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DTD ngay cang c6 Kkhuynh hwong gia tang
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The IDF Diabetes Atlas 9th Edition 2019
reveals global diabetes prevalence adults
continues to increase. Current projections
show 700 million adults will be living
with diabetes by 2045.

worldwide
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Globally, an estimated 26% of the world’s population

(972 million people) has hypertension, and the prevalence is
expected to increase to 29% by 2025, driven largely by
Increases in economically developing nations.

World Hypertension Day 2019



DTD va THA thuong song hanh trén cung

nénh nhan

MICROVASCULAR

*>70% end stage renal disease

in U.S. attributed to HTN or DM

DIABE ES

Globally
285 million
individuals, 6%

40- 80% of
diabetics

have HTN

Projected Diabetics
2030: 2-times
439 million likely to

individuals, 8% \ develop HTN

PERIPHERAL VASCULAR

* DM increases risk by 2-4 times

* Increased risk in proportion to severity of BP

HEART

* 3-times likely to have CHD
~% _— 2-times likely to have LVH

* 3-times likely to
develop CHF

HYPERTENSION

Globally

972 million
individuals, 26%
Projected
2030: 1.56 billion
individuals 29%




Macrovascular diseases 1n type 2 diabetes

Cerebrovascular
disease

Abnormal ECG

Hypertension

Intermittent
claudication

35% bn BDTD co6 THA ngay khi phat hién bénh BT

2-3 x increased risk of
fatal stroke

2-4 x increased risk of fatal
heart disease

15 x increased risk of
amputation
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Microvascular damage, AN SNS, antihypertensive drugs
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Arterial stiffness, nephroparenchymal hypertension




Common Risk factors

Insulin
resistance

Dyslipidemia

Obesity

Diabetes Hypertension
—_— | . Endothelial Vascular Vascular Arterial
therosclerosis dysfunction inflammation fibrosis remodeling

Microvascular disease

Cardiovascular disease

Macrovascular disease




Bénh co tim DTD

DIABETES (hyperglycemia, hyperlipidemia, insulin deficiency or insulin resistance)
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Bénh tim tang ap la bién Chirng Tang Huyét Ap

COMPLICATIONS OF
HYPERTENSION

"THE 5C'S" Hypertensive heart disease

CORONARY ARTERY DISEASE SO
Can lead to narrowing of blood vessels making them more likely to block \w
from blood clots.

CHRONIC RENAL FAILURE

Constant high blood pressure can damage small blood vessels in the kidneys

making it not to function properly.

CONGESTIVE HEART FAILURE

Pumping blood against the higher pressure in the vessels causes the heart
muscles to thicken.

CARDIAC ARREST ‘
High blood pressure can cause CAD, damaged arteries cannot deliver enough
CEREBROVASCULAR ACCIDENT

Hypertension leads to atherosclerosis and hardening of the large arteries.
This, in turn, can lead to blockage of small blood vessels in the brain.

www.diseasesdic.com

LEARN MORE: HYPERTENSION COMPLICATIONS

The excessive pressure on the artery walls caused by hypertension or high blood
pressure can damage the blood vessels, as well as organs in the body. The higher the
blood pressure and the longer it goes uncontrolled, the greater the damage. With time,
hypertension increases the risk of heart disease, kidney disease, and stroke.




Tam chirng nhiém déc tim (Cardiotoxic Triad)
trén bénh nhan DTD

BENH
MACH VANH

Braunwald’s Heart Disease. 8" 2008:1547-1560.
Crawford.MH: Cardiology clinics: heart failure. 2007, vol 25, num 4: p 523-536.
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C Xo vita )

Bénh mach vanh
(Coronary disease)




Suy tim dai thao duwong
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Section 10.

Cardiovascular
Disease and Risk
Management

AMERICAN DIABETES ASSOCIATION

STANDARDS OF
MEDICAL CARE
IN DIABETES—2021

American
Diabetes
. Association.

Connected for Life




10.1 Blood pressure should be mea-

sured at every routine clinical
visit. Patients found to have el-
evated blood pressure (=140/
90 mmHg) should have blood
pressure confirmed using multi-
ple readings, including measure-
ments on a separate day, to
diagnose hypertension. B

All hypertensive patients with
diabetes should monitor their
blood pressure at home. B

For individuals with diabetes and
hypertension at lower risk for
cardiovascular disease (10-year
atherosclerotic cardiovascular
disease risk <15%), treat to a
blood pressure target of <140/
90 mmHg. A

10.7 For patients with blood pres-

sure >120/80 mmHg, lifestyle
intervention consists of weight
loss when indicated, a Dietary
Approaches to Stop Hyperten-
sion (DASH)-style eating pattern
including reducing sodium and
increasing potassium intake,
moderation of alcohol intake,
and increased physical activity. A

