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1. Understand the uses of ApoB and Lp(a) as ancillary markers of ASCVD risk 

2. Use of coronary artery calcium scoring in adjusting risk in patients at an 

intermediate 10-year risk of ASCVD 

3. Recent studies on statin safety & intolerance

Learning objectives

Apolipoprotein B

Lipoproteins and Apolipoproteins

Background 

Oil and water don’t mix. Blood lipids can only be transported with a protein 

"shell". This combo of a core of lipid with a protein shell is called a 

lipoprotein. 6 major lipoproteins exist in the blood: 5 non-HDL cholesterol 

molecules: 1) chylomicrons, 2) VLDL, 3) IDL, 4) LDL; 5) Lp(a), and 1) HDL. 

The protein shell of these lipoproteins are called apolipoproteins. There are 

2 major apolipoproteins: ApoB encapsulate all non-HDL cholesterol; ApoA1

encapsulates HDL

Apolipoproteins = “protein shell”

Studies have demonstrated that residual 

vascular risk remains even among well-

treated groups and Apo B is emerging as a 

strong marker of “residual risk” 

Lipoproteins and Apolipoproteins

Background 

6 major lipoproteins exist in the blood:

1. HDL cholesterol

Non-HDL cholesterol:

2. Chylomicrons

3. VLDL

4. IDL

5. LDL

6. Lp(a)

Apo B encapsulate all non-

HDL cholesterol

Apo A1 encapsulates HDL

Lp(a) = a genetic variation of LDL 

More on this later

Lipoproteins and Apolipoproteins

Number of atherogenic particles

Ginsberg HN , et al. Arch Med Res 2005;36:232

Non-HDL-C = total cholesterol minus HDL-C = atherogenic cholesterol
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Lipoproteins and Apolipoproteins

Background

• LDL cholesterol that you order as part of your lipid panel is not directly 

measured, but estimated using the Friedewald equation: 

LDL = Total cholesterol minus HDL cholesterol minus triglycerides/5. 

• Measuring LDL directly is not available in most labs 

• Many assumptions are built into the Friedwald equation producing error 

Lipoproteins and Apolipoproteins

Lipoproteins and Apolipoproteins

Background

Among patients with a Friedewald estimated LDL < 70

• 23% have a measured LDL > 70 

• 39% have a measured LDL > 70 if the triglycerides were concurrently 

150-199

• 59% have a measured LDL > 70 if the triglycerides were concurrently 

200-399

J Am Coll Cardiol 2013;62:732-9. 

The Friedewald equation underestimates LDL-C (~ 6.6 to 36 mg/dL), especially 

if triglyceride levels are ≥ 150 mg/dl

apoB is measured directly, does not require fasting and is not affected by 

triglyceride levels

Not in your packet 

Lipoproteins and Apolipoproteins

So, lipoproteins (like their name implies) are macromolecules of 

protein and lipids that facilitates transport

Apolipoproteins are lettered (A, B, C, D, E, H , e.g., ApoB, ApoA)  

Note the CAPITALIZATION of the letters

#1: Apo B > LDL for MI risk

Purpose: To determine if the number of apoB-containing lipoproteins provides better 
MI risk assessment than traditional concentrations of cholesterol and triglycerides

Association of Apolipoprotein B–Containing Lipoproteins and Risk of Myocardial Infarction in 
Individuals With and Without Atherosclerosis Distinguishing Between Particle Concentration, 

Type, and Content.  JAMA Cardiol. Published online November 13, 2021. 

#1: Apo B > LDL for MI risk

Purpose: To determine if the number of apoB-containing lipoproteins provides better 
MI risk assessment than traditional concentrations of cholesterol and triglycerides

Baseline Measures

LDL NonHDL TG ApoB

Primary 

Prevention

142 168 127 105

Secondary 

Prevention

61 86 115 68

Association of Apolipoprotein B–Containing Lipoproteins and Risk of Myocardial Infarction in 
Individuals With and Without Atherosclerosis Distinguishing Between Particle Concentration, 

Type, and Content.  JAMA Cardiol. Published online November 13, 2021. 

11 year follow up
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#1: Apo B > LDL for MI risk

For every 1 SD ↑ in these parameters, MI risk ↑ 16 – 38%

For every 1 SD ↑ in ApoB, MI risk ↑ 27%; No ↑ risk with non-HDL-C or TG

Association of Apolipoprotein B–Containing Lipoproteins and Risk of Myocardial Infarction in 
Individuals With and Without Atherosclerosis Distinguishing Between Particle Concentration, 

Type, and Content.  JAMA Cardiol. Published online November 13, 2021. 

