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Abstract

Atherosclerosis begins in youth and is directly linked to the presence and severity of cardiovascular risk factors,
including dyslipidemia. Timely identification and management of dyslipidemia in childhood can slow atherosclerotic
progression and decrease risk for future cardiovascular disease, especially in children with a genetic disorder
predisposing to dyslipidemia (e.g., familial hypercholesterolemia, which is frequently undiagnosed). Existing
screening strategies can identify cases of paediatric dyslipidemia effectively but should be conducted both earlier
and more broadly. Evaluating for secondary causes of dyslipidemia in children, including medication use and
systemic disorders, is essential. First-line therapy centres on lifestyle modifications and dietary changes specific to
the dyslipidemia phenotype. Indications for medication depend on the severity of dyslipidemia and assessment for

cardiovascular risk on an individual basis.
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Atherosclerosis, the pathobiological basis of cardiovascular
disease (CVD), begins in childhood and is linked directly to
both the presence and severity of cardiovascular (CV) risk fac-
tors, such as dyslipidemia (1,2). Early identification and man-
agement of dyslipidemia is increasingly imperative,
particularly in at-risk populations, such as those predisposed
to severe, lifelong dyslipidemias due to inherited lipid disor-
ders such as familial hypercholesterolemia (FH). Yet lipid
screening rates to detect such disorders remain low in
Canada (3,4). This Canadian Paediatric Society (CPS) state-
ment encapsulates a longer clinical practice update (CPU)
published by the Canadian Cardiovascular Society and
Canadian Paediatric Cardiology Association in 2022 (5). It
provides an approach to detecting, evaluating, and managing
pediatric dyslipidemia with a focus on the early screening and
treatment of FH.

Definitions, epidemiology, and genetics

Dyslipidemia is increasingly prevalent among young people in
Canada and can result from either inherited, monogenic

causes or (increasingly) non-genetic contributors (6).
Normal, borderline, and abnormal paediatric lipoprotein lev-
els are defined in Table 1 (7).

There are 25 monogenic dyslipidemias that present in child-
hood (8). FH, the most common of these, is inherited in an
autosomal codominant fashion (9). The heterozygous form
has a prevalence of up to 1 in 90 in parts of Quebec and a
prevalence of ~1 in 300 in the rest of Canada, occurring in
all ancestries (10). FH is diagnosed either by genetic testing
or using phenotypic criteria (10). A severely elevated low-
density lipoprotein cholesterol (LDL-C) cut-point of
4.0 mmol/L has been suggested in children to identify definite
FH in the presence of a known causative gene mutation.
However, probable FH is considered at the same LDL-C cut-
point of 4.0 mmol/L when a first-degree relative with high
LDL-C or premature atherosclerotic CVD is present (11).

Other primary paediatric dyslipidemias include severe hy-
pertriglyceridemia (12), combined hyperlipidemia, and ele-
vated lipoprotein(a) (Lp[a]). Severe hypertriglyceridemia
can be caused by an autosomal recessive (biallelic) disorder as-
sociated with reduced function of either lipoprotein lipase or
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Table 1 Acceptable, borderline-high, and high fasting plasma lipid and lipoprotein concentrations.*

Category Acceptable Borderline Abnormal
Total cholesterol (TC) <4.4 mmol/L 4.4 to <5.2 mmol/L >5.2 mmol/L
Low-density lipoprotein cholesterol (LDL-C) <2.8 mmol/L 2.8 to <3.4 mmol/L >3.4 mmol/L

Non-high-density lipoprotein cholesterol (non-HDL-C)

<3.10 mmol/L

3.10 to <3.75 mmol/L >3.75 mmol/L

Triglycerides
0 to 9 years <0.8 mmol/L 0.8 to <1.1 mmol/L >1.1 mmol/L
10 to 19 years <1.0 mmol/L 1.0 to <1.5 mmol/L >1.5 mmol/L
High-density lipoprotein cholesterol (HDL-C) >1.2 mmol/L 1.0 to 1.2 mmol/L <1.0 mmol/L

Adapted from reference (7).

