Managing Your Cholesterol

Robert Shapiro, MD, MS-CR, FACC
Boulder Heart
/20-853-3032

% Boulder Community Health




#ff Boulder Community Health

RROLO: v AND HIGH-
HE WAS SO
FULL OF LIFE. CHOLESTEROL.




S CcO p e Of Th e P o b | em y/f Boulder Commmunity Health

High Cholesterol Prevalence, 2018-2020 - .
Adults Screened, Ages 18+, by County ¢« 86 million American adults

have high cholesterol.

* Only 47 million who could
benefit from cholesterol

Prevalence (%)

medication take it. (54.5%)
« 33% of adults have not had

I 38.4-453

s icierk e thelir lipids checked in the
e last 5 yedars.

www.cdc.gov/dhdsp/maps/
atlas/statistical-methods

https://www.cdc.gov/cholesterol/facts.htm
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« Waxy substance produced in the liver to be used throughout
the body.

A. Essential Biological Functions
Precursor of
Vitamin-D
Lipid Raft .T Plasma Lipoprotein
Formatio Constituent
Membrane o p——— Steroid Hormone
Homeostasis Precursor
I~ Aldosterone
Membrane v . : }— Cortisol
Fluidity Insulate SB |Iet.:cnq l— Progesterone
Nerve Fiber SYNeSIS L Estrogen
— Testosterone

https://www.researchgate.net/figure/Structure-of-cholesterol-and-its-indispensable-biological-functions-A-
Important_fig3 350224054
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outer face hydrophilic (polar) head
" ydrophilic (polar) hydrophobic

* Part of the cell membrane RS Yosmp e
, AT, S T T
* Membrane homeostasis | Lt e

« Helps maintain the fluidity of - 4 ff A
the membrane B . '

integral (intrinsic) proteins peripheral (extrinsic) protein

inner face ® 2007 Encyclopadia Britannica, Inc.

https://www.researchgate.net/figure/The-fluid-mosaic-model-The-membrane-is-composed-of-a-bilayer-
structure-integral-and_figl 292609006
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Solar UVB radiation

i .
"::‘::«I the ldn

o 7-del hydrochoiest rol(

* Vitamin D synthesis = TZT
 Bone health
« Absorption of calcium
and phosphorus —
* Immune health

Dietary sources of VD2 and VD3

Previtamin D,

& e @ (|
( > /
SR Vitamin D;
@ - an inactive for
‘ =

25(0H)D,

In the kidneys

Q) Q?

A—\ Hydroxylation CYPMD
crr24a1 «— 1,25-dihydroxy vitamin D; (active form)

Metabolic functions

lntestme Bone Immune cells
A\ Absorption of Ca*and P, A Bone mineralization Induces differentiation

https://www.researchgate.net/figure/Basic-metabolism—of-vitamin-D-in-humans—ChoIesteroI-from—the—diet-undergoes—
conversion_fig2 310458065
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« Sex hormones
* Progesterone
» Testosterone
 Estradiol

e Steroid hormones
o Aldosterone
e Cortisol

HO

FIGURE 1715 The Synthesis of Steroid Hormones from Cholesterol. The
ovaries secrete progesterone and estradiol, the adrenal cortex secretes cortisol
and aldosterone, and the testes secrete testosterone.

https://www.quora.com/Is-cholesterol-a-precursor-to-testosterone
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» Bile acid synthesis o I
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and fat-soluble vitamins ;}
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Gut microbiome

https.//wvyw.researchgate.net/flgure/The prl.nC|paI L:)I|e ac@ synthesis ?ec excmon) <:/
pathways-in-humans-Hepatocytes-are-the-primary-site-of figl 344862524 \& et
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“Your good cholesterol is fine, but your bad cholesterol
is plotting to hack into your computer, empty your
bank account and steal your wife.”
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 Total cholesterol

vp

HDL + LDL -|— %o — hol stclarol
. 20 L chole
Triglycerides
“( aood" “Bad” rlg y n SCOI"e

cholesterol cholesterol

https://watchlearnlive.heart.org/index.php?moduleSelect=chlscr
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« LDL

» "Bad"” cholesterol

« Can stick into the walls of
arteries causing
atheroscleroftic plague

« Over time, can have
progressive blockage
which can lead to “Bad” ChoBsterol
symptoms, heart aftack,
stroke, etc.

