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IMPORTANCE Multifactorial dyslipidemia, characterized by elevated total cholesterol (TC) or
low-density lipoprotein cholesterol (LDL-C), is associated with dyslipidemia and markers of
atherosclerosis in young adulthood. Screening for dyslipidemia in childhood could delay or
reduce cardiovascular events in adulthood.

OBJECTIVE To systematically review the evidence on benefits and harms of screening adolescents
and children for multifactorial dyslipidemia for the US Preventive Services Task Force (USPSTF).

DATA SOURCES MEDLINE, Cochrane Central Register of Controlled Trials, and PubMed were
searched for studies published between January 1, 2005, and June 2, 2015; studies included
in a previous USPSTF evidence report and reference lists of relevant studies and ongoing
trials were also searched. Surveillance was conducted through April 9, 2016.

STUDY SELECTION Fair- and good-quality studies in English with participants O to 20 years of age.

DATA EXTRACTION AND SYNTHESIS Two investigators independently reviewed abstracts and
full-text articles and extracted data into evidence tables. Results were qualitatively summarized.

MAIN OUTCOMES AND MEASURES Outcomes included dyslipidemia (TC=200 mg/dL or
LDL-C=130 mg/dL) and atherosclerosis in childhood; myocardial infarction and ischemic
stroke in adulthood; diagnostic yield (number of confirmed cases per children screened); and
harms of screening or treatment. Simulated diagnostic yield was calculated as initial screening
yield x positive predictive value from a study with confirmatory testing.

RESULTS Screening of children for multifactorial dyslipidemia has not been evaluated in
randomized clinical trials. Based on 1 observational study (n = 6500) and nationally
representative prevalence estimates, the simulated diagnostic yield of screening for elevated
TC varies between 4.8% and 12.3% (higher in obese children [12.3%] and at the ages when TC
naturally peaks—7.2% at age 9-11 years and 7.2% at age 16-19 years). One good-quality
randomized clinical trial (n = 663) found a modest effect of intensive dietary counseling for a
low-fat, low-cholesterol diet on lipid levels at 1year in children aged 8 to 10 years with mild to
moderate dyslipidemia; mean between-group difference in TC change from baseline was
-6.1mg/dL (95% Cl, -9.1to -3.2 mg/dL; P < .001). Between-group differences dissipated by
year 5. The intervention did not adversely affect nutritional status, growth, or development
over the 18-year study period. One observational study (n = 9245) found that TC
concentration at age 12 to 39 years was not associated with death before age 55 years.

CONCLUSIONS AND RELEVANCE The diagnostic yield of lipid screening varies by age and body
mass index. No direct evidence was identified for benefits or harms of childhood screening or

treatment on outcomes in adulthood. Intensive dietary interventions may be safe, with
modest short-term benefit of uncertain clinical significance.
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levations in total cholesterol (TC) and low-density lipopro-

tein cholesterol (LDL-C) are precursors to atherosclerosis

and coronary heart disease. Identifying and treating dys-
lipidemia in adults older than 40 years is common clinical practice
inthe United States. Total cholesterol and LDL-C concentrations in
healthy children vary with age: they are low at birth, increase until
age 2 years, peak before puberty, decrease during adolescence, and
increase again during late adolescence and young adulthood.? Total
cholesteroland LDL-C concentrations are generally higherin girlsand
peak about 1year earlier than in boys.?

Childhood dyslipidemia is commonly defined as TC=200
mg/dL or LDL-C=130 mg/dL using fixed cut points derived from
population norms.3 (To convert TC and LDL-C to millimoles per liter,
multiply by 0.0259.) Childhood dyslipidemia is typically multifacto-
rial, with the exception of lipid disorders of genetic etiology charac-
terized by very high lipid concentrations, such as familial hypercho-
lesterolemia. Multifactorial dyslipidemia may be associated with
environmental and behavioral factors*® as well as obesity,® with
or without inherited susceptibility.

Dyslipidemiain childhood and adolescence is not a disease but
is a risk factor for atherosclerosis and may contribute to coronary
heart disease in adulthood.® However, lipid measurement in youth
imperfectly identifies adults with dyslipidemia; elevated LDL-C in
adolescence (age 12-18 years) has a positive predictive value of only
32.9% to 37.3% for dyslipidemia 15 to 20 years later'® and lower for
children younger than age 12 years."

