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Abstract

Purpose of review—The rise of the pediatric obesity pandemic over the past 40 years has 

sharpened focus on the management of obesity, hypertension and lipid abnormalities in children. 

Multiple studies demonstrate that these risk factors track from childhood into adulthood 

predisposing individuals to premature atherosclerotic cardiovascular disease and putting them at 

risk for early morbidity and mortality.

Recent findings—Importantly, obesity, hypertension and lipid problems are individual risk 

factors that can occur independently. Multiple studies have shown that each risk factor causes 

target organ damage in children. Intensive and focused lifestyle modifications can improve a 

child’s subclinical disease and decrease the risk for future morbidity.

Summary—Childhood offers a unique opportunity at primordial and primary prevention of 

atherosclerotic cardiovascular disease. Clinicians must focus on targeting these highly prevalent 

conditions and applying lifestyle modification and then pharmacologic or surgical therapies as 

needed.

Keywords

childhood obesity; pediatric hypertension; lipid disorders; review

INTRODUCTION

Atherosclerotic cardiovascular disease (ASCVD) is the leading cause of morbidity and 

mortality in adults. Data from the National Health and Nutrition Examination Survey 

(NHANES) show the prevalence of ASCVD in adults over 20 years old to be 48% with heart 

disease being the leading causes of death for adults in the United States. Globally, ~17.6 

million deaths were attributed to ASCVD in 2016 alone, a significant increase from the 

previous decade despite a decreased death rate over the same time period.[1••] A significant 
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proportion of ASCVD risk is due to modifiable risk factors including high systolic blood 

pressure (SBP), elevated body mass index (BMI), high total cholesterol (TC), high resting 

blood glucose levels, smoking and low physical activity[2••–6•]. Deaths attributed to 

ASCVD steadily decreased from ~1980 to 2015 in the United States as well as in all high-

income and some middle-income countries.[1••, 2••] Data generated from the IMPACT 

mortality model attributed 44% of this decrease to improvements in primary prevention 

including a reduction in TC, SBP, smoking and physical inactivity and 47% to changes in 

secondary preventative therapies including risk factor modification after an initial event and 

to a lesser extent catheter and surgical interventions[7].

Risk factors and upstream risk behaviors that contribute to premature ASCVD begin in 

childhood and track into adulthood. Children with multiple risk factors have been found to 

have significant target organ damage, also called subclinical atherosclerosis. Subclinical 

atherosclerosis can be measured using a variety of non-invasive techniques in children. 

These include carotid intimal medial thickness (cIMT) and computed tomography to 

evaluate arterial structure, pulse wave velocity (PWV) to measure arterial stiffness, and flow 

mediated dilation (FMD) to measure endothelial function. [8]

Atherosclerosis in youth was first seen in autopsies performed on Korean and Vietnam War 

casualties[9, 10]. Since then, the Pathobiological Determinants of Atherosclerosis in Youth 

(PDAY) study, and Bogalusa Heart Study have reproduced these findings on adolescents 

examined after accidental deaths and more importantly have demonstrated a strong 

correlation between risk factors and the extent and severity of atherosclerotic plaques.[11, 

12] Similarly the Coronary Artery Risk Development in Young Adults (CARDIA) study 

demonstrated that ASCVD risk factors track from childhood to adulthood and that the 

progression of atherosclerosis related to the number and severity of risk factors[13]. The 

accumulation of target organ damage precedes ASCVD events. ASCVD reduction trends are 

flattening in recent years suggesting that primary and secondary interventions in adults are 

reaching a limit.[1••] Therefore, childhood offers a unique opportunity at primordial and 

primary prevention of ASCVD.