*While a non-fasting lipid assessment is appropriate for an initial screening assessment, abnormal values should be confirmed with a repeat fasting lipid

assessment.

one of its activating proteins or binding partners (12).
Combined hyperlipidemia, characterized by elevated trigly-
cerides, LDL-C, and apolipoprotein B, is quite common but is
most often polygenic (12). Lp(a) is strongly genetically deter-
mined, minimally influenced by secondary factors, and corre-
sponds with increased cardiovascular risk (13,14).

Secondary dyslipidemias represent a growing burden in
paediatrics and are summarized in the original CPU
(Table 4) (5). Obesity-related dyslipidemia, which is the
most common form of secondary dyslipidemia, typically
presents with mild-to-moderate hypertriglyceridemia and
low HDL-C, but underlying CV risk relates to increased num-
bers of small, dense LDL particles (6).

The rationale for early screening and
treatment

Atherosclerosis begins in youth, but lipid disorders are often
clinically silent throughout childhood and are thus easy to
miss. For example, despite the high prevalence of FH (10,15)
and the relative ease of diagnosis (i.e., via lipid screening assess-
ment), about 90% of heterozygous FH cases remain unrecog-
nized (9). Identifying and treating FH early reduces
cumulative LDL-C burden (and thus, atherosclerotic burden),
with significant, long-term health and socioeconomic benefits
(9,16). Unfortunately, selective screening strategies based on
family history still miss between 30% and 60% of dyslipidemic
youth (17). Previous guidelines have recommended universal
non-fasting lipid screening for all children between 9 and 11
years of age, with a repeat screen between age 17 and 21, to im-
prove the detection of FH and other heritable lipid disorders (7).
Numerous randomized and prospective observational stud-
ies have demonstrated that statin treatment in children with
FH effectively lowers their LDL-C and may slow, or even nor-
malize, atherosclerotic progression and CVD significantly (18-
22). The evidence-base and rationale for early screening and
timely initiation of statin treatment for children with FH are
compelling. Of note, the data supporting early treatment of
other phenotypes of paediatric dyslipidemia are less robust.

Screening strategies

Using a lipid panel to identify dyslipidemia is simple and easy
to include in routine primary care. Two strategies are used in

practice: 1) Selective versus universal screening, and 2)
Cascade/reverse-cascade screening.

Selective versus universal screening
Selective lipid screening is indicated for children >2 years old
who have a positive family history of premature CVD (i.e., an-
gina, myocardial infarction, CAD, or sudden cardiac death in a
parent, grandparent, aunt, or uncle at <55 years of age for
males and <65 years of age for females) (7). Selective screen-
ing also applies to children with certain medical conditions
(e.g., type 2 diabetes mellitus and chronic kidney disease) or
risk factors for premature CVD (e.g., obesity, hypertension,
smoking) (7,23). Unfortunately, selective screening is inad-
equate for the detection of FH. A universal screening strategy,
starting somewhat earlier than 9 to 11 years of age (7,24) is
recommended as more practical in the Canadian context to de-
tect FH and better prevent lifelong dyslipidemia. Screening
should occur after the age of 2 years, however, because
LDL-C levels overlap significantly between molecularly con-
firmed cases of FH and non-cases in children younger than
2 years old (25).

Cascade and reverse-cascade screening

Family-based cascade screening tests first-degree relatives of
individuals with FH (26), with the inclusion of genetic testing
when available, to identify specific genetic mutations that can
influence, variably, the presence and severity of dyslipidemia
(9,27). Integrating FH screening into primary care could not
only facilitate FH detection in younger children but also in pa-
rents (via reverse-cascade screening with or without the inclu-
sion of genetic testing) well before CVD develops (28). This
strategy was shown to be cost-effective in the United
Kingdom (29). Further evaluations in the Canadian context
are needed.

Fasting versus non-fasting lipid profile specimens

Measuring non-HDL-C levels without fasting (total cholesterol
minus HDL-C) is a simple, appropriate screening test that
significantly predicts both the presence and persistence of dys-
lipidemia because it represents the apo-B-containing lipopro-
teins (7). Among the lipoprotein parameters, triglyceride
levels vary the most by fasting state. For patients identified
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to have dyslipidemia on an initial screen, subsequent testing
should include fasting evaluations, as outlined below.

