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OBJECTIVES

Within a context of both board examination and clinical practice:

Review physiologic pathways and key genetic disorders of lipid metabolism.

Understand contemporary treatment of hypercholesterolemia and 
hypertriglyceridemia, including agents, landmark clinical trials, and current 
guidelines.

Review common issues encountered in Lipid Clinic referrals including
- Statin intolerance, including rhabdomyolysis
- Lipoprotein (a) as an emerging risk factor
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MOC REFLECTIVE STATEMENT (BRIEF TAKE HOME 
NOTES FOR REFERENCE)

Statin therapy is safe, usually well tolerated and decreases CV risk by lowering LDL-C.

Multiple additional non-statin LDL lowering tools exist - for patients not achieving optimal LDL 
levels or who cannot tolerate a statin (after education, rechallenge):

 Ezetimibe, PCSK9 inhibitors (alirocumab and evolocumab), bempedoic acid, inclisiran 
all accessible. 

Lifestyle still matters, especially with hypertriglyceridemia, along with icosapent ethyl. 
  



Hyperlipidemia

Agenda: Update and Board Review

1. Overview of physiologic pathways of lipid metabolism
2. Genetic disorders of key clinical (and board) relevance
3. Treatment of cholesterol and lipid disorders:

- Agents
- Landmark clinical trials
- Guidelines

4. Common clinical issues
- Statin intolerance
- New agents
- Emerging lipid risk factors



Overview of Cholesterol Transport

Apo B

ApoA1



Reverse Cholesterol Transport

Macrophage

‘Periphery’



Triglycerides: Energy Resource

Fatty Acid
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Homozygous FH

• Two mutant alleles

• 1: 1 million (debated)

• Characterized:

– Receptor negative: < 2% LDLR activity - worse prognosis

– Receptor defective: 2-25% LDLR activity

• Present in childhood: 

 Cutaneous xanthoma, tendinous xanthomas, corneal arcus

• TC > 500 - 1200 mg/dL (LDL > 300 mg/dL)

• Atherosclerosis: Aortic root. Aortic valve (aortic stenosis). CAD

• Treatment (depends on LDL-R functionality)

– Statin, PCSK9i, Ezetimibe…

– Evinacumab (Evkeeza) – antibody to ANGPTL3

– Ileal bypass, liver transplant, apheresis; gene therapy?



Function and Life Cycle of the LDL Receptor

Clustering

LDL Binding

Transport ER

Synthesis   

Recycling

LDL Receptor Defects: Span biologic function

LDL-R Defects: Variable function

Variable rx response



Heterozygous FH

• 1:500 persons

• Lipids: Elevated TC, LDL, normal Tg

• Fam Hx: hyper-CHO/CAD

• Tendinous xanthoma virtually diagnostic:

– Achilles tendon, digit extensor MCP

• R/O: hypothyroidism, obstructive liver dz

• Clinical manifestations often greater in men vs women

• Variability of clinical course dictated by mutations, genetics

– Consistency within a kindred

– LDL level correlation with onset CAD can vary



FH Diagnosis: Clinical

• Definitive:
– CHO > 260 in children < 16 yo or >290 adults OR

– LDL > 190 adults

AND

– Tendon xanthoma in patient or 1st, 2nd degree relative

• Possible:
– Elevated LDL plus

– FHx MI < 50 in 2nd degree, < 60 1st degree

– FhX CHO > 290

• NOT xanthelasma



4 Genes Associated with Familial Hypercholesterolemia

Mutant Gene 

Product 

Pattern of 

Inheritance

(chromosome)

Prevalence Mutation 

Effect 

Aver LDL-C 

(mg/dL)

LDL receptor Auto Dom

(19p13.2) 

HTZs: 1/500 

HMZs: 1/106 

Loss of function HTZs: 350 HMZs: 

700

Apolipoprotein 

B-100 

Auto Dom 

(2p24) 

HTZs: 1/1000*

HMZs: 1/106* 

Loss of function HTZs: 270 HMZs: 

320

ARH adaptor Auto Rec 

(1p36-p35) 

Very rare Loss of function HMZs: 470

PCSK9 protease Auto Rec

(1p34.1-p32 ) 

Very rare Gain of function HTZs: 225



Genetic Dyslipidemic Diseases,

that Commonly Present on the Boards

• HDL

– Tangier’s Disease
• Low HDL

• Defect in ABCA1

• Orange tonsils 

• Triglycerides: 

– Type III Hyperlipidemia 

– LPL defects 
Eruptive

xanthoma

Palmar

xanthoma



Statins: CV Benefit With LDL-C Lowering Across CV Risk
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OVERALL SURVIVAL