Although obesity increases the risk of developing hypertension or dyslipidemia, nearly half 

of dyslipidemic adolescents are normal weight and similarly a large proportion of obese 

adolescents have normal lipid profiles[14]. Specific lifestyle modifications can modify 

dyslipidemia and hypertension with or without initially affecting weight.[15–17] Thus, 

obesity, dyslipidemia, and hypertension are interrelated but distinct risk factors, with sub-

optimal diets and physical activity contributing to each. The 2011 National Heart, Lung, and 

Blood Institute (NHLBI) Expert Panel guidelines for cardiovascular risk reduction in 

children encapsulate contemporary recommendations for the diagnosis and management of 

obesity, dyslipidemia, and hypertension[8] and has subsequently been endorsed by 

professional societies such as the American Academy of Pediatrics (AAP).
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OBESITY

Epidemiology, Life-course Tracking and Temporal Trends

Obesity and overweight are defined as a BMI ≥ 95th percentile, and 85th - 94th percentile for 

age and sex, respectively. In 2013, the American Heart Association (AHA) added the 

category of severe obesity, defined as a BMI ≥ 120% of the 95th percentile for age and sex or 

a BMI ≥ 35, in the effort to better identify this smaller subset of patients at highest risk for 

complications and reflecting the large increase in that subset over time.[18] According to 

2013–2014 NHANES data, 33.4% of children are overweight or worse, 17.2% of children 

are obese and 5.6% have severe obesity. Notably, in the last decade the prevalence of obesity 

has plateaued, however this trend masks some important distinctions, especially amongst 

race and socio-economic status (SES). Obesity amongst those with a higher SES status has 

decreased, while those with a lower SES status has risen. [19, 20] Racial-ethnic data shows 

that obesity is more prevalent in Blacks and Hispanics than Whites and Asians. With respect 

to sex differences, there is a slightly increased prevalence of obesity amongst boys than girls 

but no difference in the prevalence of severe obesity.[1••]

Like many lifestyle habits, it is now well established that obesity and severe obesity track 

from childhood into adulthood. A recent meta-analysis showed that obese children were 5 

times more likely to be obese as adults than their normal weight peers. About half of obese 

children become obese adolescents with about 80% of obese adolescents becoming obese 

adults.[21]

Children with obesity and severe obesity suffer from significant comorbidities in myriad 

organ systems. Metabolic co-morbidities include major ASCVD risk factors such as 

hypertension, dyslipidemia, and insulin resistance. In addition, obese children suffer from 

asthma, non-alcoholic fatty liver disease, sleep apnea, psychological/behavioral disorders, 

and musculoskeletal complications, amongst many others.[22•] In addition, childhood 

obesity is associated with target organ damage including changes in cardiac structure and 

function, arterial structure and function, arterial stiffness, endothelial dysfunction and 

vascular age.[23] Metabolic syndrome, defined as the clustering of metabolic risk factors 

centered around insulin resistance, increases linearly in the overweight and obese, and 

exponentially in the severely obese.[24]

Linking childhood obesity with adult ASCVD events and premature mortality is challenging 

due to the long follow-up period. A systematic review showed that overweight and obese 

children had an increased risk of ASCVD morbidity with hazard ratios ranging from 1.1–

5.1.[25] A report studying Native Americans found that the rate of ASCVD deaths in the 

highest BMI quartile of children was more than double that of the lowest BMI quartile. [26] 

Similarly, data from a Swedish cohort showed that obese children had a 2–3 times increased 

risk of premature death in early adulthood compared to the general population.[27•]

Diagnosis and Management

Annual screening for overweight and obesity using height and weight to calculate BMI is 

recommended by most professional societies and US governmental bodies.[28••, 29] 

Clinicians have historically been poor at diagnosing pediatric obesity due to the perceived 
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lack of time to use BMI calculators and provide prevention counseling, concerns about low 

parental motivation, problems with billing/reimbursement and the concern about the 

stigmatization of overweight and obese children.[30–32] In addition, perceived body ideals 

have significant cultural and racial variation[33].

