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HYPERTENSION

Diabetes |
54.6%

o; x
Non-Diabetes

22.7%

Prevalence

DEFINITION OFHYPERTENSION

Mean SBP = 140 mm Hg, DBP = 90 mm Hg, or use of antihypertensive medication

DIABETES FACT SHEET IN KOREA 2013.

ACE 7|Et

of & A{ut 1H2Y 724
(HH| x|2X} 8,219,104Y &) (1M e x|2X} 3,311,1149 &)
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17.1%

NHY X8

43.2%
CCB+ARB

53.9%

ARB+DU
27.1%

28 2Y 74

Y'H, O|UX|HES SHKE
(2M2% X2t 3,456,866% &)

(A X|2X} 8,219,104 &)
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100% ; P-<-0.0001
: P < 0.0001
75% :
I
51% : 53%
50% — I
I
1
! 0,
25% +—— : 2%
1
1
0% - o |
Overall Patient without Patient with Patient with
DM/CKD DM/CKD DM/CKD
(BP goal <140/90  (BP goal <130/90
mm Hg) mm Hg)

Current Status and Characteristics of Hypertension Treatment by Primary Physicians in Korea: Data from
Korean Epidemiology Study on Hypertension (KEY Study) Am J Hypertens 2008; 21:884-889
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Correlation of Antihypertensive Combination therapy with CV risk

Combining 2 drugs from different classes would reduce coronary heart disease events by 40%
(0.759/50.56), an additional 15 percentage points, and reduce stroke by 54% (0.659/50.46), an
additional 19 percentage points.

Every 1 incremental coronary heart disease event or stroke prevented by doubling the dose of a
single drug, 4 events would be prevented by using combination therapy.

HE g T2 Al
2} 5 mmHg DBP §
CHD events 2f 25% %
L EF WYY 4 35% §

2tl 80| =8 A} 7|Ho| Ct2 = 229
°f 6 mmHg DBP§ 2 9 mmHg DB
CHD events 2} 29% CHD events 2f
L|EF 4HHQIH 2F40% & HEF YA ¢

Study design : Meta-analysis of factorial trials in which participants were randomly allocated to 1 drug alone, another
drug alone, both drugs together, or a placebo among thiazides, beta-blockers, angiotensin-converting enzyme inhibitors,
and calcium channel blockers. 42 trials (10,968 participants) were identified.

1. Wald DS, Law M, Am J Med 2009; 122:290-300
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EXLAHP [65”1% )| DI

e R

(0 130/80 <130/80
mmHg mmHg

N ekro] HE Q¥ Guideline
— Preferred drug combination (2013 ESH/ESC, KSH)

(& Possible Combinations of Classes of Antihypertensive Drugs\

Thiazide diuretics ACE q Xﬂ x |
A2 | EFRHEHA Es X Q-
> = ,, Angiotensin- %ﬂ ‘|k_| xl’ l:I_ HI
Beta-blockers (: - - receptor
[ blockers
| \ ~
Nl ™
X >
7% -
LA N
17 -7\
Other ‘PE S — Calcium channel
antihypertensives ™ \\ blockers
~
~\ \
ACE inhibitors

Green continuous lines: preferred combinations; green dashed
line: useful combination (with some limitations); black dashed ol-l'lxﬂ
lines: possible but less well tested; red continuous lines: not

\ recommended. )
0“I|E}*P'ﬂl1l9-! OlxX|o] 2 Yx'd U ALY Hoj S Y
Combinations of ARB or ACE with diuretics or 42 72 = 1282 F7|HQl BLIEY0| Ea
CCB are preferred o *9bx| QEIAIXIEF|9F ACEQ{XT|2| S X|Z0} ZO| £ x|
Dual blockade of the renin-angiotensin system H|&3t 7|Zo| ot2 bj#tst™ l_=_m|_l.1 ZHA0 OF7H O TapHY
is not recommended = oloL U7 | IEEH =0o| MH A ot HMo| 23
_1_‘L.=_tE & E71s}o] m|stofof EH:?
1. Jamerson K, Weber MA, Bakris GL, et al. The New England Journal of Medicine. 2008;359:2417-28
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e
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Choice of Drug Rx for HTN