Adapted from Scandinavian Simvastatin Survival Study Group Lancet 1994;344:1383-1389.
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Subjects: 6,605

   85% men, 45-73 yr

   15% women, 55-73 yr

Baseline lipids:

   TC:  221 mg/dL

   LDL-C: 150 mg/dL

   HDL-C:  men, 36 mg/dL

                 women, 40 mg/dL

Intervention: Lovastatin

 20-40 mg/day

C=coronary events defined as fatal/nonfatal myocardial infarction, sudden death, and unstable angina;

MI=fatal/nonfatal myocardial infarction; UA=unstable angina;

RV=revascularizations.

Downs JR et al. JAMA. 1998;279:1615-1622.

P<0.001
P=0.002

P=0.02 P=0.001

AFCAPS: LDL-Lowering in PEOPLE With No 

HX OF CAD and Average Cholesterol Levels

70% of AFCAPS subjects 

untreated under ATPII



Is even lower LDL better 

In high risk population:

acute coronary syndrome?

PROVE-IT



PROVE-IT: Changes from Post-ACS 
Baseline LDL-C

Note: Changes in LDL-C may differ from prior trials:  

•  25% of patients on statins prior to ACS event

•  ACS response lowers LDL-C from true baseline

LDL-C 
(mg/dL)
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All-Cause Death or Major CV Events 

in All Randomized Subjects
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Overview of Cholesterol Transport

Ezetimibe

Non-statin

NPC1L1



Ezetimibe + Statin:
~10-20% LDL Reduction With All Tested Statins

Lovastatin

  Mono.+ Ezet

   (n=220)   (n=192)

Pravastatin

Mono.+ Ezet 

  (n=205)   (n=204)

Simvastatin

Mono.+ Ezet

 (n=263)  (n=274)

Atorvastatin

Mono.+ Ezet

 (n=248)  (n=255)

Mean %

Change      in 

LDL-C

From

Untreated 

Baseline

–25% –25%

–36%

–44%
–40%* –39%*

–51%
–56%*

–70%

–60%

–50%

–40%

–30%

–20%

–10%

0%

*

All data are pooled across doses.

*P<0.01 for ZETIA + statin vs statin alone.



Patients stabilized post ACS ≤ 10 days:
LDL-C 50–125*mg/dL (or 50–100**mg/dL if prior lipid-lowering Rx)

Standard Medical & Interventional Therapy 

Ezetimibe / Simvastatin 

10 / 40 mg

Simvastatin 

40 mg

Follow-up Visit Day 30, every 4 months 

Duration: Minimum 2 ½-year follow-up (at least 5250 events)

Primary Endpoint: CV death, MI, hospital admission for UA,

coronary revascularization (≥ 30 days after randomization), or stroke 

N=18,144

Uptitrated to 

Simva 80 mg 

if LDL-C > 79

(adapted per 

FDA label 2011)

Study Design

*3.2mM  

 **2.6mM

Cannon CP AHJ 2008;156:826-32 

90% power to detect 

~9% difference



LDL-C and Lipid Changes

1 Yr Mean LDL-C TC TG HDL hsCRP

Simva 69.9 145.1 137.1 48.1 3.8

EZ/Simva 53.2 125.8 120.4 48.7 3.3

Δ in mg/dL -16.7 -19.3 -16.7 +0.6 -0.5

Median Time avg

69.5 vs. 53.7 mg/dL



Primary Endpoint — ITT

Simva — 34.7% 

2742 events 

EZ/Simva — 32.7% 

2572 events 

HR 0.936 CI (0.887, 0.988)

p=0.016 

Cardiovascular death, MI, documented unstable angina requiring 

rehospitalization, coronary revascularization (≥30 days), or stroke

7-year event rates

NNT= 50

Often under-utilized

No concern on cancer

Not instead of a statin



PCSK9 Loss of Function Mutations: 
Decreased Plasma LDL-C and CHD

 

81% of PCSK9Y142X and PCSK9C679X subjects had 

mean plasma LDL-C below 50th percentile
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4 Genes Associated with Familial Hypercholesterolemia

Mutant Gene 

Product 

Pattern of 

Inheritance

(chromosome)

Prevalence Mutation 

Effect 

Aver LDL-C 

(mg/dL)

LDL receptor Auto Dom

(19p13.2) 

HTZs: 1/500 

HMZs: 1/106 

Loss of function HTZs: 350 HMZs: 

700

Apolipoprotein 

B-100 

Auto Dom 

(2p24) 

