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Abstract 1 

There is an immediate need to optimize cardiovascular (CV) risk management and primary 2 

prevention of childhood obesity to timely and more effectively combat the health hazard and 3 

socioeconomic burden of CV disease from childhood development to adulthood manifestation. 4 

Optimizing screening programs and risk management strategies for obesity-related CV risk in 5 

childhood has high potential to change disease trajectories into adulthood. Building on a 6 

holistic view on the etiology of childhood obesity, this document reviews current concepts in 7 

primary prevention and risk management strategies by lifestyle interventions. As an additional 8 

objective, this scientific statement addresses the high potential for reversibility of CV risk in 9 

childhood and comments on the use of modern surrogate markers beyond monitoring weight 10 

and body composition. This scientific statement also highlights the clinical importance of 11 

quantifying CV risk trajectories and discusses the remaining research gaps and challenges to 12 

better promote childhood health in a population-based approach. Finally, this document 13 

provides an overview on the lessons to be learned from the presented evidence and identifies 14 

key barriers to be targeted by researchers, clinicians and policymakers to put into practice 15 

more effective primary prevention strategies for childhood obesity early in life to combat the 16 

burden of CV disease later in life.  17 

 18 

 19 
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1. Introduction 1 

Obesity is currently one of the most serious global public health problems. There is robust 2 

evidence that metabolic and cardiovascular (CV) risk factors and psychosocial complications 3 

are already present in children with obesity and worsen in adulthood.1-5 Childhood obesity is 4 

commonly defined as BMI > 95th percentile for age and sex in children older than 2 years of 5 

age.6 Between 1980 and 2013, the worldwide prevalence of childhood obesity increased by 6 

47%.7 The WHO European Childhood Obesity Surveillance Program (COSI) revealed that 7 

overweight and obesity rates among primary school children range from 15–52% in boys and 8 

from 13–43% in girls, with higher prevalence in southern European countries.8 The lifetime 9 

costs of a child or adolescent with obesity have previously been estimated to be about € 150 10 

000 for both sexes.9  11 

Obesity is associated with an increase in CV risk factors in children.10,11 The rise in childhood 12 

obesity has subsequently been linked to an increase in non-communicable diseases such as 13 

type 2 diabetes mellitus (T2DM),12 hypertension10 and atherosclerosis as target organ damage 14 

in young men.13 A body of evidence exists on obesity-related CV risk in childhood, for example, 15 

higher systolic blood pressure (BP) in children with overweight (+4.5 mmHg) and obesity (+7.5 16 

mmHg), with signs of adverse concentrations of blood lipids and higher left ventricular mass 17 

compared to normal weight children.10 The number of risk factors increases with severity of 18 

childhood obesity.11 The high prevalence of childhood obesity is worrying at the individual as 19 

well as public health level, as it has been linked with CV morbidity and mortality in 20 

adulthood.3,14,15 Because of the persistent high prevalence rates and the risk trajectories into 21 

adulthood, it is important to reduce CV risk as early as childhood. As key determinants, 22 

childhood physical inactivity and unhealthy diet contribute to the development of obesity-23 

related CV risk, and thus to the development of non-communicable diseases later in life.  24 

In this document, we briefly review the etiology of childhood obesity and current approaches 25 

for its management. The novel focus lies on the discussion of obesity-related risk trajectories 26 

from childhood to adulthood and on the need for childhood screening programs and 27 

consecutive preventive strategies. As a main aim, both physical activity (PA) and exercise as 28 

well as nutrition behavior and diet are extensively reviewed as key risk managing strategies. 29 

