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Atheroma Formation



Background



Outcomes Data for Secondary 
Prevention with Statins

NEJM 2005; 352:1425-35



Lipoprotein Structure



Particle Sizes Drive Atherogenicity of 
Lipoproteins



Lipoprotein Metabolism



Trends in Biochemical Sciences 2008; 33:426-34





Before Initiation, Reversible Causes of 
Elevated Lipids

Secondary Cause Elevated LDL–C Elevated Triglycerides
Diet Saturated or trans fats, weight 

gain, anorexia
Weight gain, very low-fat diets, 
high intake of refined 
carbohydrates, excessive 
alcohol intake

Drugs Diuretics, cyclosporine, 
glucocorticoids, amiodarone

Oral estrogens, glucocorticoids, 
bile acid sequestrants, protease 
inhibitors, retinoic acid, 
anabolic steroids, sirolimus, 
raloxifene, tamoxifen, beta 
blockers (not carvedilol), 
thiazides

Diseases Biliary obstruction, nephrotic 
syndrome 

Nephrotic syndrome, chronic 
renal failure, lipodystrophies

Disorders and altered states of 
metabolism

Hypothyroidism, obesity, 
pregnancy*

Diabetes (poorly controlled), 
hypothyroidism, obesity; 
pregnancy*
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Top 10 Take Home Messages

1. In all individuals, emphasize a heart-healthy 
lifestyle across the life course. 

A healthy lifestyle reduces atherosclerotic cardiovascular 
disease (ASCVD) risk at all ages. In younger individuals, healthy 
lifestyle can reduce development of risk factors and is the 
foundation of ASCVD risk reduction. 

In young adults 20 to 39 years of age, an assessment of lifetime 
risk facilitates the clinician–patient risk discussion (see No. 6) 
and emphasizes intensive lifestyle efforts. In all age groups, 
lifestyle therapy is the primary intervention for metabolic 
syndrome.



2. In patients with clinical ASCVD, reduce low-
density lipoprotein cholesterol (LDL-C) with 
high-intensity statin therapy or maximally 
tolerated statin therapy. 

The more LDL-C is reduced on statin therapy, the greater 
will be subsequent risk reduction.  

Use a maximally tolerated statin to lower LDL-C levels by 
≥50%. 

Top 10 Take Home Messages



3. In very high-risk ASCVD, use a LDL-C threshold of 70 
mg/dL (1.8 mmol/L) to consider addition of nonstatins
to statin therapy.

•      Very high-risk includes a history of multiple major ASCVD events or 1 
major ASCVD event and multiple high-risk conditions.

•      In very high-risk ASCVD patients, it is reasonable to add ezetimibe to 
maximally tolerated statin therapy when the LDL-C level remains ≥70 
mg/dL (≥1.8 mmol/L). 

•     In patients at very high risk whose LDL-C level remains ≥70 mg/dL (≥1.8 
mmol/L) on maximally tolerated statin and ezetimibe therapy, adding 
a PCSK9 inhibitor is reasonable,  
although the long-term safety (>3 years) is uncertain and cost-
effectiveness is low at mid-2018 list prices.

Top 10 Take Home Messages



4. In patients with severe primary hypercholesterolemia 
(LDL-C level ≥ 190 mg/dL[≥4.9 mmol/L]) without 
calculating 10-year ASCVD risk,  begin high-intensity 
statin therapy without calculating 10-year ASCVD 
risk. 
•If the LDL-C level remains ≥100 mg/dL (≥2.6 mmol/L), 
adding ezetimibe is reasonable

• If the LDL-C level on statin plus ezetimibe remains ≥100 mg/dL
(≥2.6 mmol/L) &  the patient has multiple factors that increase 
subsequent risk of ASCVD events,  a PCSK9 inhibitor may be 
considered,
although the long-term safety (>3 years) is uncertain and economic value   
is low at mid-2018 list prices.