Clinical evaluation of paediatric
dyslipidemias

Assessing for possible primary and secondary etiologies is part
of the clinical evaluation of children and youth with dyslipide-
mia. Primary genetic dyslipidemias are summarized in Table 3
and selected secondary causes and contributors in Table 4 of
the original CPU. Establishing the presence of other risk fac-
tors or conditions (Table 2) requires a detailed history and
physical examination (6,7,23). Categorizing risk conditions
for premature CVD is instrumental for guiding treatment deci-
sions (30).

Physical examination should include plotting height,
weight, and body mass index on standardized growth charts,
measuring blood pressure, assessing pubertal stage, excluding
goitre or hepatosplenomegaly, and looking for signs of insulin
resistance (e.g., acanthosis nigricans, which should prompt a
more detailed evaluation for insulin resistance, metabolic syn-
drome, or both). Physical findings of dyslipidemia (e.g., cor-
neal arcus, xanthelasmas, or tendon xanthomas) all point to
homozygous FH and are more rare in children with heterozy-
gous FH or other forms of dyslipidemia (31). Lipemia retinalis
and eruptive xanthomas over extensor surfaces and buttocks
suggest significant hypertriglyceridemia (31), while a history
of recurrent abdominal pain suggestive of pancreatitis may in-
dicate severe hypertriglyceridemia (32).

Initial biochemical investigation should include a complete
blood count, fasting lipid profile, thyroid-stimulating hor-
mone (TSH), liver and renal function, urinalysis, fasting glu-
cose, glycated hemoglobin, and other tests guided by clinical
assessment. For individuals found to have dyslipidemia, deci-
sions regarding diagnosis and the need for pharmacological
therapy should be based on the average of results from at least
two fasting lipid profiles obtained at least 2 weeks (but no
more than 3 months) apart. From a paediatric perspective, de-
termining Lp(a) levels may further inform cardiovascular risk
assessment, though concerns regarding availability of the test,
variable assays, and lack of standardization remain
(13,33,34). If a monogenic dyslipidemia (such as FH) is sus-
pected based on the lipid panel pattern (e.g., LDL-C> 4.0
mmol/L), consider genetic testing after possible secondary
causes of dyslipidemia have been excluded. Genetic testing
is typically arranged via paediatric lipid specialists or medical
genetics, but is not always available.

Approach to managing dyslipidemia
Diet and lifestyle counselling

Important dietary recommendations for all children and ado-
lescents with dyslipidemia include: 1) maintaining a healthy
diet for age according to Canada’s Food Guide, so one high
in vegetables, whole fruit, legumes, fish, nuts, vegetable oils,
whole grains, milk and yogurt; 2) more commonly choosing
plant-based protein sources (e.g., tofu); 3) avoiding trans-fats;
4) lowering intake of saturated fats; and 5) limiting intake of

highly processed foods. Consulting with a registered dietitian
is strongly recommended, although access to such specialists is
often difficult. Encouraging adherence to Canada’s Movement
guidelines for children and youth (35) and supporting
smoking cessation are also key (36).

Reducing LDL-C

The dietary approach to addressing elevated LDL-C is graded
(7,37). For example, alongside adhering to Canada’s Food
Guide recommendations and incorporating dietary patterns
from the Mediterranean Diet, total calories from fat should
be reduced to less than 30% (but not less than 20%) and hold-
ing saturated fats at 8% to 10% of daily caloric intake (7).
Should elevations in LDL-C persist, further reducing saturated
fats to <7% and monounsaturated fat to <10% of total daily
calories is recommended.

Phytosterols (sterols and stanols) are bioactive compounds
found in vegetables such as broccoli, red onion, and carrot.
Ingesting 2 g/day of phytosterols (which typically requires
supplementation) has been shown to reduce LDL-C between
8% and 10% (38), even in individuals on statin therapy (39).
For these same individuals, supplementing with psyllium, a
soluble fibre, can reduce LDL-C in a dose-dependent manner
between 5% and 10% (40). For children with hypercholester-
olemia, incorporating plant sterols (2 g daily) and psyllium fi-
bre (6 g/day; 2 to 12 years and 12 g/day >12 years) can be
considered (7). While dietary phytosterols and fibre supple-
mentation are effective in lowering LDL-C, their impact on
CVD risk is not known.

