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CHARIS] 77%7t MZZ X ko/m? O|4f HIZIOI ARZESOIRICE  CHAXIES X=F ZIBA HIZ E€YUant HIZE T2
7t =8t St Het2 O|MXIEES0I/UD M} HEEE  SFC= LIsO0iA HluE siEH, HIZH Ted v oM
ABIEIS 2851 YYODE TR BF D-BAALS ST SOKIQ HI0| UM By AYTET} HSF0| WS I
89.9+32.3 mg/dL RCt F Mz S5t SHHES2 YhUct 2ol HIZ0] SUCHE 2).
H 1, 0t 80f ™o
g0 39
HIZE 7HE € 74 10| 135/85 mmHg 04
HIZE 2t =7t 25 2f0] 135/85 mmHg 0|4
HIZE Mad o2 g HIZHE 7 E0[7LE H|ZE Rt 0l 42
2E IEYy e AT e HHZ 90| BE AEE= 42
BHO| H|IAE T Ted 992 REEX| X2 Ml i U2 28EE 29
7tHE H|IRE THf Tl e RELX| 2 R b2 S 2EEX| b= 2R
A& HIRE 0y T 2l Mad i 90| 25 RH0| &= 32
H 2 AT XSS Tiad HZ 22 2F R0 ME YLH E49 X0
= =E M= HIZHE T=d X
H-g (N=468) HpZ et HpZ et p-value
(N=111) (N=357)
Ltol, Al 60.8+12.9 61.1+11.8 60.7+13.2 0.770
=24, N(%) 270 (57.7%) 62 (55.9%) 208 (58.3%) 0.735
71, cm 163.8+9.7 163.1x 164.1£9.5 0.366
=57, kg 75.7+15.3 751+17.2 75.9+14.8 0.693
HEZ Xz, kg/m? 28.0+41 28.0+4.3 28.0+4.1 0.949
M ES HE, N (%) 72 (15.4%) 9 (8.1%) 63 (17.6%) 0.022
27 0%, N (%) 283 (60.5%) 66 (59.5%) 17 (60.8%) 0.890
i, N (%) 11 (66.5%) 75 (67.6%) 236 (66.1%) 0.865
O|MXIHES, N (%) 467 (99.8%) 111 (100.0%) 356 (99.7%) 1.000
OH AT N (%) 31 (6.6%) 2 (1.8%) 29 (8.1%) 0.034
HEH, N (%) 42 (9.0%) 10 (9.0%) 32 (9.0%) 1.000
TGN N (%) 21 (4.5%) 6 (5.4%) 15 (4.2%) 0.785
HHE, N (%) 02 (21.8%) 30 (27.0%) 72 (20.2%) 0.162
HES, N (%) 45 (9.6%) 4 (3.6%) 41 (11.5%) 0.023
Uk o1&, N (%) 8 (1.7%) 1(0.9%) 7(2.0%) 0.739
Blood urea nitrogen, mg/dL 18.5+11.1 17.8£5.1 18.8+12.4 0.222
Creatinine, mg/dL 0.9+0.3 0.9%0.2 1.0+0.4 0.001
Glucose, mg/dL 117.5x31.2 118.5£30.3 117.2£31.5 0.711
Total cholesterol, mg/dL 165.7+34.6 164.0£38.0 166.2£33.5 0.575
LDL~-cholesterol, mg/dL 89.9+32.3 88.7+33.1 90.3+32.1 0.669
HDL~-cholesterol, mg/dL 48.9+11.5 49.2+11.7 48.9+11.4 0.825
Triglyceride, mg/dL 41.0 (105.0-191.5) 142 (104.0-182.0) 41 (105.0-198.5) 0.642
Na*, mmol/L N 1+2.6 140.6+2.5 141.3+2.6 0.018
K*, mmol/L 43+0.4 4.3+0.4 4.3%0.4 0.877
Urine albumin creatinine ratio 18.5 (8.9-76.5) 16.8 (8.1-42.2) 20.1 (9.2-83.5) 0.094
ftest = x* A™S Salf AMEE.
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AE HIEQ| xfol= &l

= ACHE 3). J2iL} ALZLSHES A

TEd S 7HY g, 7t 25 Y 25 SUTHE 3). E[OK|= HE2 HIZE 224 HZ 0N SASESE FolsH
AZ Ol 2! QUXK|IQEIAMA| RICK, Za AME XIHAQ AR SULCE

I 95.5%0lM 99.1% F=of 0|21 el F & Ztof
H 3. ZE4A HIZ 2 T o0 2 Yt STEUM AL Xto]

g (N?::ils) fﬁé'ig‘f Hlﬁ:z %-‘E’g p-value*
. (N=111) (N=357)

