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| HIxgd et Matd g R Eef P—value
(n=16,284) (n=14,633) (n=1,501) (n=150)
At
LI, A 50.2 155 58.7 + 15.5 63.6 = 14.6 61.3 + 17.4 <0.001
=y 8,586 (52.7) 7,745 (52.9) 754 (50.2) 87 (58.0) 0.321
HEZXIS, kg/m? 24.8 * 3.6 247 %35 25.7 = 4.0 2.4 + 4.8 <0.001
HIZH(RIRIZEX |4 25 kg/m? O4)) 7,046 (43.3) 6,166 (42.1) 794 (52.9) 86 (57.3)° <0.001
S 4,580 (28.1) 3,758 (25.7) 744 (49.6) 78 (52.0)° <0.001
DRSS 9,751 (59.9) 8,485 (58.0) 1,153 (76.8) 113 (75.3)2 <0.001
ok MRS 2,555 (15.7) 1,959 (13.4) 512 (34.1) 84 (56.0)% <0.001
L) AHE 377 (2.3) 246 (1.7) 109 (7.3) 22 (14.7) <0.001
AEH 215(1.3) 127(0.9) 75 (5.0) 13 (8.7)° <0.001
HZEN 368 (2.3) 292 (2.0) 70 (4.7) 6 (4.0) <0.001
S DT 1,373 (8.4) 1,161 (7.9) 192 (12.8) 20 (13.3) <0.001
HES 3,605 (22.1) 3,093 (21.1) 449 (29.9) 63 (42.0)? <0.001
o 1,262 (7.7) 1,134 (7.7) 113 (7.5) 15 (10.0) 0.769
01 (n=8,438) 1,082 (12.8) 935 (12.8) 128 (12.7) 19 (11.1) 0.863
OFE
TEQL OFR| 24 12£13 0.9+ 1.0 36 %06 5.2 % 0.4 <0.001
Al QER|QEAH RCHR 6,620 (40.7) 5,087 (34.8) 1,385 (92.3) 148 (98.7)° <0.001
Hi|Ef XFEEA] 3,373 (20.7) 2,235 (15.3) 991 (66.0) 147 (98.0)° <0.001
Z4E A RTH 5,985 (36.8) 4,549 (31.1) 1,288 (85.8) 148 (98.7)° <0.001
Ol A 2,614 (16.1) 1,028 (7.0) 1,438 (95.8) 147 (98.0)2 <0.001
O ZI2E|R0|= 4+ ZEA 497 (3.1) 218 (1.5) 199 (13.3) 80 (53.3) <0.001
AT} XK 243 (1.5) 66 (0.5) 90 (6.0) 87 (58.0) <0.001
R | 53 (0.3) 14.(0.1) 17.(1.1) 22 (14.7) <0.001
AEHE] 8,068 (49.5) 6,937 (47.4) 1026 (68.4) 105 (70.0)2 <0.001
AN A}
3 30tEl'd, mg/dL 1.02 + 1.22 0.96 + 1.04 152 = 2.18 2.05 + 321 <0.001
ARH O THE, ml/min/1.73 m? 86.3 + 24.2 88.0 + 22.8 720 £ 295 60.0 + 33.72 <0.001
HZI241 g/dL 138+18 139+ 18 13.4 + 2.1 125 + 2.5¢ <0.001
EEYAHE, mg/dL 176.7 + 42.3 178.0 £ 41.9 164.9 + 41.9 164.6 + 64.72 <0.001
LDL EYAHZ, mg/dL 102.0  35.9 102.9 + 35.7 943 + 347 98.4 + 52.5° <0.001
HE30 2t
A BIEE % (n=12,246) 66.2 + 8.5 66.5+ 7.8 64.3 = 11.9 61.7 + 12.9% <0.001
ApAAl EZEX|S, g/m? (n=12,185) 974 + 256 95.4 + 23.6 110.6 = 31.4 133.0 % 44.9% <0.001
ZHAA HIH (n=12,185) 3,889 (31.9) 3,099 (28.8) 688 (52.8) 102 (72.9) <0.001

