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Abstract

Purpose of Review Youth with congenital heart disease (CHD) are uniquely vulnerable to genetic and acquired atheroscle-
rotic cardiovascular disease (ASCVD) risk factors. With the increasingly successful management of CHD, it is important to
prevent or optimally managed risk factors with the goal of improving outcomes and longevity.

Recent Findings This review summarizes guidelines for the evaluation and management of obesity, dyslipidemia, and
hypertension in youth (< 18 years of age), focusing on the special vulnerabilities associated with the type of repair and the
presence of residual disease in those who undergo cardiac surgery.

Summary Clinicians must focus on targeting these highly prevalent ASCVD risk factors to protect CHD survivors from
preventable ASCVD morbidity and mortality by applying lifestyle, pharmacologic, or surgical therapies as needed. Future
work should examine interventions to identify and treat ASCVD risk factors in CHD patients. Given the increased preva-
lence of ASCVD risk factors in youth and the morbidity and premature mortality associated with CHD, it is important for
clinicians to assess global risk factors in these patients frequently, encourage adherence to lifestyle changes, and recommend
pharmacotherapy and surgical interventions when clinically indicated. Future efforts should identify barriers and opportuni-
ties for improving risk factor assessment and timely intervention as a routine part of clinical care.

Keywords Childhood obesity - Cholesterol - Congenital heart disease - Pediatric cardiology - Pediatric hypertension - Lipid

disorders - Review

Introduction

ASCVD is a leading cause of death worldwide, with a
prevalence of 48% in US adults [1ee]. Risk factors such
as age, sex, blood pressure (SBP), total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C), cigarette
smoking, and diabetes (both type 1 and type 2) contribute
to atherosclerosis, the underlying cause of ASCVD, and
predictable future adverse events and poor outcomes [1ee,
2]. Fortunately, from ~ 1980 to 2015, ASCVD-attributable
mortality decreased in the USA and other high- and middle-
income countries [3]. According to data from the IMPACT
mortality model, 44% of the observed decrease was due to
primary prevention strategies including optimizing TC and
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SBP, smoking avoidance/cessation, and increasing physical
inactivity, while secondary strategies accounted for 47%, the
latter primarily driven by risk factor modification following
an ASCVD-relayed event [3].

ASCVD begins in childhood and risk factors, present at
an early age (1) track into adulthood and (2) predict subclini-
cal atherosclerosis in youth and (3) ASCVD-related events
later in life [4, 5, 6¢e]. Observational data have shown that
early and effective interventions greatly reduce or prevent
atherosclerosis [7¢]. Meta-analyses confirm that individu-
als with fewer or less severe risk factors over their life span
have less ASCVD risk, a finding which exceeds risk factor
reduction initiated later in life, such as use of lipid-lowering
medication [8]. This suggests that avoidance or optimum
management of lifelong risk factors should be the primary
goal of ASCVD prevention.

Cardiac malformations are the most common form of
birth defects with a prevalence of ~0.8% [9]. The types of
malformations vary and are influenced by in utero expo-
sures and genetic factors, although the cause of many remain
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unknown. Extreme anatomic and physiologic variability
leads to oxygen desaturation, failure to thrive, easy fatigue,
tachypnea, and hypertension, with many children experi-
encing cardiorespiratory failure. Over the decades, survival
has dramatically improved primarily due to more effective
and timely medical and surgical interventions such that
the number of adults with congenital heart disease (CHD)
exceeds that of children [10]. However, the vast majority of
interventions for CHD are palliative rather than curative,
with patients continuing to need lifelong monitoring often
due to the highly specific vulnerabilities of their heart, ves-
sels, brain, and other organ systems [11]. The interaction
of genetic and/or acquired risk factors over a lifetime in the
setting of a vulnerable cardiovascular system results in CHD
survivors being at high risk of morbidity and premature mor-
tality, both of which can be greatly improved or are poten-
tially avoidable. This review will briefly discuss ASCVD
risk factors in childhood, including obesity, lipids, and
hypertension, before focusing on the specific risks unique
to youth with CHD.

Obesity
Epidemiology, Tracking, and Temporal Trends

With some notable exceptions, BMI [weight (kg)/height
(m?)] is strongly correlated with measurement of body fat
and a commonly used tool in clinical practice to assess
adiposity [12]. Obesity is defined as a body mass index
(BMI) > 95th percentile for age and sex and overweight
BMI 85th-94th percentile. Severe obesity is considered
present when the BMI is > 35 or when the BMI exceeds
120% of the 95th percentile [13]. According to NHANES
data, 33.4% of children are overweight, 17.2% obese, and
5.6% severely obese. While obesity amongst those with a
higher socioeconomic status (SES) status has decreased,
rates have increased in lower SES [14]. Racial-ethnic strati-
fied data shows that obesity is more prevalent in Blacks and
Hispanics compared to Whites and Asians. With respect to
sex, obesity is slightly more prevalence amongst boys than
girls; however, there is no difference in severe obesity [1ee,
13]. Disturbingly, meta-analyses show that 50% of obese
children will become obese adolescents and 80% of obese
adolescents obese adults, making them 5 times more likely
to become obese adults [15].

Children with excess body weight often have significant
comorbidities including hypertension, dyslipidemia, insu-
lin resistance, nonalcoholic fatty liver disease, sleep apnea,
asthma, psychological/behavioral disorders, and muscu-
loskeletal complications [16]. Excessive body weight is
associated with changes in cardiac structure and function,
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arterial stiffness, structure and function, endothelial dysfunc-
tion, and accelerated vascular aging [17].

A systematic review showed children who were over-
weight and obese had an increased risk of ASCVD-related
adverse outcomes [18]. A report of Native American youth
found that the rate of premature deaths in the highest BMI
quartile for age and sex was double that of the lowest BMI
quartile [19]. Data from a Swedish cohort of children with
obesity reported a 2-3 times increased risk of premature
death [20].

Diagnosis and Management

Annual screening for overweight and obesity using a calcu-
lated BMI is recommended by most professional societies,
USPSTF, and governmental entities [21, 22]. Inadequate
diagnosis of obesity in the pediatric age group is often due
to the perceived ineffectiveness of preventative counseling,
concerns about low parental motivation, problems with bill-
ing/reimbursement, cultural variation in perception of body
image, and concerns about the stigmatization associated
with being overweight and obese at an early age [23-26].
With respect to treatment, the USPTF analyzed data
from intensive weight loss programs that included at least
26 patient contact hours which resulted in weight loss [27].
Cornerstones of successful weight management include
increasing intake of fruits and vegetables, reducing portion
sizes, and avoiding calorie-dense foods like sugar-sweetened
beverages (SSB) and ultra-processed foods. A randomized
trial of healthy adults comparing calorie and macronutrient-
matched “high processed” versus “unprocessed” foods con-
cluded that an ultra-processed diet induced higher energy
intake compared to an unprocessed diet, suggesting “ultra-
processed” foods have a disproportionate effect on weight
[28]. Sedentary activities (i.e., screen time) should be lim-
ited to <2 h per day, and physical activity increased to 5 h of
moderate-to-vigorous exercise per week [29]. Studies have
shown improvements in hypertension and dyslipidemia
with weight loss [29]. Unfortunately, “failure” in pediatric
weight loss programs is common due to competing forces
of intended weight loss versus growth-driven weight gain
[30]. As weight decreases, resting energy expenditure also
decreases, requiring proportionally more effort to achieve
additional weight loss [31]. Public health policy changes
may help achieve more “personal responsibility” in achiev-
ing and maintaining a healthy weight. Some experts believe
that obesity is a natural consequence of a “toxic” food envi-
ronment and have called for a collective action [32].
Pharmacotherapies for youth who are overweight or
obese are rapidly emerging, including promising results
from SGLT2 inhibitor clinical trials along with previously
approved Orlistat [33, 34]. Data on the long-term use of
weight loss drugs is in process. Bariatric surgery has become