HTZs: 1/1000*

HMZs: 1/106* 

Loss of function HTZs: 270 HMZs: 

320

ARH adaptor Auto Rec 

(1p36-p35) 

Very rare Loss of function HMZs: 470

PCSK9 protease Auto Rec

(1p34.1-p32 ) 

Very rare Gain of function HTZs: 225



Effect of Human Mutations in PCSK9 on 
Plasma LDL-C

Poirier S & Mayer G, Drug Des Dev Ther 7:1135, 2013



PCSK9 in Determining LDL Receptor Levels



PCSK9 Inhibitors Decrease CV Events in 

Statin-Treated Patients With ASCVD

Alirocumab 

(Praluent)

Evoclumab 

(Repatha)
Alirocumab 

(Praluent)



FOURIER - Adverse Events

PCSK9 Inhibitors – Well Tolerated, Easily Administered



FOURIER 

(Evolocumab): 

  Benefits evident 

  even in lower

  baseline LDL

Efficacy by baseline LDL

Efficacy by background statin

Giugliano, Sabatine, et al, Lancet 2017  
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Inclisiran: Targeting PCSK9 Using siRNA



Inclisiran Efficacy in LDL-Lowering in Two Phase 3 Trials

ORION 10

ORION 11

540 
Days

Approvable

  Covered: Medicare patients

  PCSK9i failure



2013 AHA/ACC Cholesterol Guidelines

Four main statin benefit groups

• Age < 75 – High-intensity statin†

• Age > 75 – Moderate-intensity statinASCVD

• High-intensity statinLDL>190

• 10-year risk >7.5% - High-intensity statin

• 10-year risk <7.5% - Moderate-intensity statin

Age 40-75 with 
diabetes

LDL 70-189

• Moderate- to high-intensity statin

Age 40-75 without 
ASCVD or diabetes

10-year risk >7.5%

JACC 2014;63(25 Pt B):2889-934.



Secondary Prevention



Multiple major ASCVD events

One major ASCVD event

+

Multiple high risk conditions

Very High Risk for Future ASCVD events



Risk Enhancing Factors



Statin Intolerance

Clinical trials: ~5 % subjects

Clinical experience: Higher? 15-20%?

Increased LFTs

Increased CKs

Up to 3x ULN

Up to 10x ULN

Myalgias With or without CK changes

Serious adverse event: Rare

Rhabdomyolysis 1.5 cases per 1000,000 exposures



OVERALL SURVIVAL

Adapted from Scandinavian Simvastatin Survival Study Group Lancet 1994;344:1383-1389.
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GAUSS3 Design: Two Double-Blind Phases

511 patients with a history of intolerance to multiple statins 

due to muscle-related adverse effects

Atorvastatin 20 mg Placebo

PlaceboAtorvastatin 20 mg

Participants entered Phase B only if they had muscle symptoms on atorvastatin, but not 

placebo, or CK ≥ 10 x ULN during statin treatment

Phase

A

Phase

B

Daily oral ezetimibe 10 mgMonthly SC evolocumab 420 mg

2 1

10 weeks

10 weeks

24 weeks



GAUSS3 Phase A
statin-placebo blinded challenge

Intolerable Muscle Symptoms N = 491

On atorvastatin, but not placebo 209 (42.6%)*

On placebo, but not atorvastatin 130 (26.5%)

On both placebo and atorvastatin 48 (9.8%)

No symptoms on either treatment 85 (17.3%)

Did not complete Phase A 20/511

A Genome-wide Association Study (GWAS) Identifies Novel Loci Associated 

with Clinically Defined Statin-Associated Muscle Symptoms 

in a Double-Blind Cross-Over Re-challenge Trial

Erik Stroes, Ricardo Dent, et al. AHA late breaker 2016



•  It may not be the statin.

 Education. 

•  It may be dose related. Start lowest possible.

 Half lowest dose? Rosuva 2.5 M W F?

•  It may be statin specific. Try different one.

 Rosuva? Pitavastatin (Livalo)?

• Soft data: CoQ10 200 mg BEFORE statin, correct vitamin D

• Placebo test? Ezetimibe tolerability

• True statin intolerance? Bempedoic Acid, PCSK9 inhibitors

Statin 

Intolerance?



Bempedoic Acid: 

Hepatic-Restricted Drug Activation by ACSVL1

Pinosky, et al Nat Comm 2016

Less myalgias? 



