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Abstract
The objective of this study was to compare the diagnostic accuracy of office blood 
pressure (BP) threshold of 140/90 and 130/80 mmHg for correctly identifying un-
controlled out-of-office BP in apparent treatment-resistant hypertension (aTRH). We 
analyzed 468 subjects from a prospectively enrolled cohort of patients with resist-
ant hypertension in South Korea (clinicaltrials.gov: NCT03540992). Resistant hy-
pertension was defined as office BP ≥ 130/80 mmHg with three different classes 
of antihypertensive medications including thiazide-type/like diuretics, or treated hy-
pertension with four or more different classes of antihypertensive medications. We 
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1  |  INTRODUC TION

Resistant hypertension is defined as blood pressure (BP) above treat-
ment goals despite the concurrent use of three or more antihyper-
tensive drugs, including diuretics, and also includes cases of patients 
whose BP achieves target values on four or more antihypertensive 
drugs.1 The prevalence of resistant hypertension is between 12% 
and 18% of the hypertensive population1-3 and is associated with 
increased risk for end-stage renal disease, cardiovascular events, 
and mortality.1,4 Therefore, correct identification and BP control in 
these high-risk subjects are imperative. However, office BP mea-
surement has limitations for identifying true resistant hypertension 
because up to 37.5% of apparent treatment-resistant hypertension 
(aTRH) cases, based on office BP measurements, have white-coat 
uncontrolled hypertension.5 Additionally, an office BP threshold 
that better predicts uncontrolled out-of-office BP is imperative, 
as ambulatory BP measurements are more significantly associated 
with cardiovascular events than are office BP measurements.6

Recently, the American College of Cardiology (ACC) and the 
American Heart Association (AHA) redefined most of the target 
blood pressures as below 130/80 mmHg as well as hypertension 
threshold as 130/80 mmHg.7 Based on this new target BP, the 
2018 scientific statement from the AHA lowered the BP threshold 
of resistant hypertension from above 140/90 mmHg, based on the 
2008 AHA definition, to above 130/80 mmHg.1,8 Theoretically, 
lowering the office BP target to 130/80 mmHg would lower the 
prevalence of masked uncontrolled hypertension while increasing 
white-coat uncontrolled hypertension, assuming that the diag-
nostic threshold for ambulatory BP monitoring (ABPM) remains 
the same.

The objective of this study was to compare the diagnostic accu-
racy of the 2018 and 2008 definitions of aTRH for correctly identi-
fying controlled and uncontrolled out-of-office BP (ABPM and home 
BP measurements) and evaluate the change in the prevalence of 

masked uncontrolled hypertension according to threshold change in 
a prospective cohort of subjects with baseline aTRH.

2  |  METHODS

2.1  |  Study design and subjects

This prospective, multi-center, cohort study for patients with re-
sistant hypertension was conducted in twelve tertiary hospitals in 
South Korea (clinicaltrials.gov: NCT03540992). The institutional 
review board of the Yonsei University Health System Clinical Trial 
Center approved the study (IRB No. 4-2017-1222), and all subjects 
provided written informed consent.

Subjects were eligible for enrollment if they were ≥20 years of 
age, had a diagnosis of resistant hypertension based on office sys-
tolic BP (SBP) ≥130 mmHg or office diastolic BP (DBP) ≥80 mmHg 
with three different classes of antihypertensive medications in-
cluding thiazide-type/like diuretics, or treated hypertension with 
four or more different classes of antihypertensive medications 
regardless of the BP level. Those subjects with a desired life ex-
pectancy of under six months due to non-cardiovascular disease, 
and pregnant or nursing women, were excluded. We also excluded 
those subjects who had acute renal allograft rejection within the 
first 3 months of transplantation, those within the first 6 months 
of discharge from hospitalization for acute coronary syndrome or 
acute stroke, and those with systolic heart failure (left ventricular 
ejection fraction ≤40%). In this study, we included 468 subjects 
who had enrolled in the registry between February 2018 and 
April 2020. At the baseline, all subjects completed a standardized 
survey including collection of anthropometric data, past medi-
cal history, current medications, socioeconomic status, cognitive 
function, and medication adherence. All subjects had biochemi-
cal parameters measured, including lipid profile, serum creatinine 
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conducted different types of BP measurements including office BP, automated of-
fice BP (AOBP), home BP, and ambulatory BP. We defined uncontrolled out-of-office 
BP as daytime BP ≥ 135/85 mmHg and/or home BP ≥ 135/85 mmHg. Among sub-
jects with office BP < 140/90 mmHg and subjects with office BP < 130/80 mmHg, 
66% and 55% had uncontrolled out-of-office BP, respectively. The prevalence of 
controlled and masked uncontrolled hypertension was lower, and the prevalence of 
white-coat and sustained uncontrolled hypertension was higher, with a threshold of 
130/80 mmHg than of 140/90 mmHg, for both office BP and AOBP. The office BP 
threshold of 130/80 mmHg was better able to diagnose uncontrolled out-of-office 
BP than 140/90 mmHg, and the net reclassification improvement (NRI) was 0.255. 
The AOBP threshold of 130/80 mmHg also revealed better diagnostic accuracy than 
140/90 mmHg, with NRI of 0.543. The office BP threshold of 130/80 mmHg showed 
better than 140/90 mmHg in terms of the correspondence to out-of-office BP in sub-
jects with aTRH.
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level, blood urea nitrogen level, electrolyte levels, fasting glucose 
levels, and urinary albumin/creatinine ratio.