11 year follow up

#1: Apo B > LDL for MI risk

Association of Apolipoprotein B–Containing Lipoproteins and Risk of Myocardial Infarction in 
Individuals With and Without Atherosclerosis Distinguishing Between Particle Concentration, 

Type, and Content.  JAMA Cardiol. Published online November 13, 2021. 

Conclusion: Risk of MI was best captured by the number of apoB-containing 
lipoproteins, independent from lipid content 

#2: ApoB and residual risk

Purpose: To determine if ↑ apoB and/or non-HDL cholesterol are superior to ↑ LDL 
cholesterol in identifying statin-treated patients at residual risk of all-cause mortality 

and myocardial infarction.

Patients: 13,015 statin treated patients

Design & Primary Outcome: Association of apoB, non-HDL and LDL cholesterol with 
all-cause mortality or MI after 8 years of follow up

Apolipoprotein B and Non-HDL Cholesterol Better Reflect Residual Risk Than LDL 
Cholesterol in Statin-Treated Patients. J Am Coll Card 2021;77:1439-1450

#2: ApoB and residual risk

Purpose: To determine if ↑ apoB and/or non-HDL cholesterol are superior to ↑ LDL 
cholesterol in identifying statin-treated patients at residual risk of all-cause mortality 

and myocardial infarction.

Categories are less than or more than median levels

With LDL > median and apoB < median HR = 0.86

With LDL < or > median and apoB > median HR = 1.10 – 1.21

Apolipoprotein B and Non-HDL Cholesterol Better Reflect Residual Risk Than LDL 
Cholesterol in Statin-Treated Patients. J Am Coll Card 2021;77:1439-1450

#2: ApoB and residual risk

Apolipoprotein B and Non-HDL Cholesterol Better Reflect Residual Risk Than LDL 
Cholesterol in Statin-Treated Patients. J Am Coll Card 2021;77:1439-1450

Increased LDL | 

Decreased Non-HDL/ApoB

Decreased LDL | 

Increased Non-HDL/ ApoB

Decreased LDL | 

Increased Non-HDL
Increased  ApoB

#2: ApoB and residual risk

Conclusions: In statin-treated patients, elevated apoB and non-HDL 

cholesterol, but not LDL cholesterol, are associated with residual risk of all-

cause mortality and myocardial infarction. 

Apolipoprotein B and Non-HDL Cholesterol Better Reflect Residual Risk Than LDL 
Cholesterol in Statin-Treated Patients. J Am Coll Card 2021;77:1439-1450
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• Cohort Study 1

• 346 686 patients | No ASCVD | Not on statins | ~ 9 year follow up

• Fatal or nonfatal CV event occurred in 6216

• Cohort Study 2

• 68,649 participants taking a statin with or without baseline CVD
• Fatal or nonfatal CV event occurred in 3515

Comparison of Conventional Lipoprotein Tests and Apolipoproteins in the 
Prediction of Cardiovascular Disease. Circulation. 2019 Aug 13;140(7):542-552.

#3: ApoB = total cholesterol and HDL-C

“Measurement of total cholesterol and HDL-C in the nonfasted state is 

sufficient to capture the lipid-associated risk in CVD prediction, with no 

meaningful improvement from addition of apolipoproteins, direct or 

calculated LDL-C.”

Does adding Apolipoproteins [Apo] A1 and B) to traditional lipid measurements 

improve CV disease risk assessment?

Lipoproteins and Apolipoproteins

European Guidelines

• “… lowering LDL particles and other ApoB-containing lipoproteins as 

much as possible reduces CV events.”

• “ApoB analysis is recommended for risk assessment, particularly in 

people with high TG, DM, obesity or metabolic syndrome, or very low 

LDL-C.” 

• “It can be used as an alternative to LDL-C, if available, as the primary 

measurement for screening, diagnosis, and management, and may be 

preferred over non-HDL-C in people with high TG, DM, obesity, or very 

low LDL-C.”

European Heart Journal (2020) 41, 111-188

Lipoproteins and Apolipoproteins

American Guidelines

• The ACC AHA 2018 guideline states that an indication for measuring 

apoB is in a person with triglycerides ≥200 mg/dL. In this context, an 
apoB level ≥130 mg/dL corresponds to an LDL-C ≥160 mg/dL and 

constitutes a risk-enhancing factor. 