10.8 Patients with confirmed office-

based blood pressure =140/
90 mmHg should, inadditionto
lifestyle therapy, have prompt
initiation and timely titration
of pharmacologic therapy to
achieve blood pressure goals. A




10.9 Patients with confirmed office-

based blood pressure =160/
100 mmHg should, in addition
to lifestyle therapy, have prompt
initiation and timely titration of
two drugs or a single-pill com-
bination of drugs demonstrated
to reduce cardiovascular events
in patients with diabetes. A
Treatment for hypertension
should include drug classes dem-
onstrated to reduce cardiovas-
cular events in patients with
diabetes. A ACE inhibitors or
angiotensin receptor blockers
are recommended first-line ther-
apy for hypertension in people
with diabetes and coronary ar-
tery disease. A

10.11 Multiple-drug therapy is gener-

ally required to achieve blood
pressure targets. However,
combinations of ACE inhibitors
and angiotensin receptor block-
ers and combinations of ACE
inhibitors or angiotensin recep-
tor blockers with direct renin
inhibitors should not be used. A
An ACE inhibitor or angiotensin
receptor blocker, at the max-
imum tolerated dose indicated
for blood pressure treatment,
is the recommended first-line
treatment for hypertension in
patients with diabetes and uri-
nary albumin-to-creatinine ra-
tio =300 mg/g creatinine A or
30-299 mg/g creatinine. B If
one class is not tolerated, the
other should be substituted. B




12. Older Adults: Standards of
Medical Care in Diabetes—2021

Diabetes Care 2021,;44(Suppl. 1):S168-5179 | https://doi.org/10.2337/dc21-s012

status

Rationale Blood pressure

Healthy (few coexisting chronic
illnesses, intact cognitive and
functional status)

Complex/intermediate (multiple
coexisting chronic illnesses*
or 2+ instrumental ADL
impairments or mild-to-moderate
cognitive impairment)

Very complex/poor health (LTC or
end-stage chronic illnesses**
or moderate-to-severe cognitive
impairment or 2+ ADL
dependencies)

Longer remaining life <140/90 mmHg
expectancy

Intermediate remaining <<140/90 mmHg
life expectancy, high
treatment burden,
hypoglycemia
vulnerability, fall risk

Limited remaining life <150/90 mmHg
expectancy makes
benefit uncertain




Recommendations for the Treatment of o
Confirmed Hypertension in People With Diabetes o

Initial BP >140/90 and

<160/100 mmHg Initial BP >160/100 mmHg

[ Start one agent ] [ Lifestyle management J [ Start two agents J

Albuminuria or CAD* Albuminuria or CAD*
No Yes No Yes

Start one drug: Start: Start drug from Start:
= ACEi =« ACEi or ARB 2 of 3 options: = ACEi or ARB

= ARB = ACEi or ARB and
=« CCB*** = CCB*** « CCB*** or Diuretic**
= Diuretic** = Diuretic*™

Treatment tolerated Not meeting target Adverse effects
and target achieved

Add agent from Consider change to
[ Continue therapy ] complementary drug class: alternative medication:
= ACEi or ARB = ACEi or ARB

- CCB*** - CCB***
= Diuretic** = Diuretic**

Not meeting target
on two agents

Adverse
effects

Not meeting target or
Treatment tole.rated adverse effects using a drug
and target achieved from each of three classes

[ Continue therapy j




2. Vi sao ACEis va ARBs dugc chon uu tién
trong diéu tri THA & bn BTD tip 2
(ADA 2021)



‘ Obesity 3

Adipose tissue
Hyperinsulinemia
RAS Mineralocorticoid — Fatty
sensitizing and acids
stimulating factors
: Cardiovascular ==
@ Disease = — '

) <—Angu
I Aldosterone I 4« Adrenal glands
VY v

Sympathetic activation

A

Leptin

Hypertension

Diabetes and hypertension often occur together and may share some common
causes. These include: Obesity, inflammation, oxidative stress va insulin resistance
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Ca ché bénh sinh THA trong DTD tip 2
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Khang insulin trong BTD tip 2

Impaired Type 2 ype
glucose diabetes ~ mellitus + long-term
Normal tolerance mellitus complications

Insulin
sensilivity

Hyperglycemia

o

o

Insulin
resistance

secretion

ormoqlycemia _
gl fi-cell failure
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Khang insulin va chirc nang té bao beta

Obesity
Insulin resistance

U

Beta cell workload | /overwork
+ Qxidative stress
@ ER stress
Mitochondrial dysfunction

Beta cell dysfunction  + Amyloid toxicity
Inflammatory cytokines

@ Autophagy dysfunction

+ Glucolipotoxicity

\ Functional beta cell mass|

\

neralycemia




Pathway-selective insulin resistance in PI3K signaling creates imbalance between
prohypertensive and antihypertensive vascular actions of insulin exacerbated by
compensatory hyperinsulinemia.