Screening youths for dyslipidemia may have the potential to
identify affected youths, reduce long-term cholesterol burden
throughintervention, and prevent or delay cardiovascular eventsin
adulthood. However, in 2007 the US Preventive Services Task Force
(USPSTF) found insufficient evidence (I recommendation) to rec-
ommend for or against routine selective or universal lipid screen-
ing of children or adolescents.™ The purpose of this evidence re-
port was to assist the USPSTF in updating its previous
recommendations on screening children and adolescents for mul-
tifactorial dyslipidemia, defined as elevations in TC or LDL-C not due
to familial hypercholesterolemia.

Methods

Scope of Review
The Agency for Healthcare Research and Quality (AHRQ) commis-
sioned 2 systematic evidence reviews to support the USPSTF in up-
dating its 2007 recommendation statement on screening for lipid
disorders in children. This review focuses on benefits and harms of
screening for and treatment of multifactorial dyslipidemia in chil-
dren and youths aged O to 20 years. A separate systematic review
updated the 2007 USPSTF recommendations on heterozygous
familial hypercholesterolemia.”™

Using USPSTF methods,' an analytic framework and 8 key
questions (KQs) were developed to assess evidence of the effect of
screening and treatment on intermediate outcomes, adult health
outcomes, and harms; the diagnostic yield of screening; and the
association between intermediate outcomes in childhood and
adult health outcomes (Figure 1). Adult health outcomes of interest
were myocardial infarction (MI) and ischemic stroke. Intermediate
outcomes included lipid concentrations (TC, LDL-C, high-density
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lipoprotein cholesterol [HDL-C], non-HDL-C, and triglycerides) and
atherosclerosis markers (carotid intima-medial thickness, calcium
score, and autopsy findings).

Familial hypercholesterolemia and other monogenic condi-
tions were excluded from this review, as were renal, infectious,
hepatic, inflammatory, and storage disorders, types 1and 2 diabe-
tes, and several other syndromes that confer secondary risk of
elevated LDL-C or TC. Detailed study methods and a list of
excluded studies, including reasons, are listed in the full report (http:
//www.uspreventiveservicestaskforce.org/Page/Document
/UpdateSummaryFinal/lipid-disorders-in-children-screeningl).'®

Data Sources and Searches

A literature search was conducted using several databases, includ-
ing MEDLINE and PubMed, BMJ Clinical Evidence, Canadian Agency
for Drugs and Technologies in Health, Cochrane Database of Sys-
tematic Reviews, Database of Abstracts of Reviews of Effects, Health
Technology Assessment (Centre for Reviews and Dissemination), In-
stitute for Clinical Systems Improvement, Institute of Medicine, and
National Institute for Health and Clinical Excellence. The search in-
cluded studies published January1,20005, or later. The original search
was conducted on February 12, 2014, and updated on June 13,2014,
December 16, 2014, and June 2, 2015. After June 2015, we contin-
ued to conduct ongoing surveillance through article alerts and tar-
geted searches of high-impact journals to identify major studies pub-
lished in the interim that may affect the conclusions or understanding
of the evidence and therefore the related USPSTF recommenda-
tion. The last surveillance was conducted on April 9, 2016, and iden-
tified no new relevant studies. The search strategies are listed in the
eMethods in the Supplement.

All studies included in the previous USPSTF evidence report®
were reviewed along with the reference lists of several reports, in-
cluding the 2011 National Heart, Lung, and Blood Institute expert
panel report,"” publications from large cohort studies with longitu-
dinal data, and studies included in other relevant systematic re-
views and meta-analyses. Relevant articles were solicited from ex-
pert reviewers, and ClinicalTrials.gov was searched to identify
relevant ongoing trials.

Study Selection

All study selection procedures used dual independent review. The
title and abstracts were reviewed, followed by the full text of all
potentially relevant citations, against the a priori inclusion and
exclusion criteria for design, population, screening, intervention,
outcomes, and setting. Discrepancies were resolved through dis-
cussion.