Non-Black

or ARB (A) CCB (C) or Diuretic (D)

A+CorD

A+C+D

A+ C + D + new p or a- blocker

7. 5% %Mo Aj20| SAUHOR SHel= U Mg
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2E0 HE =& U &=

ZH X2 Ol =A| BB ACEI ARB cCB Aldo—Ant alpha—-B
QI $57| nglet 0 O(DHP)
SR 0O 9, 0 0O 0
MNRZME 0 0 0
TS Eet 0 0 O(nonDHP)
Szt AS ofE) 0@
Bhy AR Olloop?l) O 0
HES O O
AsH SMAF O(DHPAI)
A ik 0

BB: beta—blocker, ACE:: ACE inhibitor, ARB: angiotensin receptor blocker, CCB: calcium channel blocker, Aldo—Ant aldosierone antag—
onist, alpha—B alpha—-blocker

ACE inhibitor

Table 1: FDA-approved Indications of ACEls and ACEI Combinations """
ACEIl, ACEI Combo Hypertension | LV systolic Post-MI | Nephropathy | CV risk reduction in
Heart Failure (type 1 DM) high risk patients

benazepril

captopril

enalapril

fosinopril

lisinopril

moexipril

perindopril

quinapril

ramipril

trandolapril

benazepri/HCTZ

captopri/HCTZ

enalaprilHCTZ

fosinopril/HCTZ

lisinopril/HCTZ

moexipri/HCTZ

quinapri/HCTZ
benazepril/amlodipine

enalapril/felodipine

trandolapril/verapamil

LV= left ventricular; Ml = myocardial infarction; DM = diabetes mellitus; CV = cardiovascular; HCTZ = hydrochlorothiazide

a - with LV dysfunction and/or heart failure b - with heart failure

¢ - In patients with stable coronary artery disease (CAD) to reduce risk of CV mortality and nonfatal MI,

d ->55 years old at high risk of developing a major CV event because of history of CAD, stroke, peripheral vascular disease, DM

va v
va

AN

v

<

NN AN A AN AN
\

Blue Cross Published 2009 Medicine
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23 DY xR0 HEeY
Table 1 Currently approved indications of ARBs in the US [123] ard EU [10]
ARBs Hypertension Heart Diabetic Prevention Cardiovascular risk Following myocardial
failure nephropathy of strcke reduction infarction
Avilsartan X
Candesartan X X
Eprosartan X
Irbesartan X X
Losartan X a.b X X
Olmesartan X
Telmisartan X X
Valsartan X X X

ACE angiotensin converting enzyme, ARB angiotensin receptor blocker

* In patients unable to take ACE inhibitors

® Only in the EU

Am J Cardiovasc Drugs. 2016 Aug;16(4):255-66.

When?

Clinical condition of concern

Which one to give?

First ARBs of choice

ARBs with potentially beneficial effects

Which one to avoid?

ARBs with potentially negative effect

Cardiovascular prevention

Heart failure

Myocardial infarction
Stroke

Atrial fibrillation

Diabetes mellitus

Diabetic nephropathy

Metabolic syndrome
Hyperuricemia
Erectile dysfunction

Cognitive decline

Telmisartan [10-12]
Valsartan [14]
Candesartan |15, 16]
Losartan [17-19]
Valsartan [20, 21]
Losartan [23]

Telmisartan [34-36]

Telmisartan [47, 50, 54, 55]
Valsartan [47, 53, 55]

Losartan [60]
Irbesartan [61, 62]

Telmisartan [72, 75, 77-79]
Losartan [89-91]

Valsartan [101-104]
Losartan [105, 106]
Irbesartan [106, 108]

Losartan [13]

Telmisartan [10, 22]
Telmisartan [24, 25]
Candesartan [27]
Eprosartan [28]
Losartan (29, 33]
Candesartan [30]
Valsartan [31, 32]
Losartan [47, 53]
Irbesartan [47]
Candesartan [47, 53]
Telmisartan [63]
Valsartan [64-66]
Candesartan [67]
Valsartan [81, 82]
Irbesartan [93]