LDL deposits cholesterol in the
artery walls and starts the process
of atherosclerosis.

Atherosclerotic .
plaque '

https://watchlearnlive.heart.org/index.php?moduleSelect=chlscr
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« HDL

e "Good"” cholesterol

« Works to bring cholesterol
out of arteries and blood
and back to the liver

- High levels can be >
protective with regards to
cardiovascular events HDL

» Too high of a level is also BoocCholestor
associated with increased
events

HDL removes cholesterol
Lipid from the bloodstream
outer shell and artery walls.

— Surface
proteins

https://watchlearnlive.heart.org/index.php?moduleSelect=chlscr
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* Triglycerides
« Used for energy

« High levels also associated
with stroke/heart attack

* Very high levels can cause

Cholesterol and triglycerides
form the core of all lipoproteins.

Triglycerides are stored in fat
cells and used as an energy
source for the body.

High levels of blood triglycerides
g 254 2% are often found in people who
Pes: - A have high cholesterol levels,

p O N C I’e O TITIS gfi:\/p;rgggenlzsare overweight
« Most sensitive 1o diet
« Sweets, simple Triglycerides

carbohydrates, beer, etc.

https://watchlearnlive.heart.org/index.php?moduleSelect=chlscr
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Lipoprotein(a)

’
Thrombosis 7 i

Effect

Atherosclerosis

* Lipoprotein a [LP(a])]

* Protein and fat on which ‘
cholesterol travels through blood £ apoivoproten 3 +-- 3 Qf‘? P —
(similar to LDL) z %40 d
« Can build up Iin arteries
* Increased ClOTﬂng g Indirectly through fibrinolysis inhibition. ::::T;L:\t(i)(l)ens:rcc;’::fposition,
* Inflammation -
» Can lead fo narrowing of aortic o
vQ |V e £ Atplaque rupture At turbulent blood flow

Clinical Event

Ischemic Stroke Atherosclerotic Stenosis Aortic Valve Stenosis

https://www.ncbi.nlm.nih.gov/books/NBK395570/
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Men Women
* Lipoprotein a [LP(a])]
* High levels run in families

« Cannot be controlled by
healthy eating and exercising

« Apheresis for select high risk
people

« New therapies are being
researched

Fraction of Population

20% 20%

0 50 100 150 200 O 50 100 150
Lp(a), mg/dL Lp(a), mg/dL

https://www.ncbi.nlm.nih.gov/books/NBK395570/ https://www.cdc.gov/genomics/disease/lipoprotein_a.htm
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« Apolipoprotein B [apoB]

 Critical structural protein of lipoproteins that cause plagque

« Can be directly measured
« Can be used to estimate cardiovascular risk

Oxidative
LPL Modification
CM REMNANT —9
Small Ouwl
ApoB-100
intestine ' ‘P°°'1°°
\ OxLDL uptake
Into macrophage
-
Scavenger
HDL \) \ receptor Ty 4
v |
e -
=7 -
ApoB-48 . = MACROPHAGE |
ApoA-1

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8540246/



Why Worry About High Cholesterole Zsouder community Heatth

Aorta

Right
coronary
artery

Left
coronary

artery

— v TN
> fi)\s

Intima LDL deposits
cholesterol between
layers in the artery wall. |

Adventitia

https://watchlearnlive.heart.org/?moduleSelect=chlcad
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Muscle cells in
the artery wall

7
— G)

L

,. P’" Iu‘ ‘wi‘ |
TS Inflammatory cells
(macrophages)

engulf deposited
cholesterol.

develops be
layers of artery wall.

: P Macrophages become
| giant foam cells.

https://watchlearnlive.heart.org/?moduleSelect=chlcad
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L,

A fibrous outer cap forms from
converted smooth muscle cells
and other elements.

<5

Foam cells continue
to expand the core of
the plaque.

https://watchlearnlive.heart.org/?moduleSelect=chlcad
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Large unstable
plaque with thin
fibrous cap

Plaque ruptur

https://watchlearnlive.heart.org/?moduleSelect=chlcad
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!

