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Goals & Objectives

• Briefly review the history of landmark studies for 
children

• Outline current lipid guidelines
• Discuss the importance and timing of screening
• Describe management strategies for children
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“Adult heart disease 
begins in childhood, and 
lifestyle changes have to 
begin then, too.”

—Dr. Gerald Berenson, 2003
Bogalusa Heart Study
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What are Lipids (and why do we care?)
Key things to remember

• Fatty compounds that are poorly soluble in blood so they are 
carried by lipoproteins 

• Lipids= Cholesterol, Triglycerides, Phospholipids (cell membrane)
• Combined with proteins → lipoproteins
• ApoB-lipoproteins → Atherosclerosis

– LDL-C, IDL, VLDL, chylomicron remnants
• ApoA-lipoproteins → Atheroprotective

– HDL-C, the “good” cholesterol
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History of Pediatric Lipidology
• Bogalusa Heart Study

• Muscatine Study

• Childhood determinants of adult health (CDAH)

• CV risk in young Finns study

• Pathologic Determinants of atherosclerosis in 
youth
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Bogalusa Heart Study

• Founded in 1972 by Dr Gerald Berenson, a Bogalusa, LA native & pediatric cardiologist

• Epidemiologic study from birth through 26 years old, biracial cohort

• Showed that the major etiologies of adult heart disease, atherosclerosis, coronary artery 
disease, and essential hypertension begins in childhood. 

– Documented anatomic changes occur by 5 to 8 years of age.

• 2003 JAMA: Found childhood LDL-C levels and BMI predicted carotid intima-media 
thickness (IMT) in young adults. Cohort study of 486 patients age 25-37 who had at 
least 3 measurements of risk factors since childhood (between 1973-1996)
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Secondary 
Prevention

Primary 
Prevention

Primordial Prevention

•Screens to identify disease

•Early detection before symptoms

Secondary prevention

•Modify risk factors to prevent 
disease

•Intervene before disease process 
begins

Primary prevention

• “True prevention” 

• Prevents risk factor development of 
disease

Primordial Prevention
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TOP 10 TAKE-HOME MESSAGES TO REDUCE RISK OF 
ATHEROSCLEROTIC CARDIOVASCULAR DISEASE (ASCVD) 
THROUGH CHOLESTEROL MANAGEMENT

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

• Reduces ASCVD risk at all ages
• In younger people, healthy lifestyles can reduce development of risk 

factors and is the foundation of ASCVD risk reduction
• In all age groups, lifestyle therapy is the primary intervention for 

metabolic syndrome

2018 AHA/ACC Guideline on the Management of Blood Cholesterol. Grundy et al. 2018. Circulation 2018
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Cholesterol Levels and Age

• Cholesterol is very low at birth
• Cholesterol increases from birth to 2 years old
• Total cholesterol (TC) and LDL-C

– Plateau between 9-11 years
– Fall during puberty (10-20% or more)
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Cholesterol levels over time

Pediatric Lipid Screening McNeal CJ 
et al. Clinical Lipidology. 
2013;8:425-436
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Background on screening

• Approx 1 out of 5 adolescents will have abnormal lipid levels
• Occurs frequently with obesity & CV risk factors
• Severe hypercholesterolemia (LDL-C >190 mg/dl) occurs in ~1/250 

children & adolescents
• Significantly abnormal lipid levels track from childhood to 

adulthood
• Subclinical atherosclerosis (Carotid IMT) is abnormal in children 

with FH (Familial Hypercholesterolemia)
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Pediatric Lipid Screening over time

• 2011: AAP Publishes the summary report of the 
NHLBI expert panel integrated guidelines for 
cardiovascular risk reduction in children and 
adolescents

•  Universal screening recommended for all children

– ages 9-11 years old

– again between ages 18-21 years

•  Obtain a non-fasting “non-HDL” (TC-HDL) or fasting 
lipid panel
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Integrated Cardiovascular Health Schedule 2011
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Risk Factors & Special Conditions
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Pediatric Lipid Screening over time

• 2018: AHA/ACC 2018 Cholesterol Clinical Practice 
Guidelines

– Focused more on the importance of targeted 
screening

– Called out risk factors such as obesity (most 
prevalent risk factor in children)

– “may be reasonable” to continue universal screening

• 2019: AHA statement on CV risk reduction in high risk 
pediatric patients

– High risk, moderate risk and “at risk” populations

– Yearly screening with nonfasting non-HDL followed 
by fasting lipid panel if abnormal
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Screening in reality

• Pediatric lipid screening still is not widely used
• More physician/provider education is needed
• More family awareness needed
• Sometimes difficult with family/society beliefs about 

nutrition and activity levels in kids
• Improving with support from guidelines and AHA/ AAP 

awareness campaigns 
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What is considered abnormal?
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Familial Hypercholesterolemia (FH)
• Heterozygous FH (HeFH) is a common cause of inherited high LDL