Candesartan [116]
Irbesartan [116]
Losartan [116]
Valsartan [116]

Olmesartan [47]

Olmesartan [68-70]

Candesartan [89-91]
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Heart Tailure

Myocardial infarction
Stroke

Atrial fibrillation

Diabetes mellitus

Diabetic nephropathy

Metabolic syndrome
Hyperuricemia

Erectile dysfunction

Cognitive decline

Valsartan [T4]
Candesartan [15, 16]
Losartan [17-19]
Valsartan [20, 21]

Losartan |23]

Telmisartan [34-36]

Telmisartan [47, 50, 54, 55]

Losartan [60]
Irbesartan [61, 62]

Telmisartan [72, 75, 77-79]
Losartan [89-91]

Valsartan [101-104]
Losartan [105, 106]
Irbesartan 106, 108]

Telmisartan [10, 22]
Telmisartan [24, 25]
Candesartan [27]
Eprosartan [28]
Losartan [29, 33]
Candesartan [30]
Valsartan [31, 32]
Losartan [47, 53] Olmesartan [47]
Irbesartan [47]
Candesartan [47, 53]
Telmisartan [63]
Valsartan [64-66]
Candesartan [67]
Valsartan [81, 82]
Irbesartan [93]

Olmesartan [68-70]

Candesartan [89-91]

Candesartan [116]
Irbesartan [116]
Losartan [116]
Valsartan [116]
Eprosartan [121]

Telmisartan [122

Am J Cardiovasc Drugs. 2016 Aug;16(4):255-66.

Rationale of Common Combinations

Rationale of Combination of RAAS blocker with Diuretic/CCB

RAAS blocker ] + m +[ RAAS blocker ]

Intravascular volume [
depletion and Na* loss

Vasodilation ]

( Reflex activation of RAAS ]

2

Action of RAAS blocker
potentiated

Stanton T, et al. / Hum Hypertens. 2002; Jamerson K, et al. Am J Hypertens. 2004
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Table 2. Preferred and acceptable combinations of antihypertensive drugs based on clinical trials

Y oK HEay

Combination Efficacy Clinical trials: drug combination

Results

Strong reduction of BP and CV event,  ASCOT-BPLA: amlodipine+perindopril vs.
good tolerability atenolol+bendroflumethiazide

ACCOMPLISH] amlodipine+benazepril vs.

amlodipine+thiazide

ﬂ+c

A+D Strong BP reduction, good tolerability, HYVET: indapamide=perindopril

less thiazide-induced diabetes
ADVANCE: perindopril+indapmaide

Good BP reduction VALUE: amlodipine+thiazide vs.

valsartan+thiazide

N

CV events by 26% |, stroke 23% |, totam
mortality by 11% |

CV event and mortality by 20% |

Stroke by 30%, death caused by stroke by
39%, total mortality by 21% |

Macro- and micro-CV events by 9% |, CV
mortality by 18% |, total mortality 14% |

Similar in BP reduction, tolerability, CV /

C+B Good BP reduction Rare
B+D Good BP reduction but increase
diabetes
A+C+D Strong BP reduction, similar tolerability Triple therapy with valsartan+amlodipine

+hydrochlorothiazide over any 2-drug
combination

TRINITY vs. and 2 drug combination

morbidity and mortality
Diuretic or beta-locker-diabetes by 32% |

Better BP reduction and less edema

Better BP reduction and similar tolerability

J Korean Med Assoc 2014 March; 57(3): 253-258.