Insulin Resistance Insulin Insulin Resistance
Compe!;satory o7 de
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4 Salt sensitivity 4 Vasoconstriction } Vasodilation

ENDOCRINE
Muniyappa R et al. Endocrine Reviews 2007;28:463-491 REVIEWS



Figure 3. Alternative pathways whereby compensatory hyperinsulinemia contributes to
myocyte hypertrophy through the sympathetic nervous system activation and MAP
kinase/ERK pathways at a time when insulin receptor mediated Akt-1 activation is impaired.

Mechanisms of Insulin - Induced Hypertrophy
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Poornima I et al. Circulation Research 2006;98:596-605
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Trén Bn béo phi vi tuan hoan 1a mot rao can doi vdi viée tiép can insulin
ctia co Van, von bi cham. Néng do insulin & to chirc k& tang cham hon so
v6i nong d6 insulin trong mau dong mach vi insulin di vao mao mach
thot gian nay keo dai trong bénh béo phi.



Prediabetes associates with Overnutrition
reduced microvascular flow due v
to impaired vascular reactivity v * Oxidative Stress
. . . * Lipotoxicity
resulting from endothelial « Hypoxia
dysflunction.
Inflammation
Prediabetes associates with v F’g:‘? other growth factors
capillary rarefaction and « Thrombospondin

therefore decreased surface
area for exchange.

c— | 1 Collagen, Hyaluronan, etC. | co—

ECM Transcription Matrix Metalloproteinases
Hyaluronan Synthases Hyaluronidase
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| Insulin Access to and
Action on Muscle

Insulin access is determined by (1) vascular reactivity; (2) microcirculatory hemodynamics; and
(3) capillary insulin permeability (determined by vesicular or paracellular fluid phase transport).
Vascular reactivity and microcirculatory hemodynamics are determined by endocrine factors,
paracrine factors, cytokines, and microcirculatory architecture. Capillary insulin efflux is
determined by the balance between hydrostatic and oncotic pressures. The extracellular matrix
(ECM) in the sequelae of prediabetes. Inflammation results in ECM remodeling which creates
endothelial dysfunction, capillary regression, spatial barriers, and increased ECM component
interaction with cell surface receptors, including the integrin receptor family. These result in a
decrease in tissue insulin access and, consequently, insulin action



* Co la muc tiéu chinh cho hoat dong cua insulin va
|a yéu t6 quyét dinh diém cudi ciia viéc thu nhan
glucose.

» ACEis va ARBs cai thién lwu lwgng mau dén co

» Liéu phap nay c6 hiéu qua lam ting dién tich bé
miit dé trao doi glucose giira giwong mao mach va
co' va mdt phan cé6 thé gép phan lam giam bénh
nhan dai thao dwong tip 2 méi khéi phat khi bénh
nhan dworc diéu tri ACEs va ARBs



ACE Inhibitors or ARBs for Prevention of Type 2 Diabetes

A Meta-analysis of Randomized Clinical Trials.
James H. O'Keefe Jr, MD, FACC ; Hussam Abuissa, MD...

Of the 13 studies that met criteria for entering the meta-analysis, 6 used ACE inhibitors and 7 used

ARBs. These trials involved 125,356 patients, of whom 90,474 did not have diabetes at baseline.
Medscapes www.medscape.com
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PEACE 0ES (.72, 0.96)

All pooled 077 (070, 0847
ACE- pooled . 076 (06E, 0.563)
ARB pooled . 077 (071,083

T T T T T
0125 0.25 . 2 4 =

Less likaly to
develop Type 2D

BAore kel to

Relative Risk develop Type 2 DM

Pooled risk estimates of ACE inhibitor (ACE-I) and ARB trials. ACE inhibitor or
ARB therapy resulted in a 23% reduction in new-onset type 2 diabetes.




Nhém (rc ché hé ARBs gidam ty |é PTD mdi mac

Lisinopril Ramipril Losartan  Candesartan valsartan Candesartan
(ALLHAT) (HOPE) (LIFE) (SCOPE) (VALUE) (CHARM)

I

ALLHAT Officers and Collaborators. JAMA. 2002;288:2981-2997.
Yusuf S et al. JAMA. 2001;286:1882-1885. Dahlof B et al. Lancet.
2002;359:995-1003. Lithell H et al. J Hypertens. 2003;21:875-886.
Julius S et al. Lancet. 2004;363:2022-2031. Pfeffer MA et al. Lancet.