The screening population of interest was asymptomatic people
aged O to 20 years. Eligible screening interventions were defined
asalipid panel (fasting or nonfasting lipid measurement, TC or LDL-C
alone or in combination with HDL-C) delivered in a universal or se-
lective screening strategy. Although non-HDL-C was not among the
included screening interventions, no studies were excluded that
screened youth using non-HDL-C. Screening studies with modes not
relevant to primary care practice were excluded.

The treatment population of interest was people with multi-
factorial dyslipidemia (ideally screen detected) aged O to
20 years who were treated with lipid-lowering drugs or life-
style interventions. All reported clinical and laboratory harms
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Figure 1. Analytic Framework
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Does screening for multifactorial dyslipidemia in asymptomatic children and adolescents delay or reduce the incidence of Ml or stroke in adulthood?

Does screening for multifactorial dyslipidema in asymptomatic children and adolescents improve intermediate outcomes (ie, improve lipid
concentrations or reverse or slow progression of atherosclerosis) in childhood and adolescence?

What is the diagnostic yield of screening for multifactorial dyslipidemia in children and adolescents?

What are the harms of screening for multifactorial dyslipidemia in children and adolescents?

Does treatment of multifactorial dyslipidemia with lifestyle modifications and/or lipid-lowering medications in children and adolescents delay or
Does treatment of multifactorial dyslipidemia with lifestyle modifications and/or lipid-lowering medications in children and adolescents improve

intermediate outcomes (ie, reduce lipid concentrations or reverse or slow progression of atherosclerosis) in childhood and adolescence?

What are the harms of treatment of multifactorial dyslipidemia with lifestyle modifications and/or lipid-lowering medications in children

What is the association between intermediate outcomes in childhood and adolescence and future incidence of MI and stroke events in adults?

Ml indicates myocardial infarction. Evidence reviews for the US Preventive
Services Task Force (USPSTF) use an analytic framework to visually display the
key questions that the review will address to allow the USPSTF to evaluate the
effectiveness and safety of a preventive service. The questions are depicted by
linkages that relate interventions and outcomes. Dashed line indicates an
association between an intermediate outcome and a health outcome. Further
details are available from the USPSTF procedure manual.’”

2 Intermediate outcomes include lipid levels (total, low-density lipoprotein,
high-density lipoprotein, and non-high-density lipoprotein cholesterol;
triglycerides) and atherosclerosis markers (carotid intima-medial thickness,
calcium score, pathological findings).

associated with interventions that had any evidence of treatment
benefit were included.

Studies of efficacy or effectiveness were limited to fair- or good-
quality randomized clinical trials that were conducted in countries
with a United Nations Human Development Index'® greater than 0.9.
Studies conducted in very high Human Development Index coun-
tries are more likely to be applicable to US settings. Trials, cohort stud-
ies, and observational studies that reported clinical or laboratory
harms were included:; case series and case reports were excluded.

JAMA August9,2016 Volume 316, Number 6

Simulation of Diagnostic Yield

For the diagnostic yield question (KQ3), screening studies initially
were required to include confirmatory testing to allow calculation
of proportion of persons screened who were confirmed cases.
However, because only 10hio-based study met all inclusion criteria
for KQ3, studies were included if they involved large US popula-
tions and reported results of lipid screening (using a TC concentra-
tion of =200 mg/dL, an LDL-C concentration of =130 mg/dL, or
both on a single occasion to define dyslipidemia). Combining the
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prevalence of elevated TC concentrations with the positive predic-
tive value from the Ohio study allowed for computation of a simu-
lated diagnostic yield (initial screening yield x positive predictive
value of the initial screen = diagnostic yield).

Data Extraction and Quality Assessment

Two reviewers independently critically appraised articles meeting
inclusion criteria as good, fair, or poor in accordance with USPSTF
guidance (eTable in the Supplement).™ Poor-quality studies were
those with important limitations that could invalidate study find-
ings and were excluded from this review.

For all included articles, data were abstracted into evidence
tables, including study characteristics, study design elements,
test characteristics for screening studies, intermediate and adult
health outcomes, and harms, including all relevant subgroups
where available.

Data Synthesis and Analysis

Summary tables of study characteristics, population characteris-
tics, intervention characteristics, and outcomes were created sepa-
rately for each KQ. For treatment studies, lipid concentrations were
expressed as percent change or difference from baseline. Data were
not combined across treatment studies. No KQs had a sufficient num-
ber of included studies to permit meta-analysis.