Circulation 2019;139:e1082

Lipoproteins and Apolipoproteins

So, lipoproteins (like their name implies) are macromolecules of 

protein and lipids that facilitates transport

Apolipoproteins are lettered (A, B, C, D, E, H , e.g., ApoB, ApoA)  

Note the CAPITALIZATION of the letters

Lipoprotein(a) {or Lp(a)} is an LDL like particle that contains ApoB 
& apolioprotein(a)   

Note the letter a here is small

You may have heard about Lp “little a” 

Lipoproteins and Apolipoproteins

Lp(a) is a modified form of LDL

Ginsberg HN , et al. Arch Med Res 2005;36:232Non-HDL-C = total cholesterol minus HDL-C = atherogenic cholesterol https://www.amgen.com/stories/2019/02/10-things-to-know-about-lipoproteina
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• Epidemiological, genome-wide association, and Mendelian randomization 

data provide clear support for a causal role for elevated Lp(a) in the 

development of atherosclerotic cardiovascular disease (ASCVD). 

(Arterioscler Thromb Vasc Biol. 2022;42:e48–e60)

• 70 – 90% of Lp(a) is genetically determined

Lp(a)

Design: RCT 286 patients with ASCVD AND lipoprotein (a) levels of 204 –

246 mg/dL and on lipid lowering therapy 

Intervention: Placebo vs hepatocyte-directed antisense oligonucleotide 

AKCEA-APO(a)-LRx followed for 6-12 month

Outcome: Mean % decrease in Apo(a) was dose dependent, range: 35 –

80% vs 6% with placebo

• No difference in major ADE

• No clinical outcomes measured

Lipoprotein(a) Reduction in Persons with Cardiovascular Disease. N Engl J Med 2020; 382:244-255

Lowering Lp(a) | Abstract #4

APO(a)-LRx reduced lipoprotein(a) levels in a dose-dependent manner in 

patients who had elevated lipoprotein(a) levels and established cardiovascular 

disease. Clinical outcomes uncertain

Lipoproteins and Apolipoproteins

American Guidelines

• The ACC AHA 2018 guideline states that “…if a decision is made to 

measure Lp(a), an Lp(a) ≥50 mg/dL or ≥125 nmol/L, Lp(a) may be 
considered a risk-enhancing factor”

Circulation 2019;139:e1082

FG1

ACC AHA Risk Enhancing Factors

Circulation. 2019;140:e563–e595

In patients with intermediate ASCVD risk (7.5 – 19.9%) use risk enhancing 

factors to guide decisions about statin therapy

Lp(a) & apoB “if measured” 

and if elevated are risk 

enhancing factors 

CAC Scoring & De-Risking Patients

MESA Study

Budoff MJ et al. Ten-year association of coronary artery calcium with 

atherosclerotic cardiovascular disease (ASCVD) events: the multi-ethnic study of 

atherosclerosis (MESA). Eur Heart J. 2018 Jul 1;39(25):2401-2408.

All patients (n = 6,814) had a means calculated 10-year 

Framingham risk of an ASCVD event of ~ 14% | 11.1 years of 

follow up

N CAC Score ASCVD Events (%)

3400 0 3.2%

1787 0-100 7.9%

755 100-300 13.3%

841 >300 17.4%

ASCVD event = stroke, cardiovascular death or non-fatal MI

MESA Risk Score  

The MESA risk score combines the traditional features in the 10-

year cohort equation with coronary artery calcium scores.

As an example, a 64-year-old Caucasian male has a total 

cholesterol of 220, HDL 40 and a systolic BP of 136 (no smoking, 

HTN or DM) has a calculated 10 year CV risk of 8.5%

• If his CAC score is 0, his calculated 10-year risk becomes 

3.0%

• If his CAC score is 100, his calculated 10-year risk 

becomes 10.3%

• If his CAC score is 300, his calculated 10-year risk 

becomes 13.7%
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#5. CAC Scoring & Risk-Enhancing Factors

JAMA Cardiol 2021 Oct 1;6(10):1161-1170.
RENF = Risk enhancing factors JAMA Cardiol 2021 Oct 1;6(10):1161-1170.Advanced = hsCRP, Lp(a), apoB, low ABI

CAC Scores 

All < 7.5 events per 

1000 person years

#5. CAC Scoring & Risk-Enhancing Factors

RENF = Risk enhancing factors

Conclusion:

Among participants with CAC scores of 0, the presence of risk-

enhancing factors was generally not associated with an overall 

ASCVD risk that was higher than the recommended treatment 

threshold for the initiation of statin therapy.

REF = Risk enhancing factors
JAMA Cardiol 2021 Oct 1;6(10):1161-1170.