2003;362:759-766.
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Phi dai that trai trong DTD va THA

Myocardial remodeling

Cardiomyocyte Interstitial Arteriolar wall
hypertophy inflammation thickening

. Clinical
P Qo ST manifestations
RNt LVH = dysfunction
47" Heart failure
Arrhythmias
Reduced CFR

Facilitating factors

Genome and exposome
Aging

Co-morbidities
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Cardiomyocyte Interstitial Reduced
death fibrosis capillarization

— Increased risk
Initiating factor Hospitalization

BP elevation CV death
Sudden death



Co tim ¢ bénh nhan DTP c6 THA
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Rader F, Victor RG. In Heart failure: A Companion to Braunwald’s Heart Disease; 3" ed, 2016, Elsevier, p 361-372



80
70
60
50

30
20
10

Age-Adjusted Rate/1000

Phi dai that trai
bieén co tim mach

23

The Framingham Heart Study
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Adapted from Devereux RB, Wachtell K, Gerdts E, et al: Prognostic significance of left ventricular mass change during treatment of hypertension.
JAMA 292:2350-2356, 2004
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*preclinical data
LV = left ventricular; Ml = myocardial infarction; GFR = glomerular filtration rate

Adapted from Willenheimer R et al Eur Heart J 1999; 20(14): 997111008, Dahlof B J Hum Hypertens 1995; 9(suppl 5): S370S44,
Daugherty A et al J Clin Invest 2000; 105(11): 1605011612, Fyhrquist F et al 3 Hum Hypertens 1995; 9(suppl 5): S19(1S24, Booz
GW, Baker KM Heart Fail Rev 1998; 3: 1251130, Beers MH, Berkow R, eds. The Merck Manual of Diagnosis and Therapy. 17th
ed. Whitehouse Station, NJ: Merck Research Laboratories 1999: 168211704, Anderson S Exp Nephrol 1996; 4(suppl 1): 34040,
Fogo AB Am J Kidney Dis 2000; 35(2):179(1188



Cellm ”
s = ACEs & ARBs

AN

ICD and CRT

Cardiomyocyte Cardiomyocyte Fibrosis Insulin Electrophysiological
Loss Hypertrophy Resistance Changes
Necrosis Biomechanical Stress RAAS Activation Metabolic derangement wvmm
Apoptosis Neurohumoral Activation TGFB Lipotoxicity Structural Alterations
Autophagy Inflammation lon Channel Remodeling

Pharmacological agents reduce morbidity and mortality, including angiotensin-
converting enzyme inhibitors (ACEIs), angiotensin receptor blockers (ARBs by
reducing cell death, hypertrophy, insulin resistance and fibrosis....




. _ (-) ACE-inhibitors
Angiotensin II  “—— AT2 receptor blockers
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Beta-adrenergic blockers
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Heart Failure and Diabetes Mellitus: Defining the
Problem and Exploring the Interrelationship

Michael J. Wilkinson, MD, Adena Zadourian, BS, Pam R. Taub, MD
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The American Journal of Medicine, Vol 132, No 10S, October 2019




ARBs giup giam bién co6 & cac Bn Suy tim

IR0
Trial Primary/Secondary End Points Results ARP Syst/Diast mm Hg
CHARM-Added Primary: cardiovascular death and CHF hospitalization 15% RRR in primary end point 4.6/3.0 mm Hg lower in combined arm
Secondary: cardiovascular morbidity and mortality composite 17% RRR in CV death
17% RRR in CHF admission
Val-HeFT Primary: all-cause mortality and cardiovascular combined morbidity No difference in mortality 5.2/1.3 mm Hg lower in combined arm
and mortality 13% RRR in morbidity and mortality, driven by
CHF reduction
CHARM-Alternative Primary: cardiovascular mortality or CHF hospitalization 23% RRR in primary end point 44/3.9 mm Hg lower with ARB
Secondary: composite cardiovascular morbidity and mortality 15% RRR in CV death
32% RRR in CHF admission
ELITE-II Primary: all-cause mortality No difference in any end point No difference
Secondary: sudden death/arrest No difference in CHF admissions
Tertiary: admissions for cardiovascular cause/all-cause mortality
OPTIMAAL Primary: all-cause mortality All outcomes favored captopril No difference
Secondary: sudden death/arrest Primary: 13% RRR (p = 0.07)
Tertiary: fatal/nonfatal MI Secondary: 19% RRR (p = 0.07)
Tertiary: no difference
CV death: 17% RRR (p = 0.03)
CHF admit: 16% RRR (p = 0.07)
VALIANT Primary: all-cause mortality No difference in primary or secondary end point By treatment arm (in mm Hg):
Secondary: CV morbidity and mortality ACE: 127176
ARB/ACE: 125/75
ARB: 127/75
ATLAS Primary: all-cause mortality All results favored high-dose therapy 4.4/2.3 mm Hg reduction favoring high-dose therapy
Secondary: 1) cardiovascular mortality; 2) cardiovascular Primary: 8% RRR (p = 0.128)
hospitalizations; 3) all-cause mortality + cardiovascular Secondary: 1) CV mortality: 10% RRR (p = 0.07);
hospitalization; 4) Cardiovascular mortality + cardiovascular 2) CV hospitalizations: 16% RRR; 3) mortality/
hospitalization CV hospitalization: 8% RRR; 4) CV mortality/CV
hospitalization: 9% RRR, CHF hospitalization:
24% RRR

BP = blood pressure; CHF = congestive heart failure; CV' = cerebrovascular; Diast = diastolic; MI = myocardial infarction; RRR = relative risk reduction; Syst = systolic. Other abbreviations as in Table 2.
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Cac nghién ciru ACEI & ARBs trén Suy tim

OPTIMAAL
VALIANT

ONTARGET

Myocardia :
| Infarction S Shibz

ValHeft

harm

LIFE
/'F

Atherosclero GISSI 3
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Adapted from Dzau V, et al. Am Heart J 1991; 121:1244-63.