ACCOMPLISH study:

CCB+RAS blocker vs. DIU+RAS

-+ Benazepril plus

blocker

-=- Benazepril plus hydro-

amlodipine chlorothiazide
160+
150
b Systolic
- g
# o
£ 1304 $ ¥ + -
E 1201
4
E 1104
£ 100+
‘§ 904 Diastolic
- 80_“‘"""!1-1__
70 ¥ - "
60 T T T T T T T 1
0 3 6 12 13 24 30 36 42
Months
No. at Risk
Benazepril plus 5740 5517 5404 5178 5010 4866 4298 2804 1074
amlodipine
Benazepril plus 5757 5537 5408 5222 5033 4825 4299 2529 1042
hydrochloro-
thiazide
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ACCOMPLISH:

X SR YPC) o 243 BEEY TS

81.7

78.5

Control rate (%)

Baseline
Control Rates

ACEI / HCTZ I cc / ACEI
N=5733 N=5713

P<0.001 at 30 months follow-up

Control defined as <140/90 mmHg 36

ACCOMPLISH study:
CCB+RAS blocker vs. DIU+RAS blocker

Kaplan—Meier Curves for Time to First Primary Composite End Point

— 20% Relative risk reduction in CCB+RASI group(hazard ratio, 0.80;95% (I,
0.72 to 0.90; P<0.001)

16+
U

g 0%
=~ Benazepril plus hydrocholorthiazide
‘g 12
>
o

10
g
£ 3 .
= .
o Benazepril plus amlodipine
B
= 6
= |
@
2 4
=
& 2

L o I L e e e

0 6 12 18 24 30 36 42
Months
No. at Risk
Benazepril plus amlodipine 5512 5317 5141 4959 4739 2826 1447

Benazepril plus hydrochlorothiazide 5483 5274 5082 4892 4655 2749 1390
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RAS/CCB vs. RAS/DIU
- progression of CKD -

Initial antihypertensive treatment with benazepril/amlodipine should be
considered in preference to benazepril/HCTZ since it slows progression
of nephropathy to a greater extent.

| Kaplan-Meier curves for progression of CKD |

12 -4 —— Benazepril plus hydrochlorothiazide (215 events)
—=— Benazepril plus amlopidine (113 events)

10 —

Log-rank p<0-0001

Proportion of patients (%)
[=)]
|

0 T T T T T T T
0 6 12 18 24 30 36 42
Time to event (months)

<study design> Double-blind, randomised trial undertaken in five countries of 11 506 patients with
hypertension who were at high risk for cardiovascular events over an average 2.9-year follow-up period

Ref. Bakris GL et al. Lancet 2010, 375(9721):1173-1181

RAS/CCB vs. RAS/DIU

- inflammatory and metabolic parameters and new onset DM -

RAS/CCB combination resulted in metabolic and anti-inflammatory
effects that may have advantages over the HCTZ combination

RAS/CCB combination was associated with a much lower risk of
developing diabetes than an RAS/HCTZ combination

g

2 1.0

]

E

by

-

o

g 0.8 -

E

v -

£ OR: 4.24

E ....... O+A ARR: 13.3%

‘e O+H P =0.02

- Kaplan-Meier

E_ 0.0 - log-rank test

] T T T T

D 20 40 60 80
Time (weeks)

<Study design> PROBE study of 120 pts had stage I and II hypertension and MetS, as defined by the
International Diabetes Federation for Europid populations

Ref. Martinez-Martin FJ et al. J Hum Hypertens 2011, 25(6):346-353.
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Advantages of RAS/CCB vs. RAS/DIU

* Reduce the incidence of cardiovascular events!
» Renoprotective effects 234
» Metabolic and anti-inflammatory effects>

» Lower the incidence of new-onset T2DM >

Ref. 1. Jamerson K et al. N Engl J Med 2008,359(23):2417-2428. 2.shikawa J et al. Clinical and experimental hypertension Jul 12, 2013 3. J Kato et al.
Hypertension Research (2011) 34, 331-335 4 Bakris GL et al. Lancet 2010, 375(9721):1173-1181 5.Martinez-Martin FJ et al. J Hum Hypertens 2011,
25(6):346-353 4.

CCB/RAAS Inhibitore]| £7}& o|H™
- CCB2} Hat=l Edemad &1} -

Arterial hypertension

r Constricted blood vessels, high resistance

Edema CCBs

¥ BP reduction due to arterial vasodilation

¥ Tendency towards edema due to absent
venodilation

®  BP reduction stimulates RAS and increases

Edleme angiotensin 1I level

CCBs + RAS inhibitors*

r Blockade of RAS inhibits effects of
angiotensin I, giving rise to additional BP
reduction

® Additional venodilation by RAS inhibitors
reduces edema

41
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What should be combined with CCB?

