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Inflammatory Residual Risk in Atherosclerotic Ca[\gﬁg}@scular Disease:
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Do You Still Believe LDL-C Is Everything? *@f"@é\‘
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hsCRP is a Powerful Determinant of MACE Irres‘égg'g{@\\of LDLC Among
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NCRR<2mg/L  hsCRP < 2mg/L

@QO%LDLC <70mg/dL LDLC > 70mg/dL
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| hsCRP >2mg/L  |hsCRP > 2mg/L
| LDLC < 70mg/dL  |LDLC > 70mg/dL




TAMING THE INFLAMED HEART

Charlotte Harrison, Nature Medicine, 5 June 2026

Cardiovascular disease is not just a cholesterol problem.
Inflammation is now recognized as a major, independent
driver of heart attacks and strokes.
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Lowering LDL cholesterol Persitect b 3 This “residual risk”
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NEW DIAGNOSTIC APPROACHES NEW THERAPEUTIC APPROACHES

We can now see inflammation in and around the coronary arteries. < %WWW:@I&WWMM
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Controlling inflammation—alongside lipids—may be the key to preventing the next heart attack or stroke.



The contribution of systgmﬁ: inflammation
as key driverin T2D amLKSCVD
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Risk Factors, Mortality, and Cardiovascular S .\\ > Correlation between HbAlc, -
Outcomes in Patients with Type 2 Diabetes . @Q{b ) ‘\\(b classical risk factors and inflammation
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Dietary Fat and Meat Intake in Relation®”

to Risk of Type 2 Diabetes in Men
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MEr J. SIAMPFERi TDl‘sﬁ

Frank B. Hu, Mp ™

Ros M. van Dam, msct?
Warter C. WILLEEI}, MD
Eric B. Rimm, scp’

OBJECTIVE — To examine dietary fat and meat intake in relation to risk of type 2 diabetes.
RESEARCH DESIGN AND METHODS — We prospectively followed 42,504 male

participants of the Health Professionals Follow-Up Study who were aged 4075 years and
of diagnosed diabetes, cardiovascular disease, and cancer in 1986. Diet was assessed %
validated food frequency questionnaire and updated in 1990 and 1994. During 12@[5
follow-up, we ascertained 1,321 incident cases of type 2 diabetes. bo

for trend = 0.02) and saturated fat (1.34, 1.09=1.66, P for trend = 0.01) WeR) 3550
a higher risk of type 2 diabetes. However, these associations disappeared add;
ment for BMI (total fat RR 0.97, CI 0.79-1.18; saturated fat 0.97, 0.&0)
acid, trans-fat, long-chain n-3 fat, and a-linolenic acid were not

after multivariate adjustment. Linoleic acid was associated with
men <65 years of age (RR 0.74, C10.60-0.92, P for trend =
kg/m2 (0.53, 0.33-0.85, P for trend = 0.006) but not
consumption of processed meat was associated with a hi,
CI 1.14=1.86 for =5/week vs. <1/month, P for tre
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CONCLUSIONS — Total and saturated fal

2 diabetes, but these associations were n pe
processed meats may increase risk of typ mba@

One of the mechanisms linking Dw%nd\
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intake

High Fat Diet induces s
activating immune cells, particularly macrophages

¢ werlSsociated with a higher risk of type
t of BMI. Frequent consumption of

Diabetes Care 25:417-424, 2002
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RESULTS — Intakes of total fat (multivariate RR for extreme quintiles 1.27, @@O‘}—é{ P
d with

al adjust-
es of oleic
ted &ith diabetes risk
type 2 diabetes in

and fOrhen with a BMI <25
obese men. Frequent

@r r.lsb@ type 2 diabetes (RR 1.46,

hyperglycemia s ted @ detrimental
effect of samrﬁ 1.({ ) and a bene-
ficial effect yugstrated fat (8,13).
However, s&r @%5{ did not confirm
these r }15 (1 ). Lack of adjustment
for, %u@g by other dietary and

Tetagf@isk factors may have contrib-

d 1 inconsistencies in findings. Al-
ernfavely, the apparently divergent
observed in different populations
real because the effects of dietary
fat may vary with population characteris-
tics, such as age, BMI, and physical activ-
ity, that are associated with insulin
sensitivity (17-19).

Few studies have examined the pos-
sible role of n-3 fatty acids (9,12,20-22)
or trans-fat (21,22) in the development of
type 2 diabetes. Previously, we reported
that trans-fat was positively associated
and polyunsaturated fat inversely associ-
ated with risk of type 2 diabetes in women
(21). Meat intake was associated with a
higher risk of diagnosed diabetes in a
study in Seventh-Day Adventists (23), but
it has never been examined in detail.

In 6 years of follow-up in this cohort
of male health professionals, we did not
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Several studies 0‘5’%&2 nSll%lEmia and

&
CAD is the so-called meta-inflammation, i.e., metabolic
inflammation, which is a Iow-g(gﬁ’%éﬁronic and sterile inflammatory status which accompanies nutrient

mic chronic low-grade inflammation by promoting cytokine production and
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Role of Inflammasome activation in ASCVD and level of CRQ’
NLRP3 inflammasome stimulated |L-6 secretion leads to progression of aﬁﬁe&@sclero&s
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CRP, C-reactive, c@g/ cardiovascular; IL, interleukin; hsCRP, high-sensitivity CRP; MI, ion; NLRP3, nucleotide-bindi ization in-like receptor family pyrin domain containing 3; O, oxygen. Figure adapted from both references 1
and 2;1. Rldk@i Circ Res. 2016;118:145-156; 2. Ridker PM and Luscher TF. Eur. Heart J. 2014; 35(27] 1782-1791;and 3. Silvis MJ et al. JCardlovascTransl Res. 2021;14(1):23-34
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The concept of residual inflammatory risk &~ %
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Recurrent cardiovascular events occur frequently PN Lifestyl
despite control of conventional risk factors %Oo @’\\' restyte
)

(e.g lifestyle intervention, BP, LDL-C and
glycaemic control). This is recognized as
”residual cardiovascular risk”?