Current Atherosclerosis Reports (2023) 25:417-426

419

more acceptable for select youth with severe obesity and
comorbidities [35]. Bariatric surgery reduces BMI and
improves dyslipidemia and hyperinsulinism. However, 15%
of those who undergoes bariatric surgery needed one or
more additional surgeries, and 33% suffered adverse effects
[36]. Since bariatric surgery permanently alters enterohe-
patic and biliary circulation, the long-term effects need fur-
ther study. In addition, over 20% who achieve weight loss
after the initial bariatric surgical procedure regain their prior
weight and experience a recurrence of comorbid conditions
[35]. Thus, the appropriateness and availability of surgery
will depend on totality of assessment and long-term follow-
up data. Statements from the American Academy of Pedi-
atrics note that the long-term safety and efficacy in youth
of both medications and surgery remain unknown. Future
studies will help future clinical decision-making.

Accumulating Lipids and Lipoproteins
Epidemiology

ASCVD is the consequence of fatty streaks and plaques
accumulation within the vasculature [37, 38]. Recent
metacohort observational data from children followed into
adulthood shows lipid and lipoprotein levels predict future
ASCVD-related events during adulthood [6ee]. Multi-
ple studies demonstrate children with dyslipidemia have
adverse vascular health in young adulthood [5]. In particu-
lar, familial hypercholesterolemia (FH), caused by geneti-
cally elevated low-density lipoprotein cholesterol (LDL-C),
firmly links the effects of lifelong elevations of LDL-C to
premature ASCVD-related events. Registry and genetic
metacohort data show that individuals with FH-associated
genetic variants (APOB, LDLR, LDLRAP1, and PCSK9)
have a multifold higher risk for ASCVD than their non-FH
peers [1ee, 39].

Despite the rise of obesity in the USA, lipid and lipopro-
tein levels in youth have declined, although the reason(s)
remain unclear [40, 41, 42e] [1ee, 97ee]. Nationally, repre-
sentative data show the prevalence of any abnormal choles-
terol level being roughly 20% and abnormal levels of TC,
triglycerides (TG), HDL-C, and LDL-C of 7.1%, 10.2%,
12.1%, and 6.4%, respectively. [41, 42¢] While levels of
lipids and lipoprotein in overweight and obese children are
elevated, it should be noted that children who are lean may
also be at risk. Indeed a substantial proportion of youth, par-
ticularly those with unhealthy lifestyles and genetic variants,
have elevated lipids yet a normal weight. Focusing exclu-
sively on excess weight as a trigger for cholesterol screening
will miss a substantial proportion of those with significant
dyslipidemia who would benefit from intervention, includ-
ing use of lipid-lowering medication [42e]. Girls are more

likely to have elevated LDL-C than boys, while boys have
higher HDL-C and TG [1ee]. In general, Asian children have
higher levels of TC, LDL-C, and TG, while Hispanic chil-
dren have the lowest levels of HDL-C and Black children
lower TG [1ee].

Classification and Diagnosis

Categorically, disorders of lipid and lipoprotein metabolism
are the result of one or more of the following: unhealthy life-
styles, genetic predisposition, the effects of medications, and
medical conditions. Atherogenic dyslipidemia, commonly
seen in children who are overweight or obese, is defined as
the triad of elevated TG, low HDL-C, and increased num-
ber of small, dense LDL particles, while LDL C is gener-
ally normal or modestly increased. Genetic variants, such as
those that cause FH, are commonly characterized by isolated
elevation of total and LDL-C, with normal TGs and HLD-C
[21]. With the high prevalence of FH (1:200) in the general
population and the rising prevalence of childhood obesity,
these “classic” lipid profiles have begun to overlap.

The primary genetic lipid disorders include FH, famil-
ial combined hyperlipidemia (FCH), and familial severe
hypertriglyceridemia (HTG). FH is an autosomal codomi-
nant disorder [43, 44]. While the vast majority of children
with heterozygous FH (HeFH) are asymptomatic, those with
homozygous FH (HoFH) can present in early childhood with
xanthomas commonly involving the extensor surfaces of the
knees and elbows. Although rare (1:250,000), individuals
with HoFH may experience ASCVD-related events within
the first two decades of life. In contrast, HeFH is very com-
mon (~0.4%) with one child born with a heterozygous vari-
ant every minute.

Although less often recognized in the pediatric popu-
lation, the prevalence of FCH approaches 1%. Youth
with HeFH and FCH are frequently asymptomatic during
childhood; nonetheless, the risk of a fatal or nonfatal MI
is approximately 20 to 100 times higher than the general
population [43, 44].

Although the role of familial HTG in premature ASCVD
remains unclear, youth and adults with severely elevated
TGs (> 1000 mg/dL) are susceptible to acute and recurrent
episodes of pancreatitis throughout the lifecourse [21]. A
review of lipid and lipoprotein abnormality secondary to
medication or medical conditions is beyond the scope of
this review.

Screening
Lipid screening during childhood primarily aims to identify
youth with genetically induced hypercholesterolemia, espe-

cially HeFH [21, 43]. Screening guidelines, first published
in 1992, have evolved from targeted screening based upon

@ Springer



420

Current Atherosclerosis Reports (2023) 25:417-426

family history to including other individual risk factors and
medical conditions [2, 21]. Supporting this evolution are
studies showing screening based upon family history misses
30-60% of children with elevated lipid levels many of whom
would benefit from early intervention, including use of lipid-
lowering medication [45]. The 2011 NHLBI guidelines rec-
ommended (1) universal cholesterol screening for children
beginning at 9-11 years of age and, if normal, repeated at
17-21 years of age and (2) targeted cholesterol screening for
children > 2 years old with risk and risk conditions [21]. The
rates of universal screening in clinical practice, however,
remain low, justified by some based upon a lack of dec-
ades-long data which demonstrate cholesterol screening in
childhood decreases future ASCVD events, a presumed, but
unproven, stigma following a lipid-related diagnosis, anxiety
related to dietary habits, and cost. As a result, the US Pre-
ventive Services Task Force review assigned universal child-
hood lipid screening an “I” rating (insufficient data) [27]. It
should be noted, however, that the USPSTF did not reject
the potential benefit of cholesterol screening but was unable
to come to a definitive conclusion for or against cholesterol
screening due to a lack of published outcome data. Thus
far, provider screening of children for lipid-related disorders
has failed to identify the expected proportion with heFH
[46]. Barriers to cholesterol screening identified by pediatric
providers include a lack of guideline awareness, discomfort
with managing lipid disorders, and opposition to the use of
lipid-lowering medication in children [47].

