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ABSTRACT

Background: Although previous studies have reported differences of blood pressure (BP) 
according to BP measurement methods, studies in Korean population were scarce. This study 
aimed to compare BP differences according to different BP measurement methods and assess 
hypertension phenotype.
Methods: This prospective study recruited 183 individuals (mean 55.9 years; 51.4% males). 
The BP measurements included office BP (auscultatory attended office BP [ausAOBP], 
automated attended office BP [aAOBP], and automated unattended office BP [aUAOBP]) and 
out-of-office BP (home BP [HBP] and ambulatory BP [ABP]) measurements taken within one 
week of each other.
Results: The mean systolic/diastolic BP differences between ausAOBP and other BPs 
according to different BP measurement methods were 3.5/2.3 mmHg for aAOBP; 6.1/2.9 
mmHg for aUAOBP; 15.0/7.3 mmHg for daytime ABP; and 10.6/3.4 mmHg for average HBP. 
The increasing disparity between ausAOBP and other BPs in multivariable regression analysis 
was significantly associated with increasing BP. The prevalence of white-coat hypertension 
and masked hypertension in 107 individuals not taking antihypertensive medication was 
25.4–26.8% and 30.6–33.3% based on ausAOBP, daytime ABP, and average HBP, respectively. 
The prevalence of white-coat uncontrolled hypertension and masked uncontrolled 
hypertension in 76 of those taking antihypertensive medication was 31.7–34.1% and 17.1–
37.1%, respectively.
Conclusion: This study showed a large disparity between office BP and out-of-office BP which 
became more pronounced when office BP by auscultation increased, suggesting that various 
BP measurement methods should be used to more accurately assess BP status.
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INTRODUCTION

Hypertension is known to be a prevalent risk factor for cardiovascular disease and a common 
chronic disease in Korea, affecting nearly 29% of adults aged 20 years and older.1 However, 
there is controversy over the diagnostic criteria for hypertension, with differences between 
the United States (US) and other countries.2-5 The Systolic Blood Pressure Intervention Trial 
(SPRINT) study,6 which used automated unattended office blood pressure (aUAOBP), led to 
changes in the US definition of hypertension.

Accurate blood pressure (BP) measurement is essential for the diagnosis and management of 
hypertension. While the Korean hypertension guidelines recommend auscultatory attended 
office blood pressure (ausAOBP) and automated attended office blood pressure (aAOBP) as 
the standard measurement methods,2,3 limitations in clinical practice suggest that out-of-
office BP measurements, such as home blood pressure (HBP) and 24-hour ambulatory blood 
pressure (ABP), may be useful, and aUAOBP measurement can be considered when HBP or 
24-hour ABP cannot. Several recent studies reported comparisons between aUAOBP and 
attended office BP, HBP, and 24-hour ABP measurements,7-10 but there were differences in the 
study results. Studies in Korean population were scarce,11,12 and none of them used all five BP 
measurement methods.

Thus, the aim of this study was to evaluate differences in BP measurements by different 
methods, including ausAOBP and aAOBP, aUAOBP, HBP, and 24-hour ABP in the Korean 
population, to identify the factors influencing differences in BP measurements, and assess 
the prevalence of hypertension phenotypes.

METHODS

Study population
This study constitutes a prospective, single-center study designed to compare the differences in 
BP readings between various BP measurement methods. Sequentially recruited from individuals 
visiting the outpatient cardiology department at Kangbuk Samsung Hospital, participants aged 
19 or older, irrespective of any history of hypertension, provided informed consent to take part in 
this study. We excluded patients who were undergoing dialysis, pregnant women, and individuals 
whose left and right arm systolic blood pressure (SBP) and diastolic blood pressure (DBP) differed 
by more than 20 mmHg and 10 mmHg, respectively. Of the 209 individuals who agreed to 
participate from April 2019 to June 2022, 26 were excluded because they withdrew consent or had 
incomplete BP measurements. Finally, 183 participants were analyzed for the study.

Data collection
Medical history, use of antihypertensive medication, smoking habits (never, former, or 
current smoker), exercise frequency (minutes per week) and alcohol consumption (times 
per week) were assessed. Body mass index (BMI) was calculated as weight (in kg) divided 
by height (in m2). Waist circumference was determined at the midpoint between the lowest 
rib and the iliac crest. Diabetes mellitus was defined as fasting plasma glucose ≥ 126 mg/
dL, hemoglobin A1c ≥ 6.5%, current diagnosed diabetes or use of antidiabetic medication. 
Atherosclerotic cardiovascular disease was defined as clinically established coronary heart 
disease, stroke, or peripheral arterial diseases. Menopause in women was defined as the 
absence of menstruation for more than 1 year, whether natural or surgical.
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BP measurements
The general BP measurement methods were based on the latest Korean Society of 
Hypertension guidelines.2,3 The sequence of the BP measurement methods used to obtain BP 
measurements is shown in Supplementary Fig. 1.

ausAOBP
ausAOBP measurements were taken without smoking or consuming alcohol or caffeine 
within 30 minutes and after resting for at least 5 minutes in a quiet environment. ausAOBP 
readings were taken three times by a physician using a sphygmomanometer (OMRON 
HEM-907; OMRON Healthcare, Tokyo, Japan) at two-minute intervals in a seated position 
with the back supported and the upper arm at heart level. The Korotkoff ’s I and V sounds 
were considered SBP and DBP, respectively. BP was measured in both arms at baseline and 
subsequently in the arm with the higher BP. The average value of the three measurements was 
defined as ausAOBP.

aAOBP
Preparation before BP measurement was the same as above. aAOBP was measured 5 minutes 
after ausAOBP measurement and at 2-minute intervals with the same device (OMRON HEM-
907; OMRON Healthcare). The average value of the three measurements was defined as 
aAOBP.

aUAOBP
aUAOBP measurements were taken 5 to 10 minutes after aAOBP measurements using the 
same device (OMRON HEM-907; OMRON Healthcare). Based on the methods used in the 
SPRINT study,6 aUAOBP was measured three consecutive times at 2-minute intervals after 
5 minutes of rest while the subject was alone in a quiet and separate room without medical 
staff. The average value of the three measurements was used as aUAOBP.