Top 10 Take Home Messages



5. In patients 40 to 75 years of age with diabetes 
mellitus and LDL-C ≥70 mg/dL (≥1.8 mmol/L), 
start moderate-intensity statin therapy 
without calculating 10-year ASCVD risk.

In patients with diabetes mellitus at higher risk, 
especially those with multiple risk factors or 
those 50 to 75 years of age, it is reasonable to 
use a high-intensity statin to reduce the LDL-C 
level by ≥50%. 

Top 10 Take Home Messages



6. In adults 40 to 75 years of age evaluated for primary 
ASCVD prevention, have a clinician–patient risk 
discussion before starting statin therapy. 

Risk discussion should include a review of major risk 
factors   (e.g., cigarette smoking, elevated blood pressure,  (LDL-C),   
hemoglobin A1C  [if indicated], and calculated 10-year risk of ASCVD); 

•  the presence of risk-enhancing factors (see No. 8); 
•  the potential benefits of lifestyle and statin therapies;  
•  the potential for adverse effects and drug–drug interactions; 
•  the consideration of costs of statin therapy; and 
•  the patient preferences & values in shared decision-making. 

Top 10 Take Home Messages



7. In adults 40 to 75 years of age without diabetes 
mellitus and with LDL-C levels ≥70 mg/dL (≥1.8 
mmol/L), at a 10-year ASCVD risk of ≥7.5%, start a 
moderate-intensity statin if a discussion of treatment 
options favors statin therapy. 

Risk-enhancing factors favor statin therapy (see No. 8).

If risk status is uncertain, consider using coronary artery 
calcium (CAC) to improve specificity (see No. 9). If 
statins are indicated, reduce LDL-C levels by ≥30%, and 
if 10-year risk is ≥20%, reduce LDL-C levels by ≥50%. 
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8. In adults 40 to 75 years of age without diabetes mellitus and 
10-year risk of 7.5% to 19.9% (intermediate risk), risk-
enhancing factors favor initiation of statin therapy (see No. 7).

Risk-enhancing factors include 

• family history of premature ASCVD; 
• persistently elevated LDL-C levels ≥160 mg/dL (≥4.1 mmol/L); 
• metabolic syndrome; 
• chronic kidney disease; 

• history of preeclampsia or premature menopause (age <40 yrs) 
• chronic inflammatory disorders (e.g., rheumatoid arthritis, psoriasis,    

or  chronic HIV);
•  high-risk ethnic groups (e.g., South Asian); 
•  persistent elevations of triglycerides ≥  175 mg/dL (≥1.97 

mmol/L); 

Top 10 Take Home Messages



8. In adults 40 to 75 years of age without diabetes mellitus 
and 10-year risk of 7.5% to 19.9% (intermediate risk), risk-
enhancing factors favor initiation of statin therapy (see No. 7).

Risk-enhancing factors include 

and, if measured in selected individuals
• apolipoprotein B ≥130 mg/dL
• high-sensitivity C-reactive protein ≥2.0 mg/L
• ankle-brachial index <0.9 and l
• lipoprotein (a) ≥50 mg/dL or 125 nmol/L,  especially at  higher    
values of  lipoprotein (a). 

Risk-enhancing factors may favor statin therapy in patients at 10-year 
risk of 5-7.5% (borderline risk)

Top 10 Take Home Messages



Top 10  
9. In adults 40 to 75 years of age without diabetes 

mellitus and with LDL-C levels ≥70 mg/dL- 189 
mg/dL (≥1.8-4.9 mmol/L), at a 10-year ASCVD risk of 
≥7.5% to 19.9%, if a decision about statin therapy is 
uncertain, consider measuring CAC.

• If CAC is zero, treatment with statin therapy may be withheld or 
delayed, except in cigarette smokers, those with diabetes mellitus, 
and those with a strong family history of premature ASCVD. 
• A CAC score of 1 to 99 favors statin therapy, especially in those ≥55 
years of age. 
• For any patient, if the CAC score is ≥100 Agatston units or ≥75th 
percentile,   statin therapy is indicated unless otherwise deferred by 
the outcome of clinician–patient risk discussion. 