2.2  |  Measurements of BP

For all subjects, we performed and analyzed different types of BP 
measurements, including office BP, automated office BP (AOBP), 
home BP, and ambulatory BP measurement. Office BP was taken 
in the research examination room by a trained nurse. After 
5 minutes of rest in a sitting position, single brachial BP meas-
urement was performed on the dominant arm using a validated 
automated device (HEM 7080-IC; Omron). After a further 5 min-
utes of rest, either unattended or attended AOBP measurements 
were obtained using a validated automated device (HEM 7080-IC; 
Omron), according to the discretion of the investigators at each 
research center. For unattended AOBP measurements (four cent-
ers, N = 78), after positioning the subjects and setting the device, 
the trained nurse left the subject alone in the examination room. 
For attended AOBP measurements (six centers, N = 390), after po-
sitioning the subjects and setting the device, the trained nurse left 
the subject alone but did not leave the examination room. The av-
erage of three BP readings taken at 2-minute intervals after 5 min-
utes of rest was used in this study using the nocturnal automatic 
BP measurement mode.9,10 Home BP was measured using the vali-
dated digital device (HEM-7130; Omron). Home BP was measured 
twice a day in the morning and the evening, at the same time and 
location, for seven consecutive days before the hospital visits. In 
principle, morning BP was measured twice before the subjects 
took antihypertensive medications within 2 hours of waking up, 
and evening BP was measured twice within 1 hour of bedtime. 
We used the average of these measurements for analysis. Twenty-
four-hour ABPM was performed every 30 minutes with the sphyg-
momanometers recommended by the Dabl Educational Trust.11 
Among the total subjects, 400 were measured by TM-2430 (A&D 
Medical), 55 were measured by Mobil-O-Graph (IEM), and 13 were 
measured by Tonoport V (GE). Ambulatory BP readings were aver-
aged for 24-hour, daytime, and nighttime periods.12 Daytime and 
nighttime periods were defined according to the information pro-
vided by the patient.

Home BP ≥ 135/85 mmHg and ABPM daytime 
BP ≥ 135/85 mmHg were defined as uncontrolled home BP and 
uncontrolled daytime BP, respectively.13 If home BP or daytime 
BP was ≥ 135/85 mmHg, it was defined as uncontrolled out-of-of-
fice BP.14,15 Hypertension phenotypes were defined as controlled 
hypertension (office BP < target BP and out-of-office BP < target 
BP), white-coat uncontrolled hypertension (office BP ≥ target BP 
and out-of-office BP < target BP), masked uncontrolled hyperten-
sion (office BP < target BP and out-of-office BP ≥ target BP), and 
sustained uncontrolled hypertension (office BP ≥ target BP and 
out-of-office BP ≥ target BP).16

2.3  |  Statistical analysis

Descriptive statistics included sample size (N), the arithmetic 
mean ± standard deviation (SD) for continuous variables, and fre-
quencies and percentages for categorical variables, which were cal-
culated for all baseline demographics. The patient group was divided 
into two according to whether out-of-office BP was controlled or 
uncontrolled.

To identify the office SBP/DBP or automated office SBP/DBP 
with the highest sensitivity and specificity that best matched 
uncontrolled out-of-office BP, we used the area under the curve 
(AUC) of the receiver operating characteristic (ROC) curve. We 
calculated the sensitivity, specificity, and accuracy of each office 
BP threshold for uncontrolled out-of-office BP. In addition, we 
also used net reclassification of improvement (NRI) to quantify 
the discrimination improvement, a method previously described 
by Pencina et al.17,18 An NRI greater than zero (NRI > 0) represents 
a relative increase in the predicted probabilities for subjects who 
have uncontrolled out-of-office BP and a decrease for subjects 
who do not. All statistical analyses were performed in R version 
3.6.3 (http://www.r-proje ct.org).

3  |  RESULTS

3.1  |  Baseline characteristics of study subjects

The mean age of the study subjects was 61 ± 13 years, and 58% 
of the subjects were male. The mean body mass index was 
28.0 ± 4.1 kg/m2, and the majority of subjects (77%) had body mass 
index >25 kg/m2. The most common comorbid condition was dyslipi-
demia, followed by diabetes. Therefore, mean fasting blood glucose 
was above 100 mg/dl, although the mean LDL-cholesterol level was 
89.6 ± 32.3 mg/dl because many subjects were taking statins. The 
prevalence of chronic kidney disease and stroke was higher in the 
uncontrolled out-of-office BP group than in the controlled out-of-
office BP group (Table 1).

Table 2 shows blood pressure measurements, types of antihy-
pertensive medications prescribed, and number of medications. 
All BP measurements, including office BP and AOBP, were higher 
in the uncontrolled out-of-office BP group than in the controlled 
out-of-office BP group. Among all study subjects, the prescrip-
tion rates of thiazide-like diuretics, renin-angiotensin system 
blockers, and calcium channel blockers were all above 97%, with 
beta-blockers the next most prescribed. Mineralocorticoid antag-
onist (MRA) had only 17.9% utilization. The majority of the study 
subjects were taking more than four antihypertensive drugs. The 
rate of MRA use was lower in the uncontrolled out-of-office BP 
group than in the controlled out-of-office BP group. The number 
of prescribed antihypertensive medications did not differ be-
tween the groups.

http://www.r-project.org
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3.2  |  Accuracy of the 140/90 and 130/80 mmHg 
in-office BP and AOBP for diagnosis of uncontrolled 
out-of-office BP in patients with resistant 
hypertension

We defined uncontrolled out-of-office BP as daytime 
BP ≥ 135/85 mmHg and/or one-week average home BP 
of ≥ 135/85 mmHg, and tried to assess the discriminative value of 
the different office BP levels and identify the most appropriate of-
fice BP threshold for diagnosis of uncontrolled out-of-office BP. In 
the ROC curve analysis (Figure 1), the office SBP and DBP with the 
highest sensitivity and specificity for identifying uncontrolled out-
of-office BP was 137 and 79 mmHg, respectively (Figure 1A,B). The 
AUC of office SBP and office DBP was 0.697 (95% CI, 0.644-0.750) 
and 0.614 (95% CI, 0.557-0.614), respectively. The automated office 

SBP and DBP of 142 and 80 mmHg, respectively, showed the highest 
sensitivity and specificity for identifying uncontrolled out-of-office 
BP (Figure 1C,D). The AUC of automated office SBP and office DBP 
was 0.703 (95% CI, 0.651-0.756) and 0.636 (95% CI, 0.583-0.589), 
respectively. The AUC of office SBP and automated Office SBP were 
not different (p = .755), and so were the AUC of Office DBP and 
automated office DBP (p = .252). However, the AUC of SBP was sig-
nificantly greater than that of DBP in both office BP (p = .002) and 
automated office BP (p = .018).