2P <0.05 vs. HIXgld e, ° P <0.05 vs. K&t
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FZH g0 2 - w153 M205(2022. 5. 19.)
2) EZA 27| g2t HIS0| O 52 2 HOIZ 4 UCH Of2fE FH2
SHA StM Lix|AM T8iot 5 A S =yl
LERIA T8I0} SIXto| RlZAl A%y S0F @l pAA|ZE =7t HIMe, Matd, HXIE Ty eixZez 2445 Sotshs
- _ _ _ AS Ho 2|
02t +57| Y ojely| Q0| Cj2 TEY SHUNEL EotiE o= TadE )
2). 24AN|Z 74 OF7h 57| U2 HINFY 1Y, XMy
_ _ _ _ 31 P oS =2 A\OI=
DR LAY DR HAR SME SOMIS ZaS P 3 T RIA mE Al
for trend <0.001), XY D&Y SXIZ2 OFZH/F7H 57 £ 16,284F°| BXt & ¢ FHEE 394 S & A,
QY HIZ0| O U1, 24Nt HSHIAZAINME OFZH/F7E A AlY0| ZH2ZE 802F(4.9%), 228F(1.4%) ‘LAlstACt, 1
B2 Y FE 2407 et ARt A Y
| HIXgHd Eef gk ot LHX[M TEer P—value
(n = 16,284) (n = 14,633) (n=1,501) (n = 150)
A et
Ed 57| @, mmHg 136.9 + 18.3 136.7 = 18.0 137.0 = 20.3 1441 + 22.3% 0.216
T4 0l&t7| &€, mmHg 83.7 £ 13.2 83.9 + 13.1 80.7 = 13.2 82.9 £ 16.3 <0.001
Aldfg) dER /R 73.6 £ 13.3 73.5 £13.3 73.9 £ 134 722 =137 0.523
AJErSor AL
24N|2t £==7| Y, mmHg 138.8 = 16.4 138.5 + 16.1 140.7 = 19.4 153.9 = 19.6% <0.001
24A|Zt 0| 2t7| R mmHg 82.6 = 9.8 82.6 £ 9.7 80.7 = 10.2 85.9 + 13.0%° <0.001
F7t2==7| @, mmHg 143.2 = 16.4 142.9 = 16.1 143.9 = 19.3 155.3 + 18.6% <0.001
7t 0l2t7| &Qf, mmHg 85.6 = 10.2 85.7 £ 10.2 83.0 = 10.6 87.4 £ 13.4%® <0.001
Ozt ==7| &2, mmHg 129.8 = 19.5 129.3 = 19.1 133.8 = 22.8 149.5 £ 23.0% <0.001
Ozt 0[2t7] €Qf, mmHg 76.3 = 10.9 76.3 £ 10.8 759 £ 118 82.3 = 13.9® 0.772
OFZl/Z=27t =7 e H 0.91 = 0.09 0.90 = 0.09 0.93 £+ 0.09 0.96 = 0.10% <0.001
Risers/non—dipper 8,155 (50.7) 7,135 (48.8) 909 (60.6) 11 (74.0)® <0.001
@ P <0.05 vs. H|X&H TEel ° P <0.05 vs. M D&
100% -~
Hl Risers (ratio > 1.0)
= Non-dippers (0.9 ratio < 1.0)
1 Dippers (0.8 < ratio < 0.9)
50% [ Extreme dippers (ratio < 0.8)
SBP night/day ratio
39.6% 30.3%
11.8% 3% %
R ==
HIXEd D8 Mg neef oxg nge Reused with permission from Hypertension Research.
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XY s Xeg nyet HIXSY n&et P-value
(n=150) (n=1,501) (n=14,633)
HEEA MY
O[HIE =~ 16 48 164
AHLE(1,00021-H) 29.3 7.9 2.7
Bl I&H((95% CI) 10.68 (6.39 - 17.84) 2.96 (2.14-4.08) 1.00 (ref.) <0.001
HE 2IEH|(95% Cl) 5.22 (3.04-8.96) 1.62 (1.16-2.26) 1.00 (ref.) <0.001
= At
O|HIE 25 140 637
AHLE(1,00021-H) 45.7 23.0 10.3
HIE2H 2&H[(95% Cl) 4.32 (2.90-6.46) 2.23 (1.85-2.67) 1.00 (ref.) <0.001
2 2I2HI(95% CI) 2.69 (1.78-4.05) 1.47 (1.22-1.77) 1.00 (ref.) <0.001
Log-rank test Log-rank test
A Refractory vs. Resistant: P <0.001 B R?fra(ito::x’ vs. Resistant: P=F].027
| o e ok SRS aactory perenson
'E T
ﬁ 20.0% ; 20.0%
_'=° Refractory hypertension % Resistant hypertension
o 150% < 150%
2 g
E 10.0% s 10.0% 5 <
E Resistant hypertension é Non-resistant hypertension
S 50% 5 50%
© o
0.0% Non-resistant hypertension 0.0%