This scientific statement does not intend to systematically review previous meta-analyses or 30 

international guidelines on the management of childhood obesity. Rather, it aims at giving 31 

expert insights on how obesity-related childhood CV risk may need to be approached in order 32 

to change risk trajectories as primary prevention strategies to reduce the high burden of CV 33 

disease. 34 

2. Etiology and management of obesity-related CV risk in childhood  35 

Beyond caloric imbalance – the environment and biological factors 36 
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Obesity-related CV risk is caused by a complex interplay between genetic factors and the 1 

environment (Figure 1). Individual genetic predisposition, epigenetics, endocrine, metabolic 2 

and immunologic responses interact with the child's nutrition, PA, sleep habits and 3 

psychological factors.16 Later in life, an association of genetic susceptibility and healthy lifestyle 4 

with incidence coronary artery disease and stroke has been shown in patients with 5 

hypertension.17  6 

During early gestation, maternal diet and environmental factors can, for example, modify 7 

methylation status and thereby gene expression.18 Even before conception, both maternal and 8 

paternal health and lifestyle behaviour affect the epigenetic phenotype of the offspring with 9 

potential consequences for the gestational development.19,20 Moreover, psychological factors 10 

and the interaction between gut and brain hormones influence satiety mechanisms.21 The gut 11 

microbiota and exposure to toxins and viruses contribute to the development of obesity. In 12 

addition, so-called industrially produced endocrine-disrupting chemicals appear to be 13 

obesogenic.22 Thus, the underlying mechanisms for the development of obesity in childhood 14 

are complex and need to be accounted for in future obesity prevention policies. Importantly, 15 

medical history needs to be considered and plays an important role in the detection of other 16 

causes of obesity, such as hormonal disturbances or specific antipsychotic medication. 17 

Role of parents, socioeconomic status and education  18 

The role of family, caregivers, and peers in the development and maintenance of obesity in 19 

children is crucial. Several complex biological and social interactions between parent and child 20 

need to be considered. Maternal body mass index (BMI) at conception strongly predicts 21 

offspring BMI throughout childhood.23 Prenatal maternal lifestyle, parenting style, feeding 22 

habits in early childhood and family nutrition habits are important factors to help foster a healthy 23 

lifestyle and promote awareness of internal hunger and satiety cues.24 Breast-feeding may also 24 

play a central role for obesity risk reduction, interacting with psychosocial and environmental 25 

factors.25, 26 Maintenance of a healthier diet was achieved in studies that specifically targeted 26 

parenting, modification of home environment and behavioral constructs.27 27 

Unhealthy food habits and low PA levels, as assessed by sedentary behaviors such as screen 28 

time, have been associated with low familial socio-economic status and varying quality of child 29 

care.28-30 Maternal, and not paternal, psychiatric symptoms have been shown to be associated 30 

with the severity of obesity in their offspring.31 Implementing healthy lifestyle in the education 31 

of children is challenged by an irritable or reactive temper in children with overweight and 32 

obesity, which may be accompanied by anxious feelings, depressed mood, psychosomatic 33 

complaints or impulsive behavior, aggression, oppositional behavior.32 34 

Media (mis-)use, role models, psychological aspects 35 
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Unhealthy food marketing in media and social media is a powerful determinant of unhealthy 1 

diets and obesity among children and adolescents.33 Foods embedded in entertainment media 2 

affect food choices and food intake in children. In addition to high caloric value most of the 3 

embedded foods have low nutritional values. Most children are exposed to promotion and 4 

marketing of products such as fast food and sugar-sweetened beverages up to about 200 5 

times per week on social media.34 Of note, social media influencer marketing of unhealthy 6 

foods increased children's immediate food intake, whereas the equivalent marketing of healthy 7 

foods had no effect.35 Therefore, promotion of healthy foods on social media may not be an 8 

effective means to improve healthy dietary behaviors in children. An association of fast-food 9 

consumption with adverse blood lipids and vascular impairments has been shown in adults but 10 

to a much lesser extend children, indicating the opportunity for primary prevention in 11 

childhood.36   12 

Beyond PA and nutrition, psychological aspects are often associated with health status of 13 

children with obesity and should be addressed in prevention and lifestyle interventions. 14 