2N 27| Y 140.0+18.2 130.6+14.2 143.0+18.3 <0.001
TIZM 07| SR 80.0+11.7 76.5+10.1 81.1£12.0 <0.001
MY 57| Y 129.9+12.5 120.1%8.5 133.0+11.9 <0.001
g olety| gy 78.9+9.2 74.0%6.1 80.4+9.5 <0.001
I ET| Y 140.1£17.2 122.5%7.2 145.6+15.7 <0.001
ZZHOI7| ERt 82.6+10.5 74.8%5.0 85.1%+10.6 <0.001
E|OtXIE H'E O|:=H| 61 (98.5%) 110 (99.1%) 51 (98.3%) 0.886
3|\l OFX|QEIAIA KK 454 (97.0%) 106 (95.5%) 348 (97.5%) 0.452
Zs A RTH| 458 (97.9%) 108 (97.3%) 350 (98.0%) 0.923
H|EH RFEER] 387 (82.7%) 97 (87.4%) 290 (81.2%) 0.176
T} R 37 (7.9%) 5 (4.5%) 32 (9.0%) 0.187
ALZ L 2tE 84 (17.9%) 30 (27.0%) 54 (15.1%) 0.007
OlsAIE 2 (0.4%) 0 (0.0%) 2 (0.6%) 1.000
SUHRYH I 0.144

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

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

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%)
*t—test L= x? AXMS Eoff MEE.

A . B
. © e =79 mmHg
i S ; . s 3%
7 AUC = 0.697 °7 AUC =0.614
0‘.0 0|.2 0|.4 0|.6 6.8 1‘ 0 OI.O (;2 0‘.4 OI.S 0|.8 1‘.0
1-Specificity 1-Specificity

:El 1 H|xx—| I|EAI H|.77|' sior=2 II_|II:_|-3I.E EE.AE A:‘:jl g

H=
characteristic curve) 241
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[ESIACHIRE 1), HIZHE XEd Hf

0|

0l=7} 7+ =2 Tzl 37|

2 79 mmHgR 2O, area under curves

Z M(receiver operating characteristic curve, ROC curve)&
O CHalA] TIZE=2f

S 137 mmHg, 2=

H 4, TI24 8 7|1F 140/90 mmHget 2 A HiZ &2t 71&F 135/85 mmHge| Xl 241
T4 HPZ Aot
=3 HIZ=H R=g

Rz A sor B 79 151 230

HIZH 32 206 238

g2 11 357 468
aIZe 71.2%
=0|5 57.7%
Pkl 60.9%
LAY UHSE 34.3%
28 =& 86.6%

5, 224 8 7|1F 130/80 mmHget A HiZ &2t 7|1&F 135/85 mmHge| mxt 21
TS24 HPZ et
=3 HI=H 2=

Kz Al St EES| 44 54 98

HIZH 67 303 370

s 111 357 468
A= 39.6%
0| 84.9%
e 141%
L UEE 44.9%
S8 05E 81.9%

¥ 6. TIEA Y 7|2 140/90 mmHgOIA 130/80 mmHgE HZA A| ZIZ A HPZ ool =H off | st XHE2FH

HEA et FIZA 9t 140/90 mmHg AL LR EDiliE ERAE
EH (N=44)
=3 (N=79)* HIZE (N=35)°
ZH (N=111) o
&3 (N=0)
HIZH (N=32)° HIZH (N=32)
4=
KA =] _{Jg( _54)
= (N=151) H|ZH (N=97)0
H| =& (N=357) -
ZH (N=0)"

HIZH (N=206)

i=(f—e)/(a+c); j=(g—h)/(b+d); RHEZ M (Net reclassification improvement) = i+j = 0.255.
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The clinical importance of office BP 130/80 mmHg in resistant hypertension

Lee Chan oo, Park Sungha

Division of Cardiology, Severance Cardiovascular Hospital and Integrative Research Center for Cerebrovascular and Cardiovascular diseases,
Yonsei University College of Medicine

LeeJoung-Won, Lee Seung Hee, Kim Won-Ho

Division of Cardiovascular Disease Research, Department of Chronic Disease Convergence Research, National Institute of Health (NIH), Korea
Disease Control and Prevention Agency (KDCA)