ABP
ABP was measured using a 24-hour ambulatory BP monitor (Mobil-O-GraphNG; IEM 
GmbH, Aachen, Germany) for at least 20 hours, referring to the sleep time recorded in the 
participant’s diary. BP was measured at 30-minute intervals during the day and at one-hour 
intervals during the night. Daytime, nighttime, morning, and average BP were assessed.

HBP
HBP measurement was started on the day of the office BP measurement, with an automated 
HBP sphygmomanometer (OMRON HEM 7120; OMRON Healthcare) after stabilization for at 
least 2 minutes in the sitting position before breakfast (before antihypertensive medication in 
hypertensive patients) and before going to bed at night. BP was measured twice at 2-minute 
intervals by measuring it for one week, and the average value was defined as HBP. Mean HBP 
was defined as the average of morning and evening HBPs.

Definition of hypertension
In accordance with the current hypertension guidelines,2-4 office hypertension was 
characterized by a mean SBP/DBP equal to or greater than 140/90 mmHg, as assessed by 
ausAOBP and aAOBP. Out-of-office hypertension was defined as daytime ABP or mean HBP 
equal to or greater than 135/85 mmHg. Unattended office hypertension was divided into two 
categories based on mean SBP/DBP values equal to or greater than 140/90 mmHg (aUAOBP-1) 
and equal to or greater than 135/85 mmHg (aUAOBP-2). White-coat hypertension was 
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defined as ausAOBP ≥ 140/90 mmHg but daytime ambulatory BP and mean home BP < 135/85 
mmHg, and masked hypertension was defined as the opposite. In hypertensive patients 
taking antihypertensive medication, uncontrolled hypertension was defined as ausAOBP ≥ 
140/90 mmHg and daytime ABP and mean HBP ≥ 135/85 mmHg; white-coat uncontrolled 
hypertension was defined as ausAOBP ≥ 140/90 mmHg and daytime ABP and mean HBP < 
135/85 mmHg; masked uncontrolled hypertension was defined as ausAOBP < 140/90 mmHg 
and daytime ABP and mean HBP ≥ 135/85 mmHg; controlled hypertension was defined as 
ausAOBP < 140/90 mmHg and daytime ABP and mean HBP < 135/85 mmHg.

Statistical analysis
Previous studies in both hypertensive and non-hypertensive subjects reported that the 
difference between ausAOBP, aAOBP and aUAOBP values ranged from 3 to 16 mmHg.9,11,12 To 
determine the required sample size, a 5% difference in SBP between the two measurements 
was assumed, and the minimum number of participants required to achieve 80% statistical 
power and a 5% significance level was calculated to be 174 subjects, with a total of 190 
subjects recruited, considering a drop-out rate of 10%.

The data collected were presented as means (standard deviations) for continuous variables 
and numbers (percentages) for categorical variables. Descriptive statistics were used to 
analyze the distribution of BP differences between the different measurements, and the 
paired t-test was used to compare the mean BP values. Bland and Altman plots were used to 
assess the agreement between paired BP values, while Pearson’s correlation analysis was used 
to assess the correlation between paired BP values according to different BP measurements. 
Multivariable regression analysis was performed to determine the variables influencing the 
disparity in BP between paired BPs, with the model adjusted for age, sex, and those variables 
with a univariate relationship (P < 0.150). Prespecified subgroup analysis was conducted 
based on the presence or absence of hypertension.

Statistical significance was set at a two-tailed P value < 0.05 using STATA version 16.1 
(StataCorp LP, College Station, TX, USA).

Ethics statement
The study protocol was approved by the Institutional Review Board at Kangbuk Samsung 
Hospital (IRB No: KBSMC 2018-06-017), and all participants provided informed consent.

RESULTS

Baseline characteristics
Of a total of 183 participants, 36 were normotensive, and 147 were hypertensive, with a mean 
age of 55.9 ± 14.7 years and 51.4% were male (Table 1). Of the 147 hypertensive patients, 
76 were prescribed antihypertensive medications. The prevalence of current smoking 
and alcohol consumption (≥ 3 times/week) was 13.1%, and that of diabetes mellitus and 
atherosclerotic cardiovascular disease was 9.3% and 6.6%, respectively.