Ongoing chronic inflammation is an important
contributor to the risk of recurrent cardiovascular
events and is mainly driven by the NLRP3
inflammasome pathway?
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Chronic
inflammation

The most widely used marker of this signaling (Ov

cascade is hsCRP, a convenient barometer of tz/Q g
extent of ongoing inflammation? &
AO . &"O \
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Residual inflammatory risk (RIR) isg&agg\;ﬁed as
levels of high-sensitivity C-rege ‘|cv;g\%rotein
hsCRP) 22 mg?t ¢
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Glycaemic
control

=

A\ M
o

BP, b, @gessure; LDL-C, low density lipoprotein — cholesterol; NLRP3, NOD [nucleotide oligomerization domain]-, LRR [leucine-rich repeat]- and PYD [pyrin domain]-containing protein 3
2zo Intern Emerg Med 2011; 6 Suppl 1: 45-51; 2. Ridker et al. Circulation 2020;141:787-789; 3. Ridker Eur Heart J 2016, 37(22): 1720-1722
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High hsCRP levels are associated with an increased risk of g)a%cular eventsin

healthy individuals & \&@
rz}\ 6
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Primary prevention o \{b

(meta-analysis of 54 studies including 160,@69{5ﬁrt|0|pants)

[

3.07] * 3.0 6\
= 257 = 2.57] Risk ratio (95% Cl)
(9 [9)
N 2.0 * + x 2.0
i n o hsCRP —— 1.37 (1.27-1.48)
@ 15 - ++ 3 15
.g * .g Systolic BP —— 1.35(1.25-1.45)
g 1o—+++ e R E 10
= x Total cholesterol |—®— 1.16 (1.06-1.28)
- = Non-HDL-C e 1.28 (1.16-1.40)
T T T T
05 1.0 20 2.0 8.0 0.5 1.0 1.2 1.4 1.8
hsCRP concentration (mg/L) brb h&@RP concentration (mg/L) Risk ratio (95% Cl)" per 1-SD higher usual values
&0 o Q}@ alam's
37% mcreQ@S \}< of CHD per 1-SD (or 3- —— Median follow-up
fold) m\@& |n hsCRP levels I }  of 8 years
B | 4

ing status, history of diabetes, BMI, Log, triglycerides and alcohol consumption (based on 91,900 participants from 31 studies with 5,373 CHD events)

‘ij  for age, sex and study (based on 3,430 cases from 37 studies); *Left figure: adjusted for age, sex and study (based on 10,341 cases from 48 studies); right figure: adjusted for age,
o)
erging Risk Factors Collaboration et al. Lancet 2010;375:132-140
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How common are Elevated baseline hsCRP Ievelgx‘lﬁ1 patients

with CVD ?

Objective

o
* To determine the proportion of patients recruited in SELECT, SOUL, and FLOW tl:i\%l@\\/vgﬁ:systemic inflammation (defined as hsCRP 22 mg/L)
AN\ \

S

| seweor | .
SELECT SOUL = 0
2 8 47,2% ~ 495%
c =50
Persons N=17,605 N=9,650 Q- ﬂ 3,534 od
)
Soae. 2 E
Age 245 years old =250 years old . =218 years old o
(</ Q\Q © N30 -
c o
+ Established CVD + Established As.&'m(\@ ; I:ZK% 2 &20 -
Characteristics * BMI 227 kg/m? and/or C £ 7.
« No diabetes . T2D * Treated with RAAS- o £10 -
6@ Ae blocking agents g' -
-
(5{0 Q;\ . o § 0
Outcome MACE Q,bﬁ Q,A ACE CV and kidney outcomes SELECT... SOUL... FLOW...
O

o
Marx N et al. Eur Heart ) 2023; 44(suppl§§ Q
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In post-ACS patients, the residual inflammatory risk was a preeﬁlctor of
CV events alongside LDL-C &%

RN
N 6{»\@
Patients with prior ACS on statin therapy ,&\rb b‘\\

*‘@

Incidence of recurrent CV events according to hsCRP and LD Q;\@els

PROVE-IT-TIMI-22 (N=3,745)"" IMPROVE-@N 1@,01’44)2*
Recurrent Ml or death cv deat oronary
from coronary causes eveg n gatal stroke
0-104 4.6 Event . 407 06 323 7-year
£ (08 rates <= 0 6 33'4 event
g 3.1 | 100PYs £ xg} Q)Q, : rate (%)
= 006 3.2 507 | 280
£ 0.06- Q9
g 2.4 ﬁ@%'
2 0.04- A\
2 v .29
s 0.02 4 QQ/ {é\ 10 —
K o
0.00 T T T T T 0% Q 0 T T T T T T T
0 05 10 15 2.0 25 N é\o o 1 2 3 4 5 6 7
Years Aé Years
. LDL-C <70 mg/dL >7O mg/dL . LDL-C <70 mg/dL . LDL-C 270 mg/dL
hsCRP <2 mg/L RP <2 mg/L hsCRP 22 mg/L hsCRP 22 mg/L
. ’b @
S R

*Patients received high-intensity statin therapx og of atorvastatin orally per day), moderate-intensity statin therapy (40 mg of pravastatin orally per day) or gatifloxacin and placebo; *Patients received
simvastatin (40 mg daily) plus placebo or si tin (40 mg daily) plus ezetimibe (10 mg daily)



GLP-1 receptor activation comes mtb@ play

Activation of Class B G protein-coupled GLP- m@mes
2 signaling pathways °\\'?>
GLP-1RA ,@
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Park B, et al. Am J Physiol Heart Circ Physiol. 2024