10. Assess adherence and percentage response to LDL-C–
lowering medications and lifestyle changes with 
repeat lipid measurement 4 to 12 weeks after statin 
initiation or dose adjustment, repeated every 3 to 12 
months as needed. 

• Define responses to lifestyle and statin therapy by 
percentage reductions in LDL-C levels compared with 
baseline. 
• In ASCVD patients at very high-risk, triggers for adding 
nonstatin drug therapy are defined by threshold LDL-C 
levels ≥70 mg/dL (≥1.8 mmol/L) on maximal statin 
therapy (see No. 3).

Top 10 Take Home Messages
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Secondary Prevention



Step 1: Very High-Risk of Future 
ASCVD

Major ASCVD Events (Very High Risk)
Recent ACS (within the past 12 mo)
History of MI (other than recent ACS event listed above)
History of ischemic stroke
Symptomatic peripheral arterial disease (history of 
claudication with ABI <0.85, or previous revascularization or 
amputation)



Step 2: For Very High-Risk of Future 
ASCVD – Consider Add on Therapy

• If on maximal statin and LDL > 70 mg/dL
– Threshold, not target
– Add ezetimibe (IIa)
– PCSK-9 inhibitor is reasonable (IIa)

• Praluent (alirocumab)
• Repatha (evolocumab)
• Cost effectiveness is a question 



Figure 3. Cost-Effectiveness Analysis for PCSK9 Inhibitors 



Step 1: High-Risk of Future ASCVD
High-Risk Conditions
Age ≥65 y
Heterozygous familial hypercholesterolemia
History of prior coronary artery bypass surgery or percutaneous coronary 
intervention outside of the major ASCVD event(s)
Diabetes mellitus
Hypertension
CKD (eGFR 15-59 mL/min/1.73 m2)
Current smoking

Persistently elevated LDL-C (LDL-C ≥100 mg/dL [≥2.6 mmol/L]) despite 
maximally tolerated statin therapy and ezetimibe
History of congestive HF



Step 2: For Secondary Prevention in 
ASCVD Not at Very High-Risk

• If Age < 75
– Give high dose statin as tolerated
– If high dose statin is not tolerated, use moderate 

dose
– Can consider ezetimibe if LDL > 70 mg/dL

• If Age > 75
– Start with either moderate- or high-intensity statin
– Continue high-intensity statin if already on one
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Primary Prevention

• Step 1: High risk groups get a statin
• Step 2: Adults age 40-75 use the risk calculator
• Step 3: Consider risk enhancers to inform 

decision as to initiate statin therapy



Primary Prevention: 

• High Risk Groups = statin therapy
– LDL > 190 mg/dL -> high intensity statin
– Diabetes mellitus and age 40-75 -> intermediate 

dose statin or high dose if other ASCVD risk factors 
(risk enhancers)

– Age > 75 -> clinical assessment, risk discussion



Primary Prevention

• Risk stratification with ASCVD Risk Calculator
– < 5% -> lifestyle modification
– 5-7.5% -> use risk enhancers
– 7.5-20% -> see next slide
– > 20% -> start statin



Primary Prevention

• 7.5-20% -> see next slide
– if risk enhancers, if present, start statin
– Check coronary calcium score 

• If 0.0 then lifestyle modification
• If 1-99, favor statin
• If > 99, start statin



Risk Enhancers: Other Clinical Factors

Risk-Enhancing Factors

• Family history of premature ASCVD (males, age <55 y; females, age <65 y)
• Primary hypercholesterolemia (LDL-C, 160–189 mg/dL [4.1–4.8 mmol/L); non–HDL-

C 190–219 mg/dL [4.9–5.6 mmol/L])*
• Metabolic syndrome (increased waist circumference, elevated triglycerides [>175 

mg/dL], elevated blood pressure, elevated glucose, and low HDL-C [<40 mg/dL in 
men; <50 in women mg/dL] are factors; tally of 3 makes the diagnosis)