. |
Results

A total of 7137 unique abstracts and 537 full-text articles were re-
viewed (eFigure in the Supplement). Of these, 16 articles were in-
cluded. These include 4 screening studies (8 articles),”®1924 2 treat-
ment studies (5 articles),?>2% 1 study (5 articles) on treatment
harms,?”3'and 1study (1article) of association between intermedi-
ate and adult health outcomes.3? Three articles were included for
both KQ6 and KQ7.

Screening and Health Outcomes
Key Question 1. Does screening for multifactorial dyslipidemia in
asymptomatic children and adolescents delay or reduce the inci-
dence of Ml or stroke in adulthood?

No studies were identified.
Key Question 2. Does screening for multifactorial dyslipidemia in
asymptomatic children and adolescents improve intermediate out-
comes (ie, improve lipid levels or reverse or slow the progression of
atherosclerosis) in childhood and adolescence?

No studies were identified.

Diagnostic Yield of Screening
Key Question 3. What is the diagnostic yield of screening for multi-
factorial dyslipidemia in children and adolescents?

Three fair-quality studies”232* and 1 good-quality study (the
National Health and Nutrition Examination Study [NHANES])&20-22
met the inclusion criteria (Table 1). Only 1study used confirmatory
testing to establish dyslipidemia.” In a large pediatric group prac-
tice setting, 6500 people aged 3 to 18 years (mean, 6.4 years) pre-
senting for well child care between 1986 and 1988 provided a non-
fasting blood sample. Those with nonfasting TC concentrations of
200 mg/dL or greater returned for a fasting lipid profile. The preva-
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lence of elevated nonfasting TC concentrations was 8.5%. Of these,
88% returned for a second screen after 1to 6 weeks, and 77% of
these had a fasting LDL-C concentration of 130 mg/dL or more (posi-
tive predictive value = 77%). The diagnostic yield was 5.8%.

The positive predictive value of 77% for screening for elevated
TC concentrations from the confirmatory testing study was com-
bined with data from large recent studies to simulate population-
based diagnostic yields. Three large population-based studies that
used only a single lipid test (without confirmatory testing) and had
screening yields of 8% to 11% were used for this purpose.”-2°

Three studies reported the prevalence of elevated lipid con-
centrations by age and body mass index (BMI) subgroups. These
studies defined healthy weight as BMI in less than the 85th percen-
tile for age and sex, overweight as BMI between the 85th and 95th
percentile for age and sex, and obese as BMI in the 95th percentile
or higher for age and sex.

NHANES is a nationally representative sample survey.>* All 4 of
the NHANES articles®2°22 included adolescents; 2 included chil-
dren as young as 6 to 8 years. All used the National Cholesterol
Education Program (NCEP) cut points of 200 mg/dL for TC and 130
mg/dL for LDL-C.3 Participants provided nonfasting blood samples
for TC testing; 12- to 19-year-olds also provided fasting blood
samples for LDL-C testing. The highest rates of elevated TC were in
those aged 9 to 11 years (9.4%; 95% Cl, 7.3%-11.6%) and 16 to 19
years (9.4%; 95% Cl, 7.0%-11.8%)°; there were no significant dif-
ferences in age-specific prevalence.2°22 Prevalence of elevated
LDL-C was higher in children with obesity (14.2%; 95% Cl, 10.2%-
19.6%) than in healthy-weight children (prevalence ratio, 2.5; 95%
Cl1,16-3.8).

The Coronary Artery Risk Detection in Appalachian Commu-
nities (CARDIAC) Project screened 23 263 West Virginia fifth-
grade students statewide between 2003 and 2008724 for
elevated lipid concentration and family history of early coronary
heart disease or hypercholesterolemia. After a nonfasting screen-
ing test, the prevalence of elevated TC (=200 mg/dL) was
10.7% (7.5% for children with healthy weight, 11.5% for over-
weight children, and 16.0% for obese children).” Prevalence of
elevated LDL-C (=130 mg/dL) was 8.7% overall” (8.3% in those
with a family history of early coronary heart disease and 9.5% in
those without).?*

In a study of 3- to 19-year-olds enrolled in 3 large health sys-
tems in California, Colorado, and Minnesota,*® elevated TC concen-
trations using NCEP criteria were increased significantly with BMI:
10.7% (95% Cl, 10.2%-11.3%) in the obese group, 8.6% (95% ClI,
7.8%-9.4%) in the overweight group, and 6.7% (95% Cl, 6.2%-
71%) in the healthy-weight group. A similar association was found
for LDL-C measurements.