GLP-1 receptor activation atc grglgvgggular level

comes into play <%

b\
Distribution of mouse GLP1-R and human GLP1-R le\{@é@%ssmn

a Heart @;{Zb w8d vessels

Mouse Glpir Mouse and human Glpir  GLPIR

Vascular smooth
muscle cells
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Endothelial cells
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Endothelial cells
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Ussher JR, Drucker DJ. Et al. Nat Rev Cardiol. 2023
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REVIEW SERIES: CLINICAL INNOVATION AND The Journal of Clinical Inves@ftion 2026
SCIENTIFIC PROGRESS IN GLP-1 MEDICINE o
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Anti-inflammatory therapies in cardiovascular diseases: evidenceé-gg‘ controversies and
future directions. A Scientific Statement of the Heart Failure As@g@ciation of the ESC, in
collaboration with the ESC Working Groups on Cardiovq;?Qular Pharmacotherapy,

. . . . . N\
Myocardial and Pericardial Diseases, and Cellular Biology o qfhngleart
Davide Stolfo'2*, Sophie Van Linthout3%*, Ahmed Khaled Elsanhoury3#, Magdy Abdelha @?ﬁr Abdin’, Giuseppe Ambrosio®?°, Antonio
Cannata’®'", Ovidiu Chioncel'?'3, Dobromir Dobrev'4'6  Alberto Esteban-Fernande ,@ndrea Frustaci'®, Nicolas Girerd?®, Nazha
Hamdani?'-24, Massimo Imazio252%, Riccardo Maria Inciardi?’, Pardeep Jhund?®, Juan@’brl@’@Kaski?g, Felix Lindberg®, Pasquale Maffia3'-33,
Marco Metra3+35, Mark Petrie?8, Marija Polovina®637, Paul Ridker38, Bianca Rocca?’%oé’aé\é%n Tschoepe?540, Peter Van der Meer*!, Gianluigi
Savarese?° >
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GDMT Class Key Anti-inflammatory Mecharisms _ Evidence/References

v TNF-a, IL-6, IL @q\g ﬁﬁ\b v
-a, -6, -1B; = ibition;
aQ, B Bl ibition

Ohtsuka 200127; Mayer 20052%; Toyoda 20203°;

\
B-blockers oxidative stresso qfnpp&\gj endothelial
D

Nasoufidou 202528

2
function O
QX <
vIL QCP NF-q, CRP; + M2 macrophage
g, N
D arié@u v T-cell activation; anti-fibrotic
o
<

RAASI (ACEI/ARB) Haliga 2025°"; Ghafoury 2025%

TNF-u, IL-6, MCP-1; v ROS; v fatty acid-
Fu 2022%; Savarese 202443
induced inflammation; anti-fibrotic

Vv IL-6,* TNF-a, NLRP3 inflammasome activity;

Crispino  2025'%; Metra 2025'; Dihoum
M2 macrophage shift; ¢ ROS; improved

2024'44; Docherty 202526*

EurJ Heart
Failure 2026

endothelial function

¢ IL-6, TNF-a, CRP; AMPK-mediated
Ren 2025%'; Skrobucha 20242?%; Bonfioli

antioxidant effects; v ROS; improved
2025%

endothelial repair; anti-fibrotic



Relative mean change in lipids (%)

Change in CV Risk Factors (seLecT)
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GLP-1 RA administration and biochemical markers of inflammation (at 180 days f-u) [Hach%@?rt al,, Int ) Mol Sci 2024; 25:1854]
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Relative expression (log,)

Anti-atherosclerotic effects of Semaglutide in am@\?ﬁ models

Gene expression in LDLR”- or APOE/- mice treated with
semaglutide
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Rakipovski G et al. JACC Basic Transl Sci 2018
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Atherosclerosis 352 (2022) 88-95
Contents lists available at ScienceDirect
Atherosclerosis
ELSEVIER journal homepage: www.elsevier.com/locate/ athcrosgﬁ"ls b\
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Semaglutide reduces vascular inflammation 1nvest]@}eéﬂ§y PET in a rabbit  [&&&
model of advanced atherosclerosis o’ 6\
O
Jacob K. Jensen , Tina Binderup, Constance E. Grand@, S\ﬁ%n Bentsen, Rasmus S. Ripa,
Andreas Kjaer & BN
Dept. of Clinical Physiology, Nuclear Medicine & PET and Cluster for Molecular Jma@um.\gammmm! Sciences, Rigshospitalet and University of Copenhagen,
Copenhagen, Denmark .
&
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Conclusions: Semaglutide decreased $s wlr uptake of tracers imaging activated macrophages and cellular
metabolism but not micro-calcifi D{G\comparcd to a saline placebo. This supports the hypothesis that sem-

aglutide reduces athems-:lemt@%@mmatmn by means of decreased activated macrophage activity.
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Control T2D  T2D+GLP-1RA T2D  T2D+GLP-1RA Control T2D  T2D+GLP-1RA *{b (%)
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Semaglutide promotes bone marrow~derived  QEEEIT S
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CardiolLink-15 trial @ roe’

Brady Park @ ", Fallon Dennis ® "*?, Arianna Z. He © "3, Q &@\Q oo

Aishwarya Krishnaraj © ', Ehab Bakbak 0 *, Cole J. Dennis & "7, mm@ o
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GLP-1 receptor agonists and coronary plaques regression in gk@b%tu\
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Interleukin-1b produced by inflammatory macrophages mediates High-Fat Diet-indn&aed hyperglycemia,

and Heart Failure with Preserved Ejection Fraction
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@ ESC European Heart Journal (2023) 00, 1-98 ESC GUIDELINES

European Society https:/doi.org/10.1093/eurheartj/ehad192
of Cardiology

2023 ESC Guidelines for the management of
cardiovascular disease in patients with diabetes

Type 2 diabetes mellitus

Cardiovascular disease

CVD and
type 2 diabetes mellitus

! !