Early diagnosis and management are critically important
if we are to improve outcomes in this vulnerable population.
A key study from a Dutch HeFH cohort found offspring with
proper therapy in early life was almost completely protected
from coronary events before 40 years of age compared to
their parents, in whom treatment was delayed until later in
life and, as a consequence, was substantially affected by cor-
onary events prior to 40 years of age [7¢]. A combined meta-
analysis compared ASCVD events between trials of statins
versus LDL-C lowering genetic polymorphisms and showed
that the latter were substantially more effective, suggesting
lifelong lower LDL-C levels are more cardioprotective [8].
Chronic exposure to elevated LDL-C increases the risk for
ASCVD events and is modifiable [6ee].

Management

Lifestyle modifications is the cornerstone of dyslipidemia
management in children, with or without weight loss [21,
48, 49]. The NHBLI Cardiovascular Health Integrated Life-
style Diet (CHILD-2) is recommended for youth with per-
sistently elevated LDL-C (clinically suspected or genetically
confirmed FH), limiting saturated fat to < 7% total calories
and dietary cholesterol to <200 mg/day, and incorporating
dietary psyllium fiber and plant sterols. For patients with
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elevated TGs, the CHILD-2 TG diet recommends elimi-
nating SSB and added sugars while replacing simple car-
bohydrates with whole grains and complex carbohydrates.
Children should participate in 5 h of moderate-to-vigorous
exercise weekly and limit daily sedentary screen times to
less than 2 h per day [21].

Pharmacological therapy is indicated in youth who failed
to reach their lipid goal with lifestyle intervention alone,
especially in those with family history or other ASCVD risk
factors. Several publications evaluating pharmacotherapy for
HeFH have concluded that statin use decreases ASCVD-
related events and slows progression of atherosclerosis [7e,
441]. With respect to side effects, a Cochrane review of nine
randomized placebo control trials of statins in children
showed no differences in liver enzyme levels, incidence of
rhabdomyolysis, or alterations in sexual maturation from
cholesterol-derived sex hormones [50]. Nonetheless, it is
important to remain vigilant. Of note, there is evidence in
children that statin use may be rarely associated with the
development of type 2 diabetes similar to adults [51].

Hypertension
Epidemiology, Tracking, and Temporal Trends

Elevated blood pressure (BP) is the strongest modifiable
cause of ASCVD [52, 53]. Evidence-based recommenda-
tions for BP management in youth are contained within
the 2011 NHLBI integrated cardiovascular risk reduc-
tion guidelines and the 2017 AAP BP guidelines [21, 54].
Despite the rise in rates of obesity in youth since the 1970s,
the average systolic blood pressure in the population has
declined. Reduced lead exposure has been linked to declin-
ing BP in US children [55]. Meanwhile, in parallel with the
rise in obesity, the proportion of youth with abnormal BP
has increased, with ample evidence showing BMI exerts
strong effects on BP [56, 57]. According to the 2017 AAP
BP guidelines, about 14% of adolescents have an elevated
BP [58]. Hypertension is more prevalent in boys than girls
and amongst Blacks and Hispanics compared with Whites
and Asians [59]. Meta-analysis demonstrates BP tracks
from childhood to adulthood and is greater for adolescents
than younger children [4]. Critically, multiple studies show
hypertension during adolescence predicts all-cause mortality
and ASCVD in adulthood [6ee, 60, 61]. Better BP control in
children may avert elevated BP in young adulthood and its
related consequences [62].

Diagnosis and Classification

The diagnosis and classification of hypertension in youth are
challenging due to the need for age-sex-height-dependent
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normative references and the common occurrence of white
coat (WCH)/anxiety-induced/reactive hypertension or
masked hypertension (MH). Studies have suggested that the
prevalence of WCH in youth studies is approximately 32%,
varying significantly across various study populations [63].
MH, estimated to be present approximately 7% of youth,
is defined as a normal BP recorded during a clinic visit yet
elevated when recorded by 24-h ambulatory BP monitoring
[63].

Ambulatory blood pressure monitoring (ABPM) is
deemed superior to office or home BP monitoring in clas-
sifying true versus WCH hypertension [54, 63]. Several
studies show a strong relationship between ABPM-defined
hypertension and target organ damage, such as elevated left
ventricular (LV) mass, thicker carotid artery thickness, and
increased arterial stiffness [64—66]. Updated guidelines on
the use of ABPM and the interpretation of its results have
been published, including use in youth who are obese and
those with sleep apnea and certain forms of congenital heart
disease [63]. ABPM use has been demonstrated cost-effec-
tiveness in children and adults with suspected hypertension
[67, 68].

A complete history and physical examination help dis-
tinguish between primary and secondary hypertension. In
evaluating the causes of hypertension, a study in a tertiary
pediatric hypertension clinic found secondary hypertension
in 100% patients of infants, 80% of 1-5 years old, and ~50%
of > 6 years old [69]. Secondary causes of hypertension are
often suggested by a history of premature birth, frequent uri-
nary tract infections, or a lack of ABPM evidence showing
attenuation of BP during sleep [54, 63]. Adolescents with
prevalent ASCVD risk factors (e.g., elevated BMI, unhealthy
diet, or physical inactivity) can be assumed to have essential
hypertension barring abnormal history or exam findings or
until BP does not improve in expected fashion [54].

Management

Management of hypertension in youth starts with adoption
of a heart healthy lifestyle with particular focus on improv-
ing dietary quality, increasing physical activity, and achiev-
ing/maintaining a healthy weight [21, 70]. The Dietary
Approaches to Stop Hypertension (DASH) diet has con-
sistently shown improved BP measurements across various
subpopulation [70, 71]. The DASH diet focuses on intake
of whole grains, vegetables, and fruits high in fiber, potas-
sium, magnesium, and calcium, as well as lean meats, fat-
free dairy, and minimizing added sugars and sodium.

Data in youth on the relation between physical activ-
ity and BP has been incompletely established due to study
design or limited participation. One meta-analysis showed
that exercise reduced SBP and DBP by 1% and 3%, respec-
tively, but did not meet statistical significance [72]. Activity

data from youth measured utilizing wearable technology
confirmed that higher PA was associated with lower BP
and suggested that activity amount may be more important
than the intensity [73]. School-based intervention strategies
improving PA improved BP in children [74].