With respect to treatment, the 2017 US Preventative Task Force (USPTF) stated that only 

intensive weight loss programs that included at least 26 hours of patient contact led to 

clinically important weight loss.[34••] These programs aim to improve dietary quality and 

quantity and to increase physical activity. The cornerstones of an obesity reduction diet 

include portion control, avoiding calorie-dense, nutrient-poor foods like sugary sweetened 

beverages (SSB), high-fructose corn syrup, and high-sodium ultra-processed foods while 

increasing intake of fruits and vegetables. Recent data addresses the weight gain debate 

between a pure energy balance hypothesis versus diet type/quality hypothesis. In a 

randomized trial comparing equal caloric foods of “high processed” low quality versus 

“unprocessed” high quality provided to healthy adults in a closed feeding study laboratory 

demonstrated that energy intake was higher with an ultra-processed diet in comparison to 

unprocessed diet even when dietary macronutrients were identical, suggesting “low-quality” 

has an outsized effect on weight.[35••] In addition to dietary changes, screen time should be 

limited to < 2 hours per day and physical activity increased to 2–5 hours of vigorous 

exercise per week.[28••, 29] By incorporating behavioral therapy sessions, these programs 

have had some success.[36] School-based interventions can also be modestly successful.[37] 

Most patients can lose 5–10% of their body weight and decrease their BMI by 1–2 units, and 

maintain it over 5 years with strong commitment.[18, 38] In addition, studies have shown a 

direct improvement in hypertension and dyslipidemia with each unit of weight loss.[28] 

Unfortunately, success with these programs is often limited by parental commitment.[39] 

Also, program attrition is very common in part due to the scale of weight loss needed for 

severely obese youth who still have substantial linear growth and concomitant weight gain to 

undergo.[40] As weight decreases so too does resting energy expenditure, making ongoing 

weight loss increasingly difficult.[41] As a result, early success must be followed by 

ongoing focus in order to maintain progress. Personal responsibility may need to be 

complemented with public health policy changes. Indeed prominent editorials have stated 

that obesity is a natural consequence of “toxic” high calorie density food environments 

placing the onus of action on individuals and also on collective action.[42•]

Pharmacotherapy for pediatric obesity is limited[43]. Orlistat is the only medication 

currently FDA approved for weight loss in children if ≥ 12 years old. It has shown modest 

results for obese but not severely obese adolescents. In one study, orlistat decreased BMI by 

0.86 kg/m2 compared to placebo.[44] More efficacious drugs have been developed but were 

not approved due to adverse effects. Other drugs are under investigation, including for 

genetic conditions such as for Prader-Willi syndrome.[45] Importantly, there is little data on 

the long-term use of weight loss drugs.

Over the last decade, bariatric surgery has become more acceptable for select individuals 

with severe obesity and comorbidities.[46] Several surgical options are available and short-

term results are promising. In one study of 81 adolescents, BMI was reduced by 32% at 2 

years with corresponding improvements in dyslipidemia and hyperinsulinism. However, 
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33% suffered adverse effects and 15% needed additional surgeries.[47] Importantly, some 

bariatric surgeries permanently alter enterohepatic and biliary circulations, the long-term 

effects of which remain unknown. In addition, the long term safety and success of bariatric 

surgery is questioned with some data suggesting over 20% of initial responders regain their 

weight and have recurrence of co-morbidities.[48•] Thus, the appropriateness and 

availability of surgery will depend on long-term follow-up, which are currently in progress. 

A summary of a staged approach to weight management is shown in Figure 1[29].

HYPERTENSION

Epidemiology, Life-course Tracking and Temporal Trends

In adults, elevated blood pressure (BP) is the strongest modifiable factor in predicting 

ASCVD mortality[2••, 4, 49] with one meta-analysis demonstrating that the risk of ASCVD 

increased in a log-linear fashion with SBP.[50] Widespread attention to pediatric 

hypertension assessment only started in 1977[51]. Since then multiple studies have been 

conducted to refine our understanding of pediatric hypertension. The most contemporary 

evidence-based recommendations for pediatric BP management come from the 2017 AAP 

BP guidelines and the 2011 NHLBI integrated cardiovascular risk reduction guidelines.[8, 

52••]

The prevalence of prehypertension and hypertension in pediatrics has increased over the last 

half-century despite decreases in the mean SBP during that time.[1••] This is likely due in 

part to more accurate measurement techniques and growing awareness of hypertension 

sequelae since the use of BP pharmacotherapy in children remains limited. [53, 54] Another 

purported contribution on the population level may be reduced lead exposure, which has 

been linked to declining BP in the U.S. pediatric population[55•]. According to the 2017 