Triglycerides

Children and adolescents with moderately elevated triglycer-
ides typically respond to lifestyle changes, including a diet
low in sugar and refined carbohydrates (in favour of complex
carbohydrates), low in fat, and high in fibre (7,41). Increasing
intake of foods rich in omega-3 fatty acids should also be con-
sidered (42). Regular physical activity is recommended, and
secondary causes of elevated triglyceride levels, such as obes-
ity or uncontrolled diabetes must be addressed. Encourage en-
gagement in multi-disciplinary obesity management programs
when needed. Restricting fat significantly is important for chil-
dren and adolescents with lipoprotein lipase deficiency and
severe hypertriglyceridemia (>10 mmol/L) to prevent pan-
creatitis (41).

Pharmacological therapy

Consideration of drug therapy for dyslipidemia should follow
areasonable trial of dietary and lifestyle modifications (typic-
ally 6 months, but this step can be abbreviated for severe
dyslipidemia [i.e., LDL-C>4.9 mmol/L]). In paediatrics,
medication use is reserved for individuals with severe, persist-
ent dyslipidemia and other risk conditions or factors, most
commonly FH (Table 2). When indicated, pharmacological
therapy should be utilized concomitantly with lifestyle
management.

For LDL-C management (most commonly in the setting of
FH), statins are the first-line medication and are often started
when children are between 8 and 12 years old (5,43).
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Table 2 Risk factors and conditions stratified by risk category.

Category Condition or risk factor associated with increased Diagnosis associated with increased risk for
risk for atherosclerotic cardiovascular disease non-atherosclerotic coronary artery events
Very high » Homozygous FH
risk
High risk + Heterozygous FH » Kawasaki disease with persistent aneurysms
 Diabetes mellitus, types 1 and 2 + Heart transplant, especially with vasculopathy
 Chronic kidney disease and renal transplant
« Status post-stem cell transplant (e.g., in a childhood
cancer survivor)
+ Hypertension requiring drug therapy
+ Cigarette smoking
+ Severe obesity
Moderate + Obesity
risk + Insulin resistance with co-morbidities

(e.g., dyslipidemia, NAFLD, PCOS)
+ Hypertension not requiring drug therapy

« Status post-chest radiation (e.g., in a childhood

cancer survivor)
+ Elevated lipoprotein(a)
+ Nephrotic syndrome
+ Coarctation of the aorta
+ Aortic stenosis
At risk + “White coat” hypertension
+ Pulmonary hypertension

 Chronic inflammatory conditions (e.g., JIA, SLE, IBD,

HIV)
» Hypertrophic and other cardiomyopathies

+ Coronary artery translocation for ALCAPA, TGA
» Kawasaki disease with regressed large coronary
aneurysms

 Childhood cancer survivor (status post-cardiotoxic

chemotherapy only)

 Psychiatric conditions (including major depressive

disorder and bipolar disorder)
+ Cystic fibrosis

Content drawn from references (7,23,30).

ALCAPA, anomalous left coronary artery from the pulmonary artery; FH, Familial hypercholesterolemia; HIV, human immunodeficiency virus; IBD,
inflammatory bowel disease; JIA, juvenile idiopathic arthritis; NAFLD, non-alcoholic fatty liver disease; PCOS, polycystic ovarian syndrome; SLE, systemic

lupus erythematosus; TGA, transposition of the great arteries.

Recommendations are provided in Figure 1, including thresh-
olds to initiate treatment based on underlying risk. Notably,
individuals with type 1 or 2 diabetes have lower LDL-C thresh-
olds for starting statin therapy. Periodic monitoring of liver
enzymes for safety, along with muscle-related and other
symptoms, counselling on pregnancy prevention and drug in-
teractions, and reinforcing lifestyle measures are all recom-
mended in Figure 3 of the original CPU. Shared
decision-making with the family about when best to start
medication is required, which involves education, anticipa-
tory counselling and addressing specific concerns.
Pharmacological management of children with homozygous
FH should begin immediately upon diagnosis and be led by a
lipid specialist (usually a paediatric cardiologist or
endocrinologist).