¥
A blood clot
(thrombus) forms
at the site of the
pIague rupture.
7 N

Heart muscle
(myocardium)
supplied by the
blocked artery
starts to die.

https://watchlearnlive.heart.org/?moduleSelect=chlcad
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Liplds Are One Of the MOSt Cr|tica| Modiﬁable CV RlSk Factor32 FAST TRACK — ARTICLES | VOLUME 364, ISSUE 9438, P937-952, SEPTEMBER 11, 2004

THE LANCET

100 —
Effect of potentially modifiable risk factors associated with myocardia
infarction in 52 countries (the INTERHEART study): case-control study
80 — Prof Salim Yusuf, DPhil 2 £ . Steven Hawken, MSc « Stephanie Ounpuu, PhD « Tony Dans, MD . Alvaro Avezum, MD
Fernando Lanas, MD « etal. Show all authors
S Published: September 11,2004 « DOI: https://doi.org/10.1016/S0140-6736(04)17018-9
% 60
B
=
£
o
&
20
12
10
. - :
. .
Lipids Smoking Psychosocial Abdominal  Hypertension Fruits/veg Exercise Diabetes Alcohol
obesity
Risk factors

INTERHEART: nine modifiable factors account for 90% of first-Ml risk worldwide; n = 15,152 patients and 14,820 controls in 52 countries.

*Proportional increase in population disease that would occur if exposure to a risk factor was reduced to an alternative ideal exposure scenario (eg, no tobacco use). Adjusted for
all risk factors.

CV, cardiovascular; MI, myocardial infarction.
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e Prevent cardiovascular disease in the
first place.

« Aggressively manage those who
have developed cardiovascular
disease to minimize the risk of future
events.
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;% . » Follow a heart-healthy lifestyle
r » Throughout the continuum of life, this
- =i reduces cardiovascular risk.

. < Try fo prevent the development of
cardiovascular risk factors.

« Create a strong foundation of health.




W h G T C O N W e D O 2 y/f Boulder Community Health

« Eat a diet that encourages
lowering cholesterol
* Vegetables
 Fruits
* Nufts
« Whole grains
« Lean vegetable or animal protein
* Fish
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Unfiltered
coffee

y

Solid fats

<
& —

Filtered
coffee
Fiber, whole
grains
Green tea

Unsaturated

T B
Soluble fiber oils
(oats, barley,
psyllium) Added plan .
sterols or Turmeric
stanols

Avocado

https://www.sciencedirect.com/science/article/pii/S0939475321000028
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Trans-fatty acids are found in fried
foods, commercial baked goods,
processed feods and margarine

 Try to avoid
* Trans fats
 Red meat and processed red meats
» Refined carbohydrates
« Sweetened beverages
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» Diets that have data in reducing cardiovascular events
* Mediterranean

DASH

Plant-based (Vegetarian/Vegan)

Flexitarian

Portfolio
« Plant proteins, nuts, viscous fiber, phytosterols, plant monounsaturated fats
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Flexitarian Vegan Omnivore

Blood lipid markers

Cholesterol (mmol/L) 4.35 (4.00-5.05) * 3.80 (3.30-4.20) *** /4,90 (4.00-5.50) **

LDL-Cholesterol 2.64(2.11-3.47) *  2.14 (1.88-2.56) *** 3.17 (2.40-3.64) **
(mmol/L)

HDL-Cholesterol 1.68 (1.48-1.88) 1.62 (1.23-1.81) 1.57 (1.29-1.72)
(mmol/L)

Triglycerides 0.73 (0.61-1.00) * 0.77 (0.59-0.98) 1.14 (0.82-1.36) **
(mmol/L)

https://bmcnutr.biomedcentral.com/articles/10.1186/s40795-024-00839-9/tables/3

<0.001

<0.001

0.375

0.008
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 Reduce saturated fat
« Lean meats
« Remove skin
* Broil on a rack to drain off fat

« Eat more fish
« Salmon, frout, herring (omega-3)