Current guidelines recommend initiation of pharmaco-
logic treatment in youth if adequate lifestyle changes alone
fail to improve BP after 6 months and more acutely in those
with severely elevated BP [54]. Calcium channel blockers
(CCB), angiotensin-converting enzyme (ACE) inhibitors,
and angiotensin II receptor antagonists (ARB) are the first-
line choices for goal-directed medical therapy. Of note, thi-
azide diuretics and beta-blockers should be used cautiously
as they can impair glucose metabolism, placing patients
at risk for developing diabetes mellitus [75]. The rarity of
ASCVD events in childhood prevents outcome-based ther-
apy goals, making reduction to population percentile-based
“normal” levels, either below 90 percentile for age-sex or
below 130/80, as the goal of therapy [54]. Causes of sec-
ondary hypertension should be identified and addressed if
present. The utility of vascular or cardiac assessments or
goal-directed therapy on future ASCVD risk events needs
to be defined.

Congenital heart disease

CHD is the most common form of birth defect, affecting
roughly 8 in every 1000 live births [9]. Of these children,
roughly 30% will require a procedural intervention dur-
ing early life [9]. CHD can affect any structure within the
developing heart and often occurs in multiple combinations,
resulting in a wide array of cardiac lesions. While many
classification schemes exist, for purposes of this discussion,
CHD is classified into three main categories. First are septal
defects that allow blood to escape the intended route, result-
ing in either cyanosis secondary to inadequate flow to the
lungs or, alternatively, excessive flow to the lungs which
over time can lead to pulmonary artery changes that impede
flow and cause cyanosis and heart failure. The second cat-
egory is narrowing of the heart valves thereby impeding
blood flow into and/or out of the ventricles, often resulting
in diminutive chamber sizes, hence the maxim “no flow, no
grow.” Finally, abnormalities can exist in large blood vessels
through which blood is pumped from the heart, especially
the aorta, leading to narrowing (coarctation) or anatomic
interruption of the aorta. Further complicating this panoply
of anatomic and function disorders is procedural interven-
tions which have their own effects and side effects. Each
unique type of CHD has its own natural history, altered by
the type of treatment-rendered and treatment-related side
effects. These can alter the natural history and may mitigate
future ASCVD-related risk (Table 1) [11]. The increasing
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Table 1 Excess risk of atherosclerotic cardiovascular disease type by
congenital heart disease type

Type of congenital heart disease Coronary Cerebro- Vas-
artery vascular cular
disease disease disease

Coronary anomalies 1 - -

Transposition of the great il - T

arteries

Coarctation of the aorta 1 1 1

Aortic valve disease 1 -

Septal defects - 1 -

Eisenmenger syndrome - 1 1

Cyanotic heart disease - 1 1

Up arrow indicates higher risk than general population. Dash indi-
cates no evidence of increased risk

prevalence of youth who survive CHD reinforces the impor-
tance of focusing on ASCVD risk factors [10]. Advances
in care have resulted in>90% improvement in youth who
survive CHD into adulthood. [10, 11, 76] Indeed, epidemiol-
ogy suggests that in countries with high per capita income,
the number of adults currently living with CHD outnumbers
the number of youth who had survived CHD [10]. Given
the preponderance of evidence, some studies suggest CHD
survivors face new challenges related to higher risk of early
ASCVD [11, 77-81]. Guidelines for adults with CHD,
including those for ASCVD risk factor screening, confir-
mation, and treatment, generally recommend goal-directed
medical therapy (GDMT) [11].

Reports suggest 70 to 80% of adult CHD survivors have at
least 1 ASCVD risk factors [77, 79, 80]. It should be noted,
however, that current data regarding adult-onset ASCVD in
CHD survivors reflect older forms of CHD treatment, many
of which have been supplanted by substantially newer and
novel forms of treatment. In addition, individuals not living
in countries with high per capita income often lack avail-
ability of adequate treatment for CHD and access to qualified
pediatric cardiologists, which results in higher proportions
of this disadvantage population being exposed to lifelong
ASCVD risk factors [76]. Even in populations with higher
incomes, conventional social determinants of health affect
care in those with CHD and, as a consequence, cause varia-
tion within subpopulations. Interacting with these baseline
risks, the altered natural history of CHD can add special
risks for ASCVD events including coronary artery athero-
sclerosis, atherothrombosis, stroke, vascular occlusion, or
vascular rupture.

Fundamentally, ASCVD creates a mismatch between the
demand for oxygen and the cardiovascular system’s abil-
ity to meet that need, whether to the heart, brain, or other
vital organs [1ee]. In CHD, this mismatch can occur due to
changes in arterial blood flow or increases in tissue demand
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[82]. First, the anatomy or location of coronary arteries
which supply the heart can be significantly altered by con-
genital abnormalities or post-procedural complications. As
an example, during in utero development, the pulmonary
artery may give rise to an anomalous left coronary artery,
the latter forming collateral vessels which join to the nor-
mal right coronary system. When the left coronary artery is
attached to the pulmonary artery, (1) some of the blood flow-
ing into the coronary artery flows back into the pulmonary
artery, thus “stealing” the blood from the heart, and (2) the
blood which reaches the heart is deoxygenated. This combi-
nation leads to myocardial infarction in infancy, progression
to permanent ischemic cardiomyopathy, and/or rupture of
the mitral valve papillary muscle with a flail mitral valve,
the latter due to the tip of the mitral papillary muscle being
the most distant and, therefore, the most vulnerable [83, 84].

Alternatively, some abnormal origins of the coronary
arteries can be innocuous until they are surgically altered.
Examples include an arterial switch for transposition of the
great arteries, pulmonary autograft (Ross), or an aortic root
replacement (Bentall) wherein the coronary vessels are sur-
gically reimplanted into a neoaortic vessels [85]. Although
such surgeries are conscientiously performed with attention
to avoiding scar lines at the coronary ostia, obstructions still
occur, and subsequent abnormal flow dynamics can induce
coronary atherosclerosis.

Coarctation is a narrowing of the aorta characterized by
hypertension proximal to the lesion and lower BP distal to
the lesion [86]. Studies show that despite optimal repair,
hypertension is more prevalent than the general population
[87-89]. Consequently, survivors of coarctation have been
shown to be at higher risk of ASCVD [11, 90, 91]. Stroke
may be related to berry aneurysms of the cerebral vascula-
ture, with some evidence that screening in at an early age
for these vascular anomalies may be warranted [90, 92].
In children with persistent systolic hypertension, the after-
load induces compensatory hypertrophy of the ventricular
myocardium [93]. The crescendo demand of this progres-
sive ventricular hypertrophy eventually leads to inadequate
oxygen delivery, characteristically causing infarction of the
subendocardial myocardium.

Likewise, valvar, subvalvar, and supravalvar aortic steno-
sis represent forms of ventricular afterload leading to con-
sequent ventricular hypertrophy and inadequacy of supply
and demand. Supravalvar aortic stenosis can be associated
with genetic disorders, like Williams syndrome, which is
also associated with coronary ostial stenosis impairing myo-
cardial oxygen delivery and/or renal artery stenosis leading
to systemic hypertension and consequent ventricular hyper-
trophy [94]. Progression or degeneration of the native or
repaired heart valve can lead to stenosis or regurgitation,
sending ineffective excessive blood flow to and fro. This
excess flow can cause increases in size of the ventricle or
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aorta. When the size of the ventricle increases, it can lead
to myocardial hypertrophy, but when an aneurysmal dilation
occurs in the aorta, there is no muscular layer to compensate,
raising the risk of vessel rupture [11].