Type 2 diabetes mellitus Type 2 diabetes mellitus
and ASCVD and HF

! l

To reduce heart failure
hospitalization in all patients
with T2DM and HF

Q¥
Qo ?-\v?scular

kl failure risk

To reduce cardiovascular risk
independent of glucose control b
(HFpEF, HFmrEF, HFrEF)

(Classl) | (Cassh) t (Class 1) ’b d‘(ﬂml) ) (0-50
All therapies are recommended indepe| it of& se control and
in addition to smn of

\\ ?Q

- @Esc—
cllmcal approach and key recommendations. ASCVD, atherosclerotic

se; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HF, heart failure;

HFmrEF, heart failure with mildly reduced e]ectlon fraction; HFpEF, ire with preserved ejection fraction; HFrEF, heart failure with reduced ejection

fraction; s.c. SGLT2, sodi el ; )2DM, type 2 diabetes mellitus. *GLP-1 RAs with proven cardiovascular benefit: lir-

aglutide, semaglutide s.c., dulaglutide, elpeglenatlde *’SGLTZ inhibit ‘with proven cardiovascular benefit: empaglifiozin, canaglifiozin, dapaglifiozin, sotagli-

flozin. in HFrEF; in HFpEF and HFmrEF. “Canagliflozin, empaglifiozin, dapaglifiozin.

3

Treatment

Figure 1 Management of cardiovascular disease in patients with type 2
cardiovascular disease; CKD, chronic kidney disease; CVD, cardiovasgul

AN
Type 2 diabet litus N
and O

e

ESC GUIDELINES

European Society httpsj/donorg/‘\ﬂ10‘?31aurhea 7 7

o
@ESC i ,@g@\

0"
ui @s for the management
2024 ESC G Q\Q Sfor th g

of chronic g@? syndromes

bﬁeé\nmend ations

Recomme &tl@ Table 19 — Recommendations for
sodium- @co’ cotransporter 2 inhibitors and/or
gluca peptide-1 receptor agonists in patients
W’Ith(b r'd'n\c coronary syndrome (see also Evidence
T

)

Level®

Class®

\
%CS patients with type 2 diabetes

SGLT?2 inhibitors with proven CV benefit® are
recommended in patients with T2DM and CCS to
reduce CV events, independent of baseline or target
HbA1c and independent of concomitant
glucose-lowering medication 26:688:695.697.700

GLP-1 receptor agonists with proven CV benefit*
are recommended in patients with T2DM and CCS
to reduce CV events, independent of baseline or
target HbA1c and independent of concomitant
glucose-lowering medication| 171

Class of recommendation.
b .
Level of evidence.

“Canaglifozin, dapagliflozin, empagliflozin, sotagliflozin (listed in alphabetical order).
dDulaglutide, efpeglenatide, Iiraglutidel semaglutide'listed in alphabetical order).
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The potential relationship between anti-inflammatory eﬁ;ge\% of GLP-1 and CAD
<°

\’§

Atherosclerosis progression in mm-ﬂdmwﬂmq ﬁ
0 6\

U Q
-Tn nn-—||:|:|cte ant-inflammatory effects of GLP-1 and CAD. GLP-1—glucagon-like peptide-1. CAD—coronary artery disease
:Iea 1 L-6— irterlaukin 6; IFNy—interferon gamma, TNF-a- tumour Necrosis factor, DL —oxbdized |ow-der lipoproten

CAD, Coronary artery disease :
Skrobucha A, et al. Front Cardiovasc Med. 2024;11:1446468.



Semaglutide downregulates genes related to the proc@?s,g of atherosclerosis

in a non-clinical study’ @Q@ \,,}®
%
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g BB Chow (n=8) §b . AQK
WD (n=17) 'S 0\\
- & .
) 6 B Semaglutide 4 pg/kg, WD (n=20) %) b\
& —
~ B Semaglutide 12 pg/kg, WD (n=22) Q(b
g S
B 4 B Semaglutide 60 pg/kg, WD (n=20) Q‘ N ) S
7 * X
o Q
Qo 4 8 @ (] x
b : R S 5 H 8 D P i i
2 Py H 8 q LIS
o - ¥ o x M -
2 H i H < 1 E i : . . : o3 i
& 0 : T < ) . : E t
[} ] " v v
o 3 IS4 \0% o OQ
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-2 T T T @#{ 4?) T T T T T T T
ABCA1 PTGIS CcCL2 @ '\b IL6 OPN SELE VCAM1 MMP3 MMP13 CD163
l /| 32 o /| J1 / I
N .
Cholesterol r& AQ’Leukocyte recruitment Leukocyte rolling, Extracellul i ei |
metabolism & lipid-mediated \Q’Q e adhesion & xtracellular matrix protein Plaque
signalling Q «Q\ extravasation turnover haemorrhage
S
tExperiments performed in LdIr/- mice. All p-values calculated vs LDLEGAVD control; ****p<0.0001; ***p<0.001; **p<0.01; *p<0.05.
ABCA1, ATP-binding cassette transporter 1; CCL2, chemokine liga D163, cluster of differentiation 163; IL1RN, interleukin-1 receptor ist; IL6, interleukin-6; LDLr”-, low-density lipop in receptor knockout; MMP3, matrix metalloproteinase-3;

ini2 hase; SELE, selectin E; VCAM1, vascular cell adhesion molecule; WD, Western diet.