Simulated diagnostic yields ranged between 4.8% and 12.3%
for different age and BMI subgroups. The highest diagnostic yields
appear tobein obese children (12.3%) and at the ages when TC natu-
rally peaks (children aged 9-11 years, 7.2%; adolescents aged 16-19
years, 7.2%).2° The subgroup with the highest estimated diagnos-
tic yield was obese children aged 10 to 11 years (12.3%).”

Harms of Screening
Key Question 4. What are the harms of screening for multifactorial
dyslipidemia in children and adolescents?

No studies were identified.
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Figure 2. Effect of a Dietary Intervention on Mean Total Cholesterol
in Children Aged 8 to 10 Years at Baseline in the Dietary Intervention
Study in Children®®
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Error bars indicate 95% Cls. To convert total cholesterol to millimoles
per liter, multiply by 0.0259. The numbers of participants in each study
group contributing data at each time point are shown below the graph.
Median follow-up was 7.2 years (range, 6.5-9.3 years). Mean age of study
participants was 9.5 years at baseline and 17.0 years at year 7; mean age
was not reported at other time points. In this same study, low-density
lipoprotein cholesterol showed a similar pattern to total cholesterol

over time in both study groups.

Benefits of Treatment of Multifactorial Dyslipidemia

Key Question 5. Does treatment of multifactorial dyslipidemia with
lifestyle modifications and/or lipid-lowering medications in chil-
dren and adolescents delay or reduce the incidence of adult Ml and
stroke events?

No studies were identified.

Key Question 6. Does treatment of multifactorial dyslipidemia
with lifestyle modifications and/or lipid-lowering medications
in children and adolescents improve intermediate outcomes
(ie, improve lipid levels or reverse or slow the progression of
atherosclerosis) in childhood and adolescence?

No studies meeting the inclusion criteria evaluated the effect
of medications on intermediate outcomes in children or adoles-
cents with multifactorial dyslipidemia. For lifestyle modification, 1
good-quality trial (4 articles)?®2° and 1 fair-quality treatment trial
(1 article)®® were included (Table 1). A 4-week trial tested the
effect of flaxseed supplementation of 30 g/d delivered through
specially prepared muffins and bread. The control group received
placebo muffins and bread.?> Compared with placebo, flaxseed
was associated with non-statistically significant lower TC concen-
trations (relative change of -4%; 95% Cl, -10% to 2%; P = .20)
and LDL-C concentrations (relative change of -5%; 95% Cl, -12%
to 2%; P = .15). Flaxseed also was associated with lower HDL-C
concentrations relative to placebo (mean change, -15%; 95% Cl,
-24% to -6%; P = .001).

The Dietary Intervention Study in Children (DISC) was a ran-
domized clinical trial of a modified NCEP Step Il (low-fat, low-
cholesterol) diet® with a multiyear intervention and long-term
follow-up of children with LDL-C between the 80th and 98th per-
centiles for age and sex (aged 8-10 years at baseline; n = 663).
During the first 6 months, participants had group visits and indi-
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vidual family visits, followed by a 2.5-year maintenance phase to
support adoption of the low-fat diet. Parents of control-group
participants received feedback about the child’s cholesterol con-
centration and educational materials. Children in the intervention
group received dietary counseling at a lower intensity until about
8 years after randomization.?® A subset of 230 female partici-
pants was assessed again as adults, about 18 years after
randomization.?®

Adherence to the diet during the intervention period was
good,?” and the children in the intervention group had improved
dietary quality.3®> Small, statistically significant decreases in LDL-C
and TC relative to the control group were seen in participants ran-
domized to the dietary intervention at years 1 and 3. Adjusted
mean between-group differences in change from baseline at 1
year were -6.1 mg/dL (95% Cl, -9.1 to -3.2 mg/dL; P < .001) for
mean TC and -4.8 mg/dL (95% Cl, -7.4 to -2.2 mg/dL; P < .001)
for mean LDL-C. The groups did not differ significantly at year 5
(LDL-C and TC),3° year 7 (LDL-C and TC),%® or year 18 (LDL-C)?°
(Figure 2).