AAP BP guidelines, about 14% of early adolescents have an elevated BP.[56••] Several 

studies have suggested that this increase is related to the obesity epidemic, with evidence 

showing that BMI exerts strong effects on BP.[57–59] Racial and gender factors are also 

important. Hypertension is more prevalent amongst Blacks and Hispanics than Whites and 

Asians. In addition, it is slightly more prevalent in boys than girls.[60•]

According to a systematic meta-analysis of over 50 cohort studies following diverse 

populations between 1970–2006, there is significant evidence for BP tracking from 

childhood to adulthood.[61] The strength of BP tracking is greater in adolescents than 

school age children.[52••] Critically, multiple studies in population based cohorts now show 

hypertension in adolescence predicts higher all-cause mortality and ASCVD in adulthood.

[62, 63] A recent study suggests that with better BP control in children, elevated BP in 

young adulthood could be averted.[64]

Diagnosis and Classification

The diagnosis and classification of pediatric hypertension has been difficult due to the 

frequent occurrence of masked hypertension (MH) and white coat, or reactive, hypertension 

(WCH) in children as well as difficulty ascertaining high BP using age-sex-height dependent 

normative tables. MH is defined as having a normal in-clinic BP but elevated ambulatory BP. 
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MH occurs in about 7% of children. Pediatric studies have suggested the prevalence of 

WCH to be around 32%, although WCH prevalence varies significantly across various study 

populations.[65]

For confirmation of true hypertension, ambulatory blood pressure monitoring (ABPM) is 

now widely accepted to be superior to office or home BP monitoring in classifying 

hypertension and in identifying patients as at risk of target organ damage.[52••, 65] Several 

studies have shown a strong relationship between hypertension diagnosed by ABPM 

parameters and target organ damage, such as elevated left ventricular (LV) mass[66, 67], 

thicker cIMT[68, 69], increased PWV[70, 71], and higher carotid artery stiffness[72]. 

Updated guidelines on the use of ABPM and the interpretation of its results are now 

available.[52••, 65] Importantly, these guidelines offer a revised classification scheme that 

addresses previous uncertainty in how to use elevated diastolic blood pressure (DBP), 

nocturnal BP elevation, and diagnosing prehypertension in children. In addition, ABPM is 

strongly recommended in obese individuals due to the difficulty in obtaining accurate BP 

measurements in this population. The cost-effectiveness of ABPM use has been 

demonstrated in cost effectiveness models in both children and adults with suspected 

hypertension.[73, 74]

A detailed history and physical is necessary to distinguish between primary and secondary 

etiologies of hypertension. In one study evaluating the causes of hypertension in a tertiary 

pediatric hypertension clinic, secondary hypertension was found in 100% patients less than 

one year old, 80% of patients 1–5 years old and ~50% of patients ≥ 6 years old.[75] A 

history of prematurity or frequent urinary tract infections or an ABPM with attenuated 

nighttime dipping[65] may suggest secondary etiologies. A detailed summary of secondary 

hypertension may be found in the AAP or NHLBI guidelines. In general adolescents with 

prevalent cardiometabolic risk factors (e.g. elevated BMI and physical inactivity) can be 

assumed to have essential hypertension until BP improvement does not proceed in an 

expected fashion.[52••]

Management

Management of pediatric hypertension starts with lifestyle modifications with particular 

focus on improved dietary quality, increased physical activity and weight management.[5••, 

6••, 8, 76] Since publication of the Dietary Approaches to Stop Hypertension (DASH) diet 

in 1997, multiple studies have consistently shown that its use improves hypertension across 

various ages and ethnic groups.[77–79•] The DASH diet focuses on increased intake of 

whole grains, fruits and vegetables high in potassium, magnesium, calcium and fiber, as well 

as low saturated fat intake through lean meats and fat free dairy and minimal added sugars 

(Table 1). The DASH diet is a relatively low sodium diet and further reduction in sodium 

intake has been proven to work synergistically.[80]

While the relationship between physical activity (PA) and BP is well established in adults, 

data in children and adolescents has been challenging to establish often due to study design 

or limited participation. One meta-analysis of 1266 subjects showed that exercise reduced 

SBP and DBP by 1% and 3% respectively, however this did not meet statistical significance.