Comparison of BPs according to different BP measurement
In the total population, the mean systolic/diastolic ausAOBP, aAOBP, aUAOBP, daytime ABP, 
and mean HBP were 141.2 ± 19.8/88.2 ± 13.8 mmHg, 137.6 ± 19.0/85.9 ± 13.8 mmHg, 135.1 ± 
18.7/85.3 ± 14.0 mmHg, 129.3 ± 15.3/83.7 ± 13.2 mmHg, and 130.5 ± 13.2/84.8 ± 10.2 mmHg, 
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respectively (Table 2). The systolic/diastolic ausAOBP values were significantly higher than the 
systolic/diastolic aAOBP, aUAOBP, daytime ABP, 24-hour ABP, and HBP values. These findings 
in the prespecified subgroup analysis based on the presence or absence of hypertension were 
more pronounced in hypertensive subjects not taking antihypertensive medication (Table 2). 
The limits of agreement for systolic ausAOBP were 15.4 and −8.3 mmHg for aAOBP, 22.3 and 
−10.0 mmHg for aUAOBP, 46.0 and −16.0 mmHg for daytime ABP, and 42.5 and −21.2 mmHg 
for mean HBP (Fig. 1A-D). Those in diastolic ausAOBP were 12.8 and −8.3 mmHg for aAOBP, 
15.9 and −10.1 mmHg for aUAOBP, 29.8 and −15.2 mmHg for daytime ABP, and 24.2 and −17.4 
mmHg for mean HBP (Fig. 1E-H). The mean differences (95% confidence interval) between 
ausAOBP and aAOBP, aUAOBP, daytime ABP, and mean HBP were 3.5 (2.7–4.4)/2.3 (1.5–3.0) 
mmHg, 6.1 (4.9–7.3)/2.9 (1.9–3.8) mmHg, 15.0 (12.8–17.3)/7.3 (5.7–9.0) mmHg, and 10.6 (8.3–
13.0)/3.4(1.9–4.9) mmHg, respectively (Fig. 1). The distributions of BP differences according to 
different BP measurements are shown in Supplementary Fig. 2.

Disparity between paired BP values according to different BP measurement
ausAOBP values were highly correlated with aAOBP (r = 0.954, P < 0.001) and aUAOBP (r = 
0.914, P < 0.001) values, but less so with office BP and out-of-office BP (r = 0.5’s–0.6’s, P < 
0.001) (Supplementary Table 1). In the subgroup analysis based on the presence or absence 
of hypertension, weak correlation coefficients between systolic AOBP and out-of-office BP 
were observed in non-hypertensive subjects (Supplementary Table 2).
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Table 1. Baseline characteristics of the study population
Characteristics Overall  

(N = 183)
Non-

hypertensive  
(n = 36)

Hypertensive (n = 147)
Without medication  

(n = 71)
With medication  

(n = 76)
Age, yr 55.9 ± 14.7 55.5 ± 16.8 53.9 ± 14.4 58.0 ± 13.8
Male sex 94 (51.4) 19 (52.8) 38 (53.5) 37 (48.7)
Body mass index, kg/m2 25.8 ± 3.7 24.8 ± 3.6 25.6 ± 3.9 26.4 ± 3.6
Waist circumference, cm 86.3 ± 9.0 84.8 ± 8.7 85.6 ± 9.7 87.9 ± 9.0
Smoking status

Non-smoker 130 (71.0) 30 (83.3) 47 (66.2) 53 (69.7)
Former smoker 29 (15.9) 3 (8.3) 12 (16.9) 14 (18.4)
Current smoker 24 (13.1) 3 (8.3) 12 (16.9) 9 (11.8)

Alcohol drinking status
Non-drinker 104 (56.8) 20 (55.6) 40 (56.3) 44 (57.9)
< 3 times/week 55 (30.1) 14 (38.9) 26 (36.6) 15 (19.7)
≥ 3 times/week 24 (13.1) 2 (5.6) 5 (7.0) 17 (22.4)

Exercise status
No exercise 60 (32.8) 9 (25.0) 29 (40.8) 22 (28.9)
< 150 min/week 24 (13.1) 4 (11.1) 6 (8.5) 14 (18.4)
≥ 150 min/week 99 (54.1) 23 (63.9) 36 (50.7) 40 (52.6)

Diabetes mellitus 17 (9.3) 3 (8.3) 6 (8.5) 8 (10.5)
ASCVD 12 (6.6) 3 (8.3) 1 (1.4) 8 (10.5)
Menopausea 71 (79.8) 15 (88.2) 23 (69.7) 33 (84.6)
Antihypertensive 
medication

76 (41.5) 0 (0.0) 0 (0.0) 76 (100.0)

ARB 28 (15.3) 0 (0.0) 0 (0.0) 28 (36.8)
ACEI 2 (1.1) 0 (0.0) 0 (0.0) 2 (2.6)
CCB 9 (4.9) 0 (0.0) 0 (0.0) 9 (11.8)
Beta blocker 10 (5.5) 0 (0.0) 0 (0.0) 10 (13.2)
Diuretics 0 (0) 0 (0.0) 0 (0.0) 0 (0.0)
ARB plus CCB 18 (9.8) 0 (0.0) 0 (0.0) 18 (23.7)
Triple-combinations 3 (1.6) 0 (0.0) 0 (0.0) 3 (3.9)

Data are expressed as the mean ± standard deviation or number (%).
ASCVD = atherosclerotic cardiovascular disease, ARB = angiotensin receptor blocker, CCB = calcium channel 
blocker, ACEI = angiotensin converting enzyme inhibitor.
aOnly for female.



Multivariable regression analysis showed that only increasing systolic ausAOBP was 
significantly associated with an increase in the absolute difference between systolic ausAOBP 
and aUOBP (β = 0.141, P < 0.001), daytime ABP (β = 0.521, P < 0.001), and HBP (β = 0.598, 
P < 0.001) (Table 3). Furthermore, an SBP difference of > 10 mmHg between ausAOBP and 
aUAOBP, daytime ABP, and mean HBP was only associated with increasing systolic ausAOBP 
(odds ratio [95% CI], 1.036 [1.017–1.056], 1.077 [1.052–1.103], and 1.109 [1.076–1.143], 
respectively, Table 3). The differences between diastolic ausAOBP and BPs taken by different 
BP measurement methods were similar to the SBP results above (Table 4).