ARBs in Heart Failure
£
Val-HeFT g CHARM-Alternative

Placebo
Valsartan

320mg +*""Candesartan

Placebo 32mg

CV Death or HF Ho

¥ Granger et al: Lancet 2003

Cohn et al: NEJM 2001

o

42 mos

VALIANT ELITE-2  Capre il

Valsartan ' 150 mg

320 mg Logartan
: 50 mg

Pfeffer et al. NEJM 2003 Pitt B et al: Lancet 2000




Tuy nhién, ACEI / ARB chwa dworc toi wu hoa lieu
tréen Bénh nhan suy tim

Phan tich trén 43,405 BN (265t), dwoc ké ACEI hoac ARB khi méi duwoc chan doan
Suy tim man.
29% BN dwoc ké ACEI/ARB lieu thap
Tiéu chi: t&r vong do moi nguyén nhan
ACEL:
« Low dose: HR 1.16 (95% Cl 1.12-1.2)
« High dose:HR 0.90 (95% CI 0.86-0.94)
ARB:
« Low dose: HR 1.15 (95% CI 1.06-1.24)
« High dose: HR 0.93 (95% CI 0.86-1.00)

Két luan: O BN suy tim man, hiéu qua giam tir vong do moi nguyén nhan cia
ACEI/ARB 14 phu thuéc vao liéu
tuy nhién gan 1/3 BN chi dwoc ké don lieu thap.

Dose comparison of ACE inhibitors and angiotensin ii receptor Blockers in congestive heart failure —
G.egiziano, H behlouli, L pilote, SS daskalopoulou . https://doi.org/10.1016/j.cjca.2011.07.228



Vai tro bao vé Tim mach cua ACEi & ARBs
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Bénh Than bai Thao Budng
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Tac dung cua ACEi & ARBs trén bénh than BDTD
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Nephron Changes in Diabetes and After Administration of an

ACE Inhibitor or Angiotensin Receptor Blocker

ACE Inhibitors/Angiotensin
Receptor Blockers
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COVID-19 + Diabetgs

3.Bénh nhan DTD va THA trong
Pai dich COVID-19 thi sao ?



World Health
Organization

COVID-19 Weekly E

Table 1. Newly reported and cumulative COVID-19 c:

I Update

'30ctober 2021**

New cases Changein .

WHO Region in last7 | newcasesin Cumulative
deaths (%
days(%) | last 7 days* (%)
1120999 90 357 809 24 311 2220453

A i -12% 2%
mericas (36%) & (39%) (45%) & (46%)
Europe 1164750 5% 70589 709 15403 29 1342 600
P (37%) ° (30%) (28%) ° (28%)
278 657 43121902 4318 678 035

South-East Asi -199 -189

outh-tastAsia (9%) % (18%) (8%) % (14%)
Eastern 166 068 519% 15 825 445 3 567 17% 290 562
Mediterranean (5%) it (7%) (7%) R (6%)
Western Pacific 338 603 12% 8609714 4725 -10% 117 705
(11%) (4%) (9%) (2%)
49 333 6 048 196 1897 146 854

H -43% -25%
Africa (2%) 43% (3%) (3%) 25% (3%)
Global 3118410 9% 234 553 539 54 221 4% 4796 222

(100%) (100%) (100%) (100%)
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Diabetes Care 2021;44:1-8 | https://doi.org/10.2337/dci21-0001



Cheng Y, et al. Kidney int 2020; doi.org/10.1016/].ku..
Guan W, et al. NEJM 2020; doi:10.1056/NEIM0a2002032

Urinary abnormalities
\3\3 Albuminuria 34%
Proteinuria 63%
Hematuria 26.7%
Both 44%

Naicker S, et al. Kidney Int 2020; doi.org/10.1016/].kint.2020.03.001

- - - ’
_.omorbidities (A &\
Arentz M, et al. JAMA 2020; doi:10.1001/joma. 20204326 m%

Chen H, et al. lafxﬂ 2020; 395 le'IZG): 809-15 : . .
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Prevalence of Diabetes and Hypertension
and Their Associated Risks for Poor
Outcomes in Covid-19 Patients