[81] More recent data from the Avon Longitudinal Study of Parents and Children (ALSPAC) 
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followed over 5500 patients and measured exercise using wearable technology. The study 

confirmed that higher PA was associated with lower BP and suggested that the volume of 

activity may be more important than the intensity.[82] The strongest evidence for improving 

PA in children is through school-based intervention strategies.[83, 84]

When 6 months of adequate lifestyle modifications fail to improve BP or if in-clinic or 

ABPM demonstrates severely elevated BP, initiation of pharmacologic treatment is 

warranted as outlined by the 2017 AAP guidelines.[52••] In general, calcium channel 

blockers (CCB), angiotensin-converting enzyme (ACE) inhibitors, and angiotensin II 

receptor antagonists (ARB) are the preferred first line drugs depending on indications for 

targeted drug therapy. Of note, thiazide diuretics and beta-blockers can impair glucose 

metabolism and should be used cautiously in patients at risk for developing diabetes.[85] 

ASCVD event-based goals for antihypertensive therapy in children are not well established 

due to the rarity of ASCVD events and paucity of outcome based drug trials in children, so 

reduction to “normal” levels, either below 90 percentile or below 130/80 are given in the 

guidelines.[86, 87] Also, causes of secondary hypertension are more common in children 

and must be addressed if present. Remaining questions include the utility of vascular or 

cardiac assessments on future ASCVD prediction in pediatric hypertension as well as the 

role of pharmacological or other interventions for hypertension management in children on 

future ASCVD risk reduction.

DYSLIPIDEMIA

Epidemiology, Life-course Tracking and Temporal Trends

ASCVD is the end result of a lifelong accumulation of fatty streaks and plaques that begin in 

utero as evidenced by several autopsy studies.[11–13] While ASCVD events in children are 

rare, data from the Bogalusa[12, 88], PDAY[11], Muscatine[89, 90] and Cardiovascular Risk 

in Young Finns[91, 92] studies demonstrate that moderate to severe lipid abnormalities track 

into adulthood, accelerate the development of atherosclerosis, and lead to earlier ASCVD 

morbidity and mortality. In particular, familial hypercholesterolemia (FH), a Mendelian-

inheritance genetic disorder, links the effects of chronically elevated low-density lipoprotein 

cholesterol (LDL-c) in childhood to premature ASCVD events in young adulthood. Data 

from registries and genetic metacohorts show that young and older adults with FH genes 

have a multifold higher risk for ASCVD than their non-FH peers.[93–95••] Multiple studies 

have been conducted demonstrating increases in cIMT and PWV and decreases in FMD in 

children with dyslipidemia.[96]

In the face of the obesity pandemic, lipid profiles have actually slightly improved in 

children, the reasons for which are unclear.[1••, 97••] According to the most recent 

NHANES data, the prevalence of adverse levels of TC, triglycerides (TG), high-density 

lipoprotein cholesterol (HDL-c) and LDL-c are 7.1%, 10.2%, 12.1% and 6.4% 

respectively[97••]. Elevated LDL-c is slightly more prevalent in girls than boys; however, 

boys have higher levels of HDL-c and triglycerides (TG) than girls.[1••] In general, Asians 

have higher TC, LDL-c and TGs than other races. Hispanics have the lowest HDL-c, and 

Blacks have much lower TG levels than other races.[98] Importantly, while obese 

individuals have a nearly 3 times higher risk for lipid problems, a substantial proportion of 
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youth with lipid problems are normal weight. Thus, fixating on excess weight in screening 

will miss a substantial proportion with abnormal lipids and specifically genetic lipid 

disorders.[99]

Diagnosis and Classification

Generally, there are 4 classes of pediatric lipid disorders: genetic lipid disorders, 

dyslipidemia related to lifestyle factors, medication-related dyslipidemias, and dyslipidemias 

secondary to a medical condition. Lifestyle dyslipidemias is defined as the triad of low 

HDL-c, elevated TG and mildly elevated LDL-c from increased number of small, dense 

LDL particles. Genetic lipid disorders tend to have more narrow abnormalities in lipid 

profiles. For example, individuals with FH often have isolated increases in LDL-c.[8]

The primary genetic lipid disorders are FH, familial combined hyperlipidemia (FCH), and 

familial severe hypertriglyceridemia (HTG). Homozygous FH usually presents with 

xanthelasmas, xanthomas and ASCVD events in the first two decades of life[100]. 