Harms of Treatment of Multifactorial Dyslipidemia

Key Question 7. What are the harms of treatment of multifactorial
dyslipidemia with lifestyle modifications and/or lipid-lowering
medications in children and adolescents?

Only DISC was included for treatment harms (Table 1).
Weight, height, and BMI were assessed at baseline and annually
through the final visit in the original study and (for the subset of
230 women) at year 18.2829 Skin-fold thickness and mid arm,
waist, and hip circumferences were measured at several points.
Sexual maturation was evaluated at every visit through year 5 or
until the participant reached Tanner stage 5. Age at menarche
was recorded for female participants at year 7 and at year 18.
Blood pressure was measured at baseline, year 1, year 3, and year
18. Laboratory measures and macronutrient and micronutrient
intake were measured at several time points. Psychosocial
assessments®' were performed at year 3 to assess social emo-
tional development, depression/anxiety, academic development,
and eating disorders. DISC identified no harms of a modified
NCEP Step Il dietary intervention with behavioral counseling in
children with multifactorial dyslipidemia.

Relationship Between Intermediate Outcomes

and Adult Health Outcomes

Key Question 8. What is the association between intermediate out-
comes in childhood and adolescence and future incidence of Ml and
stroke events in adults?

One good-quality study met the inclusion criteria (Table 1
This study identified a cohort of 9245 NHANES participants
aged 12 to 39 years and measured deaths before age 55 years
through linkage with the National Death Index. Total cholesterol
concentrations were greater than 200 mg/dL in 28.5% of the
cohort and greater than 240 mg/dL in 7.6%. At the end of the
study, 283 participants (3.1%) had died. Moderately elevated TC
concentrations (200-239 mg/dL) were not significantly associ-
ated with a relative hazard (RH) for death before age 55 years for
male participants (RH for all causes, 0.75 [95% Cl, 0.42-1.37]; RH
for endogenous causes, 0.71 [95% Cl, 0.34-1.51]) or for female
participants (RH for all causes, 1.39 [95% Cl, 0.71-2.70]; RH for

).32
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endogenous causes, 0.77 [95% Cl, 0.36-1.62]). A very high TC
concentration (=240 mg/dL) was associated with a greater risk
of death due to endogenous causes (RH, 2.58; 95% Cl, 1.31-5.08)
in female participants only.

|
Discussion

Screening strategies proposed for dyslipidemia have included
both selective and universal screening. Several expert groups rec-
ommend screening based on family history, primarily for detect-
ing familial hypercholesterolemia.>'3¢3” A 2011 guideline from
the National Heart, Lung, and Blood Institute recommended uni-
versal screening at age 9 to 11 years and again at age 17 to 21 years,
with selective screening at other ages."” Elevated LDL-C and TC
concentrations are associated with higher BMI®-8-38 and waist
circumference,®3® suggesting a rationale for selective screening.
However, BMI is most strongly associated with elevated triglycer-
ide concentration, which, not being atherogenic, is not included
in the definition of multifactorial dyslipidemia. Current rates of
dyslipidemia screening in children and adolescents are low, esti-
mated between 2.5% and 3.2%.3° Current guidelines do not rec-
ommend lipid-lowering medications to treat multifactorial dyslip-
idemia in youths,'” and pharmacologic treatment of 8- to
20-year-olds with lipid-lowering agents is rare.*°

This evidence report found that in population-based studies,
8% to 11% of children and adolescents screened positive at the
fixed NCEP cut point of 200 mg/dL or higher on a single TC test,
with higher rates in obese children and, to a lesser extent, in over-
weight children. After confirmatory testing, screening is esti-
mated to result in diagnostic yields ranging from 4.8% to 12.3%,
with higher yields in higher BMI subgroups, if screening is widely
adopted (Table 2). However, no direct evidence was found for the
effect of screening for multifactorial dyslipidemia on dyslipidemia
and atherosclerosis in childhood or on Ml and ischemic stroke in
adulthood.

