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Learning Objectives

• Understand rationale and evidence for screening for 
hyperlipidemia in children

• Describe recommendations for when to screen for 
hyperlipidemia in children

• Recognize the primary indication for statin treatment in children, 
familial hypercholesterolemia (FH), and its basic 
pathophysiology, genetic basis, and natural history 

• Describe the evidence for the effectiveness of statin therapy 
initiated in childhood for familial hypercholesterolemia (FH) 

• Discuss the safety profile of statin therapy in children
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Screening for Lipid Disorders

4

Petersen et al. J Clin 

Med.2021;10:3090.



Screening rates are decreasing 
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Screening for Lipid Disorders
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USPSTF Framework

7Lozano et al. JAMA.2016;316(6):645-666.



Childhood Risk Factors and Adult CVD

• There are 5 major lines of evidence:

1. There is evidence of atherosclerosis in children and young adults

2. This atherosclerosis is related to identifiable risk factors

1. More risk factors result in more atherosclerosis

2. Children and young adults with no risk factors have little/no atherosclerosis 

3. There is also evidence of end-organ damage in children with identifiable CVD risk factors

1. Including children with FH

4. Risk factors track into adulthood

5. Untreated patients with FH have marked increase in CVD early in life & treatment with 

statins in childhood appears to lower risk of adult CVD



1. There is evidence of atherosclerosis in 
children and young adults

• Studies dating back to the 1950s in Korean War 

casualties have demonstrated atherosclerotic 

changes in young adults and children 

• These findings have been repeated in:

• Vietnam War casualties

• Accidental death 

• Bogalusa study

• Pathobiological Determinants of 

Atherosclerosis in Youth (PDAY) study

Enos, W.F. and Beyer, J.C. Coronary Artery 

Disease in Younger Men. JAMA, 1971; 

218(9):1434. 



2. Atherosclerosis is related to identifiable 
risk factors

• Both the Bogalusa and PDAY studies linked CVD risk factors with extent of atherosclerosis



2. Atherosclerosis is related to identifiable 
risk factors

• The Pathobiological 

Determinants of Atherosclerosis 

in Youth (PDAY) study showed 

similar findings, and also 

implicated low HDL, tobacco use, 

and DM as risk factors

• Importantly it also showed that 

increased number of risk factors 

correlated with more significant 

atherosclerotic lesions

• Just as important- those with no 

risk factors had little to no 

atherosclerotic lesions

Full Report of the Expert Panel on Integrated 

Guidelines for Pediatric Cardiovascular Health 

and Risk Reduction, National Heart, Lung, and 

Blood Institute (NHLBI). 2012. 



3. There is also evidence of end-organ 
damage in children with identifiable CVD risk 
factors
• Non-invasive measures of end-organ 

damage have been seen in several 

studies in children/young adults with 

CVD risk factors

• Coronary calcium CT scores

• Increased carotid intima-media 

thickness (cIMT) on ultrasound 

(US)

• Reduced flow-mediated dilation 

(FMD) of brachial artery on US

• Increased left ventricular mass 

(LVM) on echocardiography

Mahoney, L.T. et al. Coronary Risk Factors 

Measured in Childhood and Young Adult Life Are 

Associated With Coronary Artery Calcification in 

Young Adults: The Muscatine Study. JACC. 

27(2):277-284.



3. There is also evidence of end-organ 
damage in children with identifiable CVD risk 
factors

• Study comparing 198 children with 

heterozygous FH to 64 unaffected 

siblings

Kusters et al. J Clin Lipidol. 2013;7:408-413.

• 29 patients age 11-23 years 

underwent calcium coronary CT 

scans

• 7/29 (24%) had significant coronary 

calcium and 19/29 (66%) had some 

coronary calcium



4. Risk factors track into adulthood

• Several studies have shown that childhood risk factors track into adulthood

• Cholesterol tracks modestly

• Obesity tracks very strongly

• BP tracks modestly

• Physical activity levels do not track well

Friedman, L.A. et al. Sensitivity 

and specificity of pediatric lipid 

determinations for adult lipid 

status: findings from the 

Princeton Lipid Research 

Clinics Prevalence Program 

Follow-up Study. Pediatrics. 

2006;188(1):165-172. 