Table 3 compares the diagnostic accuracy for uncontrolled 
out-of-office BP using an office BP threshold of 140/90 and 
130/80 mmHg. Scatter plots of office BP and automated office BP 
according to out-of-office BP status were shown in supplemental 
material (Figure S1). The threshold of 130/80 mmHg was better 
able to diagnose uncontrolled out-of-office BP than was a threshold 

TA B L E  1  Baseline characteristics

Variables
Total
(N = 468)

Controlled out-
of-office BP
(N = 111)

Uncontrolled 
out-of-office BP
(N = 357)

p 
Value

Age, years 60.8 ± 12.9 61.1 ± 11.8 60.7 ± 13.2 .77

Male, N (%) 270 (57.7%) 62 (55.9%) 208 (58.3%) .735

Height, cm 163.8 ± 9.7 163.1 ± 10.4 164.1 ± 9.5 .366

Weight, kg 75.7 ± 15.3 75.1 ± 17.2 75.9 ± 14.8 .693

Body mass index, kg/m2 28.0 ± 4.1 28.0 ± 4.3 28.0 ± 4.1 .949

Current smoker, N (%) 72 (15.4%) 9 (8.1%) 63 (17.6%) .022

Alcohol drinking, N (%) 283 (60.5%) 66 (59.5%) 217 (60.8%) .89

Diabetes, N (%) 311 (66.5%) 75 (67.6%) 236 (66.1%) .865

Dyslipidemia, N (%) 467 (99.8%) 111 (100.0%) 356 (99.7%) 1.00

Chronic kidney disease, N 
(%)

31 (6.6%) 2 (1.8%) 29 (8.1%) .034

Heart failure, N (%) 42 (9.0%) 10 (9.0%) 32 (9.0%) 1.00

Myocardial infarction, N (%) 21 (4.5%) 6 (5.4%) 15 (4.2%) .785

Angina, N (%) 102 (21.8%) 30 (27.0%) 72 (20.2%) .162

Stroke, N (%) 45 (9.6%) 4 (3.6%) 41 (11.5%) .023

Transient ischemic attack, 
N (%)

8 (1.7%) 1 (0.9%) 7 (2.0%) .739

Blood urea nitrogen, mg/dl 18.5 ± 11.1 17.8 ± 5.1 18.8 ± 12.4 .222

Creatinine, mg/dl 0.9 ± 0.3 0.9 ± 0.2 1.0 ± 0.4 .001

Glucose, mg/dl 117.5 ± 31.2 118.5 ± 30.3 117.2 ± 31.5 .711

Total cholesterol, mg/dl 165.7 ± 34.6 164.0 ± 38.0 166.2 ± 33.5 .575

LDL-cholesterol, mg/dl 89.9 ± 32.3 88.7 ± 33.1 90.3 ± 32.1 .669

HDL-cholesterol, mg/dl 48.9 ± 11.5 49.2 ± 11.7 48.9 ± 11.4 .825

Triglyceride, mg/dl 141.0 
(105.0-191.5)

142 
(104.0-182.0)

141 (105.0-198.5) .642

Na+, mmol/L 141.1 ± 2.6 140.6 ± 2.5 141.3 ± 2.6 .018

K+, mmol/L 4.3 ± 0.4 4.3 ± 0.4 4.3 ± 0.4 .877

Urine albumin creatinine 
ratio

18.5 (8.9-76.5) 16.8 (8.1-42.2) 20.1 (9.2-83.5) .094

Note: Continuous variables are presented as mean ± standard deviation or median (interquartile 
range). Categorical variables are presented as number (%).
Abbreviations: BC, both controlled; BU, both uncontrolled; BP, blood pressure; DU, daytime 
uncontrolled; HU, home uncontrolled.



    |  599LEE Et aL.

of 140/90 mmHg, and the NRI was 0.255. The accuracy of of-
fice BP threshold of 130/80 mmHg for identifying uncontrolled 
out-of-office BP was higher than that of office BP threshold of 
140/90 mmHg (74.1% vs. 60.9%; Table S1 and Table S2). In terms of 
the AOBP threshold for diagnosing uncontrolled out-of-office BP, 
the AOBP of 130/80 mmHg revealed better diagnostic accuracy 
than the AOBP of 140/90 mmHg; the NRI was 0.543. The accuracy 
of AOBP threshold of 130/80 mmHg was higher than that of of-
fice BP threshold of 140/90 mmHg (73.1% vs. 54.1%; Table S3 and 
Table S4). In addition, with the same threshold of 130/80 mmHg, 
AOBP, compared to office BP, revealed a slightly improved diagnos-
tic accuracy for identifying uncontrolled out-of-office BP (Table 4, 
NRI = 0.076).