• Chronic kidney disease (eGFR 15–59 mL/min/1.73 m2 with or without albuminuria; 
not treated with dialysis or kidney transplantation)

• Chronic inflammatory conditions such as psoriasis, RA, or HIV/AIDS
• History of premature menopause (before age 40 y) and history of pregnancy-

associated conditions that increase later ASCVD risk such as preeclampsia
• High-risk race/ethnicities (e.g., South Asian ancestry)



Risk Enhancers: Lipid Biomarkers
Risk-Enhancing Factors

• Lipid/biomarkers: Associated with increased ASCVD risk
o Persistently* elevated, primary hypertriglyceridemia (≥175 mg/dL);
o If measured:

 Elevated high-sensitivity C-reactive protein (≥2.0 mg/L)
 Elevated Lp(a): A relative indication for its measurement is family 

history of premature ASCVD. An Lp(a) ≥50 mg/dL or ≥125 nmol/L 
constitutes a risk-enhancing factor especially at higher levels of Lp(a).

 Elevated apoB ≥130 mg/dL: A relative indication for its measurement 
would be triglyceride ≥200 mg/dL. A level ≥130 mg/dL corresponds to 
an LDL-C >160 mg/dL and constitutes a risk-enhancing factor

 ABI <0.9
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Statin Safety and Statin-Associated 
Side Effects

2018 Cholesterol Guideline



Statin Safety and Statin-Associated Side 
Effects

Recommendations for Statin Safety and Statin-Associated Side Effects
COR LOE Recommendations

III: No 
Benefit

B-R
Coenzyme Q10 is not recommended for routine use in 
patients treated with statins or for the treatment of SAMS.

III: No 
Benefit

C-LD
In patients treated with statins, routine measurements of 
creatine kinase and transaminase levels are not useful.

Recommendations for Adults With CKD
COR LOE Recommendations

III: No 
Benefit

B-R
In adults with advanced kidney disease who require dialysis 
treatment, initiation of a statin is not recommended.



Table 11. Statin-Associated Side Effects 
Statin-Associated Side Effects Frequency Predisposing Factors Quality of Evidence

Statin-associated muscle symptoms (SAMS)
Myalgias (CK Normal) Infrequent (1% to 5%) in RCTs; 

frequent (5% to 10%) in 
observational studies and clinical 
setting

Age, female sex, low body mass 
index, high-risk medications 
(CYP3A4 inhibitors, OATP1B1 
inhibitors), comorbidities (HIV, 
renal, liver, thyroid, preexisting 
myopathy), Asian ancestry, 
excess alcohol, high levels of 
physical activity, and trauma

RCTs
cohorts/observational

Myositis/myopathy
(CK > ULN) with 
concerning symptoms or 
objective weakness

Rare RCTs
cohorts/observational

Rhabdomyolysis
(CK >10× ULN + renal 
injury)

Rare RCTs
cohorts/observational

Statin-associated 
autoimmune myopathy 
(HMGCR antibodies, 
incomplete resolution)

Rare Case reports

New-onset diabetes 
mellitus 

Depends on population; more 
frequent if diabetes mellitus risk 
factors are present, such as body 
mass index ≥30, fasting blood sugar 
≥100 mg/dL; metabolic syndrome, 
or A1c ≥6%.

Diabetes mellitus risk 
factors/metabolic syndrome
High-intensity statin therapy

RCTs/meta-analyses



Table 11. Statin-Associated Side Effects 

Statin-Associated Side 
Effects Frequency Predisposing Factors Quality of Evidence
Liver
Transaminase elevation 
3× ULN Infrequent RCTs/ 

cohorts/observational
Case reports

Hepatic failure Rare
Central nervous system
Memory/cognition Rare/unclear Case reports; no 

increase in 
memory/cognition 
problems in 3 large-scale 
RCTs

Cancer No definite association RCTs/meta-analyses



Table 11. Statin-Associated Side Effects 

Statin-Associated 
Side Effects Frequency

Predisposing 
Factors Quality of Evidence

Other
Renal function Unclear/unfounded
Cataracts Unclear
Tendon rupture Unclear/unfounded
Hemorrhagic stroke Unclear
Interstitial lung 
disease