Prevalence of the hypertension phenotype
In the 107 subjects not taking antihypertensive medication, the prevalence of hypertension 
according to different BP measurement methods was 71 (66.4%) for ausAOBP, 57 (53.3%) 
for aAOBP, 52 (48.6%) for aUAOBP-1, 68(63.6%) for aUAOBP-2, 63(58.9%) for daytime ABP, 
and 65 (60.7%) for mean HBP (Fig. 2). Among 71 hypertensive patients based on ausAOBP 
levels (≥ 140/90 mmHg), the prevalence of white-coat hypertension was 19 (26.8%) for 
daytime ABP (< 135/85 mmHg) and 18 (25.4%) for mean HBP (< 135/85 mmHg) (Fig. 3A). In 
contrast, the prevalence of masked hypertension among the 36 non-hypertensive subjects 
based on ausAOBP levels (< 140/90 mmHg) was 11 (30.6%) for daytime ABP (≥ 135/85 mmHg) 
and 12 (33.3%) for mean HBP (≥ 135/85 mmHg) (Fig. 3B). The prevalence of hypertension 
phenotypes based on aAOBP, daytime ABP and mean HBP is shown in Supplementary Fig. 3.  
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Table 2. Comparison of BPs according to different BP measurement methods
Variables Overall (N = 183) Non-hypertensive (n = 36) Hypertensive (n = 147)

Without medication (n = 71) With medication (n = 76)
SBP, mmHg

ausAOBP 141.2 ± 19.8b*** 123.7 ± 10.4 152.8 ± 15.3b*** 138.6 ± 20.1b***

aAOBP 137.6 ± 19.0a*** 122.4 ± 10.7 147.9 ± 16.0a*** 135.2 ± 19.1a***

aUAOBP 135.1 ± 18.7a***,b*** 120.4 ± 10.4a***,b* 144.7 ± 15.4a***,b*** 133.0 ± 19.4a***,b**

ABP
Daytime 129.3 ± 15.3a***,b*** 121.7 ± 12.6 136.7 ± 14.5a***,b*** 126.0 ± 14.3a***,b***

Nighttime 118.8 ± 18.3a***,b*** 110.2 ± 21.3a***,b** 123.3 ± 15.3a***,b*** 118.6 ± 18.0a***,b***

Morning 130.4 ± 15.0a***,b*** 120.8 ± 12.3 135.8 ± 14.0a***,b*** 129.9 ± 14.9a***,b**

Average 126.2 ± 14.5a***,b*** 117.5 ± 12.3a**,b* 131.9 ± 13.3a***,b*** 124.8 ± 14.2a***,b***

HBP
Morning 131.3 ± 13.7a***,b*** 121.7 ± 11.4 135.2 ± 13.2a***,b** 132.3 ± 13.1a**

Evening 129.8 ± 14.0a***,b*** 122.7 ± 11.2 134.2 ± 14.5a***,b*** 129.1 ± 13.5a***,b**

Mean 130.5 ± 13.2a***,b*** 122.0 ± 10.3 134.7 ± 13.1a***,b*** 130.7 ± 12.7a***,b*

DBP, mmHg
ausAOBP 88.2 ± 13.8d*** 77.8 ± 8.5d* 96.3 ± 12.3d** 85.6 ± 12.8d***

aAOBP 85.9 ± 13.8c*** 76.2 ± 8.2c* 93.8 ± 12.4c** 83.2 ± 13.1c***

aUAOBP 85.3 ± 14.0c***,d* 74.8 ± 8.0c**,d** 93.3 ± 11.9c*** 82.9 ± 13.9c***

ABP
Daytime 83.7 ± 13.2c***,d** 76.4 ± 11.0 89.6 ± 12.4c***,d** 81.6 ± 12.6c**

Nighttime 74.8 ± 12.6c***,d*** 69.2 ± 11.7c***,d*** 78.7 ± 11.5c***,d*** 73.8 ± 12.9c***,d***

Morning 84.1 ± 13.5c***,d* 75.7 ± 10.1 88.8 ± 13.6c***,d** 83.7 ± 12.8
Average 80.9 ± 12.2c***,d*** 73.8 ± 10.2c* 85.7 ± 11.6c***,d*** 79.7 ± 11.8c***,d**

HBP
Morning 86.2 ± 10.8c** 77.6 ± 8.9 89.8 ± 10.3c***,d** 87.0 ± 9.9d**

Evening 83.4 ± 10.4c***,d** 77.0 ± 9.3 86.6 ± 10.4c***,d*** 83.3 ± 9.6
Mean 84.8 ± 10.2c*** 77.4 ± 8.7 88.2 ± 9.8c***,d*** 85.1 ± 9.4

Paired sample t-tests were used to compare the mean difference between BP values according to different BP measurement methods.
BP = blood pressure, SBP = systolic blood pressure, ausAOBP = auscultatory attended office blood pressure, aAOBP = automated attended office blood pressure, 
aUAOBP = automated unattended office blood pressure, ABP = ambulatory blood pressure, HBP = home blood pressure, DBP = diastolic blood pressure.
‘a’ and ‘b’ are comparisons of the difference of mean values between systolic ausAOBP and other BPs and between aAOBP and other BPs, respectively.
‘c’ and ‘d’ are comparisons of the difference of mean values between diastolic ausAOBP and other BPs and between aAOBP and other BPs, respectively.
*P < 0.05, **P < 0.01, ***P < 0.001.