» Substitute meatless options for meat

« Cook vegetables with minimal oll
and without heavy sauces

* Reduce dairy fats
 Increase fiber and whole grains
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« Exercise
« Recommend 150 minutes per week

« Can lower LDL and triglycerides
(generally at higher intensity)

« Can raise HDL

« Generdlly, these changes on the
lipid profile are modest
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Exercise and Lipid Changes
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References n Design
LeMuraet 12women RCT
al. [21]

Nybo etal. 36 men RCT
[22]

Kraus etal. 111 men RCT
[23] and women
O’Donovan 64 men RCT

et al. [24]

Training
time

16 weeks

12 weeks

24 weeks

24 weeks

Training
frequency

3
sessions/we
ek

150 min/we
ek

Expand 14—
23 kcal/kg/
week

400 kcal/ses
sion
3

sessions/we
ek

Training
strength

70-85% of
the HRmax

65%

VO2max
65—-80%
VO2max

60%
VO2max

Changes of
HDL-C

Increased
0.4 mmol/L

Increased
0.1 mmol/L

Increased
4.3 mg/dL

Increased

0.08 mmol/
L

Changes of
LDL-C

Decreased
0.2 mmol/L

Decreased
0.1 mmol/L

Decreased
1.9 mg/dL

Increased

0.17 mmol/
L

Wang, Y., Xu, D. Effects of aerobic exercise on lipids and lipoproteins. Lipids Health Dis 16, 132 (2017).

https://doi.org/10.1186/s12944-017-0515-5

Changes of
TG

Decreased
0.2 mmol/L

Not
mentioned

Decreased
28.4 mg/dL

Increased

0.12 mmol/
L


https://lipidworld.biomedcentral.com/articles/10.1186/s12944-017-0515-5
https://lipidworld.biomedcentral.com/articles/10.1186/s12944-017-0515-5
https://lipidworld.biomedcentral.com/articles/10.1186/s12944-017-0515-5
https://lipidworld.biomedcentral.com/articles/10.1186/s12944-017-0515-5
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« Weight loss

 In obesity, losing 3-5% of
weight can increase HDL
and decrease LDL.

« Manage stress

* Increased cortisol levels
can lead to higher
cholesterol.
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« Despite doing well with lifestyle modification (diet and
exercise), many people continue to have high cholesterol.

 May be reasonable to consider cholesterol medication.
« Recommend screening cholesterol in adults >20 years old.
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Meta-analysis of Major Lipid Secondary Prevention Statin Trials Demonstrates Linear Correlation
Between LDL-C Lowering and Risk of CV Events''.1°

30 .. .
@ Oral lipid-lowering comparator
@ Placebo comparator
25
4S
AtoZ
20 — (less intense LDL-C management)
MIRACL
AtoZ —
(more intense LDL-C management) CARE

15 MIRACL l

l IDEAL (less intense LIPID

LDL-C management)
IDEAL

(intense LDL-C management)

10 —

O
LIPID f—

TNT
(less intense LDL-C management)

PROVE-IT

(less intense LDL-C management)

Event rate in secondary prevention trials (%)

PROVE-IT
(intense LDL-C management) TNT

(intense LDL-C management)

0 . . .
I I I I I T
0 20 40 60 80 100 120 140 160 180

Mean treatment LDL-C level at follow-up (mg/dL)

CTTC meta-analysis of major lipid secondary prevention statin trials conducted in 2010: median follow-up ~ 5 years, N = 169,138.
CTTC, Cholesterol Treatment Trialists’ Collaboration; CV, cardiovascular; LDL-C, low-density lipoprotein cholesterol.