5. FH and CVD Risk
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5. FH and CVD Risk
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Screening and Long Term Outcomes

• There is good evidence that atherosclerosis begins in childhood 
and is associated with risk factors (including elevated 
cholesterol)

• Risk factors are also associated with end organ damage in 
childhood

• Children with very high LDL (i.e. those with FH) have increased 
risk for early CVD

• Early treatment with statins appears to decrease risk of CVE
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History of Screening 
Recommendations
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Screening for Lipid Disorders
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AAP Bright Futures
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Screening for dyslipidemia in obese 
children



Screening for Lipid Disorders
In adults, better 
predictor of CVD 
than LDL. In children 
equal to better 
predictor of adult 
dyslipidemia and 
fatty streaks. 
Measures cholesterol 
content of 
atherogenic apoB 
lipoproteins 
(chylomicrons, VLDL, 
IDL, LDL and 
remnants)

Full Report of the Expert Panel on 

Integrated Guidelines for Pediatric 

Cardiovascular Health and Risk 

Reduction, National Heart, Lung, and 

Blood Institute (NHLBI). 2012. 



Screening for Lipid Disorders

• Changes in lipid levels during childhood

Males Females

Birth- 2 years Initially very low and slowly increase 

2 years - puberty Stable

Puberty
↓ TC and LDL ↓ TC and LDL

↓ HDL No ∆ HDL

Young adult ↑ TC and LDL ↑ TC and LDL



Screening for Lipid Disorders

• Fasting vs Nonfasting lipid panels

Nordestgaard, B.G. A Test in 

Context: Lipid Profile, Fasting 

Versus Nonfasting. 

JACC.2017;70(13):1637-46.



Familial Hypercholesterolemia (FH)
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Types of dyslipidemia

• Primary inherited

• Familial hypercholesterolemia (FH)

• Other rare monogenic dyslipidemias

• Sitosterolemia  

• Familial chylomicronemia syndrome (FCS)

• Multifactorial dyslipidemia

• Polygenic

• Lifestyle

• Co-morbidities 

• Secondary dyslipidemias

• Hypothyroidism

• Nephrotic Syndrome

• Medications

Based on classification proposed by: Civeria et al. J Clin 
Lipidol. 2022;16:813-821.



Familial Hypercholesterolemia (FH)

27Goldstein and Brown. Arterioscler Thromb Vasc Biol.2009;29:431-438



FH

28

Gidding, S.S. et al. The 

Agenda for Familial 

Hypercholesterolemia A 

Scientific Statement From 

the American Heart 

Association. Circulation. 

2015;132:2167-2192.



Prevalence of FH

• Heterozygous FH: 
estimated 1:200-500 

• Homozygous FH: 
estimated 1:160,00-
1,000,000

29

Wiegman et al. Eur Heart J. 

2015;36:2425-2437.



Underdiagnosis of FH 

30

Nordestgaard et al. Eur 

Heart J. 2013;34:3478-3490.



Clinical Presentation

• Heterozygous FH: Asymptomatic in childhood

• Homozygous FH: CV events as early as age 4 years
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Gidding, S.S. et al. The 

Agenda for Familial 

Hypercholesterolemia A 

Scientific Statement From 

the American Heart 

Association. Circulation. 

2015;132:2167-2192.



Diagnosis of FH

• Clinical diagnosis of heterozygous FH= elevated LDL + FMHx

32

LDL level Family History

≥ 160 mg/dL in children 1st degree relative with similar LDL 
cholesterol levels 
OR

≥ 190 mg/dL in adults Premature coronary artery disease [usually 
defined as < 55 years in males; < 65 years in 
females]
OR

Positive genetic testing for LDL raising gene 
defect (LDL-R, apoB, or PCSK9)



Treatment of FH
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Society Guideline (year published) Threshold for initiation  Age to initiate statins Goal

NLHBI Expert Panel on Integrated Guidelines for 
Cardiovascular Health and Risk Reduction 
(2011)

LDL ≥ 190 mg/dL; or as 
low as ≥ 130 mg/dL if 
multiple risk factors

≥ 10 years LDL < 130 mg/dL

International 
FH 
Foundation

Integrated guidance on the care of FH 
(2014)

Dx of FH ≥ 8 years
Consider earlier if risk 
factors

< 155 mg/dL if ≤ 10 
years
< 135 mg/dL if 
> 10 years

AHA Agenda for FH (2015) Dx of FH ≥ 8 years Not identified

AHA/ACC 
multisociety

Guidelines on Management of Blood 
Cholesterol (2018)

LDL ≥ 160 mg/dL + 
clinical presentation of 
FH or LDL ≥ 190 mg/dL

≥ 10 years Not identified 

ESC/EAS Guidelines for the management of 
dyslipidaemias (2019)

Dx of FH Considered at ≥ 6 years
Definitely start at 8 
years

≥ 50% reduction if ≤ 10 
years
< 135 mg/dL if 
> 10 years

IAS Guidance for implementing best practice in 
the care of FH (2023)

Dx of FH ≥ 8 years
Consider at < 8 years if 
LDL persistently ≥ 190 
mg/dL

LDL ≤ 135 mg/dL or 
50% reduction
LDL ≤ 100 mg/dL if risk 
factors 



Article #1
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Cohort
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Mean age at 
baseline= 13 yr
Mean age at f/u= 
31.7 yr