The prevalence of white-coat hypertension based on aAOBP (17.5–21.1%) was lower than that 
based on ausAOBP. In the 76 hypertensive patients taking antihypertensive medication, the 
prevalence of white-coat uncontrolled and masked uncontrolled hypertension was 34.1% 
for daytime ABP and 31.7% for HBP, and 17.1% for daytime ABP and 37.1% for mean HBP, 
respectively (Supplementary Fig. 4).
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Fig. 1. Bland-Altman plots for the comparison between SBP and DBP according to different BP measurement methods. 
(A) Systolic ausAOBP and aAOBP, (B) systolic ausAOBP and aUAOBP, (C) systolic ausAOBP and daytime ABP, (D) systolic ausAOBP and mean HBP, (E) diastolic 
ausAOBP and aAOBP, (F) diastolic ausAOBP and aUAOBP, (G) diastolic ausAOBP and daytime ABP, and (H) diastolic ausAOBP and mean HBP. The middle solid line 
depicts the mean difference (95% CI) and the top and bottom dotted lines represent the limits of agreement (± 1.96 SD). 
SBP = systolic blood pressure, DBP = diastolic blood pressure, BP = blood pressure, ausAOBP = auscultatory attended office blood pressure, aAOBP = automated 
attended office blood pressure, aUAOBP = automated unattended office blood pressure, ABP = ambulatory blood pressure, HBP = home blood pressure, SD = 
standard deviations, CI = confidence interval.
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Table 3. Multivariable regression analysis of factors affecting SBP differences between ausAOBP and other BPs
SBP Absolute difference of SBPa Disparity of SBP > 10 mmHgb

β t-value P value OR (95% CI) P value
ausAOBP minus aUAOBP

Systolic ausAOBP, mmHg 0.141 4.980 < 0.001 1.036 (1.017–1.056) < 0.001
Systolic ausAOBP (+10 mmHg) 1.831 5.601 < 0.001 1.569 (1.252–1.967) < 0.001

ausAOBP minus daytime ABP
Systolic ausAOBP, mmHg 0.521 11.795 < 0.001 1.077 (1.052–1.103) < 0.001
Systolic ausAOBP (+10 mmHg) 5.583 10.092 < 0.001 2.081 (1.644–2.634) < 0.001

ausAOBP minus HBP
Systolic ausAOBP, mmHg 0.598 14.814 < 0.001 1.109 (1.076–1.143) < 0.001
Systolic ausAOBP (+10 mmHg) 6.627 13.042 < 0.001 2.858 (2.126–3.842) < 0.001

All multivariable models were adjusted for age, sex, and the variables with a univariate relationship of P < 0.150.
SBP = systolic blood pressure, ausAOBP = auscultatory attended office blood pressure, BP = blood pressure, OR = odds ratio, CI = confidence interval, aUAOBP = 
automated unattended office blood pressure, ABP = ambulatory blood pressure, HBP = home blood pressure.
aAbsolute difference between paired BP values.
bDifference between paired BP values of more than 10 mmHg.

Table 4. Multivariable regression analysis of factors affecting DBP differences between ausAOBP and other BPs
DBP Absolute difference of DBPa Disparity of DBP > 10 mmHgb

β t-value P value OR (95% CI) P value
ausAOBP minus aUAOBP

Diastolic ausAOBP, mmHg 0.085 2.365 0.019 1.034 (0.998–1.071) 0.065
Diastolic ausAOBP (+10 mmHg) 0.745 2.004 0.047 1.330 (0.873–2.206) 0.184

ausAOBP minus daytime ABP
Diastolic ausAOBP, mmHg 0.433 8.057 < 0.001 1.077 (1.044–1.111) < 0.001
Diastolic ausAOBP (+10 mmHg) 4.437 7.296 < 0.001 2.115 (1.532–2.919) < 0.001

ausAOBP minus HBP
Diastolic ausAOBP, mmHg 0.519 11.813 < 0.001 1.111 (1.070–1.153) < 0.001
Diastolic ausAOBP (+10 mmHg) 5.211 10.152 < 0.001 2.934 (1.996–4.312) < 0.001

All multivariable models were adjusted for age, sex, and the variables with a univariate relationship of P < 0.150.
DBP = diastolic blood pressure, ausAOBP = auscultatory attended office blood pressure, BP = blood pressure, OR = odds ratio, CI = confidence interval, aUAOBP = 
automated unattended office blood pressure, ABP = ambulatory blood pressure, HBP = home blood pressure.
aAbsolute difference between paired BP values.
bDifference between paired BP values of more than 10 mmHg.
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Fig. 1. (Continued) Bland-Altman plots for the comparison between SBP and DBP according to different BP measurement methods. 
(A) Systolic ausAOBP and aAOBP, (B) systolic ausAOBP and aUAOBP, (C) systolic ausAOBP and daytime ABP, (D) systolic ausAOBP and mean HBP, (E) diastolic 
ausAOBP and aAOBP, (F) diastolic ausAOBP and aUAOBP, (G) diastolic ausAOBP and daytime ABP, and (H) diastolic ausAOBP and mean HBP. The middle solid line 
depicts the mean difference (95% CI) and the top and bottom dotted lines represent the limits of agreement (± 1.96 SD). 
SBP = systolic blood pressure, DBP = diastolic blood pressure, BP = blood pressure, ausAOBP = auscultatory attended office blood pressure, aAOBP = automated 
attended office blood pressure, aUAOBP = automated unattended office blood pressure, ABP = ambulatory blood pressure, HBP = home blood pressure, SD = 
standard deviations, CI = confidence interval.