0 2 4 6 8
Years
Number at risk
Refractory Hypertension { 150 103 60 29 5
Resistant Hypertension 1 1501 1148 681 381 107

Refractory Hypertension
Resistant Hypertension

0 2 4 6 8

Number at risk
150 103 60 29 5
1501 1148 681 381 107

Reused with permission from Hypertension Research.

FACZ LS of A2 ARYE2 22 100021

799, 29.3HOIQUCHE 3). O 29| 7}E2-010j0 ZME &

ay A A
A Al Ut el SiXto]| HisH XMEH DERHIEH] 1,62,
95% AIZ|77H116-2.26), x| HRIEH| 5.22, 95% Al=|7L7H
304-896) EXtH0IA =0z S SIS & UUCE & Al
AT AT} DFEVIX] Z0HE BRICE MEOE EMoIM o8t
[En M| AIY2 L0, S, MEZR|S SUEE, AEE
Atgat s YrtE ZntE 2Xict ZEEX| s Yo
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OHL- OF
Rl =
0l 2M ZntoM S8 M2 Ch31t 2ot =, Maky
TRt RN TEelo| REES 27 92%, 09%E SQIT(UCY,
SME, O MRSt L7| MRS MR HES, ZHeA diof 2
2ANZt MU0 OFZH ZRf0| F7t SAHEDH =2 HIE2
A

AEIA| A2 HIXE
TERKQIEH| 162, 95% AlZ[FZH 116—
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Prevalence and prognosis of refractory hypertension diagnosed using ambulatory blood
pressure measurements

Minjae Yoon, Chan Joo Lee, Sungha Park

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

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

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

The prognosis of refractory hypertension is largely unknown due to its low prevalence. This study aimed to investigate the
prognosis of refractory hypertension and compare it with those of resistant and non-resistant hypertension. We
retrospectively analyzed the data of 16,284 participants with hypertension who underwent ambulatory blood pressure
(BP) monitoring between 2012 and 2019 at a tertiary center. Uncontrolled BP was defined as a 24-h BP 2130/80 mmHg on
ambulatory BP monitoring. Resistant hypertension was defined as uncontrolled BP despite the use of three
antihypertensive medications including a diuretic or the use of >4 drugs regardless of BP control. Refractory hypertension
was defined as uncontrolled BP despite the use of 25 antihypertensive medications. Among 16,284 patients with
hypertension (mean age 59.2 + 15.5 years, 52.7% men), the patients with resistant and refractory hypertension were 1501
(9.2%) and 150 (0.9%), respectively. The prevalence of chronic kidney disease, end-stage renal disease, heart failure,
previous stroke, left ventricular hypertrophy, and the riser/non-dipper patterns of circadian BP rhythm progressively
increased from patients with non-resistant hypertension to patients with resistant hypertension to patients with
refractory hypertension. During a median follow-up of 3.9 years, the risk of cardiovascular mortality progressively increased
from patients with non-resistant hypertension to patients with resistant hypertension (hazard ratio 1.62, 95% confidence
interval 1.16-2.26) to patients with refractory hypertension (hazard ratio 5.22, 95% confidence interval 3.04-8.96). In
conclusion, refractory hypertension, defined as uncontrolled ambulatory BP levels, was associated with higher risk of all-
cause and cardiovascular mortality than non-resistant or resistant hypertension.