Mean age at 
baseline= 12.9 yr
Mean age at f/u= 
31.6 yr

20 years

All patients and 
sibs underwent 
genetic testing. 
98% of patients 
were positive for 
P variant; all sibs 
were negative 



Demographics and Clinical 
Characteristics 
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Follow-up

• At follow-up patients with FH:
• 79% taking statins 

• Initiated at mean age 14 years (+/- 13.1 years)

• Parents (with FH)
• Based on when statin introduced (1988) earliest could have started 

therapy= mean age 32 years (+/- 3 years; range 20-51 years old))
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Lipid Levels at Follow-up 

39



Benefits of Earlier Treatment 
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Statins



Article #2 
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Treatment for Dyslipidemias

HMG-CoA 
reductase 
inhibitors: 
statins

Bile acid 
sequestrants: 
cholestyramine, 
colestipol, 
colsevelam

Cholesterol absorption inhibitor: 
ezetimibe

Nicotinic acid derivative (niacin)

Omega-3 fatty acids

Fibrates: fenofibrate, gemfibrozil

Preventive Cardiology: Companion to 

Braunwald’s Heart Disease. Roger S. 

Blumenthal, JoAnne M. Foody, Nathan 

D. Wong Eds. 2011. Elsevier, 

Philadelphia. 



Statins

• Lower LDL via 3 mechanisms:

• Decreased intrahepatic cholesterol → ↑ LDL-R→ ↑ uptake of 

circulating LDL

• ↑ uptake of circulating VLDL by LDL-R

• Decreased intrahepatic VLDL synthesis

• Also appear to improve endothelial function, promote plaque stability, 

decrease lipoprotein oxidation, and decrease inflammation



Statins

• Side effects

• AST/ALT elevation

• Usually asymptomatic and not associated with liver disease

• Reversed with medication change

• Myopathy/CK elevations 

• Severe myopathy (CK > 10x normal) relatively rare in adults (1 in 10,000)

• More common if Atorvastatin/Lovastatin/Simvastatin + drugs that inhibit 3A4 isoform of 

cytochrome P450

• Teratogenic (all pregnancy category X)

• Drug-drug interactions

• Cytochrome P-450

• Potential interactions

• Fibrates

• Azol antifungals

• Macrolide antibiotics

• HIV protease inhibitors 

• Some antiarrhythmics- amiodarone, verapamil, diltiazem 



Goals
• Controlled clinical studies assessing:

• Primary outcomes:
1. Change in carotid intima-media thickness
2. Change in serum LDL cholesterol level
3. Change in measures of growth and maturation, e.g. age of onset of puberty

• Secondary outcomes:
1. Liver dysfunction: change in aspartate aminotransferase (AST)

and alanine aminotransferase (ALT) levels

2. Myopathy: change in serum creatine kinase (CK) levels

3. Rhabdomyolysis (degeneration of skeletal muscle tissue) or

death due to rhabdomyolysis

Change in endothelial function (measured by flow-mediated

dilation of the brachial artery)

5. Change in serum total and high-density lipoprotein (HDL)

cholesterol and triglyceride (TG) level

6. Quality of life

7. Compliance to study medication

8. Other adverse events which may be associated with statins

46



Included studies

• 26 identified 

47



Outcomes

1. cIMT- only one study reported (small, but significant 
improvement). Considered low quality evidence
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Outcomes

2. LDL lowering

49



Outcomes
3. Change in 
growth/maturation
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Other outcomes of interest

• ALT
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Other outcomes of interest

• CK 
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Other outcomes of interest
• Adverse 

events 
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Overall results
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Statins in Children

55
Slide modified from Saseen, JJ. Pharmacologic Therapies Part 1, NLA Foundations of 
Lipidology Course

7 if HoFH
8 if HeFH

8 if HeFH



Statins

• Prior to initiating:

• Check to make sure no drug-drug interactions

• Baseline liver panel (+/- CK)

• Counsel about possible future drug-drug interactions, 

• Need for appropriate contraception 

• Choice of statin is matter of preference

• Start at lowest daily dose

• After 4 weeks check FLP, ALT, AST

Target LDL 

achieved

Target LDL not 

achieved

• Recheck labs:

• 8 weeks

• 3 months

• 1st year

• Q 3-4 months

• 2nd year and beyond

• Q 6 months

• Increase by one increment (usually 5mg or 

10mg)

• Repeat labs in 4 weeks

• If still not achieved:

• Consider increasing by one more 

increment

Grundy, S.M. et al. 2018 

Guideline on the Management of 

Blood Cholesterol. 