MMP13, matrix P i 13; OPN, in; PTGI¥;
Adapted from Rakipovski G et al. JACC Basic Transl Sci 201,
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Semaglutide and CV risk reduction m)ﬁl\abetes
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Effetti sul metabolismo lipidico &
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Husain M, et al. N EnglJ Med 2019;381:841-51
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Semaglutide C?k

2.4 mg weekly 14 D 120.3 meters
& .6-32.1) P<0.001
<

N

Stratified win ratio for
hierarchical composite
endpoint 1.72 (1.37-2.15)
P<0.001

hs-CRP, estimated treatment
ratio 0.61 (0.51-0.72)
P<0.001

529 individuals with HFpEF
and BMI230 kg/m?

CONCLUSIONS: In patients withy F and obesity, semaglutide produced large improvements in HF-related symptoms,
physical limitations, exerci e’\?unc ion, inflammation, body weight, and N-terminal pro-brain natriuretic peptide, regardless of
baseline health statusé{ﬂé benefits of semaglutide extended to all key KCCQ domains.
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Beneficial effects of GLP-1 receptor activation at tg\wi\\/ascular level
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Drucker D. Cell Metabolism 2016;24(1):15-30; Sharma and Verma, Can J Diabetes, 2020;44(1):93.102



The anti-atherosclerotic targets of GLP-1RAs durngg’endothellal
dysfunction 2

N
6{5\{0’

FIBROUS CAP

F I Normal versus proliferative, Ac!lve CRP, C-reactive protein; IL-1b, interleukin-1b; IL-6, interleukin-6; LDL-C, low-
am.ce migratory smooth muscle cell pla(elet density lipoprotein cholesterol; MCP-1, monocyte chemoattractant protein-1;

MMP, matrix metalloproteinase; TNF-a, tumor necrosis factor-a.

The anti-atherosclerotic targets of GLP-1RAs include:
(1) suppression of inflammatory cytokine proaticticn and secretion;
(2) monocyte recruitment, adhesion, and infiltration;

(3) M1 pro-inflammatory macrophage sclarization and foam cell formation;

(4) intimal thickening induced by the differentiation of vascular smooth muscle cells into a proliferative, migratory phenotype;
(5) fatty lesion formation, plaque rupture, and thrombosis.

Park B, et al. Am J Physiol Heart Circ Physiol. 2024;326(5):H1159-H1176.
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National GLP-1 adviso ard
Genetic factors contributing to atherosclerosis susqcﬁ:)tibility
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Over 70% of ASCVD worldwide is Cal@‘éd by
modifiable risk factors?

O @
D
\\@Q

&
@ &
>

s
ﬁ ASCVD risk factors, which can inform individual patlgﬁt r\nﬁz assessments include,

but are not limited to2*:

Smoking Sedentary Obesity/ Hypertension
lifestyle adiposity
4
Diabetes be Q’ Chronic kidney Age Genetic
Q« & disease predisposition
%\‘@ Q H Modifiable B Non-modifiable

B (DQ
Am Hmw@ 020;9:017310; 3. Lamprea-Montealegre JA et al. Hypertension 2018;72:602-609; 4. Herrington W et al. Circ Res 2016;118:535-546.
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Historical Perspective

@
N4 &
1858 Virchow proposes inflammation as central to atherogenes@r‘) %\b
\’0 >
<° %
1976 Ross & Glomset publish 'Response-to-Injury’ hypo%l%swo\
‘b
e A(7}
1997 Ridker et al. link CRP to future Ml risk (NE.@ o
o 59
1999 Ross reframes atherosclerosis as @a@tﬂnatory Disease'
<<, \Q
2008 JUPITER trial: Rosuvasta Q—I— Cﬁb reduction - |, CV events
SN
S
2017 CANTOS: Canakllfb?@gﬁxl, recurrent Ml independent of lipids
’0 N\
IR
Q @“
2019 COLCO‘%@O@lcme post-MI reduces ischemic cardiovascular events
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Innate Immunity & Vascular Inflammation

->

Trigger Endothelium

OXLD.L' DAMPs, PAMPs Monocyte': / macrophage ICAM-1, VCAM-1, E-selectin Leukocyte recruitment
activate PRRs (TLR4, polarization (M1 : .
P-1 release upregulation Foam cell formation
NLRP3) phenotype) Q
Qo
é(x )
.
O o°
o £
&b %A
. DN . . .
Key Concept: Chronic, low-grade vascula\rS’m mation differs fundamentally from acute inflammatory responses. Persistent
activation of innate immune pathwayQwi jin the arterial wall drives disease progression through self-amplifying feedback loops
involving oxidative stress, NF-kB sj,gﬁal@i(\%, and efferocytosis failure.
-
N <

O
S



Atherosclerosis: The Inflammatory Paradigm

o N
Pathological Stages Key Molec layers
4
. .. Y X0

. Endothelial activation . ox-LRIO é,\b\

oxLDL retention, shear stress - VCAM-1/ICAM-1 Tr,g?eré@ndothelial TLR activation; promotes foam cell formation

)

. Monocyte recruitment plgﬁl (CCL2)

MCP-1-driven diapedesis, differentiation to macrophage OQ) (bb\l\/lonocyte chemoattractant; drives plaque infiltration

>
. Foam cell formation Q~O .\QK TNF-a / IL-1B
9
Unregulated SR-A/CD36 uptake of oxLDL ?&,‘}@ Pro-inflammatory cytokines; amplify NF-«kB signaling
& & -
. Fatty streak <<9 o . NLRP3 inflammasome
<
Earliest visible lesion; T-cell infiltration \0%0}00 Caspase-1 activation - IL-1B / IL-18 maturation
(O
%)
. Fibrous plaque @6(0\%4 . MMPs (1, 3, 9)
X\
SMC migration, collagen synthesis, necrqg@c Z Extracellular matrix degradation; cap thinning
R, P
\\