Heterozygous FH (HeFH), with prevalence 1/250, and FCH, with prevalence approaching 

1/100, both predispose to early ASCVD events in young adulthood and are frequently 

clinically silent prior to the coronary event. Familial HTG can cause acute pancreatitis at any 

time and may also predispose to premature ASCVD. A review of secondary lipid disorders 

is beyond the scope of this review apart from primarily focusing on the underlying condition 

and any remaining lipid issues thereafter.

Screening

The goal of lipid screening in childhood is the identification of patients with genetic lipid 

disorders especially HeFH.[101•] Initial screening guidelines published by the National 

Cholesterol Education Program (NCEP) in 1992 recommended targeted screening by family 

history which were later revised to include other lifestyle risk factors and medical 

conditions.[102, 103] However, several studies have shown that screening by family history 

alone misses 30–60% of children with elevated lipid levels.[104, 105] The 2011 NHLBI 

guidelines introduced universal screening for lipid disorders in children between 9–11 years 

old and again between 17–21 years old. The guidelines also recommended focused 

screening for individuals ≥ 2 years old with elevated risk factors.[8] Universal screening 

creates the opportunity for reverse cascade screening, i.e. testing parents after a child has 

been diagnosed. However, universal screening remains controversial due to a lack of data on 

whether the earlier diagnosis decreases future ASCVD events, the stigmatization following 

diagnosis, the potential of creating dietary neuroses in children, and the cost of universal 

screening programs. As a result, the 2016 USPTF review concluded that there was 

insufficient evidence to recommend for or against universal lipid screening.[106]

Over time, provider screening for children with lipid disorders has not substantially 

improved. From 2002 to 2012, overall lipid testing declined, however the detection of FH-

level LDL-c increased, possibly related to more selective testing of patients at risk of having 

genetic lipid disorders. Yet the expected proportion were not detected.[107] Barriers to 

implementation of the 2011 NHLBI guidelines include lack of guideline awareness, a 
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discomfort with managing lipid disorders, and opposition to the use of lipid lowering drugs 

in children.[107, 108]

Nonetheless, early diagnosis and alteration of risk behaviors is critically important. A recent 

meta-analysis demonstrated that the use of statin and non-statin drugs were associated with 

similar relative risk reductions for major ASCVD events per change in LDL-c.[109] Another 

key study from the Dutch cohort found that offspring with HeFH were essentially 

completely protected from coronary events before age 40 while their parents were 

substantially affected before age 40, suggesting the provision of pharmacotherapy during 

youth altered the natural history.[110••] Another combined meta-analysis compared the 

effect of lipid lowering agents versus naturally occurring LDL-c lowering genetic 

polymorphisms on ASCVD events showed that genetic polymorphisms were several times 

more effective than pharmacological therapy, suggesting life-long exposure to lower LDL-c 

levels were more protective.[111] In summary, it is the chronic exposure to elevated LDL-c 

that increases the risk for ASCVD events and this exposure appears modifiable.

Management

The first step in the management of children with dyslipidemias is targeted lifestyle 

modifications. Importantly, lifestyle modifications can improve lipid levels without affecting 

weight immediately.[15, 16, 112, 113] Targeting only weight loss instead of an improvement 

in dietary quality may only further stigmatize the child and lead to failure.[114] The NHBLI 