* CCBs are usually combined with an ACEI or an ARB that target the renin-
angiotensin system?

— ACEI or ARB is favorable since they can be used at higher doses to increase

efficacy without compromising tolerability?
* ARB-based combinations may be more desirable than ACEI-based
combinations due to their superior tolerability3
* The use of CCB/ARB combinations has been shown to be ‘capable of most
effectively reducing even severe hypertension’3

" arer
CCB(Amlodipine)

.Effective + OR

BP and BPV control e
ACEI?

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BPV, BP variability; CCB, calcium channel blocker.
1. Mancia G, et al. Eur Heart J 2013;34:2159-2219. 2. Kreutz R. Vasc Health Risk Manag 2011;7:183-192. 3. Erdine S. Ther Adv Cardiovasc Dis 2012;6:31-44

Comparison between ARB vs ACEI

ARB was superior to ACEIl in providing

a sustained BP control throughout the 24-hour dosing interval

24 hours
ol ipri **5 < 0.01
. mesartan . Ramipril ® P
—_ [ 5
> 5 ——
T H 4]
E SBP DBP o
= 0.30 - £ 3
o > ]
@ T 020 £ 29
< E
10 1 . 1
" £ 0.10 . 1
216 > 0007 D 0 |
£ .0.10 1 E
&4
24 hours 'S ] S E ]
2 02 £
0 |°- K -2 -
S 030 - E 1
3 4
5 2 % 040/ § 1
o4 5 050 4
E N 060 5
= L] -0.60 - p<0.05 p<0.05
5 ]
g] 8 Ly -

-10 -
24-hour SBP and DBP 24-hour BPV MBP surge

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker ; BPV, BP variability; DBP, diastolic BP; SBP, systolic BP.
Omboni S, et al. High Blood Press Cardiovasc Prev.2014,21,1-19.
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Drug

Diuretics (thiazides)

Compelling

Gout

Possible

Metabolic syndrome
Glucose intolerance
Pregnancy
Hypercalcaemia
Hypokalaemia

Beta-blockers

Asthma
A-Vblock (grade 2 or 3)

Metabolic syndrome

Glucose intolerance

Athletes and physically active patients

Chronic obstructive pulmonary disease (except
for vasodilator beta-blockers)

Calcium antagonists (dihydropyridines)

Tachyarrhythmia
Heart failure

Calcium antagonists
(verapamil, diltiazem)

A-V block (grade 2 or 3, trifascicular block)
Severe LV dysfunction
Heart failure

ACE inhibitors

Pregnancy

Angioneurotic oedema
Hyperkalaemia

Bilateral renal artery stenosis

Women with child bearing potential

Angiotensin receptor blockers

Pregnancy
Hyperkalaemia
Bilateral renal artery stenosis

Women with child bearing potential

Mineralocorticoid receptor antagonists

Acute or severe renal failure (eGFR <30 mL/min)
Hyperkalaemia
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Advantages of Carvedilol

Neutral on Glycemic control

Improves IR and MS, Lipid Neutral

Add on to RAS blockade in DM

- Improves MAU / ACR

- First g blocker approved for CHF

GEMINI trial and OPTIMIZE-HF Study

Other Effects of HTN Drugs

Drug Class Dysglycemia | Dyslipidemia
ACEi and ARB s e
CCBs o ©  Ménidipine
Diuretics * Py
s | 4w g
o-Blockers — o
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Better Adherence with Antihypertensive Drugs Leads
to a Lower Risk of Hospitalization

20100 | -
070 [

s0-50 T I -

20-00 [ >

b e .