B Vulnerable plaque ~A">Q Q}ﬁ\ |

Thin fibrous cap, lipid-rich coredg.:, gh gacrophage burden Inhibits SMC collagen synthesis; destabilizes fibrous cap

S



Clinical Inflammatory Biomarkers

hsCRP IL-6

Lp-PLA>

Lipoprotein-associated Phospholipase A,

High-sensitivity C-Reactive Protein Interleukin-6
: S : I -
Risk Stratification Risk Stratification \g\?} R\2
& &
. <1 mg/L > Low risk o Quartile 4 vs 1: HR. 1&
. 8 LS e £ o Mendelian @%tlon supports
causality, Q~
N o
° >3 mg/L - High risk v .(\fo
\
&g
%Q/ QQ)
NS
O L
Pentameric acute-phase reactant; synthesized brzpl%o\troplc cytokine linking inflammation to
by hepatocytes in response to IL-6. Q‘)\.{b @h ombosis; activates hepatic CRP / fibrinogen
Independent predictor of MACE (OR ~2x). be Dsynthesis.
@
@ Q
£

&

Risk Stratification
o Mass >200 ng/mL > 1 risk

o Activity >200 nmol/min/mL

Vascular-specific inflammatory marker;
generated by macrophages in plaques;
produces pro-inflammatory
lysophospholipids.



Endothelial Dysfunction & NF-kB Signaling

é\

Endothelial Dysfunction NF-xB Path &?r
B | eNOS / NO bioavailability Stlmulus%o 6\

Impaired vasodilation, 1 vascular tone oxLDL, &@bkn@s ROS, AGEs
. 1 Reactive Oxygen Species IK&B %Qt\ivatlon

Superoxide quenches NO; peroxynitrite formation Oe)g’g@\i)horwates IkBa - ubiquitination

) ->
. 1 ICAM-1, VCAM-1 expression Q~O 4 @lKBa degradation
9
Leukocyte adhesion and transmigration ?&Q}@ 26S proteasome-mediated proteolysis
N
N

. Glycocalyx degradation QgQ((/o«\q p65/p50 nuclear translocation

Barrier function loss; platelet activation \0% .\OQQ) Binding to kB response elements

& >
B 1 PAI-1, TF expression &0\%4@ Target gene expression
X
Prothrombotic shift of endothelial pheno}g@e Q}Q’ COX-2, iNOS, IL-6, TNF-a, VCAM-1, MCP-1
QR c,Q’ ..
I ParacrineIL-6 /IL-8 %é & Amplification
. <
Amplifies local and systemic inf@}ﬁma ion Autocrine / paracrine cytokine loops

S



Plaque Vulnerability & Rupture

~70% TCFA § 4—-5X

of ACS events Thin-Cap Fibroatherocma 1 MMP expression

. N
Determinants of Plaque Rupture Q@?t\ég\&
\\

. Biomechanical stress O%Q?\OQQ’O . Intraplaque hemorrhage

Circumferential wall stress peak at plaque shoulde;bsCQ AQ}o” Vasa vasorum neovascularization - hemorrhage & rapid growth
[ 'nflammatory cell burden fb{&@@@\ I Cap thinning

Macrophage-derived proteases degradg@%aﬁ@matrix J TGF-B / I IFN-y impairs SMC collagen synthetic capacity
. Necrotic core expansion é\'\\“(b QQ}

Efferocytosis failure - second\lﬁlonecrosis - DAMP release

Q



Therapeutic Targets: Anti-inflammatory Strategies

o {b.’
N
Mechani ‘@{b @
Statins senanem Canakinuma Ak
J CRP, I NF-kB, I eNOS, |, ROS b RP3 inflammasome blockade
HMG:CoA reductase REICRIRE Anti-IL-18 rronoclonal  EERYLERIEE

inhibition

aniibodv

Multiple RCTs; J, MACE 25-35% CANTOS: | non-fatal Ml (HR 0.83)

Mechanism Mechanism
Colchicine s
' NLRP3 activation, { IL-1B, {1 neutrophil functi J IL-1, IL-6, TNF-a
Tubulin polymerization JRAYERE e Folate antagonist / Evidence
inhibitor adenosine T .
COLCOT, LoDoCo2: |, CV events ~30% CIRT: No CV benefit vs placebo (2019)
&b
Mechanism <D 2 Mechanism
Ziltivekimab R Tocilizumab
{ CRP, fibrinogen, SAAQ)Q 0@“ { CRP, fibrinogen
Q@
D e}«\
. =\ .
Anti-IL-6 ligand antibody Evidence ‘\\\ Q IL-6 receptor antagonist Evidence

RESCUE: Pha%QQ positive; ZEUS ongoing Post-ACS trials ongoing (ASSAIL-MI)
\

Q




0,9
0,8
0,7
0,6
0,5

0,4

Landmark Trials: CANTOS, COLCOT & Eeyond

Pri Endpoint Hazard Rati ‘\\”0&6\
rimary Endpoint Hazard Ratios - *@@?\ akeaways
] .Q‘,\(b N4
Y 0
oS NTOS confirmed inflammation causality
| 0,83 Q}\Q’ o2 lependent of LDL-C
J \fb.AQ}

Ichicine benefits consistent across post-
& chronic CAD populations

ti-inflammatory benefit independent of
seline hsCRP or statin use

NTOS: 1 fatal infections offset CV gain in
me risk strata

CANTOS COLCOT
(Canakinumab (Colchicine (
150mg) 0.5mgq)