With respect to residual septal defects (patent foramen
ovale, atrial septal defect, atrioventricular septal defect, or
ventricular septal defect), blood flows from higher to lower
pressure left side to right side, although transient right to
left flow is possible [77, 79]. This transient right to left flow
allows for systemic venous thromboses to embolize, traverse
the defect from right to left, bypass the lungs, and obstruct
the cerebral arteries, causing stroke. Septal defects are the
most common form of CHD associated with ASCVD [79].

Cyanotic heart lesions are readily identified and repaired
in childhood, making ASCVD more likely to occur follow-
ing rather than prior to surgical repair [95, 96]. Late cya-
nosis, therefore, occurs infrequently in unrepaired heart
disease. When present, it can be due to residual ventricular
septal defect coupled with obstruction to pulmonary blood
flow and consequent flow of cyanotic blood from right to
left ventricle (Eisenmenger syndrome). Chronic cyanosis
induces polycythemia. Intriguingly, these patients have
no excess risk of coronary disease but are at higher risk of
stroke [11, 81, 95, 96]. Stroke risk is attributed to the combi-
nation of residual right-to-left blood flow through the septal
defect and hyperviscosity secondary to cyanosis-induced
polycythemia.

In light of this myriad of unique vulnerabilities, meticu-
lous assessment and management of ASCVD risk factors are
required [11, 78, 80, 81]. Special focus is needed to resolve
the so-called vulnerable-child phenomenon wherein CHD
survivors have internalized a learned helplessness preventing
participation in vigorous activity [97ee]. Recent guidelines
demonstrate a paradigm shift toward encouraging as much
activity as permissible within the constraints imposed by the
functional safety limitations of CHD [11].

Conclusion

CHD, the most prevalent birth defect, often necessitates a
procedural intervention during early life. Greater than 90%
of children with CHD survive into adulthood, resulting in
more adults than children with a history of CHD. ASCVD
risk factors are highly prevalent in children, including those
born with structural heart disease. Data suggests that each
type of CHD has special risks for ASCVD. Pediatric health-
care providers should focus on maintaining the health of
children with CHD by early identification and optimum
management of all modifiable ASCVD-associated risk fac-
tors. Current guidelines support managing risk factors in
those with CHD similarly to the general population, with
special attention to encouraging physical activity under the

constraints of each particular CHD. Further work is needed
to better understand phenotypic variation and the effects of
ASCVD risk modification in children who survive CHD.

Funding This work was supported by the National Heart, Lung, and
Blood Institute RO1 HL148217 (J. P. Z.).

Declarations
Conflict of Interest The author declares no competing interests.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any
of the authors.

References

Papers of particular interest, published recently, have
been highlighted as:

e Of importance

ee Of major importance

1.ee Tsao CW, Aday AW, Almarzooq ZI, Alonso A, Beaton AZ, Bit-
tencourt MS, et al. American Heart Association Council on Epi-
demiology and Prevention Statistics Committee and Stroke Sta-
tistics Subcommittee. Heart disease and stroke statistics—2022
update: a report from the American Heart Association. Circula-
tion. https://doi.org/10.1161/CIR.0000000000001052. Compen-
dium of data on various CVD and trends over time.

2. National Cholesterol Education Program (NCEP). highlights
of the report of the expert panel on blood cholesterol levels in
children and adolescents. Pediatrics. 1992;89:495-501.

3. Ford ES, Ajani UA, Croft JB, Critchley JA, Labarthe DR, Kottke
TE, et al. Explaining the decrease in U.S. deaths from coronary
disease, 1980-2000. N Engl J Med. 2007;356:2388-98.

4. Chen X, Wang Y. Tracking of blood pressure from childhood
to adulthood: a systematic review and meta-regression analysis.
Circulation. 2008;117:3171-80.

5. Juonala M, Magnussen CG, Venn A, Dwyer T, Burns TL, Davis
PH, et al. Influence of age on associations between childhood
risk factors and carotid intima-media thickness in adulthood: the
Cardiovascular Risk in Young Finns Study, the Childhood Deter-
minants of Adult Health Study, the Bogalusa Heart Study, and
the Muscatine Study for the International Childhood Cardiovas-
cular Cohort (i3C) Consortium. Circulation. 2010;122:2514-20.
Jacobs DR Jr, Woo JG, Sinaiko AR, Daniels SR, TIkonen J, Juon-
ala M, et al. Childhood cardiovascular risk factors and adult
cardiovascular events. N Engl J Med. 2022;386:1877-88. Lon-
gitudinal multicohort data demonstrate childhood ASCVD
risk factors precede future ASCVD events in adulthood even
after accounting for adult risk factor levels.

7.e Luirink IK, Wiegman A, Kusters DM, Hof MH, Groothoff JW,
de Groot E, et al. 20-Year Follow-up of Statins in Children with
Familial Hypercholesterolemia. N Engl J Med. 2019;381:1547—
56. Longitudinal data demonstrates the availability of medi-
cation to modify LDL-c prevents early ASCVD events.

8. Ference BA, Yoo W, Alesh I, Mahajan N, Mirowska KK,
Mewada A, et al. Effect of long-term exposure to lower low-
density lipoprotein cholesterol beginning early in life on the risk

6.0

@ Springer


https://doi.org/10.1161/CIR.0000000000001052

424

Current Atherosclerosis Reports (2023) 25:417-426

10.

11.

12.

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

of coronary heart disease: a Mendelian randomization analysis.
J Am Coll Cardiol. 2012;60:2631-9.

Hoffman JI, Kaplan S. The incidence of congenital heart disease.
J Am Coll Cardiol. 2002;39:1890-900.

Marelli AJ, Ionescu-Ittu R, Mackie AS, Guo L, Dendukuri
N, Kaouache M. Lifetime prevalence of congenital heart dis-
ease in the general population from 2000 to 2010. Circulation.
2014;130:749-56.

Stout KK, Daniels CJ, Aboulhosn JA, Bozkurt B, Broberg CS,
Colman JM, et al. 2018 AHA/ACC Guideline for the Manage-
ment of Adults with Congenital Heart Disease: a report of the
American College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines. ] Am Coll Cardiol.
2019;73:e81-192.

Gallagher D, Visser M, Sepulveda D, Pierson RN, Harris T,
Heymsfield SB. How useful is body mass index for compari-
son of body fatness across age, sex, and ethnic groups? Am J
Epidemiol. 1996;143:228-39.

Kelly AS, Barlow SE, Rao G, Inge TH, Hayman LL, Steinberger J,
et al. Severe obesity in children and adolescents: identification,
associated health risks, and treatment approaches: a scientific
statement from the American Heart Association. Circulation.
2013;128:1689-712.

Frederick CB, Snellman K, Putnam RD. Increasing socioeco-
nomic disparities in adolescent obesity. Proc Natl Acad Sci U
S A.2014;111:1338-42.

