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Topics

e Cardiovascular disease in DM
 Lipids
— LDL lowering

— Remnant lipoproteins — moderate hypertriglyceridaemia

— Severe Hypertriglyceridaemia
* Not covered today
— HDL - the highly difficult lipoprotein

— Lp(a)
— Anti-inflammatory therapies




The Sad Reality
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Type 2 Diabetes and CVD

* 50-75% of deaths in patients with DM are CVD related
* Very high rates of PVD

* Atherosclerosis often ‘diffuse’

— MMortality post Ml
— N Mortality + morbidity following vascular interventions
— Higher rates of graft failure or stent blockage
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Driving Atherosclerotic Risk




Atherogenic Factors in DM

Dysglycaemia
Hypertension * Increased TGRL

Abdominal obesity * Increased remnants

Procoagulant state » Small dense LDL particles
Inflammation * Increased oxidised lipoproteins

Oxidative stress * Low HDL
NAFLD  Dysfunctional HDL

Renal dysfunction

Dyslipidaemia




Major Modifiable Risk Factors

Smoking
Glycaemia
Blood pressure
Lipids

Sedentary lifestyle
Diet
Obesity...




Choose Your Target

* Non-fatal M| prevention

« 200 individuals'treated for 5 years
— Glycaemia | HbA1C by 1%: 2 events prevented
— LDLC | by 1 mmol/L : 8.2 events prevented
— BP systolic | 4 mm Hg: 12.5 events prevented




Lipoproteins in DM

Increased TG-rich large VLDL small aense LU

https://doi-org.ezproxy.uct.ac.za/10.1007/s11886-021-01450-1




Pathophysiology

Increased fat mass/ upper body
t . Lipolysis
-~ (60%)

Dietary fat :
(10-15%) > - “/ !

Glucose and Oxidation
Hyperinsulinemia / '
(25-30%) rich

VLDL is large and TG

Atherosclerosis 2015; 239:483-495 L e o o e




apoB-100

Remnant
receptor*

y
Obesity Insulin Steato§'is .
Diabetes resistance

+FFA

Remnant
receptor?

Plasma pool of
/ Intestine triglyceride-rich lipoproteins

Triglyceride Triglyceride
CETP
CE

Dietary . apoAl

fat \

x Gl Triglyceride
Traglycerldi/l HTGL HTGL

( d
dense LDL '\ oL ' dense HDL
Nat. Rev. Cardiol. doi:10.1038/nrcardio.2013.140

Small PN - O Small
HDL




Dysfunctional HDL in DM

0 = &5
5

CETP/ Oxidation

+ ABCA1-mediated

cholesterol efflux +

- LCAT activation +

- PON1 {

- Anti-oxidative activity +
+ Protection against

HDL s a riéik marker rather than a risk factor
Therapeutic approaches have been disappointing thus far
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https://www.medscape.org/noscan/slideshow/760297#32

AlVI-T expression

* Inhibition of neutrophil

infiltration {

» Stimulation of re-

endothelialization |




Therapeutic Approaches

NoVE L THERAPEUTIC
STRATEGIES




LDLC

Tried and Trusted Target




Statins: TNT Study

Participants with DM: Increased event rates compared to non-diabetics
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LDLC Summary

 Remains the primary target

* Goals
— <1.4 mmol/L forvery high risk
— <1.8 mmol/L for high risk
— At least 50% reduction from baseline

e Statins

— Ezetimibe
— PCSKO9 inhibition
— Others (bempedoic acid...)