3.3  |  Comparison of office BP and AOBP 
thresholds for uncontrolled out-of-office BP in 
patients with resistant hypertension

The prevalence of hypertension phenotypes was different between of-
fice BP and AOBP thresholds of 130/80 mmHg and of 140/90 mmHg 

(Figure 2). The prevalence of controlled and masked uncontrolled 
hypertension was lower, and the prevalence of white-coat and sus-
tained uncontrolled hypertension was higher, with a threshold of 
130/80 mmHg than of 140/90 mmHg, for both office BP and AOBP. 
With the same BP threshold, the prevalence of white-coat uncon-
trolled hypertension was lower with AOBP measurement than with 
office BP measurement.

In this study, 230 subjects had an office BP less than 
140/90 mmHg (Table 5). However, of these, 128 subjects (56%) had 
uncontrolled daytime BP and 66 subjects (29%) had uncontrolled 
home BP. There were 151 subjects (66%) who had uncontrolled 
home BP and/or uncontrolled daytime BP. Among 98 subjects whose 
office BP was controlled below 130/80 mmHg, 54 subjects (55%) 
had uncontrolled home BP and/or uncontrolled daytime BP. Even 
though the proportion of subjects with uncontrolled out-of-office 
BP was still high (55%), it was lower than that when the threshold of 
140/90 mmHg was applied (66%).

Among 282 subjects who had an AOBP of less than 140/90 mmHg, 
193 subjects (68%) had uncontrolled out-of-office BP. The proportion 
of subjects with uncontrolled out-of-office BP was 56% among 127 
subjects who had an AOBP < 130/80 mmHg.

TA B L E  2  Blood pressure measurement and use of antihypertensive medications

Variables Total (N = 468)
Controlled out-of-office BP
(N = 111)

Uncontrolled out-of-office BP
(N = 357) p Value

Office SBP 140.0 ± 18.2 130.6 ± 14.2 143.0 ± 18.3 <.001

Office DBP 80.0 ± 11.7 76.5 ± 10.1 81.1 ± 12.0 <.001

Automated office SBP 137.1 ± 16.4 128.0 ± 12.7 139.9 ± 16.5 <.001

Automated office DBP 78.0 ± 11.1 74.2 ± 7.9 79.2 ± 11.6 <.001

Home SBP 129.9 ± 12.5 120.1 ± 8.5 133.0 ± 11.9 <.001

Home DBP 78.9 ± 9.2 74.0 ± 6.1 80.4 ± 9.5 <.001

Daytime SBP 140.1 ± 17.2 122.5 ± 7.2 145.6 ± 15.7 <.001

Daytime DBP 82.6 ± 10.5 74.8 ± 5.0 85.1 ± 10.6 <.001

Thiazide-like 461 (98.5%) 110 (99.1%) 351 (98.3%) .886

Renin-angiotensin 
system blocker

454 (97.0%) 106 (95.5%) 348 (97.5%) .452

Calcium channel blocker 458 (97.9%) 108 (97.3%) 350 (98.0%) .923

Beta-blocker 387 (82.7%) 97 (87.4%) 290 (81.2%) .176

Alpha-blocker 37 (7.9%) 5 (4.5%) 32 (9.0%) .187

Mineralocorticoid 
antagonist

84 (17.9%) 30 (27.0%) 54 (15.1%) .007

Minoxidil 2 (0.4%) 0 (0.0%) 2 (0.6%) 1.00

Number of medications

3 68 (14.5%) 8 (7.2%) 60 (16.8%)

4 327 (69.9%) 85 (76.6%) 242 (67.8%) .144

5 62 (13.2%) 15 (13.5%) 47 (13.2%)

6 10 (2.1%) 3 (2.7%) 7 (2.0%)

7 1 (0.2%) 0 (0.0%) 1 (0.3%)

Note: Data are presented as mean ± standard deviation or number (%).
Abbreviations: BC, both controlled; BU, both uncontrolled; BP, Blood pressure; DBP, diastolic blood pressure; DU, daytime uncontrolled; HU, home 
uncontrolled; SBP, systolic blood pressure.
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4  |  DISCUSSION

The key findings from this study are as follows. First, office BP or 
AOBP threshold of 130/80 mmHg better predicts uncontrolled out-
of-office BP than threshold of 140/90 mmHg. Second, the propor-
tion of subjects who had uncontrolled out-of-office BP is relatively 
high even if office BP or AOBP is controlled. Lowering office BP 
threshold to 130/80 mmHg makes it slightly more likely that out-
of-office BP is also within the threshold of 135/85 mmHg. This 
should be considered for better BP control in subjects with resistant 
hypertension.

Using an office BP or AOBP threshold of 130/80 mmHg showed 
better correspondence to uncontrolled out-of-office BP, based on 
both ABPM and home BP monitoring. The increase in white-coat 

uncontrolled hypertension was offset by a decrease in masked 
uncontrolled hypertension so that overall BP control could be im-
proved if the lower diagnostic threshold for aTRH is adopted. If resis-
tant hypertension is defined as only uncontrolled office BP despite 
using 3 or more antihypertensive agents including diuretics without 
consideration for out-of-office BP measurements, then adopting an 
office BP threshold of 140/90 mmHg would seem logical, since low-
ering the threshold to 130/80 mmHg would increase the prevalence 
of white-coat uncontrolled hypertension. In a study by de la Sierra 
et al, among 8295 subjects with resistant hypertension, defined as 
an office BP ≥ 140/90 mmHg while being treated with three or more 
antihypertensive drugs including a diuretic, 37.5% had white-coat 
resistant hypertension.5 Since white-coat uncontrolled hyperten-
sion has been shown to have a better prognosis than true resistant 