Resistant hypertension has a high risk of end-stage renal disease, cardiovascular disease, and death, so it is important to
detect resistant hypertension properly and actively control blood pressure (BP). BP can be diagnosed based on office blood
pressure, but, when the readings are inaccurate due to certain environments, many patients are classified as white-coat
uncontrolled hypertension or masked uncontrolled hypertension with ambulatory BP monitoring. Therefore, it is
recommended to use ‘out-of-office’ BP monitoring, such as an active blood pressure test, to determine an appropriate
treatment policy for resistant hypertension. Still, this convention is not fully utilized in clinical practice. The objective of this
study was to compare the diagnostic accuracy of office BP thresholds of 140/90 and 130/80 mmHg to correctly identify
uncontrolled out-of-office BP in resistant hypertension. As a multicenter study conducted in Korea, the results of 468
patients enrolled in the resistant hypertension cohort were analyzed. Office BP, home BP, and ambulatory BP were
measured at baseline. Resistant hypertension was defined as office BP > 130/80 mmHg with three different classes of
antihypertensive medications, including thiazide-type/like diuretics or treated hypertension with four or more different
classes of antihypertensive medications. Uncontrolled out-of-office BP was defined as daytime BP > 135/85 mmHg and/or
home BP > 135/85 mmHg. For the diagnosis of uncontrolled out-of-office BP, the accuracy of an office blood pressure of
140/90 mmHg was 60.9%, but the accuracy of an office blood pressure of 130/80 mmHg was 74.1%. When the office BP
threshold was changed from 140/90 mmHg to 130/80 mmHg, the net reclassification index for the diagnosis of BP outside
the uncontrolled office was 0.543. When the office BP threshold was lowered, the proportion of patients with masked
uncontrolled hypertension that were easily neglected to treat decreased. In conclusion, an office BP of 130/80 mmHg can
be more accurately classified as uncontrolled out-of-office BP than as office BP 140/90 mmHg and lowering the office BP
threshold can be helpful for controlling BP in resistant hypertension.

Keywords: Resistant hypertension, Office blood pressure, Out-of-office blood pressure, Hypertension phenotypes
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Table 1. Definitions of hypertension phenotypes

Characteristics

Definitions

Uncontrolled home BP

Uncontrolled daytime BP

Uncontrolled out—of-office BP

Controlled hypertension

White—coat uncontrolled hypertension

Masked uncontrolled hypertension

Sustained uncontrolled hypertension

Home BP > 135/85 mmHg

ABPM daytime BP = 135/85 mmHg

Daytime BP > 135/85 mmHg and/or

Home BP > 135/85 mmHg

Office BP < target BP and
Out-of-office BP < target BP

Office BP = target BP and
Out-of-office BP < target BP

Office BP < target BP and
Out-of-office BP = target BP

Office BP = target BP and
Out-of-office BP = target BP

Table 2. Baseline characteristics according to status of out—of—office blood pressure

Variables (,IS}%L) ControlIed('(\)ll;t1—1(1)f)—office BP Uncontrolle?N(;l;;())f—office BP p-value*
Age, years 60.8+12.9 61.1£11.8 60.7+13.2 0.770
Male, N (%) 270 (57.7%) 62 (55.9%) 208 (58.3%) 0.735
Height, cm 163.8+£9.7 163.1+10.4 164.1£9.5 0.366
Weight, kg 75.7+15.3 75.1+17.2 75.9+14.8 0.693
Body mass index, kg/m? 28.0+4.1 28.0+£4.3 28.0x4.1 0.949
Current smoker, N (%) 72 (15.4%) 9 (8.1%) 63 (17.6%) 0.022
Alcohol drinking, N (%) 283 (60.5%) 66 (59.5%) 217 (60.8%) 0.890
Diabetes, N (%) 11 (66.5%) 75 (67.6%) 236 (66.1%) 0.865
Dyslipidemia, N (%) 467 (99.8%) 111 (100.0%) 356 (99.7%) 1.000
Chronic kidney disease, N (%) 31 (6.6%) 2 (1.8%) 29 (8.1%) 0.034
Heart failure, N (%) 42 (9.0%) 10 (9.0%) 32 (9.0%) 1.000
Myocardial infarction, N (%) 21 (4.5%) 6 (5.4%) 15 (4.2%) 0.785
Angina, N (%) 02 (21.8%) 30 (27.0%) 72 (20.2%) 0.162
Stroke, N (%) 45 (9.6%) 4 (3.6%) 41 (11.5%) 0.023
Transient ischemic attack, N (%) 8 (1.7%) 1(0.9%) 7 (2.0%) 0.739
Blood urea nitrogen, mg/dL 18.5+11.1 17.8+5.1 18.8+12.4 0.222
Creatinine, mg/dL 0.9+0.3 0.9+0.2 1.0£0.4 0.001
Glucose, mg/dL 117.5£31.2 118.5+30.3 117.2%£31.5 0.711
Total cholesterol, mg/dL 165.7+34.6 164.0%38.0 166.2+33.5 0.575
LDL-cholesterol, mg/dL 89.9+32.3 88.7+33.1 90.3%32.1 0.669
HDL-cholesterol, mg/dL 48.9+11.5 49.2+11.7 48.9+11.4 0.825
Triglyceride, mg/dL 141.0 (105.0~191.5) 142 (104.0-182.0) 141 (105.0-198.5) 0.642
Na+, mmol/L 141.1£2.6 140.6+2.5 141.3+£2.6 0.018
K+, mmol/L 43+0.4 4.3+0.4 4.3+0.4 0.877
Urine albumin creatinine ratio 18.5 (8.9-76.5) 16.8 (8.1-42.2) 20.1(9.2-83.5) 0.094