200

THE LANCET

Efficacy and safety of more intensive lowering of LDL cholesterol: a meta-
analysis of data from 170 000 participants in 26 randomised trials

Cholesterol Treatment Trialists' (CTT) Collaboration & ¥ B« Show footnotes

« Published: November 09,2010 « DOI: https://doi.org/10.1016/S0140-6736(10)61350-5
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* There are multiple factors that your doctor will consider to
determine the most appropriate freatment

« Age

» Risk factors IV Y
» History of cardiovascular events JPB100 mRtA R — ‘_@&
» Shared decision-making | ey i

ApoB100 6 |  Ccholesterol
P2 4 mTP

PCSK9 mRNA

4 O- OE O

-y
LDL HDL
PCSK9imab

https://www.healio.com/cardiology/learn-the-heart/cardiology-review/topic-reviews/pcsk9-inhibitors-topic-review



STCITII’] M@C“CO“ODS y/fBoulder Community Health

« Most commonly Blood voasdy .
prescribed cholesterol e c@%ﬁ
medication A é

» Work by blocking cinompedand

pathway of cholesterol - e oo
synthesis in the liver

Liver cells (hepatocytes)

https://watchlearnlive.heart.org/?moduleSelect=chldrg
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Y

Liver sinusoid
(blood vessel)

More LDL <

=i» (bad cholesterol)
returns to the liver
to be digested.

e LDL returned to liver 1o
be digested

Liver cells (hepatocytes) Y

https://watchlearnlive.heart.org/?moduleSelect=chldrg
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« Reduced inflammation

« Change of lipid
composition of plagque
such that they are more
stable

« Reduced risk of stroke
and heart attack

https://watchlearnlive.heart.org/?moduleSelect=chldrg

Reduce smooth muscle
cell changes

Reduce friction
in the bloodflow

Reduce inflammatory
cells inside plaque

Stabilize the
endothelium

Reduce proteins
associated
with inflammation



Looks like you're already familiar with
the side effects
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THE

NEW YORKER
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@ Statin - @ Placebo O No treatment
@ Patients who did not
< " Patients who completed all 12 mo of trial co::'lplet;S 12 mo of trial
%g | [ |
'E g—loo—
9 7 . .
N-of-1 Trial of a Statin, Placebo, or No
80- Treatment to Assess Side Effects
e November 26, 2020
e ” N Engl J Med 2020; 383:2182-2184
= ° © DOI: 10.1056/NEJMc2031173
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https://www.nejm.org/toc/nejm/383/22?query=article_issue_link

Non-statin Medications
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e Ezetimibe

* Blocks cholesterol
absorption 54%

* 18-20% reduction
in LDL-C

e Used in
combination

Protal &
L f th . . Lymphatic
uf::f:sgm ¢ Enterocyte in the Small Intestine Circulation
Fat + bile
\1’ Glycerol
Free Fatty Triacylglycerol
—> —  Acids (TAG)
1 A
\ [
\ |
v Clathrin/AP2 % I
Dietary & \ .
biliary — —> —=> Seo Apo-B48
cholesterol ki "'\_\ = Cholesterol = 'AE:‘;T‘> CE — = ==—==~|> Chylomicrons
¢) \
1
o o I
Ezetimibe !
< - = | NPCil1 | &~ /

EBM CONSULT"

https://www.ebmconsult.com/articles/ezetimibe-mechanism-action-inhibit-cholesterol-absorption-intestine
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* Proprotein convertase
subfilisin/kexin type 9 (PCSK9)
iInhibitors

« Antfibody binds to PCSK? ™
« Blocks binding to LDL receptor

« LDL receptor in liver is recycled back
to surface to pick up more LDL endosome | I

« Up to 60% reduction in LDL-C

Lysosome [+, ",

https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2020.595819/full
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Clinical ASCVD

: I
Healthy Lifestyle
J

American X h = horisk*
Heart " 7 Very high-ris
Association. GSCVD not at very hlgh-rls@ C ASCVD )

AMERICAN
COLLEGE of
CARDIOLOGY

2

|
g ! v
High-intensity or maximal statin
[ Age <75y j [ Age >75y j C & ?élass 1) )
v | | '
High-intensity statin ‘ ¢ y
(Goal: { LDL-C 250%) & ey B ( \
(Class 1) If on maximal
I statin and If PCSK9-1 is Dashed
¥ ¥ LDL-C 270 considered, add arrow
- > Vs ~ A 4 PR indicates
- E - N ™\ mg/dL (21.8 ezetimibe to
If high- If on maximal mmol/L), maximal statin RET
intensity statin therapy Initiation of Continuation of Edding before adding supported
statin not and LDL-C 270 moderate- or high-intensity e S efficacy, but
S 2 ezetimibe is PCSK9-1
tolerated, mg/dL (1.8 high-intensity statin is R (Class 1) is less cost
use | ,| mmol/L), statin is reasonable (Class la) effective
moderate- adding reasonable (Class lla) § VA y . y,
intensity ezetimibe (Class lla) L o J H
(2:::::1“ ey b§| If on clinically judged maximal LDL-C lowering
recalson:be - ~ > therapy and LDL-C >70 mg/dL (1.8 mmol/L), or
L y @ (Class lib) ) non-HDL-C >100 mg/dL (22.6 mmol/L), adding