F I G U R E  1  Receiver operating curve analyses of office systolic (A), diastolic (B), automated office systolic (C), and diastolic (D) blood 
pressure for identifying uncontrolled out-of-office blood pressure (BP)
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hypertension (sustained uncontrolled hypertension) and masked un-
controlled hypertension, avoiding the misclassification of white-coat 
uncontrolled hypertensive patients as true resistant hypertensive is 
important.19 However, among aTRH subjects who have controlled 
office BP with four or more antihypertensive medications, iden-
tification of the appropriate office BP threshold to minimize the 
number of subjects with masked uncontrolled hypertension is im-
perative, because out-of-office BP measurements are more predic-
tive of cardiovascular events than are office BP measurements.20,21 
The results from this study clearly show that lowering the office BP 
threshold lowers the prevalence of masked uncontrolled HT. This 
may be particularly important in the Asia/Pacific region, where 
masked hypertension is more prevalent.22

According to the Spanish ABPM registry study, 31.1% of the sub-
jects with treated and controlled office BP had masked uncontrolled 
hypertension (uncontrolled out-of-office BP).23 In our study, it is no-
ticeable that the prevalence of masked uncontrolled hypertension in 
resistant hypertension is quite high. Among the 98 subjects whose 
office BP was controlled below 130/80 mmHg, 54 subjects (55%) 
had uncontrolled home BP or uncontrolled daytime BP (Table 5). 
Even though the proportion of subjects with out-of-office BP above 
the threshold was still high, it was lower than that when the thresh-
old of 140/90 mmHg was applied (66%). With further treatment to 
lower blood pressure, the office BP threshold should be targeted to 
130/80 mmHg as true controlled hypertension (controlled out-of-
office BP) is more likely to be identified, conferring a better prog-
nosis.24 Despite this, when considering the relatively high number 
of cases of uncontrolled out-of-office BP, measured via home BP 
or ABPM, in subjects with office BP below 130/80 mmHg, the use 
of out-of-office BP monitoring is imperative in the management of 
resistant hypertension. We used a threshold ABPM daytime BP of 
135/85 mmHg and a home BP of 135/85 mmHg for diagnosing true 
resistant hypertension, despite the 2017 ACC/AHA guidelines rec-
ommending a threshold of 130/80 mmHg as the corresponding value 
for a clinic BP of 130/80 mmHg.7 This was because the European 
Society of Cariology/European Society of Hypertension still de-
fines elevated daytime ABPM BP and home BP as 135/85 mmHg 
or above, and most of the studies that demonstrate the prognostic 
significance of ABPM and home BP have been validated using this 
threshold.13 As an uncontrolled BP above the threshold of prog-
nostic significance is of importance in resistant hypertension, we 
wanted to demonstrate the predictive value of a lower office BP 
threshold in better predicting the current definition of uncontrolled 
ABPM and home BP. Even when the out-of-office BP threshold was 
defined as 130/80 mmHg in accordance with the 2017 AHA/ACC 
guidelines,7 office BP threshold 130/80 mmHg showed better ac-
curacy than 140/90 mmHg (Table S5, Table S6, Table S7, Table S8). 
The NRIs of Office BP and AOBP thresholds of 130/80 mmHg were 
0.461 and 0.490, respectively (Table S9).

Another important finding from this study was the relatively high 
disagreement between ABPM daytime BP and home BP. In subjects 
with an office BP < 140/90 mmHg (N = 230), 85 subjects (37%) with 
uncontrolled daytime BP had controlled home BP, while 23 subjects TA
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(10%) who had controlled daytime BP had uncontrolled home BP 
(Table 5). In subjects with an office BP < 130/80 mmHg (N = 98), the 
extent of discord was similar, with 31 subjects (32%) with uncon-
trolled daytime BP and controlled home BP, and 11 subjects (11%) 
with controlled daytime BP and uncontrolled home BP. This may have 
important implications as partial masked hypertension, defined as ei-
ther home or 24-h ambulatory hypertension and office normotension, 
increased the risk of long-term stroke compared to sustained normo-
tension.25 Despite this discordance, home BP monitoring has been 
shown to have better prognostic value than clinic BP monitoring. In 
an observational cohort study by Kario et al including 21 591 treated 
hypertensive subjects, those with a well-controlled clinic SBP of 
<130 mmHg and an elevated morning home SBP of ≥145 mmHg had 
increased cardiovascular risk compared to those with both controlled 
clinic SBP and home morning SBP.26 In the Dallas Heart Study, masked 
hypertension was associated with an unfavorable prognosis compared 
to the normal blood pressure group among 3027 subjects with home 
BP data, although they were not self-measured home BP data.27,28 The 
findings from this study suggest that the use of both ABPM and home 
BP monitoring is important for obtaining appropriate classification of 
BP control status and optimal 24-hour BP control.

When using the same threshold of 130/80 mmHg, AOBP, com-
pared to office BP, only slightly improved the accuracy of uncon-
trolled out-of-office BP identification. This is the first study to 
compare the accuracy of AOBP and office BP in identifying true 
resistant hypertension. Most studies validating the accuracy of 
AOBP were done in subjects with uncontrolled hypertension.29 
Therefore, the accuracy of AOBP compared to office BP measure-
ment is not clear in subjects with treated hypertension. Our results 
showed that when office BP is measured according to the standard 
protocol, it is as reliable as AOBP measurement in treated hyper-
tensive subjects. Additionally, with the lower threshold for aTRH 
diagnosis, the prevalence of masked uncontrolled hypertension in 
those with controlled office BP and controlled AOBP were com-
parable and still high. In a sub-study of the SPRINT (Systolic Blood 
Pressure Intervention Trial) trial, ambulatory BP measurement was 
performed in 897 SPRINT participants. The daytime average SBP 
was 6.85 mmHg higher than the clinic BP in the intensive treat-
ment group, compared to 3.30 mmHg higher in the conventional 
treatment group, suggesting that AOBP measurements similarly 
risk missing masked uncontrolled hypertension without out-of-of-
fice BP measurements.30