– Homozygous FH (HoFH) is rare

• Autosomal dominant (common) and recessive (rare)

• Clinically: xanthomas, xanthelasma, corneal arcus, aortic stenosis

• Prevalence approx. 1:200-300 in the general population

• There are clinical criteria for the diagnosis of FH (US, UK, 
Netherlands) 

• Can be confirmed with genetic testing
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Familial Hypercholesterolemia (FH) in Children

• Suspected if a fasting LDL-C > 160 mg/dL
• Over 80% chance of FH if an LDL-C is > 190 mg/dL in 

a patient under 20 years old
• ½ men and ¼ women with FH have a CV event by 50 

years old!
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Reverse Cascade screening

• “In children and adolescents found to have moderate or 
severe hypercholesterolemia, it is reasonable to carry out 
reverse-cascade screening of family members, which 
includes cholesterol testing for first-, second-, and when 
possible, third-degree biological relatives, for detection of 
familial forms of hypercholesterolemia.” 
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The lipid panel is abnormal. 
Now what?
• Rule out possible secondary causes: diabetes, renal disease, thyroid disorders 
• Step 1: Lifestyle modifications

– Short and long term benefits to lipid levels and subclinical 
atherosclerosis

– Family based approach: heart healthy diet, exercise recommendations, 
avoid tobacco, maintain healthy weight & blood pressure, normal 
glycemia

– If also obese, lifestyle modifications should be intensified including 
moderate caloric restriction and sufficient physical activity. 
• Resources for nutrition counseling or other “healthy lifestyles” 

clinics
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AHA Scientific Statement 2019
Diet for children with elevated LDL-C

• Low saturated fats, high poly and 
monounsaturated fats, avoid trans fats

• High in fiber from fruits, vegetables, whole 
grains

• Consider phytosterol supplements

de Ferranti et al. Circulation. 2019;139:e603–e634

OHSU 
CPD



Exercise Recommendations
• There is a “dose-response” effect on lipids. 

– Lowers TC, LDL-C and TGs, raises HDL
• American College of Sports Medicine 2018:

– Preschool (ages 3-5 years) should be physically active throughout the 
day and encouraged to play in a variety of activity types

– Kids ages 6-17 years
• 60 minutes/day of moderate to vigorous activity (mostly aerobic)- 

running, biking, swimming
• 3 x/week muscle strengthening activates- gymnastics, climbing, 

monkey bars
• 3 x/week bone strengthening activities- jump rope, tennis, 

basketball, hopscotch
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Primary Prevention for all Children & Adolescents

Physical 
Activity

Avoid 
Tobacco

NutritionOHSU 
CPD



What’s next in management?
• Drug therapy:

– Children and adolescents 10 years and older with LDL-C 
persistently > 190 mg/dL or > 160 mg/dL with clinical 
presentation of FH who do not respond adequately after 3-6 
months of lifestyle therapy it is reasonable to start statin 
therapy

– Statins may be considered at 8 years old in the presence of 
concerning family history, extremely elevated LDL-C level, or 
elevated Lp(a), in the context of informed shared decision-
making and counseling with the patient and family. 

2018 AHA/ACC Guideline on the Management of Blood Cholesterol
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Lipoprotein (a)/ Lp(a) 
• An “LDL-C like” particle, genetically transmitted
• The LPA gene is fully expressed by 1-2 y of age and the 

concentration of Lp(a) reaches adult levels by ∼5 y of age.
• Well recognized independent risk factor for ASCVD
• Elevated in 20% of the population 
• Lifestyle modifications has little effect on levels
• Statin therapy does not decrease levels
• Measurement of Lp(a) in youth with a history of ischemic 

stroke may be reasonable.
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Statins Role in Therapy

• First line after lifestyle modifications for most patients
• Clinically proven to reduce mortality and CV event in 

adults
• Highly effective at lowering LDL-C in a dose dependent 

manner in adults & children
• Overall well tolerated with very little reported side 

effects in children and adolescents
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LDL-C lipid medications for high risk populations

Determine Risk

• High risk

• Moderate 
risk

• At risk

Statin

• Homozygous 
FH will also 
require non-
statin 
treatments

Add agents

• Cholesterol 
absorption 
inhibitors 
(Ezetimibe)
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Statins in children
• Meta-analysis of 6 studies: randomized, double-blind, placebo-

controlled trials evaluating statin therapy in children aged 8 to 18 
years with HeFH.

• TC, LDL-C, & apolipo B were significantly reduced, whereas HDL-C & 
apolipo A1 were significantly increased by statin therapy.