PCSK9-l is reasonable
(Class lla)

2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on the Management of Blood Cholesterol
Chairs: Scott M. Grundy, MD, PhD, Neil J. Stone, MD November 2018 DOI: 10.1016/j.jacc.2018.11.003



https://www.jacc.org/doi/10.1016/j.jacc.2018.11.003

Primary Prevention
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AMERICAN
COLLEGE of
CARDIOLOGY

Primary Prevention:
Assess ASCVD Risk in Each Age Group
Emphasize Adherence to Healthy Lifestyle

h 4
Age 20-39y

aemc‘errtlcan N— NG g iR Age 40-75y and ) Diabetes mellitus and age 40-75 y
A iati . i stimate ‘etime rs LDL-C 270-<190 mg/dL Risk assessment to consider high-intensity statin
ssociation. Lifestyle to prevent or reduce || to encourage lifestyle to reduce
ASCVD risk ASCVD risk (=14 2mmol/L) (Class lla)
Diagnosis of Familial Consider statin if family history without d'abet?s mellitus
Hypercholesterolemia-> statin premature ASCVD and LDL-C 10—yea.r ASFVD f"Sk p?rcent Age >75y
2160 mg/dL (4.1 mmol/L) begins risk discussion - Clinical assessment, Risk discussion
7 ; v v
ASCVD Risk Enhancers:
e Family history of premature ASCVD <5% 5% - <7.5% 27.5% - <20% 220%
e Persistently elevated LDL-C 2160 mg/ “Low Risk” “Borderline Risk” “Intermediate Risk” “High Risk”

L

dL (24.1 mmol/L)

In selected individuals if measured:

hs-CRP 2.0 mg/L

Lp(a) levels >50 mg/dL or >125 nmol/L
apoB 2130 mg/dL

Ankle-brachial index (ABI) <0.9

If risk decision is uncertain:
Consider measuring CAC in selected adults:
CAC = zero (lowers risk; consider no statin, unless diabetes, family history of
premature CHD, or cigarette smoking are present)
CAC = 1-99 favors statin (especially after age 55)
CAC = 100+ and/or 275th percentile, initiate statin therapy

e Chronic kidney disease .
e Metabolic syndrome
e Conditions specific to women (e.g., 4 RN
preeclampsia, premature menopause) - = s
e Inflammatory diseases (especially _R'Sk discussion: 2018
rheumatoid arthritis, psoriasis, HIV) If risk enhancers present S
e Ethnicity {(e.g., South Asian ancestry) then risk discussion AHA/ACC/AACVPR/AAPA
N 'farff,"fta moderere /ABC/ACPM/ADA/AGS/A
ipid/Biomarkers: intensi in therapy
e Persistently elevated triglycerides (Class llb) PhA/ASPC/N LA/PCNA
(2175 mg/dL, (2.0 mmol/L)) \ P Guideline on the

Management of Blood
Cholesterol

Chairs: Scott M. Grundy,
MD, PhD, Neil J. Stone, MD
November 2018 DOI:
10.1016/j.jacc.2018.11.00
3
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« Management of cholesterol is generally a mulfi-pronged
approach which should be discussed with your doctor.

« Dietary choices can have a substantial impact on cholesterol.
» Routine exercise can help to lower cholesterol.

 Many people fail fo reach their goal cholesterol with these
lifestyle modifications.

» Cholesterol medications are very safe and well tolerated and
can significantly reduce both cholesterol numbers as well as
risk of cardiovascular events.
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Managing Your Cholesterol

Robert Shapiro, MD, MS-CR, FACC
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