Individuals with obesity often experience social stigma in multiple settings, including the 15 

medical community.37 Such stigmata may lead to serious physical and psychological 16 

consequences (for example, promoting obesity, eating disorders, stress and depression, and 17 

barriers to PA) and less frequent use of adequate medical care. Addressing weight stigma is 18 

therefore important to improve health and well-being in children with obesity.38  19 

Management: What the guidelines say 20 

Clinical guidelines recommend that lifestyle changes should be the initial step for the 21 

management of obesity and CV risk factors in children.6 An overview of the classic 22 

cardiometabolic risk factors associated with childhood obesity and their definitions are shown 23 

in Table 1. Recommended targets for PA levels for school-age youth have been defined as ≥ 24 

60 min/day of moderate to vigorous aerobic PA (MVPA), In addition, muscle strengthening and 25 

activities that increase bone strain are to be implemented at least 3 times per week. The time 26 

being sedentary, particularly the amount of screen time, should be limited.39, 40 With respect to 27 

diet, the guidelines recommended that children consume ≤ 25 g (100 kcal or ≈ 6 teaspoons) of 28 

added sugars per day.41  Few children achieve such low levels, making this an important public 29 

health target. With respect to sodium intake, the WHO has recommended that children aged 2 30 

to 15 years should reduce their intake to better control BP. Based on the estimated energy 31 

requirements of children compared with adults, the recommended adult sodium intake of a 32 

maximum level of 2g sodium (5g salt) per day should be adjusted downward.42 According to 33 

the United Nations Children`s Fund,43 main other dietary advice are: eat an adequate 34 

breakfast, avoid eating between meals, eat three meals and no more than two snacks per day, 35 

limit portion sizes, avoid energy-dense and nutrient-poor foods (for example, fruit juices or fast 36 
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food), increase intake of unprocessed fruit, vegetables and fibre-rich cereals. Also, lowering 1 

fat and sugar intake should be main targets.44,45 2 

Early implementation of family-based multicomponent behavioral interventions with a minimum 3 

of 26 contact hours for children and adolescents with overweight and obesity aged 2 to 18 4 

years is recommended.46 However, there is insufficient evidence to recommend specific forms 5 

of interventions with respect to comparative effectiveness in patients and families with different 6 

socioeconomic backgrounds.46 Recommendations for patient care and frequency of risk factor 7 

monitoring in children with established CV risk such as hypertension, T2DM and dyslipidemia, 8 

have been expressed in previous international guidelines.6,46-48  9 

The American Academy of Pediatrics has proposed different treatment strategies dependent 10 

upon the severity of obesity. This includes treatment for children or adolescent with overweight 11 

or obesity that can be delivered in primary care or a community-based setting, and intensive 12 

multicomponent interventions, pharmacotherapy and/or bariatric surgery delivered to 13 

adolescent with obesity or severe obesity in secondary or tertiary settings.49, 26 For severe 14 

obesity and T2DM in children over the age of 10, metformin has been shown to be beneficial 15 

for the treatment of insulin resistance and to support weight loss.50 Orlistat (FDA approval) and 16 

liraglutide (EMA approval) may also be considered as adjunct treatment in addition to lifestyle 17 

modifications in children with obesity older than 12 years.6,51 For adolescents with a BMI 18 

greater than 35 kg/m2, bariatric surgery in combination with lifestyle modifications may be 19 

considered,6 but there are no data from randomized controlled clinical trials (RCTs) on the 20 

effectiveness of bariatric surgery in this age group.52 A RCT comparing bariatric surgery to 21 

combined lifestyle interventions in adolescents is still ongoing.53   22 

3. Risk trajectories from childhood to adulthood 23 

The impact of CV risk factors such as obesity and hypertension on the development of CV 24 

disease and outcome are well understood in the adult population. These causal factors for an 25 

increased CV disease risk are already present in children and adolescents and are key 26 

determinants of adult health. A recent systematic review which included more than 100 000 27 

individuals reported that children with excess weight had higher risk for T2DM, hypertension 28 

and dyslipidaemia as an adult.54 Decreasing physical activity (PA) and persistent inactivity 29 

have been shown to predict adult obesity and associated CV risk profiles.55,56  30 