#5. CAC Scoring & Risk-Enhancing Factors

Statin Intolerance

#6 ADE from Statins Use = Low

Objective: Assess the assoc between statins & ADE in primary prevention

Design: Systematic review & meta-analysis of 62 trials (120,456 participants) 

of statins vs non-statin controls for common ADE. Secondary outcomes = 

MACES

(MACES = Major Adverse Cardiovascular Events)

ADE absolute difference per 

10,000 = 0 to 15  
MACE absolute difference per 

10,000 =  8 to 19   
. BMJ 2021 Jul 14;374:n1537. doi: 10.1136/bmj.n1537. (MACES = Major Adverse Cardiovascular Events)

Conclusion: “…the risk of adverse events attributable to statins was low and 

did not outweigh their efficacy in preventing cardiovascular disease…”

#6 ADE from Statins Use = Low

Associations between statins and adverse events in primary prevention of 
cardiovascular disease: systematic review with pairwise, network, and dose-

response meta-analyses. BMJ 2021 Jul 14;374:n1537. doi: 10.1136/bmj.n1537.
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Nocebo effect 

(MACES = Major Adverse Cardiovascular Events)

“A situation in which a patient develops side effects or symptoms that can 

occur with a drug or other therapy just because the patient believes they may 

occur.”

National Cancer Institute | Accessed June 16 2022

Nocebo effect is the opposite of placebo effect

#7 ADE Sx from statins = Sx from placebo

Objective: Assess daily sx scores on statin, placebo & no meds 

Design: 60 patients who stopped statins; all received 12 1-mo medication 

bottles (4 mo with atorvastatin 20 mg, 4 mo with matching placebo, 4 mo with a 

bottle with no pills). Daily symptom scores (0 – 100) measured with an app

Results:

• 49 patients completed the study

• Daily sx scores = 8 (no pills) vs 16.3 (statin months) vs 15.4 (Placebo 

months)
• Rate of stopping the statin = the rate of stopping the placebo 

• Sx relief was the same with stopping the statin & placebo

• 50% of participants resumed statins after the trial

Conclusion: The majority of symptoms caused by statin tablets were nocebo. 

Clinicians should not interpret symptom intensity or timing of symptom onset 

or offset (on starting or stopping statin tablets) as indicating pharmacological 

causation, because the pattern is identical for placebo. .”

Not statistically 

different

Side Effect Patterns in a Crossover Trial of Statin, Placebo, and No 

Treatment. J Am Coll Cardiol. 2021 Sep, 78 (12) 1210–1222

#8. Statin Tolerability | N-of-1 Trial

Objective: Assess if a N-of-1 trial would lead to a greater uptake of statin

Design: 93 patients (73 intervention, 20 control) who had stopped or declined 

statins

• Gp 1) Patients “advised to take a statin”

• Gp 2) Every 4 weeks alternated between statin and no statin (unblinded)
• Gp 3) Patients took randomly assorted placebo or statin (blinded)

All patients recorded symptoms for 6 months

Results:

• ADE occurred at similar rates on an off statins

• 20% in the control group restarted statins vs 45% of patients in the N-of-1 

trials (no difference between blinded and unblinded arms)

Conclusion: “… n-of-1 trials increases medication uptake compared with 

usual care. Alternating on-off medication in unblinded n-of-1 experiments 

appears as effective as a blinded experiment.”

Unblinded and Blinded N-of-1 Trials Versus Usual Care: A Randomized Controlled 

Trial to Increase Statin Uptake in Primary Care. Circulation: Cardiovascular Quality 

and Outcomes. 2022;0:10.1161/CIRCOUTCOMES.120.007793

#9. Muscle Sx with statins = placebo

Objective: Assess effect of statins on muscle symptoms 

Design: Blinded trial of 151 patients who previously reported muscle sx when 

taking statins, randomized to 2 months of 20-mg atorvastatin vs placebo. 

Muscle sx rated 0 – 10 at the end of each treatment period

Results:

• No difference between the groups in muscle sx scores

• Withdrawals due to muscle sx 9% during statin Rx vs 7% during placebo Rx

• 66% re-started statins

Conclusion: No overall effect of atorvastatin 20 mg on muscle symptoms 

compared with placebo was found in participants who had previously reported 

severe muscle symptoms when taking statins. 

Statin treatment and muscle symptoms: series of randomised, placebo-

controlled n-of-1 trials. BMJ 2021;372:n135.

• Risk:
• Statin-induced serious muscle injury is <0.1%

• Serious hepatotoxicity is ≈ 0.001%

• Newly diagnosed DM ~ 0.2%/yr

• In patients with CVD 

• Statins possibly increase the risk of hemorrhagic stroke

• But produce a greater reduction in the risk of atherothrombotic stroke and thus 

total stroke, as well as other cardiovascular events. 