Unclear/unfounded

Low testosterone Unclear/unfounded



7.5 % 10-Year risk ASCVD: NNT > NNH
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Harm and Benefit of Statins in Primary 
Prevention

• Number needed to treat (NNT)
– 35% relative risk reduction with moderate-intensity statin 

(NNT = 38-44)
– 45% relative risk reduction with a high-intensity statin 

(NNT = 30)
• Number needed to harm (NNH)

– Driven mostly by development of diabetes
– ~1/10,000 risk of myopathy
– NNH = 100 for moderate-intensity statin
– NNH = 33 for high-intensity statin

• Secondary prevention: 20% reduction in ASCVD events 
for every 39 mg/dL reduction in LDL



Statins by Intensity
High-Intensity Statin 

Therapy
Moderate-Intensity 

Statin Therapy
Low-Intensity Statin 

Therapy
Daily dose lowers LDL–
C by approximately 
≥50%

Daily dose lowers LDL–
C by approximately 30% 
to <50%

Daily dose lowers LDL–
C by <30%

Atorvastatin (40†)–80 
mg 
Rosuvastatin 20 (40) 
mg

Atorvastatin 10 (20) mg
Rosuvastatin (5) 10 mg
Simvastatin 20–40 mg‡
Pravastatin 40 (80) mg
Lovastatin 40 mg
Fluvastatin XL 80 mg
Fluvastatin 40 mg bid
Pitavastatin 2–4 mg

Simvastatin 10 mg
Pravastatin 10–20 mg
Lovastatin 20 mg
Fluvastatin 20–40 mg
Pitavastatin 1 mg
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• Other therapies
– Ezetimibe
– Omega 3 Fatty acids
– Niacin
– Fibrates
– CETP Inhibitors
– PCSK-9 inhibitors



Cannon CP et al. N Engl J Med 2015;372:2387-2397.

Mortalty Reduction by LDL Level Across Statin 
Trials + Improve-IT



Cannon CP et al. N Engl J Med 2015;372:2387-2397.

Outcome Data for Improve-IT



Consider Zetia (ezetimibe)

• If LDL above target and at increased risk

Recommendations for Statin Therapy Use in Patients With ASCVD
COR LOE Recommendations

I B-NR

In patients with clinical ASCVD who are judged to be very
high risk and considered for PCSK9 inhibitor therapy,
maximally tolerated LDL-C lowering therapy should include
maximally tolerated statin therapy and ezetimibe.
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The JELIS Trial
• In Japanese men aged 40 to 75 years and postmenopausal 

women ≤75 years with and without CHD and LDL–C ≥170 
mg/dL, EPA 1,800 mg added to statin therapy:
– Did not reduce LDL–C and modestly reduced triglycerides (5%), 

compared with statin therapy alone. 
– Reduced the risk for CHD events (including revascularization and 

unstable angina) by 19%, compared with statin therapy alone. 
– Caused a similar magnitude of risk reduction in primary- and 

secondary-prevention populations, but the study was 
insufficiently powered to evaluate these populations 
separately.

– Increased the risk for gastrointestinal disturbance, skin 
abnormalities, hemorrhage, and abnormal SGOT. 

Am Heart J 2003; 146:613-20



The ASCEND Study Collaborative Group. N Engl J Med 2018;379:1540-1550.

UK ASCEND Study Outcomes (Fish Oil)
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Niacin

• If at first you don’t succeed trial, trial again
• RCT of Niacin

– CDP
– HATS
– AIM-HIGH



The AIM-HIGH Investigators. N Engl J Med 2011;365:2255-2267.

Lipid Values at Baseline and during Follow-up

• Lowered LDL–C 
levels to an 
additional 6%

• Increased HDL–C 
by an additional 
14%

• Reduced 
triglycerides by 
an additional 23%

• Lowered apoB by 
an additional 10%

• Reduced Lp(a) by 
an additional 19% 



The AIM-HIGH Investigators. N Engl J Med 2011;365:2255-2267.