Lipid Guidelines

Treatment goal

for LDL-C
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Getting to Target

FOCUS ON REDUCING ALL\APO B \CONTAINING LIPOPROTEINS
ot e KEY STEP for an EFFECTIVE RISK-MANAGEMENT OF CARDIOVASCULAR EVENTS
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Residual Risk

Hazard ratié; 0.85 (95% I, 0.78—0.93)
P<0-001 ‘
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‘Too Little’

ICPLS South Africa

* Low statin doses
« ‘Infrequent use of combination therapy
|\ Adherence'issues
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‘Too Late’

Cumulative exposure (cholesterol yrs) by age:
FH vs. unaffected (healthy) individuals

Unaffected
HoFH HeFH individuals
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"Too Simplistic

Multifactorial and complex pathogenesis

EFIKX NADPH

oxxiase
R, - ROS
MyDes Ly&“umgg
TRIF

NF-s8)

{J‘} C Caspase-1

[ Anti-inflammatory Al . > /
T Inflammasome g ’{' L
activation \ 4
Pyt

L=y

Proinflammatory

Chemokines ©

Nature Medicine 17, 1410-1422 (2011)




‘More than LDL’

INTESTINE




Beyond LDL

* Lp(a)
— Limited data from small apheresis studies
— Novel therapeutics in clinical trials

« HDL The HbA1C of TGRL metabolism

— Evidence suggests HDL is more of a risk marker than a risk
factor

 Remnant lipoproteins




TGRL Metabolism

INTESTINE




Moderate HyperTG and CVD

Remnant particles are TG-rich compared to HDL and LDL

Generally fasting samples do not contain chylomicrons
and nascent VLDL is low

Moderate (2-5 mmol/L) hypertriglyceridaemia therefore
marks increased remnants

In severe hyperTG chylomicrons and large VLDL
dominate




Remnant Cholesterol
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Evidence

Copenhagen Heart Study Mendelian Randomization Monogenic Disorder
Epidemiology
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Pathophysiology

Plasma : : : ‘
Proinflammatory lipolysis-products

(e:g. saturated fatty acids @nd oxaized llpl(]S) > iaflammation

Coagulation

Lipolysis Y - \ Endothelial

Endothelrum ) dysfunction

SC 9B I

Subendothelial Macrophage Oxidative
Y. stress

=9 D

remnant Thrombosis
Foam cell
formation

Foam cells

Nat Rev Cardiol. 2013 Nov;10(11):648-61.




Drug Management

I'M GOINGTO
PRACTICE ON YOU-BEFORE
I START MANAGING
OTHER PEOPLE.




Statin + X ?

Does adding a second agent to patients
treated with aggressive statin therapy further
reduce CV disease?




Fibrates
Niacin
Omega-3

ApoC3 inhibition
ANGPTL3 inhibition
FGF21 analogues
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Fibrates
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No. at Risk
Fenofibrate 2765 2644 2565 2485 1981 1160 412 249 137
Placebo 2753 2634 2528 2442 1979 1161 395 245 131

\ |

Fenofibrate 1.07 mmol/L FErobfitatstd 38 Tmeldl/L
Plagebp  1.05 mmol/L PRigeebo 1353 nmoldl/L e

N Eng Med 2010:10.1056/)\ Moa 100728




Subgroups

P\Value for
Subgroup Fenofibrate Placebo Hazard Ratio (95% CI) |nteraction

! I ' ,-: (2753)
6.64 (8431
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—— Statin only treatment
Combined treatment

]
— Hazard ratio (95% Cl) = 0.74 (0.58 t0 0.93)

0.10 P=0.01

« Korean patients with metabolic
syndrome

 Statin vs. statin + fibrate

* Propensity weighted analysis
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Prominent Study

'he NEW ENGLAND JOURNAL of MEDIGYNE

EDITORIALS
N EngN) Med 2022; 387:1923-1934

The Fibrates Story — A Tepid End to a PROMINENT Drug

Salim S. Virani, M.D.. Ph.D.
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'Correct Population’

Sl sk 2/3 secondary prevention

Elevated TG Median baseline 3.06 mmol/L

Low HDLC Median baseline 0.85 mmol/L
High-intensity statin therapy  2/3 on high intensity statin