*Presented by t—test or chi—square test
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Table 3. Blood pressure measurement and use of antihypertensive medications according to status of out—of—office blood
pressure

Variables (Jgigls ) Controlled(’c\)l:t;ﬁf)—office BP Uncontrolle(ngl:;ts;c))f-office BP p-value*

Office SBP 140.0+18.2 130.6%£14.2 143.0+18.3 <0.001
Office DBP 80.0+11.7 76.5%10.1 81.1+£12.0 <0.001
Home SBP 129.9+12.5 120.1+8.5 133.0+11.9 <0.001
Home DBP 78.9%9.2 74.0%6.1 80.4+9.5 <0.001
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 <0.001
Thiazide-like 61 (98.5%) 110 (99.1%) 351 (98.3%) 0.886
Renin—angiotensin system blocker 454 (97.0%) 106 (95.5%) 348 (97.5%) 0.452
Calcium channel blocker 458 (97.9%) 108 (97.3%) 350 (98.0%) 0.923
Beta blocker 387 (82.7%) 97 (87.4%) 290 (81.2%) 0.176
Alpha blocker 37 (7.9%) 5 (4.5%) 32 (9.0%) 0.187
Spironolactone 84 (17.9%) 30 (27.0%) 54 (15.1%) 0.007
Minoxidil 2 (0.4%) 0 (0.0%) 2 (0.6%) 1.000
Number of medications 0.144

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

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

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%)

*Presented by t—test or chi—square test

Table 4. Cross—tabulation of office blood pressure threshold of 140/90 mmHg and out—of—office blood pressure threshold
of 135/85 mmHg

Out-of-office blood pressure

Controlled Uncontrolled Subtotal

Office blood pressure Controlled 9 ! 20

Uncontrolled 32 206 238

Subtotal 11 357 468
Sensitivity 1.2%
Specificity 57.7%
Accuracy 60.9%
Positive predictive value 34.3%
Negative predictive value 86.6%

www.kdca.gokr 1323



Z7 Az

Z .« {143 H205(2021. 5. 13.)

Table 5. Cross—tabulation of office blood pressure threshold of 130/80 mmHg and out—of—office blood pressure threshold

of 135/85 mmHg

Out-of-office blood pressure

Controlled Uncontrolled Subtotal

Office blood pressure Controlled 44 ! *

Uncontrolled 67 303 370

Subtotal 11 357 468
Sensitivity 39.6%
Specificity 84.9%
Accuracy 74.1%
Positive predictive value 44.9%
Negative predictive value 81.9%

Table 6. Reclassification tables for uncontrolled out—of—office blood pressure according to change of office blood pressure

threshold from 140/90 mmHg to 130/80 mmHg

Out-of-office blood Office blood pressure Office blood pressure Reclassification
pressure 140/90 mmHg 130/80 mmHg improvement
Controlled (N=44)
Controlled (N=79)2
Uncontrolled (N=35)¢
Controlled (N=111) -0.152'
Controlled (N=0)'
Uncontrolled (N=32)°
Uncontrolled (N=32)
Controlled (N=54)
Controlled (N=151)¢
Uncontrolled (N=97)9 ‘
Uncontrolled (N=357) 0.407
Controlled (N=0)"
Uncontrolled (N=206)¢
Uncontrolled (N=206)
i=(f—e)/(a+c); j=(g—h)/(b+d); Net reclassification improvement = i+j = 0.255,
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Figure 1. Receiver operating characteristic curve analyses of office systolic (A), diastolic (B) blood pressure for identifying

uncontrolled out—of—office blood pressure
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Figure 2. Hypertension phenotype according to different office blood pressure
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