0 10 20 30 40 50
All-cause hospitalization risk (%)

Level of adherence (%)

"R=UIISVS 80=100us Somplianearcdn Sokol et al. Med Care 2005;43:521-30

e FEAUS X7 HHS)LE HE

1.0

0.8

= All medications on awakening
=== >] medications at bedtime

Probability of event-free survival

Log-rank = 54.0; p<0.001

07 1 1 i I
0 2 4 6 8
Duration of follow- T
o uration of follow-up (yrs)
Awakening 1084 928 676 478
Bedtime 1072 955 707 558

&34, ndete| JHEE TRX|H, 2014 chshobEolsts| EA s a3
Chronobiol Int. 2010 Sep;27(8):1629-51.

- 169 -




stAlek==

2ol

SlolIE RIS 2

20204

& ekN|o] HE Y Guideline

2013 ESH/ESC, 2014 JNC8 Guideline, 2018 KSH

[x
=

ol

~
¥ ofo

3

-

AFOJ

O -
A
(@]

HC} 20/10mmHg 0]

0| 160/100 mmHg O
4 OF

Il

4 OF
H

r <M 0o
u UH
o o
[ .
o e
K pUio
= -K
o Hzo
o o} ol
~ K
5 o
W W
| oo
MK
< Ik
L
£} ™~ of
X
ol .A._o ol
Pl 20gW
o apE
R bk
o ol <0
=) & ol i
Ty R0
i N
] 70 30
o of

3107 oo Ly &
N0OI H0 00 o

~ oM

Take Home Message

| 2IXHOA = 28] &

AFO
O -

2Y ZL0|< 140/90 mmHg O]

70

%
=
o

(0] 5

Ol

7t
-17]

gl T

I.

I.

<0

f 140/90 O| &+l 1At 37} O]

340
=Y

CHAl 130/80 Of

HYH

a

0

a0

Jol
d

i

ol

Y

0/
Rl

ojo
10

o =2.

=
L

G X5t

- 170 -



Choice of Drug Rx for HTN

Take Home Message
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« LOIoA= E3| 80A O|& A] 150/90 mmHgE S HZ otk E79|
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Blood pressure and glycaemic effects of dapagliflozin versus placebo in
patients withtype 2 diabetes on combination antihypertensive therapy: a
randomised, double-blind, placebo-controlled, phase 3 study

n Baseline mean Difference vs placebo n Baseline mean Difference vs placebo
seated SBP, mm Hg (SD) (95% C1) ambulatory SBP, mm Hg (SD)" (95% C1)
Overall population Overall population
Placebo 199 1513(68) e -4-28 (-6-54 to -2.02) Placebo 186 1492(127) —_—— 445 (~7-14 10 1-.76)
Dapagliflozin 205 151.0(7.9) —h— __ Dapaglifiozin 1 187 1465(104) - oz DRSSO
Bblo(kevsubgmup """""""""""""""""""""""""""""""""""""""""""""""""" B blocker subgroup
Placebo 52 151.4(6.9) —e— | 576(-1028t0-123) Placebo 46 1498(11.6) ——— | -616(-11.70t0-062)
Dapaglifiozin 51 1526(73) — Dapaglifiozin 47 1461(111) ——
Calcium-channel blocker subgroup Calcium-channel blocker subgroup
Placebo 56 1500(64) — 513 (<947 10-0-79) Placebo 52 1493(133) il 4-45(-9:30100:39)
Dapagliflozin 58 1501(7-4) — & Dapagliflozin 50 1463(96) —_—
Diuretic subgroup Diuretic subgroup
Placebo 69 151.8(69) — -2-38 (-6-16 to-1-40) Placebo 67 1488(138) — 492 (-9-42t0-043)
Dapaglifiozin 80 151.1(8.6) —_—— Dapaglifiozin 75 1469(95) ———
20 -x’u -20 -1§ -10 - ]

Adjusted mean change (mm Hg)

Adjusted mean change (mm Hg)

 Dapagliflozin was not associated with reductions in diastolic blood pressure.

* Adverse events were similar between intervention groups.

+ Despite continuation of a stable dose of thiazide diuretics throughout the study, the
investigators report only one hypovolaemia-related adverse event and no serum electrolyte

imbalances

Lancet Diabetes Endocrinol. 2016 Mar;4(3):211-220.
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