Statins have similar short- to medium-term safety profiles
when used for children aged 8 years and older as for adults
(18), and safety data published in a 20-year follow-up study
in 2019 were reassuring (22). The most recent Cochrane

review evaluating statin use in children with FH demonstrated
little or no difference between treatment and placebo related
to liver function, creatinine kinase, myopathy, sex hormone
levels or puberty status, or clinical adverse events (18). No
clinical trials to date in children and adolescents have reported
rhabdomyolysis (degeneration of skeletal muscle tissue)
caused by statin treatment (7). Nonetheless, both the use of
statins in children younger than 8 years old and the long-term
safety of statin use in all children require ongoing study. Risks
for developing insulin resistance or type 2 diabetes mellitus
due to statin use have gained increased attention in recent
years. In adults, meta-analysis data have estimated that treat-
ing 255 adults with statins for 4 years would result in one case
of type 2 diabetes mellitus (44). While the risk of new-onset
diabetes mellitus in paediatric patients treated with statins re-
quires further study, the same 20-year follow-up study noted
above found that 1 in 184 individuals with heterozygous FH
and treated with statins developed type 2 diabetes mellitus,
compared with 2/77 unaffected siblings (22), providing early
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Fasting lipid profile x 2,

1
Non-HDL-C >3.75 mmol/L on average results

non-fasting lipid screen

Exclude secondary causes
Evaluate other risk factors
Start lifestyle changes (text)?

LDL-C 3.4 to <4.9 mmol/L, FHx (-),
and no other risk factors

LDL-C >4.9 mmol/L

- Initiate statin3 therapy

- continue lifestyle changes,
follow every 6 months with FLP
and FHx and risk factor update

LDL-C >3.4 mmol/L
LDL-C >4.1 mmol/L = consult lipid specialist

Repeat FLP

LDL-C <3.4 mmol/L = continue
lifestyle changes and repeat FLP
every 12 months

LDL-C 4.1 to <4.9 mmol/L and
one of the following:

FHx(+) or 1 high-level RF or
two moderate/at-risk-level risk
factors*

LDL-C 3.4 to <4.1 mmol/L and
one of the following:

two high-level risk factors or
one high-level and

two or more moderate/at-risk-
level factors or

- Initiate statin therapy clinical CVD

- Initiate statin therapy

Follow-up FLP, statin laboratory monitoring, dose titration as necessary

Figure 1 Paediatric statin thresholds for treatment.

1. Repeat FLP between 2 weeks and 3 months of initial testing
2. Consider use of dietary supplements (phytosterols and psyllium)

3. Statins are typically initiated starting at 8 to 12 years of age. Note that statin treatment thresholds in the paediatric population are largely based on

expert opinion

4. See Table 2 for high-, moderate and at-risk level risk factors and conditions
BMI Body mass index; CVD Cardiovascular disease; FHx (—) or (+ ) Family history negative or positive; FLP Fasting lipid profile;
LDL-C Low-density lipoprotein cholesterol; Non-HDL-C Non-high-density lipoprotein cholesterol. Source: This figure was pub-
lished in the Canadian Journal of Cardiology 38(8), Khoury M, Bigras JL, Cummings EA, et al. The detection, evaluation and man-
agement of dyslipidemia in children and adolescents: A Canadian Cardiovascular Society/Canadian Paediatric Cardiology
Association clinical practice update:1168-79. © Elsevier 2022. It is reproduced with permission

reassuring data regarding the risk of diabetes mellitus devel-
opment for children receiving statin treatment. Of note, emer-
ging clinical trial data may soon provide evidence supporting
use of novel lipid-lowering drugs, including biologic agents
that target proprotein convertase subtilisin/kexin type 9
(PCSK9) (45,46) and targets that act independent of the LDL
receptor in the paediatric age group (47), thereby broadening
treatment options for patients with severely elevated LDL-C
from genetic dyslipidemias.