. e A - == - m o -—
Francisco J. Barrera,"*** Skand Shekhar,"** Rachel Wuri 1,

Oscar J. Ponce,>® Michelle Hajdenberg,” Neri A. Alvarez-Vi 11,

Ernesto L. Schiffrin,” Graeme Eisenhofer,'® Forbes P

Stefan R. Bornstein, >'*'* Constantine A. Stratakis,* José Ge 8
René Rodriguez-Gutiérrez,**® and Fady Har

Coronavirus disease 2019 (Covid-19) has affected millions of pec ately

affect those with hypertension and diabetes. Because of inadequat stem-

atic reviews, the prevalence of diabetes and hypertension and assc es In

Covid-19 patients are unknown. We searched databases from Dec 2020,

and selected observational peer-reviewed studies in English of pati ident
reviewers extracted data on study participants, interventions, and outcomes and assessed risk of bias,
and the certainty of evidence. We included 65 (15 794 participants) observational studies at moderate
to high risk of bias. Overall prevalence of diabetes and hypertension was 12% (95% confidence in-
terval [CI], 10-15; n =12 870; I*: 89%), and 17% (95% CI, 13-22; n = 12 709; I*: 95%), respectively. In
severe Covid-19, the prevalence of diabetes and hypertension were 18% (95% CI, 16-20; n = 1099; I*:
0%) and 32% (95% CI, 16-54; n = 1078; I*: 63%), respectively. Unadjusted relative risk for intensive

September 2020 | Vol. 4, Iss. 9
doi: 10.1210/jendso/bvaal02 | Journal of the Endocrine Society | 1-16



Risk estimates for severe Covid-19,
intensive care unit admission, and mortality.

Disease and outcome Effect estimate N of Studies Total N 72 Effect size (95%CI) p value
Diabetes
Severe COVID-19 Unadjusted (RR) 6 1991 74 % e 1.50 (0.90-2.50) 0.119
ICU admission Unadjusted (RR) 3 8890 80% * 1.96 (1.19-3.22) 0.008
Mortality Unadjusted (RR) 4 2058 75% * 278 (1.39-558) 0.004
Adjusted (HR)* 1 416  na . 0.75 (0.38-1.50) 0.420
Hypertension
Severe COVID-19 Unadjusted (RR) 8 2023 69 % * 1.48 (0.99-2.23) 0.058
Adjusted (OR)** 1 487  na * 271 (1.32-559) 0.007
ICU admission Unadjusted (RR) 4 1737 0% +* 295 (2.18-3.99) <0.001
Mortality Unadjusted (RR) 8 3107 66% * 2.39 (1.54-3.73) <0.001
Diabetes and Hypertension
Severe COVID-19 Unadjusted (RR) 1 22 na * 10.00 (0.94-105.92) 0.056
I T \ 1 |

0.50 1.0 2.0 4.0 8.0 16.0

n = 2023; I*: 69%; P =.058) was associated with severe Covid-19. In conclusion, the risk of intensive
care unit admission and mortality for patients with diabetes or hypertension who developed Covid-19
1s increased compared with those without these comorbidities.
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SARS-CoV-2
Spike Protein
——— 82 subunit

I TMPRSS2

= 81 subunit

n Membrane Protein

I e ., Envelope Protein

SARS-CoV-2 entry into the cell. SARS-CoV-2 binds to ACE2 through the
receptor-binding domain (RBD) of spike protein.
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SARS-CoV-2 xam nhap vao té bao chu thdng qua sy twong tac cla protein dot bién cda
nd v&i thu thé xam nhap ACE2 véi sw hién dién cia TMPRSS2 (ngoai cung bén trai).
Céc co ché dé xuéat déi véi COVID-19 do nhidm SARS-CoV-2 bao gém (1) tbn thwong
té bao trwc tiép qua trung gian vi rat; (2) réi loan diéu hoa RAAS do hau qué cla viéc
gidm diéu hoa ACE?2 lién quan dén sw xam nhap cla virus, dan dén gidm sw phan cat
cla angiotensin | va angiotensin Il; (3) tén thwong té bao ndi mé va viém huyét khdi; va
(4) rbi loan diéu hoa phan trng mién dich va qua trinh viém do vi rat &c ché tin hiéu
interferon, sw suy gidm lympho bao T, va san xuét cac cytokine tién viém, dac biét I3 IL-
6 va TNFa.
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ACEIls and ARBs and Their Correlation with
COVID-19: A Review Yehualashet and Belachew
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ACE2 polymorphism.

We suggest that patients with
cardiac diseases, hypertension, or
diabetes, who are treated with ACE2-
increasing drugs, are at higher risk
for severe COVID-19 infection and,
therefore, should be monitored for
ACE2-modulating medications, such
as ACE inhibitors or ARBs. Based on a
PubMed search on Feb 28, 2020, we
did not find any evidence to suggest
that antihypertensive calcium channel
blockers increased ACE2 expression
or activity, therefore these could be a
suitable alternative treatment in these
patients.