LDLC 2.04 mmol/L [inseeds




Lipid Treatment Effects

Triglycerides
Remnant cholesterol
VLDL-C

HDL-C

LDL-C

Non HDLC

apoB




Outcomes

Hazard ratie; 1.03 (95% Cl,.0.91=1.15)
P=0:67
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Follow-up (yr)
No. at Risk

Pemafibrate 5240 5060 4742 4552 3627
Placebo 5257 5082 4762 4596 3651
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Niacin: HPS || -THRIVE

— Simvastatin + extended-release niacin

No subgroups with benefit

N
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Omega-3 Fatty Acids

Epidemiological observations of populations with a high
marine fish intake

GISSI Prevenzione HF
JELIS

Multiple subsequent studies




Major vascular events
DOIT
AREDS-2
SU.FOL.OM3
JELIS
Alpha Omega
OMEGA
R&P
GISSI-HF
ORIGIN
GISSI-P
All

No. of Events (%)

29 (10:3)
2137(9.9)
216(17.2)
262 (2.8)
332(13.8)
534 (27.7)
733(11.7)
783 (22.4)

1276 (20.3)
1552 (27.4)
5930 (15.2)

JAMA Cardiol. 2018;3(3):225-233. doi:10.1001/jamacardio.2017.5205

35 (125)
208 (10.1)
211 (16.9)
324 (3.5)
331(13.6)
541 (28.6)
745 (11.9)
831(23.9)

1295 (20.7)
1550 (27.3)
6071 (15.6)

0\81 (0:41-1760)
0.98 (0.75-1.28)
1.02 (0.78-1.35)
0.80 (0.65-1.00)
1.02 (0.82-1.26)
0.96 (0.80-1.16)
0.99 (0.86-1.14)
0.92 (0.80-1.07)
0.98 (0.87-1.09)
1.00(0.90-1.12)
0.97 (0.93-1.01)
P=.10
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1.0
Rate Ratio

1.0
Rate Ratio
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REDUCE-IT

The NEW-ENGLAN D
JOURNAL\WMEDICIN E

ESTABLISNED IN 1812 JANUARY 3, 2019 VOL. 380 NO. 1

Cardiovascular Risk Reduction with{Icosapent Ethyl

for Hypertriglyceridemia
i i _ 4 g per day
Deepak L. Bhatt, M.D., M.P.H., P. Gabriel Steg, M.D., Michael .
Terry A. Jacobson, M.D,, Steven B. Ketchum, Ph.D., Ralph T. Doy Purified ethyl ester of EPA

Lixia Jiao, Ph.D., Craig Granowitz, M.D., Ph.D., Jean-Claude Tardif, M.D., and Christie M. Ballantyne, M.D.,
for the REDUCE-IT Investigators*

ABSTRACT
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Inclusion Criteria

* Risk

— 45 years or older with CVD

— 50 years orolder with DM + one further risk factor
 Lipids

— TG 1.69 to 5.63 mmol/L

* Subsequent amendment to > 2.26 mmol/L
— LDLC between 1 — 2.5 mmol/L on statins




Lipid Changes

* TG decreased by 0.44 mmol/L

* LDLC increased by 0.05 mmol/L
— Increase with placebo was 0.18 mmol/L

 HDLC increased by 0.03 mmol/L




N Engl J Med 2019; 380:11-22

A Primary End Point
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Strength Study

High CV risk population
— Not exclusively diabetics

(A ] Primary MAGE, total population

Omega-3 CA
Corn oil

Adequate statin dose
High TG (2.0-5.6 mmol/L) :
Low HDL (sex specific) T )

Months from randomization

Patients with an event, %

v

No. at risk
Omega-3CA 6539 6372 6200 6060 5917 5751 4900 2965 1535 567
Corn oil 6539 6373 6207 6083 5906 5754 4899 2995 1508 562

and DHA)