For individuals with hypertriglyceridemia, dietary supple-
mentation with omega-3 fatty acids may be beneficial. In
adults, pharmacological doses of 2 to 4 g per day of long-
chain omega-3 fatty acids reduced triglyceride levels by up
to 30% (41), and the use of icosapent ethyl (the ethyl ester
of eicosapentaenoic acid [EPA]) lowered CVD events (also
in adults and compared with mineral oil) in the REDUCE-IT
trial (48). However, other omega-3 fatty acid prescription
formulations that contain both EPA and docosahexaenoic
acid (DHA) did not reduce CVD events to a similar extent
(49). Also, small, randomized trials of omega-3 fatty acid
treatment in children and adolescents have not shown

statistically significant improvements in triglyceride levels
compared with placebo (50).

Prescription omega-3 fatty acid formulations should be used
in children and adolescents because over-the-counter supple-
ments often have lower levels of EPA and DHA, may not have
undergone comparable regulatory safety monitoring, and may
contain potentially harmful contaminants such as toxins and
oxidized fatty acids (51). Individuals with fish allergies or spe-
cific dietary preferences should consult their physician regard-
ing suitable omega-3 formulations. Further discussion
regarding the pharmacological treatment of hypertriglyceride-
mia is included in the original CPU (5). Generally, treating per-
sistent hypertriglyceridemia (plasma triglyceride 2.3 to
5.5 mmol/L despite lifestyle interventions) or severe hypertri-
glyceridemia (>5.5 mmol/L) with medication, including the
use of prescription omega-3 fatty acids or fibrates, can be con-
sidered alongside strict dietary management, although evi-
dence of benefit and safety is limited in children. Evaluation
and management by a lipid specialist is recommended, particu-
larly when fibrate medications are considered, due to their sub-
stantial drug interactions and adverse effect profile.



Conclusion

Paediatric lipid disorders, including genetic disorders such as
FH that result in marked dyslipidemia, are common and in-
crease the risk for premature cardiovascular disease.
Treatment of FH from childhood can normalize future cardio-
vascular risk. These disorders are typically clinically silent and
require a lipid screening assessment for diagnosis. An ap-
proach that incorporates universal, cascade, and selective
screening is the most comprehensive strategy to detect at-risk
children and permit timely treatment.

Key points and recommendations

1. Atherosclerosis begins in youth. Its presence and severity
are linked to cardiovascular risk factors, including
dyslipidemia.

2. Familial hypercholesterolemia (FH) is common (~1:300)
and easy to screen for using low-density lipoprotein chol-
esterol (LDL-C) testing, but remains vastly underdiag-
nosed in Canada.

3. Universal lipid screening between 2 and 10 years of age
is recommended, using a fasting or non-fasting
non-high-density lipoprotein cholesterol (non-HDL-C)
or an LDL-C test. In cases of definite or probable FH,
this screen should be coupled with cascade screening
of family members to identify other affected individuals.
Selective screening at any time should be considered for
children with identified cardiovascular (CV) risk factors,
medical conditions predisposing to increased risk, or a
positive family history of premature cardiovascular dis-
ease (CVD) or dyslipidemia.

4. A thorough history and physical examination, with add-
itional investigations as needed, are required to exclude
secondary causes of paediatric dyslipidemia.

5. Lifestyle and dietary management are first-line treat-
ment strategies for nearly all cases of paediatric dyslipi-
demia. Counselling includes Canada’s Food Guide and
the Canadian Society for Exercise Physiology’s
Movement Guidelines for Children and Youth
recommendations.

6. When lipid-lowering medications are started, lifestyle
and dietary management continue to be important.

7. Clinical diagnosis and shared decision-making regarding
the need for pharmacological therapy are based on the
average of results from at least two fasting lipid profiles
obtained at least 2 weeks but no more than 3 months
apart.

8. Referral to a paediatric lipid specialist can facilitate life-
style or pharmacotherapy management, especially
when there is marked dyslipidemia at diagnosis (LDL-C
>4.1 mmol/L or triglyceride levels >5.5 mmol/L) or
dyslipidemia in the setting of risk factors or conditions
(Table 2).

9. Statin therapy can be considered between ages 8 and 12
years when a child’s LDL-C remains above threshold des-
pite lifestyle management (Figure 1). Routine safety
monitoring and LDL-C treatment targets are essential
to care and management.
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