Bempedoic Acid (BA, Nexletol)

LDL reduction:

~20% added to statin

~30% monotherapy

hsCRP reduction:

~20-40%

BA + Ezetimibe (Nexlizet)

LDL reduction:

~30% added to statin

~45% monotherapy



CLEAR Outcomes



CLEAR Outcomes: 

        BA Significant Decreased MACE (CV death, nonfatal MI, nonfatal stroke, cor revasc)



BA + BA/Eze Use

• Statin intolerant patients (myalgias)

– LDL lowering  w/ ezetimibe approaching PCSK9i

• CLEAR: CV risk reduction in primary prevention ~= statins

• Inadequate LDL lowering?

– On statin + ezetimibe, swap in BA/Eze for Eze. 

• PCSK9i alternative? 

– Payer driven? Less expensive

• Elevated hs-CRP?



PROVE IT-

TIMI 22 Trialb

TG ≥150 mg/dL Predicts Higher CHDa Risk 

in Statin Takers with LDL-C <70 mg/dL
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Secondary Causes of Hypertriglyceridemia

• Nephrotic syndrome (Urine analysis)

• Thyroid abnormalities (TSH)

• Drugs (Thiazides, HRT, beta blockers, HIV rx)

• Diet (Excess carbs)

• Diabetes:

– Inadequate control

– Undiagnosed

• Alcohol

• Obesity 

~50% Reduction 
in TG with 
Lifestyle 

Interventions



TG-Lowering and CV Risk

Fibrate (PPAR agonists)

• VA-HIT ASCVD  Gemfibrozil No statin  Positive 1○

• FIELD ASCVD + T2D Fenofibrate Statin drop ins Negative 1
 ○

         

 Positive   2
 ○

         

 Positive subgrps:

          

 Higher TG

• ACCORD ASCVD, T2D  Fenofibrate + Statin vs Statin Negative 1○

         
 Positive subgrps

          
 Higher TG 

Baseline TGs not high enough?

Agent specific issues
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CV events: 572 + 560



Mozaffarian D and Lu J, JACC. 2011;58:2047-67.

① Plant-derived O-3’s (ALA) do not consistently reduce triglycerides; less 

evidence for CV benefit and should not be used for TG lowering.

② Data for DPA less robust than for EPA and DHA.

Dietary 
Sources ALA
Flaxseed
Canola Oil
Walnuts
Chia
Soybeans

OMEGA-3 FATTY ACIDS

Alpha-Linolenic Acid: 
ALA

EicosapentaenoicAci
d: EPA

Docosapentaenoic 
Acid: DPA

Docosahexaenoic 
Acid: DHA

Plant O-3 FA Marine O-3 FA



• Established ASCVD or Diabetes + other risk factors, 

• On statin therapy

• Fasting triglyceride 135 - 499 mg/dL 

• LDL-C 41 - 100 mg/dL

• Icosapent ethyl vs Mineral Oil

• 8179 patients (70.7% secondary prevention) 

• Median  4.9 years. Bhatt DL, et al. N Engl J Med. 2018

Omega 3 Fatty Acids:
DHA

EPA

Icosapent ethyl (Vascepa)

REDUCE-IT



REDUCE-IT
Icosapent ethyl (EPA) Reduced CV risk in Established CVD or CV Risk

Bhatt DL, et al. N Engl J Med. 2018

‘Newest’
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Epanova:

EPA + DHA vs corn oil

No Benefit
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REDUCE-IT vs STRENGTH: 

Icosapent Ethyl Better bc Control Group Did Worse?

REDUCE-IT: Mineral Oil

STRENGTH: Corn Oil

Summoning STRENGTH to Question the Placebo in 

REDUCE-IT.  Bostrom. 2021;144:407–409

Not enough to explain away benefit?



Icosapent Ethyl Use

• Hypertriglyceridemia (> 150 mg/dL? > 200 mg/dL)

• Increased CV risk?

– Low HDL < 40 mg/dL

– Recurrent CV events?

– Residual, unaddressed risk?

• If prohibitively expensive, consider EPA alone?

• Note: Increased bruising – more so with DAPT

• Major HyperTG - pancreatitis: 

- Fenofibrate, statin, icosapent ethyl

- Olezarsen (Tryngolza): Familial Chylomicronemia Syndrome

 antisense to ApoC3



Lipoprotein (a)

• First identified 1963

• Lipoprotein macromolecule

• Constituents:

– an LDL-like molecule, containing apo B

– apolipoprotein a structire

LDL



Lp(a) and CV risk?
Clinical evaluation Lp (a):
- Check for a reason?:

- Premature CAD (event, family hx)
- Unattributable CVD risk

- Prim Prev: Independent of other CV risk?
- Further risk stratify? CRP, CAC

If managing:
- Statin: cornerstone rx
- More aggressive LDL lowering?
- Aspirin rx, even if primary prevention
- PCSK9i?