Kaplan–Meier Curve for the Primary End Point.



Niacin Other Trials
• CDP: Clofibrate and niacin in coronary heart disease 

– JAMA 1975;231:360–81 
– Decreased total cholesterol by 10% and triglycerides by 27% 
– Regimens were stopped before trial completion 2/2 adverse 

events (atrial fibrillation, skin flushing, GI side effects, gout and 
transamonitis)

• HATS: Simvastatin and niacin, antioxidant vitamins, or the 
combination for the prevention of coronary disease 
– N Engl J Med 2001;345:1583–92 
– Decreased LDL, Increased HDL
– Improved angiographic atheromas slightly
– Not powered to detect clinical events
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Fibrates – Use with Caution

• Gemfibrozil should not be used with statins 
related to increased risk of rhabdomyolysis

• Fenofibrate should not be used if GFR < 30 
mL/min/1.73m2
– If GFR is 30-59 mL/min/1.73m2 then, do not 

exceed 54 mg/day of fenofibrate
– (Typical dose of Tricor (fenofibrate) is 145 mg PO 

QD, alternative dose is 48 mg PO QD)



FIELD Study
• In adults aged 50 to 75 with diabetes—with total cholesterol <250 

mg/dL, and total cholesterol/HDL ratio ≥4.0 or triglycerides <450 
mg/dL— fenofibrate, compared with placebo: 
– Modestly reduced LDL–C, minimally increased HDL–C, and 

substantially reduced triglycerides. 
– In those without clinical CVD, reduced the risk for CHD/CVD 

events. 
– In those with clinical CVD, did not reduce the risk for CHD/CVD 

events. 
– Was no different than placebo for myositis or rhabdomyolysis, 

CK or ALT elevations, renal disease requiring hemodialysis, or 
cancer. 

– Had higher rates of pancreatitis, pulmonary embolism, and 
increased creatinine levels on average by 0.113 to 0.136 mg/dL



Frick MH et al. N Engl J Med 1987;317:1237-1245.

Percentage Changes in Lipid Values – Helsinki 
Heart Study



Frick MH et al. N Engl J Med 1987;317:1237-1245.

Helsinki Heart Study – Gemfibrozil vs Placebo



Rubins HB et al. N Engl J Med 1999;341:410-418.

VA-HIT: Gemfibrozil vs Placebo
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Cholesteryl Ester Transfer Protein 
(CETP) Inhibitors

• Elevate HDL and lower LDL
• Mediates transfer of cholesterol between HDL 

and atherogenic lipoproteins containing 
apolipoprogein B (e.g. LDL)

• Torcetrapib
– first CETP inhibitor used in clinical trial 
– HDL by > 70%    LDL by > 25%
– Increased mortality 2/2 elevated aldosterone 

levels



More on CETP Inhibitors

• Dalcetrapib
– In dal-OUTCOMES trial didn’t affect apoB, LDL and 

triglycerides much, but  HDL
– No affect on mortality

• Anacetrapib
– Modest improvement in cardiovascular events on top 

of statin in the REVEAL trial 
• Evacetrapib

– No improvement on top of placebo in reducing 
cardiovascular outcomes in the ACCELERATE study



The HPS3/TIMI55–REVEAL Collaborative Group. N Engl J Med 2017;377:1217-1227.

First Major Coronary Event during Follow-up
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• Other therapies
– Ezetimibe
– Omega 3 Fatty acids
– Niacin
– Fibrates
– CETP Inhibitors
– PCSK-9 inhibitors



Sabatine MS et al. N Engl J Med 2017;376:1713-1722.

FOURIER Trial - Repatha (evolocumab)



GG Schwartz et al. N Engl J Med 2018;379:2097-2107.

ODYSSEY OUTCOMES Trial – Praluent (alirocumab)



Questions



PCSK-9 Mechanism
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