Children with obesity are five times more likely to suffer from obesity as adults compared to 31 

those without childhood obesity.57 Childhood overweight and obesity are associated with a 32 

concomitant increased prevalence of elevated and high BP. The longitudinal Cardiovascular 33 

Risk in Young Finns Study showed that elevated BP in childhood tracks into adulthood.58 34 

Moreover, systolic BP in late adolescence was an independent predictor for coronary heart 35 

disease (CHD) in mid-adulthood.59 In a study of 2.3 million adolescents, obesity during 36 
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adolescence was associated with a substantially increased CV mortality in middle age.60 A 1 

large cohort study in children demonstrated the association of a higher childhood BMI with an 2 

increased risk of CHD in adulthood.61 A limitation of these studies is their retrospective design. 3 

Nonetheless, the increased obesity rate in adolescence is thought to lead to an estimated 5-4 

16% increase in incidence CHD in 2035.62 In a recent prospective cohort study from the 5 

International Childhood Cardiovascular Cohort (i3C) Consortium, childhood risk factors were 6 

shown to be associated with CV events in midlife.1 7 

To reduce the obesity-induced accelerated CV disease risk in children, preventive 8 

interventions are essential. A meta-analysis which assessed a total of 85 RCTs reported that 9 

lifestyle interventions positively influenced BMI as well as systolic and diastolic BP.63 Lifestyle 10 

interventions based on PA and nutrition in children64,65 and adolescents66 with overweight and 11 

obesity have previously been explored. Multicomponent behaviour-changing interventions 12 

seemed to have beneficial, albeit small effects on weight reduction in children of all age groups 13 

with low rates of adverse events.67 Of note, mainly weight-related measures have previously 14 

been reported while information on overall health, cardiometabolic and psychological factors 15 

are so far limited. Thus, PA and exercise as well as nutrition behaviour and diet are reviewed 16 

in this document with updated findings as potential risk managing strategies during childhood. 17 

Overall, weight loss treatment and reduction of associated overall CV risk for children and 18 

adolescents need to be better investigated and long-term follow-up studies are necessary to 19 

better quantify and improve the health trajectory for the next generation. The principal concept 20 

and potential impact of a multi-modal screening program in childhood to reduce cumulative 21 

lifetime CV risk is visualized in Figure 2. The implementation of screening programs for 22 

obesity-related CV risk is discussed in the next chapter.  23 

For children and adolescents, the consequences of the COVID-19 pandemic with lockdowns 24 

and closures of schools and sports clubs are threatening their long-term health. A review with 25 

more than 17 000 000 children, adolescents and young adults concluded that lockdowns 26 

resulted in increased weight gain and adversely impacted food choices.68 Physical inactivity, 27 

even before the COVID pandemic, has become a major attributable factor associated with 28 

development of childhood obesity and related CV risk factors.  29 

4. Screening programs for obesity-related cardiovascular risk and surrogate markers  30 

In childhood, the obesity-related predisposition for atherosclerosis can be non-invasively 31 

assessed by use of structural and functional vascular biomarkers that allow for diagnosis of 32 

subclinical atherosclerosis as cumulative surrogates for overall CV risk.69 Childhood obesity is 33 

associated with endothelial dysfunction, irrespective of pubertal stage, even in the absence of 34 

comorbidities. Lifestyle interventions have the potential to reverse adverse vascular 35 

alterations. In children, a high reversibility of adverse CV risk was found after intensive lifestyle 36 
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interventions including diet alone, exercise alone or a combination of both.70 Improvements 1 

were reported for body composition, metabolic parameters, brachial artery flow-mediated 2 

dilatation (FMD) and carotid intima-media thickness (cIMT).70 Retinal arteriolar narrowing, an 3 