TA B L E  4  Reclassification tables for uncontrolled out-of-office blood pressure (BP) according to office BP threshold of 130/80 and 
automated office BP threshold of 130/80 mmHg

Daytime BP 135/85 mmHg or Home BP 
135/85 mmHg Office BP 130/80 mmHg

Automated office BP 
130/80 mmHg

Reclassification 
improvement

Controlled (N = 111) Controlled (N = 44)a Controlled (N = 40) 0.122i

Uncontrolled (N = 4)e

Uncontrolled (N = 67)b Controlled (N = 16)f

Uncontrolled (N = 51)

Uncontrolled (N = 357) Controlled (N = 54)c Controlled (N = 35) −0.046j

Uncontrolled (N = 19)g

Uncontrolled (N = 303)d Controlled (N = 36)h

Uncontrolled (N = 267)

Note: i = (f − e)/(a + c); j = (g − h)/(b + d). NRI = i + j = 0.076.

F I G U R E  2  Hypertension phenotype according to different office blood pressure (A) and automated office blood pressure (BP) (B) 
thresholds
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There are several limitations that need to be addressed. First, 
although the study protocol recommended the measurement of un-
attended AOBP, this decision was left to the discretion of the inves-
tigators at each institution, based on the research facilities available. 
Because the majority of the measurements were attended AOBP, we 
cannot rule out the possibility that the diagnostic accuracy of AOBP 
was weakened. However, there are studies suggesting that attended 
AOBP may be used in place of unattended AOBP. In a recent study 
by Andreadis et al,31 involving 146 subjects, there was minimal dif-
ference between attended AOBP and unattended AOBP, with both 
measurements showing no significant difference in daytime ABPM 
meausurements. Additionally, in a recent analysis of the SPRINT 
trial, 4082 participants had BP measured by unattended AOBP while 
2247 participants were measured by attended AOBP. Similar SBP 
and DBP were demonstrated during follow-up, with no significant 
difference in the degree of reduction in the primary outcome in the 
intensive treatment arm, whose BP was measured using either un-
attended or attended AOBP.32 Second, for measurement of AOBP, 
we did not use the validated AOBP measurement device which has 
been specifically designed for professional use. Instead, we used an 
automated home BP device that has a nocturnal automatic BP mea-
surement algorithm. Previous studies have suggested that validated 
automatic home BP devices can be used for AOBP measurement and 
that HEM 7080-IC can be a good device to use for AOBP measure-
ment in place of the validated standard devices.33,34

Third, since this study is a cross-sectional analysis of base-
line BP measurements when patients were enrolled in the cohort, 
there is no information on drug compliance. However, this cohort 
is on-going and drug compliance will be investigated at follow-up. 
Further research in the future may address issue regarding drug 

compliance. Fourth, this study enrolled people with an office BP of 
130/80 mmHg or higher, according to the definition of resistant hy-
pertension. Therefore, it cannot be ruled out that more patients with 
white-coat uncontrolled out-of-office BP were enrolled. This is an 
inevitable limitation because the definition of resistant hypertension 
is based on office BP, and it is worth noting that the proportion of 
masked uncontrolled out-of-office BP in this study is, nevertheless, 
quite high.

In conclusion, in subjects with aTRH diagnosed with threshold 
of 130/80 mmHg, an office BP threshold of 130/80 mmHg showed 
better than 140/90 mmHg in terms of the correspondence to out-
of-office BP, defined by a daytime ambulatory BP and/or home BP 
threshold of 135/85 mmHg regardless of using either conventional 
office BP or AOBP measurement.

ACKNOWLEDG EMENTS
We would like to thank Editage (www.edita ge.co.kr) for English lan-
guage editing.

CONFLIC T OF INTERE S T
CJ Lee has received lecture honoraria from Novartis, Hanmi 
Pharmaceutical, Yuhan, Boryung Pharmaceutical, and Daiichi 
Sankyo. MY Rhee has received lecture honoraria from Hanmi 
Pharmaceutical, Yuhan, and Boryung Pharmaceutical; consulting 
fees from Hanmi Pharmaceutical, and Shin Poong Pharmaceutical. 
J Shin has received lecture honoraria from Pfizer, Hanmi 
Pharmaceutical, Yuhan, and Boryung Pharmaceutical; consulting 
fees from Hanmi Pharmaceutical; and research grants from Sanofi, 
and Hanmi Pharmaceutical. S Park has received lecture honoraria 
from Daiichi Sankyo, Daewoong Pharmaceutical, Servier, Takeda 

TA B L E  5  Proportion of uncontrolled hypertension according to out-of-office blood pressure (BP) among patients who had controlled 
office BP or automated office BP

Office BP

Office BP < 140/90 mmHg (N = 230) Home BP < 135/85 mmHg Home 
BP ≥ 135/85 mmHg

Daytime BP < 135/85 mmHg (N = 102) 79 (34%) 23 (10%)

Daytime BP ≥ 135/85 mmHg (N = 128) 85 (37%) 43 (19%)

Office BP < 130/80 mmHg (N = 98) Home BP < 135/85 mmHg Home 
BP ≥ 135/85 mmHg

Daytime BP < 135/85 mmHg (N = 55) 44 (45%) 11 (11%)

Daytime BP ≥ 135/85 mmHg (N = 43) 31 (32%) 12 (12%)

Automated office BP

Automated office BP < 140/90 mmHg (N = 282) Home BP < 135/85 mmHg Home 
BP ≥ 135/85 mmHg

Daytime BP < 135/85 mmHg (N = 118) 89 (32%) 29 (10%)

Daytime BP ≥ 135/85 mmHg (N = 164) 106 (38%) 58 (20%)

Automated office BP < 130/80 mmHg (N = 127) Home BP < 135/85 mmHg Home 
BP ≥ 135/85 mmHg

Daytime BP < 135/85 mmHg (N = 67) 56 (44%) 11 (9%)

Daytime BP ≥ 135/85 mmHg (N = 60) 46 (36%) 14 (11%)

http://www.editage.co.kr


604  |    LEE Et aL.