Simmonds M, Llewellyn A, Owen CG, Woolacott N. Predict-
ing adult obesity from childhood obesity: a systematic review
and meta-analysis. Obes Rev. 2016;17:95-107.

Sharma V, Coleman S, Nixon J, Sharples L, Hamilton-Shield J,
Rutter H, et al. A systematic review and meta-analysis estimat-
ing the population prevalence of comorbidities in children and
adolescents aged 5 to 18 years. Obes Rev. 2019;20:1341-9.
Cote AT, Harris KC, Panagiotopoulos C, Sandor GG, Devlin
AM. Childhood obesity and cardiovascular dysfunction. ] Am
Coll Cardiol. 2013;62:1309-19.

Reilly JJ, Kelly J. Long-term impact of overweight and obe-
sity in childhood and adolescence on morbidity and premature
mortality in adulthood: systematic review. Int J Obes (Lond).
2011;35:891-8.

Franks PW, Hanson RL, Knowler WC, Sievers ML, Bennett
PH, Looker HC. Childhood obesity, other cardiovascular risk
factors, and premature death. N Engl J Med. 2010;362:485-93.
Lindberg L, Danielsson P, Persson M, Marcus C, Hagman E.
Association of childhood obesity with risk of early all-cause
and cause-specific mortality: a Swedish prospective cohort
study. PLoS Med. 2020;17:¢1003078.

Expert Panel on Integrated Guidelines for Cardiovascular H,
Risk Reduction in C, Adolescents, National Heart L and Blood
I. Expert panel on integrated guidelines for cardiovascular
health and risk reduction in children and adolescents: sum-
mary report. Pediatrics. 2011;128 Suppl 5:5213-56.
Grossman DC, Bibbins-Domingo K, Curry SJ, Barry MJ,
Davidson KW, Doubeni CA, et al. Screening for obesity in
children and adolescents: US Preventive Services Task Force
Recommendation Statement. JAMA. 2017;317:2417-26.
Gray JS, Spear Filigno S, Santos M, Ward WL, Davis AM. The
status of billing and reimbursement in pediatric obesity treat-
ment programs. J Behav Health Serv Res. 2013;40:378-85.
Strauss RS, Pollack HA. Social marginalization of overweight
children. Arch Pediatr Adolesc Med. 2003;157:746-52.
Perrin EM, Finkle JP, Benjamin JT. Obesity prevention and
the primary care pediatrician’s office. Curr Opin Pediatr.
2007;19:354-61.

Caprio S, Daniels SR, Drewnowski A, Kaufman FR, Palinkas
LA, Rosenbloom AL, et al. Influence of race, ethnicity, and

@ Springer

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

culture on childhood obesity: implications for prevention and
treatment: a consensus statement of Shaping America’s Health
and the Obesity Society. Diabetes Care. 2008;31:2211-21.
Bibbins-Domingo K, Grossman DC, Curry SJ, Davidson KW,
Epling JW Jr, Garcia FA, et al. Screening for lipid disorders in
children and adolescents: US Preventive Services Task Force
Recommendation Statement. JAMA. 2016;316:625-33.

Hall KD, Ayuketah A, Brychta R, Cai H, Cassimatis T, Chen
KY, et al. Ultra-processed diets cause excess calorie intake and
weight gain: an inpatient randomized controlled trial of ad libi-
tum food intake. Cell Metab. 2019;30:226.

Styne DM, Arslanian SA, Connor EL, Farooqi IS, Murad MH,
Silverstein JH, et al. Pediatric obesity-assessment, treatment, and
prevention: an Endocrine Society Clinical Practice Guideline. J
Clin Endocrinol Metab. 2017;102:709-57.

Dhaliwal J, Nosworthy NM, Holt NL, Zwaigenbaum L, Avis JL,
Rasquinha A, et al. Attrition and the management of pediatric
obesity: an integrative review. Child Obes. 2014;10:461-73.
Hall KD. The complicated relation between resting energy
expenditure and maintenance of lost weight. Am J Clin Nutr.
2018;108:652-3.

Swinburn BA, Kraak VI, Allender S, Atkins VJ, Baker PI, Bog-
ard JR, et al. The global syndemic of obesity, undernutrition,
and climate change: the Lancet Commission report. Lancet.
2019;393:791-846.

Weghuber D, Barrett T, Barrientos-Perez M, Gies I, Hesse D,
Jeppesen OK, et al. Once-weekly semaglutide in adolescents
with obesity. N Engl J Med. 2022;387:2245-57.

Chanoine JP, Hampl S, Jensen C, Boldrin M, Hauptman J. Effect
of orlistat on weight and body composition in obese adolescents:
a randomized controlled trial. JAMA. 2005;293:2873-83.

Inge TH, Ryder JR. The current paradigm of bariatric surgery in
adolescents. Nat Rev Gastroenterol Hepatol. 2023;20:1-2.
Olbers T, Gronowitz E, Werling M, Marlid S, Flodmark CE, Pel-
tonen M, et al. Two-year outcome of laparoscopic Roux-en-Y gastric
bypass in adolescents with severe obesity: results from a Swedish
nationwide study (AMOS). Int J Obes (Lond). 2012;36:1388-95.
Strong JP, Malcom GT, McMahan CA, Tracy RE, Newman WP
3rd, Herderick EE, et al. Prevalence and extent of atherosclero-
sis in adolescents and young adults: implications for prevention
from the Pathobiological Determinants of Atherosclerosis in
Youth Study. JAMA. 1999;281:727-35.

Berenson GS, Srinivasan SR, Bao W, Newman WP 3rd, Tracy
RE, Wattigney WA. Association between multiple cardiovascu-
lar risk factors and atherosclerosis in children and young adults
The Bogalusa Heart Study. N Engl J Med. 1998;338:1650-6.
Khera AV, Won HH, Peloso GM, Lawson KS, Bartz TM, Deng
X, et al. Diagnostic yield and clinical utility of sequencing famil-
ial hypercholesterolemia genes in patients with severe hypercho-
lesterolemia. J Am Coll Cardiol. 2016;67:2578-89.

Nguyen D, Kit B and Carroll M. Abnormal cholesterol among
children and adolescents in the United States, 2011-2014. NCHS
Data Brief. 2015; 1-8.

May AL, Kuklina EV, Yoon PW. Prevalence of cardiovascular
disease risk factors among US adolescents, 1999-2008. Pediat-
rics. 2012;129:1035-41.

Zachariah JP, Shittu T, Wang Y. Lipid temporal trends in nor-
mal-weight youth. Am Heart J. 2021;231:68-72. A substantial
proportion of youth with abnormal lipids are normal weight,
implying weight loss must not be the primary treatment
modality and risk factor assessment should be done in all
children.

Akioyamen LE, Genest J, Shan SD, Reel RL, Albaum JM, Chu
A, et al. Estimating the prevalence of heterozygous familial
hypercholesterolaemia: a systematic review and meta-analysis.
BMJ Open. 2017;7:e016461.