DISCUSSION

This study showed that out-of-office SBP/DBP measurements, such as daytime ABP and mean 
HBP, were 10–15/3–7 mmHg lower than ausAOBP in Korean adults, and the mean SBP/DBP 
difference between ausAOBP and aUAOBP were about 6/3 mmHg. These differences between 
ausAOBP and other BPs were associated with increasing BP and were more pronounced in 
hypertensives than in non-hypertensives. The prevalence of white-coat hypertension and 
masked hypertension was 25.4–26.8% and 30.6–33.3%, respectively, and that of white-coat 
uncontrolled hypertension and masked uncontrolled hypertension was 31.7–34.1% and 
17.1–37.1%, respectively.
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Although the recent hypertension guidelines state that ausAOBP is still the standard method 
for measuring BP, office BP measurements may not always accurately reflect a patient’s true 
BP outside of a clinical setting. This could be due to several factors, including observer bias, 
the measurement technique, and the white-coat effect. As recommended in the 2022 focused 
update of the 2018 Korean Hypertension Society Guidelines,3 out-of-office BP measurements 
are becoming increasingly important in clinical practice as they can provide additional 
information about a patient’s BP control and help to identify patients with white-coat 
hypertension or masked hypertension.

Previous studies reported different results between ausAOBP and other office BP 
measurements, aAOBP and aUAOBP,13-16 and recent meta-analyses also showed inconsistent 
results.8-10 However, because most of these studies were conducted in hypertensive 
patients,13-15 they may not be representative of the BP in non-hypertensive and hypertensive 
individuals in general practice. Our study included both non-hypertensive and hypertensive 
individuals based on ausAOBP and showed a very high correlation between the three office 
BP measurements. However, ausAOBP showed the highest BP values, resulting in a difference 
in the prevalence of hypertension of up to 17.8% (Fig. 2). A notable finding of our study was 
subgroup analysis by hypertension status. The difference in BP between the three office BP 
measurements was relatively small, about 3 mmHg systolic/diastolic in non-hypertensive 
individuals but larger in the hypertensive group (Table 2). These findings were similar to 
those of a recent meta-analysis.10

Many studies have compared the discrepancies between office BP and out-of-office BP 
measurements.7-9,11-17 However, only a few studies have included four or five methods of 
measuring BP, as we did.16,18-20 The results differed between studies with differences in the 
study population. The present study showed a significant difference between office BP and 
out-of-office BP in all subjects, but especially in hypertensive patients taking or not taking 
antihypertensive medication. This finding reinforces the importance of out-of-office BP 
measurements for appropriate BP control in hypertensive patients.

Our study showed that the prevalence of white-coat hypertension based on ausAOBP was 
about a quarter (25.4–26.8%) higher than that based on aAOBP (17.5–21.1%). Another study 
in Korea reported that the prevalence of white-coat hypertension was 20.1%.12 Meanwhile, 
the prevalence of masked hypertension based on both ausAOBP and aAOBP in our study 
was about one-third, which is slightly higher than that of another study in Korea (23.4%).12 
These differences may have been due to different definitions of hypertension phenotypes 
between studies. There was no significant difference in the present study according to sex 
due to the small number of subjects. However, the prevalence of white-coat hypertension 
was numerically higher in women than that in men (33.3% vs. 21.1%, P = 0.244), whereas 
that of masked hypertension was higher in men than in women (42.1% vs. 17.6%, P = 0.112), 
consistent with previous studies.11,21 Considering the above, together with our findings that 
there was only fair-to-moderate agreement (kappa = 0.393–0.508; Fig. 3, Supplementary 
Fig. 2) with the true categories of normotension and hypertension between office BP and 
out-of-office BP, out-of-office BP measurements should be used together with office BP 
measurements in clinical practice to reduce the misclassification of hypertension.22,23

This study has some limitations that need to be considered. First, the study was conducted 
in a single center with a relatively small number of population, which may limit the 
generalizability of the findings to other populations. Second, this study did not evaluate 
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the long-term clinical outcomes of the different BP measurement methods, which may be 
an area for future research. Third, our study did not randomize the sequence of office BP 
measurements, which may have led to higher ausAOBP. Fourth, this study measured office 
BPs with the OMRON HEM-907. A recent validation study in a small Korean population 
reported that DBP values measured with the OMRON HEM-907 may be underestimated 
compared with an electronic auscultatory device and did not meet the accuracy requirements 
of the universal standard for DBP.24 However, in our study, the office BPs were measured 
with the same device (OMRON HEM-907), rather than comparing different devices for office 
BP measurement. Therefore, further validation studies are required to determine whether 
it can serve as a reference standard for BP measurement with various devices. Despite the 
limitations mentioned above, the strengths of this study include its prospective design, the 
use of standardized BP measurement techniques, the inclusion of different BP measurement 
methods, and the results of BP differences according BP status.

In conclusion, this study showed that although BP values from different BP measurement 
methods are significantly correlated, auscultatory office BP measurement may overestimate 
BP values from other methods, particularly at elevated BP levels. This implies that a holistic 
approach employing diverse modalities for measuring BP can provide additional insights 
for clinical BP assessment, especially for patients with suspected white-coat hypertension 
or those with difficult-to-treat hypertension. Further multicenter studies are needed in the 
Korean population so as to accurately determine the differences in out-of-office BP according 
to the degree of office BP with different BP measurement methods.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Correlations between the blood pressure measurements in the overall population
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Supplementary Table 2
Correlations between the BP measurements in the non-hypertensive and hypertensive 
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Supplementary Fig. 1
Sequence of the BP measurement methods used to obtain BP measurement.
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Supplementary Fig. 2
Distribution of delta blood pressure according to different blood pressure measurement 
methods.
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Supplementary Fig. 3
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Prevalence of the control type of hypertension in 76 hypertensive individuals taking 
antihypertensive medication.