• No statistically significant differences were found between statin- 
and placebo-treated children:
– occurrence of adverse events
– sexual development
– Muscle or liver toxicity

Avis et al. Statin Therapy in Children With FH. Arterioscler Thromb Vasc Biol. August 2007
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Foundations in Lipidology Course 2021 NLA
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When should I 
refer to a Lipid 
Specialist? OHSU 
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Pediatric Dyslipidemia Clinic

• Suspected or known familial 
hypercholesterolemia (FH)

• Abnormal cholesterol despite diet and lifestyle 
modifications x 3-6 months

• TG > 300, LDL > 160, HDL < 35 
• Anytime for further guidance and mangement
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Key points
• “Adult heart disease begins in childhood, and lifestyle 

changes have to begin then, too.”

– Primordial prevention is TRUE prevention

• Emphasize a heart-healthy lifestyle across the life course

• Universal lipid screening between 9-11 years (pre puberty) 

and again between 18-21 years

• Targeted lipid screening starting at age 2 years

• Non fasting non-HDL or a fasting lipid panel can be used as 

screening

• Don’t forget reverse-cascade screening of family members

• Lastly- Statins are first line drugs for children and 

adolescents with evidence of safety and efficacy
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Thank You

Maggie Likes, MD
likes@ohsu.edu
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“In children, adolescents, and 
young adults, identifying 
those with familial 
hypercholesterolemia (FH) is 
a priority. However, most 
attention is given to reducing 
lifetime ASCVD risk through 
lifestyle therapies.”

—Introduction to the AHA 2018 Guideline 
on the Management of Blood Cholesterol
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2011 NHLBI other risk factors
• Hypertension on treatment
• Obesity 
• Tobacco use
• Kidney disease
• HIV
• Diabetes type I and 2
• Heart transplant
• KD with current or regressed coronary aneurysms
• Chronic inflammation- SLE, JIA
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2011 NHLBI Family History Risk Factors

• Which relatives count? 
– “Close” relatives such as parents, grandparents, aunts & uncles, siblings

• What is early CV events?
– Women <65 years, Men <55 years

• What CV events?
– MI, CABG/stent/angioplasty, sudden cardiac deaths

• What dyslipidemia?
– TC>240 mg/dl or a known dyslipidemia
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2011 NHLBI Expert Panel. Pediatrics

Not for universal screening
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AHA Scientific Statement 2019
Diet for children with elevated TGs

• High in fiber from fruits, vegetables, whole grains

• Moderate complex carbohydrates

• Low simple carbohydrates and low added sugars

• High poly and mono unsaturated fats
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Cochrane database review 2017
• Concern comes from cholesterol being an important precursor of 

adrenal and gonadal steroids. 
• Statins came with warnings to start after menarche
• Cochrane review of 9 randomized placebo controlled studies (1177 

pediatric patients)
– No sig difference in statin and placebo including delayed sexual 

maturation
– 10 year follow-up with no major report events

• Still need to caution with pregnancy as they are thought to be 
teratogenic
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Lipid lowering drug therapy in children 
and adolescents

• Statins and non-statins lower TC and LDL-C in children with FH and other health 
conditions that put them at risk of CVD

• Low short and medium term adverse event rates (abnormal LFTs, CKs, reported 
myopathy)

• Data shows benefit from statins to subclinical atherosclerosis.

• Intensity of treatment should be based on severity of hypercholesterolemia

• Ezetimibe use in children with severe hypercholesterolemia show reasonable 
LDL-C lowering with no significant adverse effects

• Nonsystemic bile acid sequestrants can be useful for LDL-C lowering, but 
tolerability is an issue
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What about triglycerides?

• Triglyceride lowering medications in pediatrics do 
not have safety or effectiveness established
– Fibric Acid derivatives, Omega-3 fatty acids, 

Niacin
– Not FDA approved in children

• AHA 2019 statement
– Determine risk→ consider treatment
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Elevated Triglycerides
• Screen for lipid disorders with fasting or non-fasting non 

HDL
– Fasting if TG is abnormal

• Therapeutic lifestyle changes
• Treatment based on severity

– Moderate: TG 130-400 mg/dL
– Significant: TG >400-999 mg/dL
– Severe TG >1,000 mg/dL
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Adults 
• Gain most health benefits:

•  150 minutes- 300 minutes a week of 
moderate-intensity

• 75 minutes- 150 minutes a week of 
vigorous-intensity aerobic physical 
activity

• or an equivalent combination of 
moderate- and vigorous-intensity 
aerobic 

• Additional health benefits are gained by 
engaging in physical activity beyond 300 
minutes of moderate-intensity physical 
activity a week. 

• Should also do muscle-strengthening 
activities that involve all major muscle 
groups on 2 or more days a week
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In case you want to lean more…

www.lipid.org
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