LoD(f@\%’q}o"\ JUPITER ASSAIL-MI

. = CRP reduction correlates with CV event
ne (Rosuvastatin)  (Tocilizumab)

luction




Emerging Targets & Precision Medicine

.
@
\
Q \
NLRP3 Inflammasome Inhibitors Trained ng@imlty Modulation
& ,(}")
MCC950 / Dapansutrile: preclinical Ml protection. Phase 2 trials Eplg(ﬁ'@t@@programmmg of monocytes via B-glucan / BCG; may
underway. e§@c%@d inflammation.
@ AQ}
B
o I
Clonal Hematopoiesis (CHIP) Q%\O\ Neutrophil Extracellular Traps
Q~ N
TET2/DNMT3A mutations = hyperinflammatory macroph Qs% Q>® NETs activate platelets and endothelium; PAD4 inhibitors under
é S NETs activ
2x CVD risk. Emerging target. q investigation post-ACS.
Q)
\\5% &
O L
. . brb AQ .
Gut Microbiome & TMAO (5@ Q)\’f> RNA Therapeutics
£ @
o
RN . 2@
Dysbiosis-driven TMAO promotes macfop{ﬁ%e cholesterol siRNA targeting PCSK9, lipoprotein(a), ANGPTL3; dual lipid +
accumulation; dletary/FMTmterv,@h |0Q@ inflammation targeting.

o\q’Q



Summary & Future irections

a causal, not merely associative, driver of atherosclerosis and acute coronary syndromes

The NLRP3 = IL-1B - IL-6 = CRP axis represents a key therapeutic pathway with validated clinical evidence

Colchicine is now guideline-endorsed (ACC/AHA 2023) fer secondary prevention in stable CAD

Residual inflammatory risk (hsCRP >2 mg/L on staiin tharapy) identifies patients for targeted anti-inflammatory therapy

Emerging science: CHIP, NETs, trained immunity, and gut microbiome expand the inflammatory CVD paradigm

Precision medicine approaches matching biomarker profiles to specific anti-inflammatory therapies represent the frontier

"Inflammation is not merely a consequence of heart disease — it is its engine."



Oral Semaglutide improves «classical» CV risk fagb@rz?s

- . a9
HbA, SBP (mmHg) Lipids Weight (kg) ‘Q@‘Iy\alst (cm)
- N\ N\
ch t 26 week ] 7 S @
anges a weeks &Ry @ <(b.\®\
R\ @%
A4
[N
Semaglutide PO -1.3* -5 JTCH, oo -36\8‘ -3.7%
PIONEER 2 N4
. LLDL* D) @(b
Empagliflozin -0.9 -5 5\?} @ -37 -3.0
Qp <}
[l
e O
O ol
Semaglutide PO -1.3* 3 P LT -3.1% -2.3%
PIONEER 3 X SYLoL,
Sitagliptin -0.8 @ (\q}q’ LTG* -0.6 -0.6
N\
L8
%Q/ (%]
O . &
Semaglutide PO -1.20 Q)@\ -4 -4.4* -4.2%
PIONEER 4 &0\4
Liraglutide {5@1@& -3 - -3.1 L -2.9
>
K &
S
w2
Semaglutige PO -1.3* -4 JTCH -2.6*
o ’
PIONEER 7 &N LLOL* na

Sitaghptin -0.8 -2 -0.7



Semaglutide 2.4 mg has benefits on CV risk factors: STEP R ‘\’?,\\

Baseline:
0

STEP 1 | hsCRP?

3.9mg/L 3.9mg/L

-104
-20
-30
—40
—50
—60
—704
—80
-90

Change from baseline (%)

—-100-

-15.0

=53.0

ETD —44%
95% Cl [~49; —39]
p<0.0012

STEP 1 | Waist circumference?!

Baseline:

114.6 cm 114.8cm

Change from baseline (cm)
[
th
o

-13.5

ETD -9.4 cm
95% CI [-10.3; -8.5]
p<0.0001

ClI, confidence interval; CV, c;

Systolic blood pressure?!

Baseline: 126 mmHg 127 mmHg
0
-1
= N -L1 Geometric mean
T — at
E -3 baseline, mg/dL
g
5 51
3 -5
o
E -6 -6.2
g" =7 0 =
o -8 ETD -5.1 mmHg
© 9 95% Cl: [-6.3; -3.9] _
p<0.001 S
~10 e 5
§
3
STEP 2 | HbA,3 : X
2
&
8.1% 8.1% Q v N
g S
g@ Qg 2 Q
5;%' -0.47 S
NI
58 ) Q} 20 4
5§ 2 N\
i -1.60 X((¢ Q)\
@8 25
=\
t-1.
N
[-1¢, -1.0]
QO ok

protein; LDL, /ow-densit}%ﬁm; VLDL, very low-density lipoprotein.

0
svgv\?g@\idsl
>
NI
X0 2

o
A
>
1,0
s ETD -4.0 ETD 4.0
6\ 95% Cl: 95% Cl: -7.0 -7.0 -7.0
ETD -3.0 [-6.0; -2.0] [2.0; 5.0
95% Cl:
[-5.0;-2.0]
-17.0
ETD -11.0
- - 95% Cl:
2%.0_‘ 10 ‘ [-17.0;-6.0]

ETD-16.0 ETD-16.0
95% Cl: 95% Cl:
[-19.0;-13.0] [-19.0;-13.0]

vascular; ETD, estimated treatment difference; ETR, estimated treatment ratio; HbA,,, glycated haemoglobin; HDL, high-density lipoprotein; hsCRP, high-sensitivity C-reactive



Research Article
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Effect of GLP-1/GLP-1R on the Polarization of Macrophgﬁes in the

Occurrence and Development of Atherosclerosis

CHD

M
1.97%

CD14

Percentage of M (%)
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1 G
2 21 Z 60
g a1 H
= e g w0
1 i
2 20
5
1 al
T oy Tv— v 0
CD14 cpl4
T 150
: 1
1 1 v g
H I _ / 2 100
L1 Vv = T M2 b
=1 ) =
a i AT 3166% a4 28.34% %
SIH i ; i G 2
1 P ] g 5
P Efo
1 1
1
! e O 8
cD14 cpl4 AQJ