PCSK9 inhibitors: ~30% Lp(a) decrease
    Post-hoc analysis: Lp(a) greater risk, greater benefit
    Lp(a) Not a basis for approval
Clinical trials underway for Lp(a) lowering agents
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Key Take Aways
Cholesterol and lipid metabolism is a complex, interconnected system for moving key lipoprotein particles 
and their components, including cholesterol and triglycerides, throughout the body. 

Genetic ‘experiments of nature’ establish a direct relationship between LDL-C and CV risk, as seen in 
conditions with both elevated, as with familial hypercholesterolemia, and low (PCSK9 loss of function) LDL-C 
levels.

Statins decrease CV risk across a range of risk and in multiple trials.

Although statins have a strong record of safety and efficacy in reducing CV risk, patients report statin 
intolerance. This can often be overcome through education, trial of a different statin or now, moving on to 
other non-statin options, including ezetimibe, PCSK9 inhibitors and/or bempedoic acid. 

PCSK9 inhibitors are effective, well tolerated, and approvable; inclisiran has arrived as an every 6 month 
approach to targeting PCSK9 and loweing LDL-C.

Hypertriglyceridemia can be a risk issue for pancreatitis and may also identify increased risk through its 
relationship with LDL-C properties, with treatment tools that include icosapent ethyl. 

Lipoprotein (a) is perhaps the most common unmet need for CV risk reduction, with trials underway. 



65

REFERENCES

2019 ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to reduce cardiovascular 
risk: The Task Force for the management of dyslipidaemias of the European Society of Cardiology (ESC) and 
European Atherosclerosis Society (EAS) Mach, et al European Heart Journal, Volume 41, Issue 1, 1 January 
2020, Pages 111–188, https://doi.org/10.1093/eurheartj/ehz455

Watts, G.F., Gidding, S.S., Hegele, R.A. et al. International Atherosclerosis Society guidance for implementing 
best practice in the care of familial hypercholesterolaemia.Nat Rev Cardiol 20, 845–869 (2023). 
https://doi.org/10.1038/s41569-023-00892-0

Bempedoic Acid and Cardiovascular Outcomes in Statin-Intolerant Patients
Nissen, et al. https://orcid.org/0000-0002-7231-6464, N Engl J Med 2023;388:1353-1364
DOI: 10.1056/NEJMoa2215024 

NLA scientific statement on statin intolerance: a new definition and key considerations for ASCVD risk 
reduction in the statin intolerant patient
Cheeley, et al Open Access J Clinical Lipidology, 2022 DOI:https://doi.org/10.1016/j.jacl.2022.05.068

https://doi.org/10.1038/s41569-023-00892-0


References
1. 2019 ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification 
to reduce cardiovascular risk: The Task Force for the management of dyslipidaemias of 
the ESC and EAS, European Heart Journal, 41, 1 January 2020, Pages 111 
188, https://doi.org/10.1093/eurheartj/ehz455
2. Lipid Management for the Prevention of Atherosclerotic Cardiovascular Disease. 
Michos ED, McEvoy JW, Blumenthal RS. N Engl J Med. 2019 Oct 17;381(16):1557-1567. 
doi: 10.1056/NEJMra1806939.
3. International Atherosclerosis Society guidance for implementing best practice in the 
care of familial hypercholesterolaemia.Nat Rev Cardiol 20, 845–869 (2023). 
https://doi.org/10.1038/s41569-023-00892-0
4. Bempedoic Acid and CV Outcomes in Statin-Intolerant Patients
Nissen, et al. ,NEJM 2023;388:1353-1364 DOI: 10.1056/NEJMoa2215024 
5. NLA scientific statement on statin intolerance: a new definition and key 
considerations for ASCVD risk reduction in the statin intolerant patient
Cheeley, et al Open Access J Clinical Lipidology, 2022 
DOI:https://doi.org/10.1016/j.jacl.2022.05.068



Secondary contributors to 

hypertriglyceridemia include:

a) Nephrotic syndrome

b) Diabetes

c) Poorly controlled diabetes

d) Hypothyroidism

e) All of the above



Homozygous familial hypercholesterolemia 

is characterized by 

a) Pancreatitis due to severely elevated triglycerides

b) Palmar xanthomas

c) Autosomal dominant pattern of inheritance

d) Restricted to those with LDL receptor genetic defects

e) Extensor tendon xanthomas

Answer: e) A thickened, roughened Achilles tendon

(extensor tendon xanthoma)
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