JACC.018;DOI:10.1016/j.jacc.201

8.11.003.



Statin Monitoring

• If myopathy-

• Stop statin

• Assess CK (worrisome if > 10x ULN)

• Assess relation to exercise

• May consider re-starting if symptoms and CK have normalized

• If elevated AST/ALT-

• Stop statin or decrease dose

• Worrisome if ≥ 3x ULN

• Repeat labs in 2 weeks

• May consider re-starting at lower dose (with close monitoring) when labs normalize

• Continue to monitor:

• Compliance

• Contraception 



Multifactorial dyslipidemia 

• More controversial

• Less data

• Threshold is likely higher
• Lifestyle changes

• Variable LDL exposure



Multifactorial dyslipidemia



Multifactorial dyslipidemia
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Physical Activity

63

Wahid, A., Manek, N., Nichols, M., Kelly, P., Foster, C., 
Webster, P., Kaur, A., Smith, C.F., Wilkins, E., Rayner, 
M., Roberts, N., Scarborough, P., n.d. Quantifying the 
Association Between Physical Activity and 
Cardiovascular Disease and Diabetes: A Systematic 
Review and Meta‐Analysis.



Risk Factors
• DM

• Family history of early ASCVD
• Men < 55 years; Women < 65 years 

• Current smoker

• High risk conditions
• KD w/ aneurysms, s/p OHT, cancer survivor 

• Inflammatory conditions
• SLE, JIA, HIV

• CKD

• Lp(a) > 50 mg/dl or > 125 nmol/L

• HTN

• Obesity (BMI > 97th percentile)

• Persistently elevated TG (> 175 mg/dL)

• Ethnicity (e.g. SE Asian)

64
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Thank you!

dbeacher@childrenswi.org


	Slide 1: Screening and Treatment of Hyperlipidemia in Children
	Slide 2: Disclosures 
	Slide 3: Learning Objectives
	Slide 4: Screening for Lipid Disorders
	Slide 5: Screening rates are decreasing 
	Slide 6: Screening for Lipid Disorders
	Slide 7: USPSTF Framework
	Slide 8: Childhood Risk Factors and Adult CVD
	Slide 9: 1. There is evidence of atherosclerosis in children and young adults 
	Slide 10: 2. Atherosclerosis is related to identifiable risk factors
	Slide 11: 2. Atherosclerosis is related to identifiable risk factors
	Slide 12: 3. There is also evidence of end-organ damage in children with identifiable CVD risk factors 
	Slide 13: 3. There is also evidence of end-organ damage in children with identifiable CVD risk factors 
	Slide 14: 4. Risk factors track into adulthood 
	Slide 15: 5. FH and CVD Risk
	Slide 16: 5. FH and CVD Risk
	Slide 17: Screening and Long Term Outcomes
	Slide 18: History of Screening Recommendations
	Slide 19: Screening for Lipid Disorders
	Slide 20: AAP Bright Futures
	Slide 21: Screening for dyslipidemia in obese children
	Slide 22: Screening for Lipid Disorders
	Slide 23: Screening for Lipid Disorders
	Slide 24: Screening for Lipid Disorders
	Slide 25: Familial Hypercholesterolemia (FH)
	Slide 26: Types of dyslipidemia
	Slide 27: Familial Hypercholesterolemia (FH)
	Slide 28: FH
	Slide 29: Prevalence of FH
	Slide 30: Underdiagnosis of FH 
	Slide 31: Clinical Presentation
	Slide 32: Diagnosis of FH
	Slide 33: Treatment of FH
	Slide 34
	Slide 35: Article #1
	Slide 36: Cohort
	Slide 37: Demographics and Clinical Characteristics 
	Slide 38: Follow-up
	Slide 39: Lipid Levels at Follow-up 
	Slide 40: Benefits of Earlier Treatment 
	Slide 41: Statins
	Slide 42: Article #2 
	Slide 43: Treatment for Dyslipidemias
	Slide 44: Statins
	Slide 45: Statins
	Slide 46: Goals
	Slide 47: Included studies
	Slide 48: Outcomes
	Slide 49: Outcomes
	Slide 50: Outcomes
	Slide 51: Other outcomes of interest
	Slide 52: Other outcomes of interest
	Slide 53: Other outcomes of interest
	Slide 54: Overall results
	Slide 55: Statins in Children
	Slide 56: Statins
	Slide 57: Statin Monitoring
	Slide 58: Multifactorial dyslipidemia 
	Slide 59: Multifactorial dyslipidemia
	Slide 60: Multifactorial dyslipidemia
	Slide 61
	Slide 62
	Slide 63: Physical Activity
	Slide 64: Risk Factors
	Slide 65: Thank you!