• No convincing evidence for a causal relationship between statins and:
• Cancer

• Cataracts

• Cognitive dysfunction

• Peripheral neuropathy

• Erectile dysfunction

• Tendonitis

Medication Statin Safety and Associated Adverse Events: A Scientific Statement 
From the American Heart Association. Arterioscler Thromb Vasc Biol. 2019 Feb;39(2):e38-e81

#10 Statin Safety | AHA Scientific Statement

Conclusion: Overall, in patients for whom statin treatment is recommended by 

current guidelines, the benefits greatly outweigh the risks.

#11 National Lipid Assoc Statement on Statin Intolerance

 Statin intolerance is reported in 5% - 30% of patients

 Retrial to confirm sx after a washout period

 For patients with suspected statin intolerance, clinicians should 
attempt multiple strategies to identify a tolerable statin regimen 
(e.g., lower dose, switching statins, non-daily dosing), because 
complete statin intolerance is uncommon (<5% of patients).

NLA scientific statement on statin intolerance: a new definition and key considerations for 
ASCVD risk reduction in the statin intolerant patient. J Clin Lipid 2022;13:41
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Modifiable factors associated with statin intolerance

Hypothyroidism

Other meds (protease inhibitors, amiodarone, calcium channel blockers, some antifungals)

Alcohol use

Strenuous exercise

Vitamin D Deficiency 

Obesity

DM

NLA scientific statement on statin intolerance: a new definition and key considerations for 
ASCVD risk reduction in the statin intolerant patient. J Clin Lipid 2022;13:41

#11 National Lipid Assoc Statement on Statin Intolerance

 For patients with statin intolerance, it is reasonable to consider 
the nocebo effect as a possible cause; however, this does not 
make such symptoms less clinically 

 ASCVD risk related to elevated atherogenic lipoproteins should 
be addressed.

 Non-statin therapy may be required for patients who cannot 
reach therapeutic objectives with lifestyle and maximal 
tolerated statin therapy. 

NLA scientific statement on statin intolerance: a new definition and key considerations for 
ASCVD risk reduction in the statin intolerant patient. J Clin Lipid 2022;13:41

#11 National Lipid Assoc Statement on Statin Intolerance

The main modalities available in the US for lowering atherogenic 
lipoprotein concentration include:

– Lifestyle therapies

– Statins

– Ezetimibe (cholesterol absorption inhibitor)

– PCSK9 inhibitors (monoclonal antibody and small interfering RNA 
[siRNA])

– Bile acid sequestrants

– Bempedoic acid (ATP citrate lyase inhibitor)

– Fibrates

– Icosapent ethyl

NLA scientific statement on statin intolerance: a new definition and key considerations for 
ASCVD risk reduction in the statin intolerant patient. J Clin Lipid 2022;13:41

#11 National Lipid Assoc Statement on Statin Intolerance

 Measuring Apo B has many practical & theoretical benefits in ASCVD risk 

assessment

 As far as I can tell, no RCTs targeting Apo B have been completed

 As of now, I agree with the ACC AHA that measuring Apo B might be useful 

in those in whom 1) are at intermediate risk of ASCVD and 2) cannot get CAC 
scoring

 CAC scoring can be used to de-risk patients who otherwise might be 

candidates for lifelong statin Rx | although this still remains a bit of an open 

question

 Studies have demonstrated that the frequency of symptoms reported from 

statin use are similar to symptoms reported from placebo use 

 Up to ~ 50% of patients who participate in N-of-1 (open label) trials resume 

statins

 Several strategies can be employed to improve adherence, if these fail, non-

stain therapies are available to decrease CV risk

Bottom Lines

80-year-old retired physician with known coronary artery disease 
(s/p MI) with an ejection fraction of 30% presents for a routine 
follow up examination. He is without symptoms. 

 Current medications include:

– Atorvastatin 80 daily 

– Allopurinol 200

– Aspirin 81

– Carvedilol 25 bid

– Farxiga 10 

– Furosemide 40 

– Ramipril 5 

 Recent lipid profile

– Total Chol 163 

– TG 137 

– HDL 47

– LDL 89
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 Recent lipid profile

 Total Chol 163 

 TG 137 

 HDL 47

 LDL 89

 Chol HDL ratio 3.5 (men < 5.1 women < 4.5)

 Non HDL = 163 - 47 = 116

 Recent lipid profile

– Total Chol 163 

– TG 137 

– HDL 47

– LDL 89
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