding that the PP difference 
between genders is observed only when it was measured by 
AD was consistent with the previous studies.24–27

One limitation of our study is that our findings apply to 
only one AD monitor, the A&D UA-767PC, and cannot 
be generalized to other devices. Some automated devices 
may have better performance than the A&D UA-767PC 
for intermittent measurements, even though data for 
direct comparison are not yet available. Additionally, our 
study results cannot be directly applied to other popula-
tions, even with the same AD, because the factors related 
to errors might be different between populations. However, 
the internal validity of the study was confirmed by an 
international validation protocol before and after use. Most 
issues exposed by this study are already well known, which 
suggests that other devices may possess similar challenges. 
Another limitation is that many other clinical parameters 
were not considered as factors that might have affected the 
BP readings, such as antihypertensive medication, which 
might be useful for identifying controlled hypertensive 
patients. Finally, the result of the present study cannot be 
applied directly to the clinical practice situation because 
the proportions of hypertensive patients and the arm cir-
cumference are different.

In the epidemiological survey, age, arm circumference, 
and AR are associated with the differences between BPs 
measured by the MM and the AD. Even if such a differ-
ence is negligible from the clinical viewpoint, the strength 
of agreement measured by the CCC and the kappa val-
ues were only moderate to good, and the prevalence of 
hypertension was underestimated by the AD. These find-
ings suggest that the adoption of an AD, such as the A&D 
UA-767PC, for epidemiological surveys should be evalu-
ated prudently. In conclusion, the A&D UA-767PC is not 
recommended for the measurement of BP in epidemiolog-
ical surveys, even though its performance appears good 
enough for clinical use.
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