Cardiovascular Health Integrated Lifestyle Diet (CHILD-1) is recommended for all patients 

with dyslipidemia or at risk of developing dyslipidemia due to family history or exposures in 

the home, which is nearly all children in the USA. With this diet, total fat should be limited 

to 30% of total calories, saturated fat to 7–10% of calories; trans fat should be avoided, and 

dietary cholesterol limited to 300mg per day. The diet also stresses the importance of 

increased fruit and vegetable intake, avoidance of sugar sweetened beverages (SSBs), and 

limited portion sizes.[8] However, for patients with persistently elevated LDL-c or FH while 

on the CHILD-1 diet, the CHILD-2 LDL-c diet modification is recommended which further 

limits saturated fat to < 7% total calories, dietary cholesterol to < 200 mg/day, and endorses 

incorporation of plant sterols and water-soluble psyllium into the diet. Similarly, for patients 

with persistently elevated TGs while being on the CHILD-1 diet, the CHILD-2 TG diet 

modification is recommended which eliminates SSB and added sugars and endorses 

replacing simple carbohydrates with complex carbohydrates. Table 1 compares the 

CHILD-1, CHILD-2 and DASH diets. In addition, there is strong evidence that patients 

should get ~5 hours of moderate to vigorous exercise per week and limit sedentary screen 

times to less than 2 hours per day across all diets.[8]

Pharmacological therapy is indicated in patients with insufficient lipid improvement despite 

adequate lifestyle interventions, those with significantly abnormal baseline lipid levels in 

combination with family history or other ASCVD risk factors, or in those with a diagnosis of 

FH. While pediatric providers have been slow to initiate statin therapy for lifestyle induced 

dyslipidemias, the use of statins for FH provides significant experience on the long-term 

safety of their use in childhood. Several recent publications evaluating pharmacotherapy for 

HeFH concluded that statin use decreased ASCVD events to close to that of the general 
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population and slowed progression of atherosclerotic plaques.[110••, 115, 116•] Statins 

decreased LDL-c levels by an average of 32% with 20% of individuals achieving treatment 

goals. Just as important for children, a Cochrane review of nine randomized placebo control 

trials of statins in children showed no difference between statin and placebo in liver enzyme 

levels, incidence of rhabdomyolysis or sexual maturation.[117•] Importantly, there is 

growing evidence that statin use may be associated with the development of diabetes in 

children similarly to adults.[118•] As such, statins should be used with caution.

CONCLUSION

With the rise of the obesity epidemic, familiarity with the management of obesity, 

hypertension and lipid disorders in children has become increasingly necessary. There is 

ample evidence that these diagnoses track from childhood into adulthood and subsequently 

significantly increase the risk for ASCVD events earlier in life. In addition, there is a 

growing body of literature showing the damaging effects that occur in childhood as well. 

Thus, childhood offers a unique opportunity for primordial and primary prevention of these 

risk factors and risk behaviors. These risk factors can be improved with lifestyle 

modification through targeted dietary changes and an increase in physical activity. For 

hypertension and dyslipidemia, recent data supports focusing on dietary quantity and quality. 

In certain cases, pharmacological or surgical therapies are indicated. Further work is needed 

to better understand genetic and phenotypic variation and the effects of public policy in 

pursuit of healthier behaviors.
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Figure 1. 
Staged approach to obesity management. This figure summarizes the staged approach to 

obesity management as outlined by Barlow et. al. [28]
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Table 1.

Comparison of Hypertension and Dyslipidemia Diets by Macronutrient (referenced to 2000 kcal/day) [8, 75]

Nutritional 
Recommendation (per 
2000 kcal/day diet)

CHILD-1 CHILD-2 LDL CHILD-2 TG DASH

Protein Lean meats (chicken or 
turkey without skin, fish, 
red meat without fat)

Fats

Total ≤30% of daily kcal (67 
grams)

25–30% of daily 
kcal (56–67 grams)

25–30% of daily kcal (56–
67 grams)

Limit servings based on age 
group, fat free milk

Saturated 7–10% daily kcal (16–22 
grams)

< 7% daily kcal (<16 
grams)

< 7% daily kcal (<16 
grams)

Monounsaturated ≤20% (≤44 grams) ~10% (22grams) ~10% (22 grams)

Trans Avoid Avoid Avoid

Cholesterol < 300 mg/day <200 mg/day <200 mg/day

Carbs Encourage high dietary 
fiber

Avoid simple carbs, only 
eat complex carbs

Whole grains (not enriched 
or bleached), fruits and 
vegetables

Sugar Limit added sugars, 
SSBs

Avoid added sugars, SSBs Limit servings based on age 
group
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