FI1GURE 1: Expression d]ﬂerame of total macrophage, M1, and M2 macropha; %n@) group and HC group. Data are represented as
M1 macrophage, labeled by CD14+ and CD80+

mean +SEM. P < 0.05, **P<0.01. M: macrophage, labeled by CD1

4+

molecule; M2: M2 macrophage, labeled by CD14+ and CD206+ mnlec

N

Conr@?ion: GLP-1R agonist is independent of the hypoglycemic effect of T2DM and has protective

%

L@,,

D14

O a

GLP-1R CD&0

GLP-1R CD206

NI
Q.
O _
CHD
/ -~
2 L3 GLP-1IR_M
E 4.66%
St 2
> o
1 1

GLP-1IR_M GLP-IR_M

4 55.65% 5
1 gy
1 1

T T T

FSC FSC
1 1

2

1 GLP-1R_M2 a1 GLP-IR_M2
i 46.71% 9 18.11%
4 & :

Percentage of GLP-1R_M (%)

Percentage of GLP-1R_M1 (%)

2 (%)

Percentage of
GLP-IR_M
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Ficure 2: Expression difference of GLP-1R on the surface of total macrophage, M1, and M2 macrophage between two groups. Data are

represented as mean + SEM. *P < 0.05, **

P <0.01. GLP-1R_M: GLP-IR on the surface of macrophage, labeled by CD14+ and GLP-1R+

molecule; GLP-1R_M1: GLP-IR on the surface of M1 macrophage, labeled by CD14+, CD80+, and GLP-1R+ molecule; GLP-1R_M2:
GLP-1R on the surface of M2 macrophage, labeled by CD14+, CD206+, and GLP-1R+molecule.

§ on cardiovascular system. GLP-1R may regulate the polarization of macrophages toward M2,
thus playing a protective role in the progression of coronary atherosclerosis.
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How Inflammation made its way through atherosclerosis XS
0 \’0
S trial shows that
Elevated plasma CRP, IL-6 and J t%er ith anti-IL-1p antibody
Atherosclerosis is defined TNF levels are linked to the risk . \NFed@es the risk of cardiovascular
as an inflammatory disease  of adverse cardiovascular ever@, Q@nts in patients with previous Ml
G e gf [ heckpoint inhibit
Deficiency in pro-inflammatory enetic variants in i ory mmune chec pom' inhibitor
e ES O EES e Tk G genes are linked t i@ ascular therapy for cancer increases the
disease @ risk of cardiovascular disease

atherosclerosis in mouse models 0

Human atherosclerotic of hypercholesterolaemia

plaques express HLA-DR

& .Iragammatlon is
troduced as a
@ therapeutic target

O & |
O% @ of atherosclerosis

The bone marrow is involved
in the pathogenesis of
atherosclerosis

Tcells have arole  Apoptosis of VSMCs is
in atherosclerosis  induced by cytokines

200
S

fl Q)ation is Patients with inflammatory
ents with diseases have an increased
ar diseases such risk of cardiovascular disease

c\uéicoronary syndrome

Cytokines influence the
development of atherosclerosis

Foam cells are identified in
human atherosclerotic plaques Single-cell studies of human

Anti-oxLDL anti é The spleen is involved in the atherosclerotic plaques

titres in seru athogenesis of atherosclerosis
Preclinical discoveries cardiovase s il The COLCOT and LoDoCo?2 trials show
Clinical insights N that colchicine therapy reduces the risk
k .s\'\\A(b QQ’ of cardiovascular events in patients with

previous Ml or with chronic CAD
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Additional pro-inflammatory effects of oxmangé’m
4
Diabetes N
N '2>\{b
Oxygen Radicals Inhibit Human Plasma Acetylhydrolase, the Enzyme That \\rb 8\\'
Y Al ’ > &
Catabolizes Platelet-activating Factor ’b*\ @
Giuseppe Ambrosio, Alfonso Oriente,* Claudio Napoli, Giuseppe Palumbo,* Paola Ch , Glanni Marone, * \Q) Q}\rb
Mario Condorelli, Massimo Chiariello, and Massimo Triggiani* Oo 6\
J. Clin. Invest. 1994 C Napolg}"M 'ﬁflgglanl G Palumbo, M Condorelli, M Chiariello, G
S&IQQ}
Bé’s Cardiol, 1997
Exposure of low density lipoproteins to oxidants QQ’ >

perglycemia induces glycosylation of low
2 density lipoproteins

Z2

2

LDL Glycosylation:

- enhances oxygen radical-induced modifications
of human LDL

- decreases their acetylhydrolase activity

&

% [H3]PAF converted to [H3]lyso-PAF
]

-

These phenomenona may synergistically
contribute to enhance and/or accelerate the
progression of atherosclerosis in diabetic patients
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Potential Mechanisms Contributing to GLP-1RA- m@iﬁlu’red
CV Protection GLP1Ra . Q}\

N
R
W Circulating immune cell

to the M2 (anti-inflammateory) ’
ereﬁux\n{&mn anti-inflami

Promotion of Body Weight Loss S e S
4 i { se
¥ Appetite/Caloric intake o— keo-’ 4 Endothelial function
Nitric oxide production
MRS e Improved
Cardiovascular
¥ Circulating lipids
’ ¥ VSMC proliferation
XD Q;\ ¥ Cardiomyocyte apoplosis
'b{b () 4 Diastolic funciton
Q;Q ] 064 #4 Cardiac glucose malaholis.rn _
QO ¥ Myocardial fibrosis and oxidative stress Ussher JR et al, Diabetes 2022

ANP, atrial natriuretic peptide; GV, card\\@gct@( VSMG, vascular smooth muscle cells
2N
"o

o
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