Pharmaceutical, Dong-A Pharmaceutical, Boryung Pharmaceutical, 
Hanmi Pharmaceutical and Pfizer; research grant from Daiichi 
Sankyo. Kario K received research grant from A &D Co., Omron 
Healthcare Co., Fukuda Denshi Co., MSD KK, Astellas Pharma Inc, 
Eisai Co., Otsuka Pharmaceutical Co., Otsuka Holdings Co., Sanofi 
KK, Shionogi & Co., Sanwa Kagaku Kenkyusho Co., Daiichi Sankyo 
Co., Taisho Pharmaceutical Co., Ltd, Sumitomo Dainippon Pharma 
Co., Takeda Pharmaceutical Co., Mitsubishi Tanabe Pharma Co., Teijin 
Pharma, Boehringer Ingelheim Japan Inc, Pfizer Japan Inc, Fukuda 
Lifetec Co., Fukuda Lifetec Kanto Co., Bristol-Myers Squibb KK, 
Mylan Co., Mochida Pharmaceutical Co., Roche Diagnostics KK and 
honoraria from Idorsia Pharmaceuticals Japan, Omron Healthcare 
Co., Daiichi Sankyo Company, Limited, Takeda Pharmaceutical Co., 
Terumo Corporation, Mylan EPD.

AUTHOR CONTRIBUTIONS
S Park is the principal investigator of the study and supervised its 
conduct and data analysis. S Park and J Shin had primary respon-
sibility for the writing of this paper. CJ Lee and HJ Ha performed 
the data analysis, wrote, and revised the manuscripts. CJ Lee, JY 
Kim, IC Kim, SK Ryu, MY Rhee, JH Lee, JH Lee, HY Lee, SH Ihm, 
JW Chung, JH Choi, J Shin, and S Park enrolled the subjects and 
collected the data. K kario advised on the data analysis and re-
viewed the manuscript. All authors read and approved the final 
manuscript.

ORCID
Hae-Young Lee  https://orcid.org/0000-0002-9521-4102 
Jinho Shin  https://orcid.org/0000-0001-6706-6504 
Sungha Park  https://orcid.org/0000-0001-5362-478X 
Kazuomi Kario  https://orcid.org/0000-0002-8251-4480 

R E FE R E N C E S
 1. Carey RM, Calhoun DA, Bakris GL, et al. Resistant hypertension: de-

tection, evaluation, and management: a scientific statement From 
the American Heart Association. Hypertension. 2018;72(5):e53-e90.

 2. Carey RM, Sakhuja S, Calhoun DA, Whelton PK, Muntner P. 
Prevalence of apparent treatment-resistant hypertension in the 
United States. Hypertension. 2019;73(2):424-431.

 3. Persell SD. Prevalence of resistant hypertension in the United 
States, 2003–2008. Hypertension. 2011;57(6):1076-1080.

 4. Sim JJ, Bhandari SK, Shi J, et al. Comparative risk of renal, cardiovas-
cular, and mortality outcomes in controlled, uncontrolled resistant, 
and nonresistant hypertension. Kidney Int. 2015;88(3):622-632.

 5. de la Sierra A, Segura J, Banegas JR, et al. Clinical features of 
8295 patients with resistant hypertension classified on the 
basis of ambulatory blood pressure monitoring. Hypertension. 
2011;57(5):898-902.

 6. Cardoso CRL, Salles GC, Salles GF. Prognostic importance of 
on-treatment clinic and ambulatory blood pressures in resistant 
hypertension: a cohort study. Hypertension. 2020;75(5):1184-1194. 
https://doi.org/10.1161/hyper tensi onaha.120.14782.Hyper tensi 
onaha 12014782

 7. Whelton PK, Carey RM, Aronow WS, 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-e248.

 8. Calhoun DA, Jones D, Textor S, et al. Resistant hypertension: diag-
nosis, evaluation, and treatment. A scientific statement from the 
American Heart Association Professional Education Committee 
of the Council for High Blood Pressure Research. Hypertension. 
2008;51(6):1403-1419.

 9. Kario K, Okada K, Kato M, et al. 24-hour blood pressure-lowering ef-
fect of an SGLT-2 inhibitor in patients with diabetes and uncontrolled 
nocturnal hypertension: results from the randomized. Placebo-
Controlled SACRA Study. Circulation. 2018;139(18):2089-2097.

 10. Kario K, Hoshide S, Okawara Y, et al. Effect of canagliflozin on 
nocturnal home blood pressure in Japanese patients with type 2 
diabetes mellitus: the SHIFT-J study. J Clin Hypertens (Greenwich). 
2018;20(10):1527-1535.

 11. Dabl Educational Trust. Blood pressure monitors - validations, pa-
pers and reviews. 2016; Available at: http://www.dable ducat ional.
org/. Accessed 2 Feburary, 2020.

 12. Kario K, Shin J, Chen CH, et al. Expert panel consensus recommen-
dations for ambulatory blood pressure monitoring in Asia: the HOPE 
Asia Network. J Clin Hypertens (Greenwich). 2019;21(9):1250-1283.

 13. Williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH Guidelines 
for the management of arterial hypertension. Eur Heart J. 
2018;39(33):3021-3104.

 14. Park S, Buranakitjaroen P, Chen CH, et al. Expert panel consensus 
recommendations for home blood pressure monitoring in Asia: the 
Hope Asia Network. J Hum Hypertens. 2018;32(4):249-258.