Current Atherosclerosis Reports (2023) 25:417-426

425

44.

45.

46.

47.

48.

49.

50

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Collaboration EASFHS, Vallejo-Vaz AJ, De Marco M, Stevens
CAT, Akram A, Freiberger T, et al. Overview of the current sta-
tus of familial hypercholesterolaemia care in over 60 countries
- the EAS Familial Hypercholesterolaemia Studies Collaboration
(FHSC). Atherosclerosis. 2018;277:234-55.

Ritchie SK, Murphy EC, Ice C, Cottrell LA, Minor V, Elliott E,
et al. Universal versus targeted blood cholesterol screening among
youth: The CARDIAC project. Pediatrics. 2010;126:260-5.
Zachariah JP, McNeal CJ, Copeland LA, Fang-Hollingsworth
Y, Stock EM, Sun F, et al. Temporal trends in lipid screening
and therapy among youth from 2002 to 2012. J Clin Lipidol.
2015;9:S77-87.

Dixon DB, Kornblum AP, Steffen LM, Zhou X, Steinberger J.
Implementation of lipid screening guidelines in children by pri-
mary pediatric providers. J Pediatr. 2014;164:572-6.
Zachariah JP, Chan J, Mendelson MM, Regh T, Griggs S, John-
son PK, et al. Adolescent dyslipidemia and standardized lifestyle
modification: benchmarking real-world practice. J] Am Coll Car-
diol. 2016;68:2122-3.

Van Horn L, Obarzanek E, Barton BA, Stevens VJ, Kwiterovich
PO Jr, Lasser NL, et al. A summary of results of the Dietary
Intervention Study in Children (DISC): lessons learned. Prog
Cardiovasc Nurs. 2003;18:28—41.

Vuorio A, Kuoppala J, Kovanen PT, Humphries SE, Tonstad S,
Wiegman A, et al. Statins for children with familial hypercho-
lesterolemia. Cochrane Database Syst Rev. 2017;7:CD006401.
Joyce NR, Zachariah JP, Eaton CB, Trivedi AN, Wellenius GA.
Statin use and the risk of type 2 diabetes mellitus in children and
adolescents. Acad Pediatr. 2017;17:515-22.

Danaei G, Ding EL, Mozaffarian D, Taylor B, Rehm J, Murray
ClJ, et al. The preventable causes of death in the United States:
comparative risk assessment of dietary, lifestyle, and metabolic
risk factors. Plos Med. 2009;6:e1000058.

Global Burden of Cardiovascular Diseases Collaboration; Roth
GA, Johnson CO, Abate KH, Abd-Allah F, Ahmed M, et al. The
burden of cardiovascular diseases among US States, 1990-2016.
JAMA Cardiol. 2018;3(5):375-389. https://doi.org/10.1001/
jamacardio.2018.0385.

Flynn JT, Kaelber DC, Baker-Smith CM, Blowey D, Carroll AE,
Daniels SR, et al. Clinical practice guideline for screening and
management of high blood pressure in children and adolescents.
Pediatrics. 2017;140.

Zachariah JP, Wang Y, Penny DJ, Baranowski T. Relation
between lead exposure and trends in blood pressure in children.
Am J Cardiol. 2018;122:1890-5.

Muntner P, He J, Cutler JA, Wildman RP, Whelton PK. Trends
in blood pressure among children and adolescents. JAMA.
2004;291:2107-13.

Shi Y, de Groh M, Morrison H. Increasing blood pressure and
its associated factors in Canadian children and adolescents from
the Canadian Health Measures Survey. BMC Public Health.
2012;12:388.

Sharma AK, Metzger DL, Rodd CJ. Prevalence and sever-
ity of high blood pressure among children based on the 2017
American Academy of Pediatrics Guidelines. JAMA Pediatr.
2018;172:557-65.

Cheung EL, Bell CS, Samuel JP, Poffenbarger T, Redwine KM
and Samuels JA. Race and obesity in adolescent hypertension.
Pediatrics. 2017;139(5):e20161433. https://doi.org/10.1542/
peds.2016-1433.

Gray L, Lee IM, Sesso HD, Batty GD. Blood pressure in early
adulthood, hypertension in middle age, and future cardiovascular
disease mortality: HAHS (Harvard Alumni Health Study). ] Am
Coll Cardiol. 2011;58:2396-403.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75

76.

7.

Sundstrom J, Neovius M, Tynelius P, Rasmussen F. Association
of blood pressure in late adolescence with subsequent mortality:
cohort study of Swedish male conscripts. BMJ. 2011;342:d643.
Kelly RK, Thomson R, Smith KJ, Dwyer T, Venn A, Magnussen
CG. Factors affecting tracking of blood pressure from childhood
to adulthood: the childhood determinants of adult health study.
J Pediatr. 2015;167:1422-8 e2.

Flynn JT, Urbina EM, Brady TM, Baker-Smith C, Daniels
SR, Hayman LL, et al. Ambulatory blood pressure monitor-
ing in children and adolescents: 2022 update: a scientific state-
ment from the American Heart Association. Hypertension.
2022;79:e114-24.

Sorof JM, Cardwell G, Franco K, Portman RJ. Ambulatory blood
pressure and left ventricular mass index in hypertensive children.
Hypertension. 2002;39:903-8.

Stabouli S, Kotsis V, Papamichael C, Constantopoulos A, Zako-
poulos N. Adolescent obesity is associated with high ambulatory
blood pressure and increased carotid intimal-medial thickness. J
Pediatr. 2005;147:651-6.

Kulsum-Mecci N, Goss C, Kozel BA, Garbutt JM, Schechtman
KB, Dharnidharka VR. Effects of obesity and hypertension on
pulse wave velocity in children. J Clin Hypertens (Greenwich).
2017;19:221-6.

Lovibond K, Jowett S, Barton P, Caulfield M, Heneghan C,
Hobbs FD, et al. Cost-effectiveness of options for the diagnosis
of high blood pressure in primary care: a modelling study. Lan-
cet. 2011;378:1219-30.

Davis ML, Ferguson MA, Zachariah JP. Clinical predictors and
impact of ambulatory blood pressure monitoring in pediatric
hypertension referrals. ] Am Soc Hypertens. 2014;8:660-7.
Gupta-Malhotra M, Banker A, Shete S, Hashmi SS, Tyson JE,
Barratt MS, et al. Essential hypertension vs secondary hyperten-
sion among children. Am J Hypertens. 2015;28:73-80.

Paula Bricarello L, Poltronieri F, Fernandes R, Retondario A,
de Moraes Trindade EBS, de Vasconcelos FAG. Effects of the
Dietary Approach to Stop Hypertension (DASH) diet on blood
pressure, overweight and obesity in adolescents: a systematic
review. Clin Nutr ESPEN. 2018;28:1-11.

Siervo M, Lara J, Chowdhury S, Ashor A, Oggioni C, Mathers
JC. Effects of the Dietary Approach to Stop Hypertension
(DASH) diet on cardiovascular risk factors: a systematic review
and meta-analysis. Br J Nutr. 2015;113:1-15.