Keywords: Ambulatory blood pressure monitoring, Cardiovascular death, Resistant hypertension, Refractory hypertension
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Table 1. Baseline characteristics according to hypertensive phenotype

Al patients I;l]on—resist.ant Resistar]t . Refractory
(n=16.284) ypertension hypertension hypertension P-value
’ (n=14,633) (n=1,501) (n=150)
Clinical characteristics
Age, years 59.2 £ 155 58.7 =155 63.6 = 14.6 61.3 £ 17.4 <0.001
Male 8,586 (52.7) 7,745 (52.9) 754 (50.2) 87 (58.0) 0.321
BMI, kg/m? 248 + 3.6 247+ 35 25.7 £ 4.0 26.4 £ 4.8 <0.001
Obesity (BMI = 25kg/m?) 7,046 (43.3) 6,166 (42.1) 794 (52.9) 86 (57.3)° <(0.001
Diabetes mellitus 4,580 (28.1) 3,758 (25.7) 744 (49.6) 78 (52.0)° <0.001
Dyslipidemia 9,751 (59.9) 8,485 (58.0) 1,153 (76.8) 13 (75.3)° <0.001
Chronic kidney disease 2,555 (15.7) 1,959 (13.4) 512 (34.1) 84 (56.0)%° <0.001
End-stage renal disease 377 (2.3) 246 (1.7) 109 (7.3) 22 (14.7) <0.001
Heart failure 215(1.3) 127.(0.9) 75 (5.0) 13 (8.7 <0.001
Myocardial infarction 368 (2.3) 292 (2.0) 70 (4.7) 6 (4.0) <0.001
Coronary revascularization 1,373 (8.4) 1,161 (7.9) 92 (12.8) 20 (13.3)° <0.001
Stroke 3,605 (22.1) 3,093 (21.1) 449 (29.9) 63 (42.0)° <0.001
Previous malignancy 1,262 (7.7) 1,134 (7.7) 13 (7.5) 15 (10.0) 0.769
Smokingd (n=8,438) 1,082 (12.8) 935 (12.8) 128 (12.7) 19 (11.1) 0.863
Medication
Number of antihypertensive medication 1.2+ 13 0.9+1.0 3.6 £0.6 5.2 £ 0.4 <0.001
RAS inhibitor (ACEi/ARB) 6,620 (40.7) 5,087 (34.8) 1,385 (92.3) 148 (98.7)b <(0.001
Beta—blocker 3,373 (20.7) 2,235 (15.3) 991 (66.0) 147 (98.0)°¢ <(0.001
Calcium channel blocker 5,985 (36.8) 4,549 (31.1) 1,288 (85.8) 148 (98.7)e <0.001
Diuretic 14 (16.1) 1,028 (7.0) 1,438 (95.8) 147 (98.0)° v0.001
MRA 497 (3.1) 18 (1.5) 199 (13.3) 80 (53.3)%° <0.001
Alpha-blocker 243 (1.5) 66 (0.5) 90 (6.0) 87 (58.0)0 <0.001
Direct vasodilator 53 (0.3) 14.(0.1) 17.(1.1) 22 (14.7) <0.001
Statin 8,068 (49.5) 6,937 (47.4) 1026 (68.4) 105 (70.0)° <(.001
Laboratory data
Serum creatinine level, mg/dL 1.02 =1.22 0.96 + 1.04 1.52 =218 2.25 £ 3.21% <(0.001
eGFR, ml/min/1.73 m? 86.3 = 242 88.0 = 22.8 72.0 £ 295 60.0 £ 33.7° <0.001
Hemoglobin level, g/dL 13.8 £ 1.8 139 £138 13.1 = 2.1 125 £ 2.5° <0.001
Total cholesterol level, mg/dL 176.7 = 42.3 178.0 £ 41.9 164.9 = 419 164.6 *= 64.7° <0.001
LDL cholesterol level, mg/dL 102.0 = 35.9 102.9 £ 35.7 94.3 £ 34.7 98.4 £ 52.5° <(0.001
Echocardiographic parameters
LVEF, % (n=12,246)¢ 66.2 + 8.5 66.5 = 7.8 64.3 = 11.9 61.7 = 12,9 <(0.001
LVMI, g/m? (n=12,185)° 97.4 £ 256 95.4 + 23.6 110.6 = 31.4 133.0 & 44,9 <(.001
LVH (n=12,185)¢ 3,889 (31.9) 3,099 (28.8) 688 (52.8) 102 (72.9)0 <0.001

Values are expressed as mean *+ standard deviation, or number (%).