established microvascular biomarker of CV risk in adults, has recently been shown to predict 4 

development of high BP in 6-8 year old children after a 4 year follow-up.71 Increases in 5 

cardiorespiratory fitness (CRF) were associated with reduction in BMI and consequently wider 6 

retinal arterioles at follow-up.71 Use of time-efficient, affordable, non-invasive biomarkers of 7 

vascular health represents a promising perspective for the screening of cumulative CV risk in 8 

children once resilient normative data throughout childhood and adolescence have been 9 

established. In adolescent boys and girls, CRF with a maximum oxygen uptake of below 42 10 

and 35 mL/kg/min respectively, was associated with a 5.7- and 3.6 -times greater likelihood of 11 

having CV disease risk later in life.72 A reduced maximal oxygen uptake per lean body mass 12 

and reduced peak cycling power output are common in children and adolescents with obesity 13 

and underline the importance for the assessment of CRF in childhood screening programs and 14 

for the prescription of exercise-based prevention programs.73 15 

BMI has been most commonly measured in previous decades as it is easily applied and most 16 

practical. Thus, a vast amount of data is available on childhood BMI percentiles and z-scores.  17 

The additional benefits of using other measures of body composition, such as waist 18 

circumference (WC), for routine paediatric care in addition to BMI for predicting metabolic risk 19 

have been shown to be small.74 The use of waist-to-height ratio has not been shown to be 20 

superior to BMI or WC in predicting CV risk related to childhood obesity.74 In large-scale cohort 21 

studies, BMI thus remains the most commonly used measure. Screening for clusters of CV 22 

risk factors is a challenging task in pediatric populations with difficulties in defining clear 23 

thresholds. Changing body size and weight, age-related variations in BP and lipids, as well as 24 

differences in sex and race have led to clustering of various CV risk factors as continuous 25 

variables rather than using strict cutoffs, which has been shown to be beneficial for childhood 26 

risk management.75 Screening programs should focus on CV risk beyond BMI to avoid 27 

stigmatization. In addition, other variables such as family history, early life insults including 28 

maternal gestational diabetes exposure, as well as socio-economic status, media 29 

consumption, smoking, alcohol consumption and drug abuse contribute to alterations in CV 30 

risk and should be accounted for in childhood and adolescence screening programs.  31 

In adults, a nationwide screening program on obesity was associated only with small 32 

improvements in obesity and cardiovascular risk factors.76 From a public health perspective, 33 

feasibility and long-term cost-effectiveness of childhood screening programs and interventions 34 

strategies at population level are to be established and remain challenging. A leadership role 35 

for school-based screening programs has been suggested and remains one of the most 36 

promising primary prevention strategies in a population-based approach. Nonetheless, 37 
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measures of primordial prevention need to go beyond school-based screening programs and 1 

should address transport to schools and school sports as well as after-school programs and 2 

school-community linkages including participation of family and friends to promote the 3 

implementation of a healthy lifestyle. Support is warranted from pediatricians, family doctors 4 

and health care workers as well as politicians and other stakeholders. However, the benefits 5 

and pitfalls, even potential harms (for example due to stigmatization) of screening programs 6 

for children with overweight and obesity remain to be elucidated.77 While the necessity for the 7 

prevention and treatment of obesity-related CV risk in children are not debatable, clear 8 

recommendations on how to implement cost-effective screening programs for obesity-related 9 

risk factors such as childhood hypertension and dyslipidemia are still missing.78,79 10 

Whether or not population-based screening programs have the potential to counteract the 11 

growing burden of obesity-related CV risk in childhood remains a matter of debate. Who, when 12 

and how to screen in order to identify those at increased risk and greatest need for support 13 

remain critical questions. To this respect, cost-effectiveness will remain critical. Screening 14 

programs with a leadership role of schools, together with family- and community-based 15 

support, can be the backbone for effective prevention strategies for almost all children, 16 

independent of their socioeconomic background.  17 

5. Physical activity and exercise as risk managing strategies  18 

In this chapter, we give an overview on the evidence for exercise interventions to reduce 19 

obesity-related CV risk as a risk managing strategy including systematic reviews and meta-20 

analyses as well as RCTs. While we appraised each endpoint individually, we used 21 

standardised mean differences (SMD) as a useful tool to summarise effect estimates (with 22 