Click here to view

REFERENCES

	 1.	 Kim HC, Cho SMJ, Lee H, Lee HH, Baek J, Heo JE, et al. Korea hypertension fact sheet 2020: analysis of 
nationwide population-based data. Clin Hypertens 2021;27:8. 
PUBMED | CROSSREF

	 2.	 Lee HY, Shin J, Kim GH, Park S, Ihm SH, Kim HC, et al. 2018 Korean Society of Hypertension Guidelines 
for the management of hypertension: part II-diagnosis and treatment of hypertension. Clin Hypertens 
2019;25(1):20. 
PUBMED | CROSSREF

	 3.	 Kim HL, Lee EM, Ahn SY, Kim KI, Kim HC, Kim JH, et al. The 2022 focused update of the 2018 Korean 
Hypertension Society Guidelines for the management of hypertension. Clin Hypertens 2023;29(1):11. 
PUBMED | CROSSREF

	 4.	 Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al. 2018 ESC/ESH Guidelines 
for the management of arterial hypertension. Eur Heart J 2018;39(33):3021-104. 
PUBMED | CROSSREF

	 5.	 Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Dennison Himmelfarb C, et al. 2017 ACC/
AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the prevention, detection, 
evaluation, and management of high blood pressure in adults: a report of the American College of 
Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. J Am Coll Cardiol 
2018;71(19):e127-248. 
PUBMED | CROSSREF

	 6.	 SPRINT Research Group, Wright JT Jr, Williamson JD, Whelton PK, Snyder JK, Sink KM, et al. A 
randomized trial of intensive versus standard blood-pressure control. N Engl J Med 2015;373(22):2103-16. 
PUBMED | CROSSREF

	 7.	 Karnjanapiboonwong A, Anothaisintawee T, Chaikledkaew U, Dejthevaporn C, Attia J, Thakkinstian A. 
Diagnostic performance of clinic and home blood pressure measurements compared with ambulatory 
blood pressure: a systematic review and meta-analysis. BMC Cardiovasc Disord 2020;20(1):491. 
PUBMED | CROSSREF

	 8.	 Pappaccogli M, Di Monaco S, Perlo E, Burrello J, D’Ascenzo F, Veglio F, et al. Comparison of automated 
office blood pressure with office and out-off-office measurement techniques. Hypertension 2019;73(2):481-90. 
PUBMED | CROSSREF

	 9.	 Roerecke M, Kaczorowski J, Myers MG. Comparing automated office blood pressure readings with other 
methods of blood pressure measurement for identifying patients with possible hypertension: a systematic 
review and meta-analysis. JAMA Intern Med 2019;179(3):351-62. 
PUBMED | CROSSREF

	10.	 Kollias A, Stambolliu E, Kyriakoulis KG, Gravvani A, Stergiou GS. Unattended versus attended automated 
office blood pressure: Systematic review and meta-analysis of studies using the same methodology for 
both methods. J Clin Hypertens (Greenwich) 2019;21(2):148-55. 
PUBMED | CROSSREF

	11.	 Kim S, Park JJ, Lee SA, Cho Y, Yoon YE, Oh IY, et al. Diagnostic accuracy of manual office blood pressure 
measurement in ambulatory hypertensive patients in Korea. Korean J Intern Med 2018;33(1):113-20. 
PUBMED | CROSSREF

12/13

Comparison of Office and Out-of-office Blood Pressure Measurements

https://doi.org/10.3346/jkms.2023.38.e406https://jkms.org

https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e406&fn=jkms-38-e406-s005.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e406&fn=jkms-38-e406-s006.doc
http://www.ncbi.nlm.nih.gov/pubmed/33715619
https://doi.org/10.1186/s40885-021-00166-2
http://www.ncbi.nlm.nih.gov/pubmed/31388453
https://doi.org/10.1186/s40885-019-0124-x
http://www.ncbi.nlm.nih.gov/pubmed/36788612
https://doi.org/10.1186/s40885-023-00234-9
http://www.ncbi.nlm.nih.gov/pubmed/30165516
https://doi.org/10.1093/eurheartj/ehy339
http://www.ncbi.nlm.nih.gov/pubmed/29146535
https://doi.org/10.1016/j.jacc.2017.11.006
http://www.ncbi.nlm.nih.gov/pubmed/26551272
https://doi.org/10.1056/NEJMoa1511939
http://www.ncbi.nlm.nih.gov/pubmed/33225900
https://doi.org/10.1186/s12872-020-01736-2
http://www.ncbi.nlm.nih.gov/pubmed/30624994
https://doi.org/10.1161/HYPERTENSIONAHA.118.12079
http://www.ncbi.nlm.nih.gov/pubmed/30715088
https://doi.org/10.1001/jamainternmed.2018.6551
http://www.ncbi.nlm.nih.gov/pubmed/30585383
https://doi.org/10.1111/jch.13462
http://www.ncbi.nlm.nih.gov/pubmed/28602060
https://doi.org/10.3904/kjim.2016.161


	12.	 Seo J, Lee CJ, Oh J, Lee SH, Kang SM, Park S. Large discrepancy between unobserved automated 
office blood pressure and ambulatory blood pressure in a high cardiovascular risk cohort. J Hypertens 
2019;37(1):42-9. 
PUBMED | CROSSREF

	13.	 Bauer F, Seibert FS, Rohn B, Bauer KA, Rolshoven E, Babel N, et al. Attended versus unattended blood 
pressure measurement in a real-life setting. Hypertension 2018;71(2):243-9. 
PUBMED | CROSSREF

	14.	 Filipovský J, Seidlerová J, Ceral J, Vysočanová P, Špác J, Souček M, et al. A multicentre study on unattended 
automated office blood pressure measurement in treated hypertensive patients. Blood Press 2018;27(4):188-93. 
PUBMED | CROSSREF