 15. Kario K, Park S, Chia YC, et al. 2020 Consensus summary on the 
management of hypertension in Asia from the HOPE Asia Network. 
J Clin Hypertens (Greenwich). 2020;22(3):351-362.

 16. Parati G, Stergiou G, O'Brien E, et al. European Society of 
Hypertension practice guidelines for ambulatory blood pressure 
monitoring. J Hypertens. 2014;32(7):1359-1366.

 17. Pencina MJ, D'Agostino RB, Pencina KM, Janssens AC, Greenland 
P. Interpreting incremental value of markers added to risk predic-
tion models. Am J Epidemiol. 2012;176(6):473-481.

 18. Pencina MJ, Steyerberg EW, D'Agostino RB. Net reclassifica-
tion index at event rate: properties and relationships. Stat Med. 
2017;36(28):4455-4467.

 19. Pierdomenico SD, Lapenna D, Bucci A, et al. Cardiovascular out-
come in treated hypertensive patients with responder, masked, 
false resistant, and true resistant hypertension. Am J Hypertens. 
2005;18(11):1422-1428.

 20. Muxfeldt ES, Salles GF. How to use ambulatory blood pres-
sure monitoring in resistant hypertension. Hypertens Res. 
2013;36(5):385-389.

 21. Lazaridis AA, Sarafidis PA, Ruilope LM. Ambulatory blood pressure 
monitoring in the diagnosis, prognosis, and management of resis-
tant hypertension: still a matter of our resistance? Curr Hypertens 
Rep. 2015;17(10):78.

 22. Omboni S, Aristizabal D, De la Sierra A, et al. Hypertension types 
defined by clinic and ambulatory blood pressure in 14 143 pa-
tients referred to hypertension clinics worldwide. Data from the 
ARTEMIS study. J Hypertens. 2016;34(11):2187-2198.

 23. Banegas JR, Ruilope LM, de la Sierra A, et al. High prevalence of 
masked uncontrolled hypertension in people with treated hyper-
tension. Eur Heart J. 2014;35(46):3304-3312.

 24. Smith SM, Gurka MJ, Calhoun DA, Gong Y, Pepine CJ, Cooper-
DeHoff RM. Optimal systolic blood pressure target in resistant and 
non-resistant hypertension: a pooled analysis of patient-level data 
from SPRINT and ACCORD. Am J Med. 2018;131(12):1463-1472.
e1467.

 25. Satoh M, Asayama K, Kikuya M, et al. Long-term stroke risk due 
to partial white-coat or masked hypertension based on home and 
ambulatory blood pressure measurements: the Ohasama Study. 
Hypertension. 2016;67(1):48-55.

https://orcid.org/0000-0002-9521-4102
https://orcid.org/0000-0002-9521-4102
https://orcid.org/0000-0001-6706-6504
https://orcid.org/0000-0001-6706-6504
https://orcid.org/0000-0001-5362-478X
https://orcid.org/0000-0001-5362-478X
https://orcid.org/0000-0002-8251-4480
https://orcid.org/0000-0002-8251-4480
https://doi.org/10.1161/hypertensionaha.120.14782.Hypertensionaha12014782
https://doi.org/10.1161/hypertensionaha.120.14782.Hypertensionaha12014782
http://www.dableducational.org/
http://www.dableducational.org/


    |  605LEE Et aL.

 26. Kario K, Saito I, Kushiro T, et al. Home blood pressure and cardio-
vascular outcomes in patients during antihypertensive therapy: 
primary results of HONEST, a large-scale prospective, real-world 
observational study. Hypertension. 2014;64(5):989-996.

 27. Tientcheu D, Ayers C, Das SR, et al. Target organ complications and 
cardiovascular events associated with masked hypertension and 
white-coat hypertension: analysis from the Dallas Heart Study. J 
Am Coll Cardiol. 2015;66(20):2159-2169.

 28. Yano Y, Vongpatanasin W, Ayers C, et al. Regional fat distribution 
and blood pressure level and variability: the Dallas Heart Study. 
Hypertension. 2016;68(3):576-583.

 29. Roerecke M, Kaczorowski J, Myers MG. Comparing automated 
office blood pressure readings with other methods of blood pres-
sure measurement for identifying patients with possible hyper-
tension: a systematic review and meta-analysis. JAMA Intern Med. 
2019;179(3):351-362.

 30. Drawz PE, Pajewski NM, Bates JT, et al. Effect of intensive versus 
standard clinic-based hypertension management on ambulatory 
blood pressure: results from the SPRINT (Systolic Blood Pressure 
Intervention Trial) Ambulatory Blood Pressure Study. Hypertension. 
2017;69(1):42-50.

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

 32. Johnson KC, Whelton PK, Cushman WC, et al. Blood pressure mea-
surement in SPRINT (Systolic Blood Pressure Intervention Trial). 
Hypertension. 2018;71(5):848-857.

 33. Andreadis EA, Geladari CV, Angelopoulos ET. The optimal use of 
automated office blood pressure measurement in clinical practice. 
J Clin Hypertens (Greenwich). 2020;22(4):555-559.

 34. Myers MG, Valdivieso M, Chessman M, Kiss A. Can sphygmo-
manometers designed for self-measurement of blood pres-
sure in the home be used in office practice? Blood Press Monit. 
2010;15(6):300-304.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Lee CJ, Ha J-H, Kim JY, et al. Office 
blood pressure threshold of 130/80 mmHg better predicts 
uncontrolled out-of-office blood pressure in apparent 
treatment-resistant hypertension. J Clin Hypertens. 
2021;23:595–605. https://doi.org/10.1111/jch.14113

https://doi.org/10.1111/jch.14113