Juan Gaertner/Science Photo Library

Lei Fang, George Karakiulakis,*Michael Roth . Are patients with hypertension
and diabetes mellitus at increased risk for COVID-19 infection?
Published Online.March 11, 2020.https://doi.org/10.1016/S2213-2600(20)30116-8



4. Liéu co nén tiep tuc su dung ACEis va
ARBs trong diéu tri BEnh nhan COVID-19
co BT kem THA ?

(WHO 2021)
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FIGURE 2 | The lifecycle of SARS-CoV-2 starting from the penetration of the virus into the cell until its release. The virus requires both ACE2 and TMPRSS2 to

facilitate its entry. ACE: angiotensin converting enzyme, TMPRSS2: transmembrane protease serine 2.
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Pathological Role of Angiotensin Il in Severe COVID-19

Wolfgang Miesbach'

Table 2 Possible effects of angiotensin Il on clinical symptoms of COVID-19

Clinical Sepsis ARDS Organ injury Thrombosis

COVID-19 (cardiac, kidney)

symptom

Ang ll-induced Increase of Increase of IL-6 (59-61)
inflammation IL-6 (59-61)

Ang ll-induced
vasculopathy
and thrombosis

Vasoconstriction'®

Increased hydrostatic
pressure?!
Fibroproliferation
Vascular smooth
muscle cells®%:®1

20,24,48

Vasoconstriction'®
0,24,48

Fibroproliferation®%
Vascular smooth
muscle cells®9-61

16
20,24,48

Vasoconstriction
Fibroproliferation

Vascular smooth muscle cells®%:61

Ang ll-induced
coagulopathy

Increase of TF*? and PAI-1°%°>
Increased platelet ag%regation
and increase of PDGF??

50,67

TH Open

Vol. 4 No. 2/2020




Role of the Renin—Angiotensin—Aldosterone and
Kinin—Kallikrein Systems in the Cardiovascular Complications
of COVID-19 and Long COVID

Samantha L. Cooper 1,2, Eleanor Boyle 3, Sophie R. Jefferson 3 Calum R. A. Heslop 3{», Pirathini Mohan 3,
Gearry G. J. Mohanraj 3, Hamza A. Sidow 3, Rory C. P. Tan 3, Stephen J. Hill 1209 and Jeanette Woolard 1-2-*

((Ang (1-7) )

(et

ACE2

N v

~

Vasoconstriction
Fluid and electrolyte balance
Inflammation
Cardiac remodelling
Arrhythmia

. J

Int. J. Mol. Sci. 2021, 22, 8255. https:/ /doi.org/10.3390/1jms22158255



Vasculopathy and Coagulopathy Associated with
SARS-CoV-2 Infection

Nazzarena Labo !, Hidetaka Ohnuki 2 and Giovanna Tosato %*
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Hypertension RAAS-blocking agents

ICU admission ——— ]
Ventilator care i i
Death —i— —&
Composite severe outcome ‘ ‘
0.5 1 2 4 8 0125 025 05 1 2
—’ 4.—
Hypertension worse ACEI/ARB better

Fig. 2 Risk of adverse clinical outcomes associated with hypertension and the use of RAAS-blocking agents. RAAS, renin-angiotensin-aldosterone-
system; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers

A2
Methods: A total of 3,788 patients aged 30 years or older who were confirmed with COVID-19 with real time
reverse transcription polymerase chain reaction were identified from a claims-based cohort in Korea. The primary
study outcome was severe clinical events, a composite of intensive care unit admission, need for ventilator care,
and death.

Conclusions: Patients with hypertension had worse COVID-19 outcomes than those without hypertension, while
the use of RAAS-blocking agents was not associated with increased risk of any adverse study outcomes. The use of
ACE inhibitors or ARBs did not increase the risk of adverse COVID-19 outcomes, supporting current guidance to
continue these medications when indicated.

Kang et al. Clinical Hypertension ~ (2021) 27:11
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ension Hospitalized With COVID-19

Peng Zhang," Lihua Zhu, Jingjing Cai; Fang Lei; Juan-Juan Qin;" Jing Xie, Ye-Mao Liu, Yan-Ci Zhao, Xuewei Huang,

Lijin Lin, Meng Xia, Ming-Ming Chen, Xu Cheng, Xiao Zhang, Deliang Guo, Yuanyuan Peng, Yan-Xiao Ji, Jing Chen,
Zhi-Gang She, Yibin Wang, Qingbo Xu, Renfu Tan, Haitao Wang, Jun Lin, Pengcheng Luo, Shouzhi Fu, Hongbin Cai, Ping Ye,
Bing Xiao, Weiming Mao, Liming Liu, Yougin Yan, Mingyu Liu, Manhua Chen, Xiao-Jing Zhang, Xinghuan Wang,

Rhian M. Touyz, Jiahong Xia, Bing-Hong Zhang, Xiaodong Huang, Yufeng Yuan, Rohit Loomba, Peter P. Liu, Hongliang Li



RATIONALE: Use of ACEls (angiotensin-converting enzyme inhibitors) and ARBs (angiotensin Il receptor blockers) is a major
concern for clinicians treating coronavirus disease 2019 (COVID-19) in patients with hypertension.