	15.	 Andreadis EA, Geladari CV, Angelopoulos ET, Savva FS, Georgantoni AI, Papademetriou V. Attended 
and unattended automated office blood pressure measurements have better agreement with ambulatory 
monitoring than conventional office readings. J Am Heart Assoc 2018;7(8):e008994. 
PUBMED | CROSSREF

	16.	 Fonseca-Reyes S, Fonseca-Cortés K, Coca A, Romero-Velarde E, Pérez-Molina J. Conventional office 
blood pressure measurements and unattended automated office blood pressure compared with home 
self-measurement and 24-h ambulatory blood pressure monitoring. Blood Press Monit 2023;28(1):59-66. 
PUBMED | CROSSREF

	17.	 Asayama K, Ohkubo T, Rakugi H, Miyakawa M, Mori H, Katsuya T, et al. Comparison of blood pressure 
values-self-measured at home, measured at an unattended office, and measured at a conventional 
attended office. Hypertens Res 2019;42(11):1726-37. 
PUBMED | CROSSREF

	18.	 Myers MG, Valdivieso M, Chessman M, Kiss A. Can sphygmomanometers designed for self-measurement 
of blood pressure in the home be used in office practice? Blood Press Monit 2010;15(6):300-4. 
PUBMED | CROSSREF

	19.	 Lamarre-Cliché M, Cheong NN, Larochelle P. Comparative assessment of four blood pressure 
measurement methods in hypertensives. Can J Cardiol 2011;27(4):455-60. 
PUBMED | CROSSREF

	20.	 O’Shaughnessy MM, Durcan M, Kinsella SM, Griffin MD, Reddan DN, Lappin DW. Blood pressure 
measurement in peritoneal dialysis: which method is best? Perit Dial Int 2013;33(5):544-51. 
PUBMED | CROSSREF

	21.	 Hänninen MR, Niiranen TJ, Puukka PJ, Mattila AK, Jula AM. Determinants of masked hypertension in the 
general population: the Finn-Home study. J Hypertens 2011;29(10):1880-8. 
PUBMED | CROSSREF

	22.	 Ihm SH, Park JH, Kim JY, Kim JH, Kim KI, Lee EM, et al. Home blood pressure monitoring: a position 
statement from the Korean Society of Hypertension Home Blood Pressure Forum. Clin Hypertens 
2022;28(1):38. 
PUBMED | CROSSREF

	23.	 Kim HJ, Shin JH, Lee Y, Kim JH, Hwang SH, Kim WS, et al. Clinical features and predictors of masked 
uncontrolled hypertension from the Korean Ambulatory Blood Pressure Monitoring Registry. Korean J 
Intern Med 2021;36(5):1102-14. 
PUBMED | CROSSREF

	24.	 Kim YM, Ohn DW, Kim SH, Kim DH, Park SM, Cho IJ, et al. Direct comparison of an automated 
oscillometric device with an electronic auscultatory device for epidemiologic survey to evaluate the 
prevalence of hypertension. Medicine (Baltimore) 2022;101(50):e32299. 
PUBMED | CROSSREF

13/13

Comparison of Office and Out-of-office Blood Pressure Measurements

https://doi.org/10.3346/jkms.2023.38.e406https://jkms.org

http://www.ncbi.nlm.nih.gov/pubmed/30507862
https://doi.org/10.1097/HJH.0000000000001868
http://www.ncbi.nlm.nih.gov/pubmed/29255074
https://doi.org/10.1161/HYPERTENSIONAHA.117.10026
http://www.ncbi.nlm.nih.gov/pubmed/29334262
https://doi.org/10.1080/08037051.2018.1425606
http://www.ncbi.nlm.nih.gov/pubmed/29627767
https://doi.org/10.1161/JAHA.118.008994
http://www.ncbi.nlm.nih.gov/pubmed/36606481
https://doi.org/10.1097/MBP.0000000000000629
http://www.ncbi.nlm.nih.gov/pubmed/31222188
https://doi.org/10.1038/s41440-019-0287-6
http://www.ncbi.nlm.nih.gov/pubmed/20975533
https://doi.org/10.1097/MBP.0b013e328340d128
http://www.ncbi.nlm.nih.gov/pubmed/21801977
https://doi.org/10.1016/j.cjca.2011.05.001
http://www.ncbi.nlm.nih.gov/pubmed/23547279
https://doi.org/10.3747/pdi.2012.00027
http://www.ncbi.nlm.nih.gov/pubmed/21841499
https://doi.org/10.1097/HJH.0b013e32834a98ba
http://www.ncbi.nlm.nih.gov/pubmed/36180964
https://doi.org/10.1186/s40885-022-00218-1
http://www.ncbi.nlm.nih.gov/pubmed/34134467
https://doi.org/10.3904/kjim.2020.650
http://www.ncbi.nlm.nih.gov/pubmed/36550921
https://doi.org/10.1097/MD.0000000000032299

	Comparison of Office Blood Pressure, Automated Unattended Office Blood Pressure, Home Blood Pressure, and 24-Hour Ambulatory Blood Pressure Measurements
	INTRODUCTION
	METHODS
	Data collection
	BP measurements
	ausAOBP
	aAOBP
	aUAOBP
	ABP
	HBP

	Definition of hypertension
	Statistical analysis
	Ethics statement

	RESULTS
	Comparison of BPs according to different BP measurement
	Disparity between paired BP values according to different BP measurement
	Prevalence of the hypertension phenotype

	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Table 2
	Supplementary Fig. 1
	Supplementary Fig. 2
	Supplementary Fig. 3
	Supplementary Fig. 4

	REFERENCES