@ Excluding those with refractory hypertension.

b P <0.05 vs. non—resistant, ¢ P <0.05 vs. resistant

9 Smoking data was available only in 8,438 participants.

¢ LVEF data was available only in 12,246 participants, and LVMI and LVH was available only in 12,185 participants.

Abbreviation: ACEI, angiotensin—converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; eGFR, estimated glomerular filtration rate;
LDL, low—density lipoprotein; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; LVMI, left ventricular mass index; MRA, mineralocorticoid
receptor antagonist; RAS, renin—angiotensin system.
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Reused with permission from Hypertension Research.

Figure 1. Distribution of dipping categories according to hypertensive phenotype

Table 2. Differences in office and ambulatory blood pressure measurements (ABPM) according to hypertensive phenotype

?25?;8’2)5 ’\rll(;:e:;a:rll?i?)rr:t hy:‘:ﬁ:;as?(t)na h;?ef:?:rt\(;gn P-value
’ (n=14,633) (n=1,501) (n=150)
Office measurements
Office SBP, mmHg 136.9 = 18.3 136.7 = 18.0 137.0 = 20.3 1441 £ 22.3% 0.216
Office DBP, mmHg 83.7 £ 13.2 83.9 = 13.1 80.7 = 13.2 829 = 16.3 <0.001
Heart rate, beats/min 73.6 £ 13.3 73.5 £13.3 739 =134 722 =137 0.523
ABPM
24-h SBP, mmHg 138.8 £ 16.4 138.5 £ 16.1 140.7 = 19.4 153.9 + 19.6% <0.001
24—-h DBP, mmHg 82.6 + 9.8 82.6 = 9.7 80.7 = 10.2 85.9 = 13.0%° <0.001
Daytime SBP, mmHg 143.2 + 16.4 142.9 + 16.1 143.9 + 19.3 155.3 & 18.6% <(0.001
Daytime DBP, mmHg 85.6 = 10.2 85.7 = 10.2 83.0 = 10.6 87.4 = 13.4%° <0.001
Nighttime SBP, mmHg 129.8 = 19.5 129.3 = 19.1 133.8 = 22.8 149.5 + 23.0® <0.001
Nighttime DBP, mmHg 76.3 = 10.9 76.3 = 10.8 759 = 11.8 82.3 £ 13.9% 0.772
SBP night/day ratio 0.91 = 0.09 0.90 = 0.09 0.93 = 0.09 0.96 = 0.10%° <0.001
Risers/non—dipper 8,155 (50.7) 7,135 (48.8) 909 (60.6) 111 (74.0)2 <0.001

Values are expressed as mean * standard deviation, or numbers (%).

a Excluding those with refractory hypertension.
® P <0.05 vs. non—resistant, ¢ P <0.05 vs. resistant

Abbreviation: ABPM, ambulatory blood pressure monitoring; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Table 3. Risk of all-cause and cardiovascular mortality according to hypertensive phenotype

Refractory Resistant Non-resistant
hypertension hypertension? hypertension P-value
(n=150) (n=1,501) (n=14,633)

Cardiovascular mortality

Number of events 16 48 164

Incidence per 1,000 person—years 29.3 7.9 2.7

Unadjusted HR (95% Cl) 10.68 (6.39—17.84) 2.96 (2.14-4.08) 1.00 (ref.) <0.001

Adjusted HR (95% CI)° 5.22 (3.04-8.96) 1.62 (1.16-2.26) 1.00 (ref.) <0.001
All-cause mortality

Number of events 25 140 637

Incidence per 1,000 person-years 45.7 23.0 10.3

Unadjusted HR (95% Cl) 4.32 (2.90-6.46) 2.23 (1.85-2.67) 1.00 (ref.) <0.001

Adjusted HR (95% CI)° 2.69 (1.78-4.05) 1.47 (1.22-1.77) 1.00 (ref.) <0.001

@ Excluding those with refractory hypertension.

® The model was adjusted for age, sex, body mass index, diabetes mellitus, chronic kidney disease, heart failure, myocardial infarction, stroke, and statin use.

Abbreviation: Cl, confidence interval; HR, hazard ratio.
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Reused with permission from Hypertension Research.

Figure 2. Kaplan—Meier curve of cumulative incidence of all-cause and cardiovascular mortality according to hypertensive

phenotype

A. Cardiovascular mortality, B. All-cause mortality.
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