JAMA. 2020,;324(22):2268-2280. doi:10.1001/jama.2020.22258




Potential Mechanisms of Action

PANEL 2A PANEL 2B

Eicosapentaenoic acid: Eicosapentaenoic acid:
Effects relevant to athero- and Key effects documented'on atherosclerotic plaque
vasculo protection compgsition and'on features of the arterial wall

‘ Plaque
volume

Fibrous Arterial

Eicosapentaenoic acid: ::I?:kness Eicosapentaenoic acid: :"::::ger

Integrated atheroprotective — Enhanced plaque
and vasculoprotective stability
effects : — Reduced plaque
vulnerability

Plaque
thrombo-

genicity

Arterial
‘ stiffness

https://doi.org/10.1016/j.pharmthera.2022.108172




Shifting The Burden
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Novel Approaches

+ Lipotoxicity

: : |
* Insulin resistance ¥

* Inflammatory pathway ¥

~ Pegozafermin,

/ . |
/ - Lipolysis ¥
/ - A
a FG F2‘] An alog' / ) « Glucose uptake | ,
B ) 1 . . » Mitochondrial fuction |
Is Used for NASH and flf el
Pegozafermin
SHTG Research
- * Glucose uptake )
' ' * Insulin resistace 4’
Skeletal muscle * Lipid content ¥ ;;Q?;JLV,A-,-LW;

oot
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Severe Hypertriglyceridaemia

462 Multigenic: LPL, APOAS, GCKR, APOB, LMF1, Can/be monogenic LPL,
GPIHBP1, CREBHI1, APOC2, APOE, and small ARPQC2, APOAS, LMF1,
effectvariants inSuppliemental Table l GPIHBPTI and GPD1

A AL
a Y DS Diabetes

 Multifactorial
chylomicronaemia
* Polygenic

2 3 4 5 6 7 8 9 10 11 12 13 14 15
Nonfasting plaama triglycerides, mmol/L —

J
. N v

~
Mild-to-moderate TG elevation; Severe TG elevation
Increased CVD risk Chylomicronaemia

Pancreatitisrisk —

Increased CVD risk likely (o A

> [ i ‘)‘\’LY_T:"“"‘W;
Lancet Diabetes Endocrinol 2013. Published Online December 23, 2013. http://dx.doi.org/10.1016/S2213- . h‘) i s, PP
8587(13)70191-8 D e T




Eruptive Xanthomata




Eruptive Xanthomata




Pancreatitis

TG > 10-15 mmol/L associated with risk
Poorly predictable
Pathogenesis

— Local generation of free fatty acids with detergent effect?
— Impaired capillary circulation?

Potentially fatal




Prevention

TG> 10-15 mmol/L: Initial primary therapeutic aim is
panc

lden

ReDT This is the one indication for a fibrate
e that everybody agrees on o

— In¢
Rest
Fibre




McDonalds Meal

Complgte.sligestion.Ane ahserption of dietary fat

Clearaeecisreerargs) §1’< L.PL deficienc 29
Chocolate trlple thlc shake \(Supersize) 238 g

gnore VLDL production

- ?Iaf(@g % g%/ 113 mmol
aStm@har@yﬁb’mg yceri 1cgﬁmmo of triglyceride / 3 L

Plasmalasplaim@rad: 371.66 mmol/L

Triglyceride can rise-from 4 mmol/L to over 40 mmol/L
1 mol tr|§| cerl %%5)

Cholesterol consumed: 255 mg (= 0.7 mmol)




Known Knowns

Treat LDLC (or apoB/ non-HDLC) aggressively
Lower LDLC is better—less than 1.4 mmol/L with very high risk
— Statin therapy * ezetimibe + PCSKO9i

Severe hypertriglyceridaemia (TG >10 mmol/L)
— Fibrates to prevent pancreatitis
Normal TG (<1.5-2.3 mmol/L) , normal HDLC

— No fibrates/omega-3 for atherosclerosis prevention

Consider icosapent ethyl/swt ) With high risk and TG 1.5-5.6 mmol/L

o 54