No evidence was found on the harms of screening for multi-
factorial dyslipidemia in childhood. Because the majority of dys-
lipidemias identified in childhood do not develop clinically
important lipid elevations or cardiovascular disease,'®*' such
"nondisease” could result in harms, such as labeling a child
as sick, parent or child anxiety, and unnecessary or harmful test-
ing and treatment. Furthermore, the NCEP cut points are derived
from population distributions, not from associations between
lipid concentrations and clinical outcomes, as they are for
adults. Although widely accepted, these fixed cut points may
overidentify children in the age groups currently targeted for
screening, who naturally experience peaks in TC and LDL-C
concentrations.

Evidence from 1 trial suggests that moderately dyslipidemic
8- to 10-year-olds following a low-fat, low-cholesterol diet
experience a small decrease in lipid levels without evidence of
harms (Table 2). The study diet closely resembled current
macronutrient recommendations for children with LDL-C
concentrations of 130 mg/dL or higher."” The small beneficial
effect of a low-fat, low-cholesterol diet did not persist beyond 3
years and was consistent with the natural decrease in LDL-C con-
centration seen in early adolescence. The relatively high intensity
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of the counseling intervention limits its generalizability to primary
care settings, in which trained nutritional counselors may not be
part of the health care team. In addition, the clinical importance
of the small effect on cholesterol concentrations in a 3-year
period is unclear. A randomized clinical trial of flaxseed supple-
mentation found no effect on TC concentrations; this trial
included children with a family history of dyslipidemia, so it is pos-
sible that some of the participants could have met criteria for
familial hypercholesterolemia.

Despite the clear link between lipid concentrations and
coronary heart disease in adults, the association between
elevated TC or LDL-C concentrations in youth and cardiovascular
disease in adulthood is poorly understood. A single longitudinal
study of adolescents and young adults from the NHANES data-
base found no association between TC concentrations and death
before age 55 years when men and women were combined but
did find that women who had an extremely high TC concentration
(=240 mg/dL) at age 12 to 39 years had a greater risk of death
before age 55 years. This subgroup is likely dominated by women
with familial hypercholesterolemia, among whom premature
coronary heart disease deaths are expected. The meaning of
this finding is unclear because of the small number of deaths in
this subgroup and because it represents both adolescence and
young adulthood.

Research Needs

Large randomized clinical trials of lifestyle interventions with
long-term follow-up would provide evidence to inform recom-
mendations for management of children and youth with
multifactorial dyslipidemia. Rigorous trials of dietary supplements
and medications to reduce concentrations of atherogenic lipids
in children and adolescents would also improve the body
of evidence.

Evidence for the effect of screening in childhood on health
outcomes in adulthood is notably lacking and could be provided
by large trials of both universal and selective screening strat-
egies that use accepted cut points defining dyslipidemia,
perform confirmatory testing, and include racially and ethnically
diverse populations. Pediatric studies that screen for abnormal
non-HDL-C or apolipoprotein B concentrations, which have
emerged as strong markers of atherogenic risk in adults,*>#4
could also be useful. Long-term follow-up studies of pediatric
cohorts into adulthood would provide evidence that would aid
the understanding of the association between cholesterol con-
centrations in children with multifactorial dyslipidemia and adult
health outcomes.

Although cut points for defining dyslipidemia in childhood
are not a primary focus of this review, the findings suggest that
the current commonly accepted fixed cut points are imprecise
given the normal, predictable, and well-documented fluctuations
in lipid levels that occur during childhood and adolescence. Reex-
amination of cut points that more precisely reflect the fluctua-
tions of lipids during childhood and their implications for screen-
ing may be warranted.

Limitations
This review identified no screening studies with follow-up

to adulthood and only 2 randomized clinical trials of different
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dietary interventions. The larger trial targeted 8- to 10-year-
olds, so the effect of a dietary intervention on adolescents

US Preventive Services Task Force Clinical Review & Education

Conclusions

with dyslipidemia remains unknown. There was no evidence to

support any other type of treatment for multifactorial dyslipid-
emia. This evidence report excluded familial hypercholesterol-
emia, which is addressed in a companion review."> However, it is
worth noting that the 2 conditions are detected with the same

screening test.
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