Kelley GA, Kelley KS, Tran ZV. The effects of exercise on rest-
ing blood pressure in children and adolescents: a meta-analysis
of randomized controlled trials. Prev Cardiol. 2003;6:8-16.
Leary SD, Ness AR, Smith GD, Mattocks C, Deere K, Blair SN,
et al. Physical activity and blood pressure in childhood: findings
from a population-based study. Hypertension. 2008;51:92-8.
Steinberger J, Daniels SR, Hagberg N, Isasi CR, Kelly AS,
Lloyd-Jones D, et al. Cardiovascular health promotion in chil-
dren: challenges and opportunities for 2020 and beyond: a sci-
entific statement from the American Heart Association. Circula-
tion. 2016;134:e236-55.

Messerli FH, Bangalore S, Julius S. Risk/benefit assessment
of beta-blockers and diuretics precludes their use for first-line
therapy in hypertension. Circulation. 2008;117:2706-15.
Gatzoulis MA. Adult congenital heart disease: a cardiovascular
area of growth in urgent need of additional resource allocation.
Int J Cardiol. 2004;97(Suppl 1):1-2 (discussion 2715).
Giannakoulas G, Dimopoulos K, Engel R, Goktekin O, Kucuk-
durmaz Z, Vatankulu MA, et al. Burden of coronary artery
disease in adults with congenital heart disease and its relation
to congenital and traditional heart risk factors. Am J Cardiol.
2009;103:1445-50.

@ Springer


https://doi.org/10.1001/jamacardio.2018.0385
https://doi.org/10.1001/jamacardio.2018.0385
https://doi.org/10.1542/peds.2016-1433
https://doi.org/10.1542/peds.2016-1433

426

Current Atherosclerosis Reports (2023) 25:417-426

78.

79.

80.

81.

82.

83.

84.

85.

86.

87

88.

89.

Lui GK, Fernandes S, McElhinney DB. Management of cardio-
vascular risk factors in adults with congenital heart disease. J
Am Heart Assoc. 2014;3:¢001076.

Lui GK, Rogers IS, Ding VY, Hedlin HK, MacMillen K, Maron
DJ, et al. Risk estimates for atherosclerotic cardiovascular
disease in adults with congenital heart disease. Am J Cardiol.
2017;119:112-8.

Roche SL, Silversides CK. Hypertension, obesity, and coronary
artery disease in the survivors of congenital heart disease. Can
J Cardiol. 2013;29:841-8.

Yalonetsky S, Horlick EM, Osten MD, Benson LN, Oechslin
EN, Silversides CK. Clinical characteristics of coronary artery
disease in adults with congenital heart defects. Int J Cardiol.
2013;164:217-20.

de Ferranti SD, Steinberger J, Ameduri R, Baker A, Gooding H,
Kelly AS, et al. Cardiovascular risk reduction in high-risk pedi-
atric patients: a scientific statement from the American Heart
Association. Circulation. 2019;139:e603-34.

Roberts WC. Major anomalies of coronary arterial origin seen
in adulthood. Am Heart J. 1986;111:941-63.

Click RL, Holmes DR Jr, Vlietstra RE, Kosinski AS, Kronmal
RA. Anomalous coronary arteries: location, degree of athero-
sclerosis and effect on survival—a report from the coronary artery
surgery study. J Am Coll Cardiol. 1989;13:531-7.

Tanel RE, Wernovsky G, Landzberg MJ, Perry SB, Burke RP.
Coronary artery abnormalities detected at cardiac catheterization
following the arterial switch operation for transposition of the
great arteries. Am J Cardiol. 1995;76:153-7.

Simon AB, Zloto AE. Coarctation of the aorta Longitudinal
assessment of operated patients. Circulation. 1974;50:456-64.

Brouwer RM, Erasmus ME, Ebels T, Eijgelaar A. Influence of
age on survival, late hypertension, and recoarctation in elec-
tive aortic coarctation repair. Including long-term results after
elective aortic coarctation repair with a follow-up from 25 to 44
years. J Thorac Cardiovasc Surg. 1994;108:525-31.

Nakamura K, Stefanescu SA. Treatment of hypertension in
coarctation of the aorta. Curr Treat Options Cardiovasc Med.
2016;18:40.

Vonder Muhll IF, Sehgal T, Paterson DI. The adult with repaired
coarctation: need for lifelong surveillance. Can J Cardiol.
2016;32(1038):e11-5.

@ Springer

90.

91.

92.

93.

94.

95.

96.

97.e0

Pickard SS, Prakash A, Newburger JW, Malek AM, Wong JB.
Screening for intracranial aneurysms in coarctation of the aorta:
a decision and cost-effectiveness analysis. Circ Cardiovasc Qual
Outcomes. 2020;13:¢006406.

Roifman I, Therrien J, Ionescu-Ittu R, Pilote L, Guo L, Kotow-
ycz MA, et al. Coarctation of the aorta and coronary artery dis-
ease: fact or fiction? Circulation. 2012;126:16-21.

Curtis SL, Bradley M, Wilde P, Aw J, Chakrabarti S, Hamil-
ton M, et al. Results of screening for intracranial aneurysms in
patients with coarctation of the aorta. AJNR Am J Neuroradiol.
2012;33:1182-6.

Rinnstrom D, Dellborg M, Thilen U, Sorensson P, Nielsen NE,
Christersson C, et al. Left ventricular hypertrophy in adults with
previous repair of coarctation of the aorta; association with sys-
tolic blood pressure in the high normal range. Int J Cardiol.
2016;218:59-64.

Daniels SR, Loggie JM, Schwartz DC, Strife JL, Kaplan S. Sys-
temic hypertension secondary to peripheral vascular anomalies
in patients with Williams syndrome. J Pediatr. 1985;106:249-51.
Fyfe A, Perloff JK, Niwa K, Child JS, Miner PD. Cyanotic con-
genital heart disease and coronary artery atherogenesis. Am J
Cardiol. 2005;96:283-90.

Tarp JB, Jensen AS, Engstrom T, Holstein-Rathlou NH, Sonder-
gaard L. Cyanotic congenital heart disease and atherosclerosis.
Heart. 2017;103:897-900.

Lantin-Hermoso MR, Berger S, Bhatt AB, Richerson JE,
Morrow R, Freed MD, et al. The care of children with con-
genital heart disease in their primary medical home. Pediatrics.
2017;140(5):€20172607. https://doi.org/10.1542/peds.2017-
2607. Professional society statement on modern care of con-
genital heart disease survivors.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1542/peds.2017-2607
https://doi.org/10.1542/peds.2017-2607

	Double-Trouble: Atherosclerotic Risk Factors and Congenital Heart Disease
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Obesity
	Epidemiology, Tracking, and Temporal Trends
	Diagnosis and Management

	Accumulating Lipids and Lipoproteins
	Epidemiology
	Classification and Diagnosis
	Screening
	Management

	Hypertension
	Epidemiology, Tracking, and Temporal Trends
	Diagnosis and Classification
	Management

	Congenital heart disease
	Conclusion
	References