OBJECTIVE: To determine the association between in-hospital use of ACEI/ARB and all-cause mortality in patients with
hypertension and hospitalized due to COVID-19.

METHODS AND RESULTS: This retrospective, multi-center study included 1128 adult patients with hypertension diagnosed with
COVID-19, including 188 taking ACEI/ARB (ACEI/ARB group; median age 64 [interquartile range, 55-68] years; 53.2% men)
and 940 without using ACEI/ARB (non-ACEI/ARB group; median age 64 [interquartile range 57-69]; 53.5% men), who were
admitted to 9 hospitals in Hubei Province, China from December 31, 2019 to February 20, 2020. In mixed-effect Cox model
treating site as a random effect, after adjusting for age, gender, comorbidities, and in-hospital medications, the detected risk for all-
cause mortality was lower in the ACEI/ARB group versus the non-ACEI/ARB group (adjusted hazard ratio, 0.42 [95% CI, 0.19-
0.92]; P=0.03). In a propensity score-matched analysis followed by adjusting imbalanced variables in mixed-effect Cox model, the
results consistently demonstrated lower risk of COVID-19 mortality in patients who received ACEI/ARB versus those who did
not receive ACEI/ARB (adjusted hazard ratio, 0.37 [95% Cl, 0.15-0.89]; P=0.03). Further subgroup propensity score-matched
analysis indicated that, compared with use of other antihypertensive drugs, ACEI/ARB was also associated with decreased
mortality (adjusted hazard ratio, 0.30 [95% ClI, 0.12-0.70]; P=0.01) in patients with COVID-19 and coexisting hypertension.

CONCLUSIONS: Among hospitalized patients with COVID-19 and coexisting hypertension, inpatient use of ACEI/ARB was associated
with lower risk of all-cause mortality compared with ACEI/ARB nonusers. While study interpretation needs to consider the potential
for residual confounders, it is unlikely that in-hospital use of ACEI/ARB was associated with an increased mortality risk.
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RAMIC: Design of a randomized, double-blind, placebo-controlled trial to
evaluate the efficacy of ramipril in patients with COVID-19
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CENTRAL ILLUSTRATION: COVID-19 Symptoms Onset From January 1, 2020

Final analysis: 102 patients
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Amat-Santos, I.J. et al. J Am Coll Cardiol. 2020;76(3):268-76.

Conclusions
RAMIC is designed to assess the efficacy of treatment with ramipril for 14 days to decrease
ICU admission, mechanical ventilator use and mortality in patients with COVID-19 and
leverages virtual study visits and endpoint adjudication to mitigate risk of infection and to
preserve PPE (ClinicalTrials.gov, NCT04366050).
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sometimes unclear, however, whether this risk was independent of other risk factors (92). Initial reports
have identified higher rates of HTN among severely ill, hospitalized COVID-19 patients, with overall
HTN rates of 50-56% (93, 94). It had been unclear if this relationship was causal or confounded by age
and other comorbidities associated with HTN, including obesity, diabetes and chronic kidney disease.

Concerns regarding use of angiotensin-converting enzyme inhibitors (ACEis) in these patients were
raised due to identification of angiotensin-converting enzyme 2 (ACE2), the monocarboxypeptidase
that inactivates angiotensin Il and thereby counters the activation of the classic renin-angiotensin-
aldosterone system (RAAS), as the functional receptor for the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (95, 96). The WHO conducted a rapid review of evidence related to the use
ACEis or ARBs in COVID patients which identified 11 observational studies. No studies were found that
were designed to directly assess whether ACEis or ARBs increase the risk of acquiring COVID-19. After
adjustment for confounders, history of ACEi or ARB use was not found to be associated with increased
severity of COVID-19 illness. There were no studies that addressed the potential benefits and harms of
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initiating ACEis or ARBs as treatment for patients with COVID-19 (97). Accordingly, discontinuation of
ACEis or ARBs may yield worse outcomes than continuation of their use in patients with a diagnosis
of COVID-19. In contrast to the uncertainty about the potential benefit of initiating RAAS blocker use

in patients with COVID-19, there is a clear potential for harm in withdrawing these agents in high-risk
COVID-19 patients with established myocardial injury, HTN or heart failure (96). Most of the world's
professional societies either recommend or strongly encourage continuing ACEis/ARBs in COVID-19-
infected patients (98). Further research that will address key unanswered questions about the role of the
RAAS In the pathogenesis and possible treatment of COVID-19 and other coronavirus-based diseases is
urgently needed. Prospective studies - in particular, ongoing randomized, placebo-controlled trials such
as the Ramipril for the Treatment of COVID-19 (RAMIC) trial (ClinicalTrials.gov number, NCT04366050)
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