SMD around 0.2 considered small, SMD around 0.5 medium, and SMD around or above 0.8 23 

large).80  24 

Supervised exercise interventions  25 

A systematic review of meta-analyses on the effects of exercise-based interventions alone on 26 

health outcomes in children and adolescents with overweight or obesity showed consistent 27 

improvements in anthropometric and cardiometabolic outcomes.81 Specifically, exercise 28 

interventions reduced body mass, BMI, fat mass, and central obesity, with overall small point 29 

estimates of effect for SMDs. These improvements were largely independent of duration of the 30 

sessions and exercise frequency, but programs cumulatively lasting a total of 1500 min or 31 

more were most effective in reducing BMI (either in absolute terms or as z-score), fat mass 32 

(%), visceral and subcutaneous fat. The pooled SMDs were small for some cardiometabolic 33 

outcomes (CRF, and fasting concentrations of circulating triglycerides and insulin), and 34 

medium for fasting glucose concentrations, whereas there was no significant overall effect of 35 

exercise on concentrations of total cholesterol, low density lipoprotein cholesterol (LDL-C), or 36 
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high density lipoprotein cholesterol (HDL-C).81 In general, aerobic exercise training seemed to 1 

promote more beneficial changes in cardiometabolic parameters, and programs with higher 2 

intensities or volume yielded greater effects. Interventions of supervised exercise in children 3 

and/or adolescents (6-18 years old) with overweight and obesity induced significant reductions 4 

in cIMT, with a SMD of -0.31.82  5 

A systematic review and network meta-analysis of randomised exercise interventions including 6 

aerobic exercise, combined aerobic and resistance exercise, as well as resistance exercise for 7 

4 weeks or more showed that the combination of aerobic and resistance exercise was most 8 

effective in reducing BMI z-scores among children with overweight and obesity, with a 32% 9 

improvement.83 Aerobic exercise alone led to a 29% improvement in BMI percentiles, with no 10 

significant effect of resistance training alone. Another meta-analysis on the effect of aerobic, 11 

resistance, and combined exercise training on insulin resistance markers showed that training 12 

in general did not induce significant reductions in fasting plasma glucose but that aerobic 13 

exercise interventions reduced fasting insulin concentrations.84 Aerobic exercise at vigorous 14 

or moderate-to-vigorous intensities in sessions of at least 60 min showed a superior effect than 15 

lower doses of exercise. High intensity interval training (HIIT) seems to elicit even greater 16 

improvements in CRF and reductions in systolic BP compared with other forms of aerobic 17 

exercise, but with no superior effects on body composition, circulating lipids, and diastolic BP.85 18 

A later meta-analysis, which also included RCTs, however, concluded that there is insufficient 19 

evidence to determine if HIIT is more effective than traditional continuous endurance training 20 

with moderate intensity.86 In the future, exergaming strategies may be used to guide children 21 

and adolescents to engage in more PA and exercise. A previous systematic review examined 22 

the potential role of exergames in improving weight status among overweight and obese 23 

children and adolescents.87 There may be positive effects of active video games on weight-24 

related outcomes in obese children and adolescents. However, available studies are limited in 25 

number and diversity. More research and high-quality studies are warranted to further explore 26 

the potential of exergaming in children and youth. 27 

Exercise interventions combined with other lifestyle interventions 28 

A meta-analysis on the efficacy of exercise interventions, alone or combined with other lifestyle 29 

interventions in adolescents (aged 10-19 years) with BMI ≥85th percentile, showed 30 

improvements in CRF, BMI, body mass, total lean mass, body fat percentage, systolic BP, 31 

insulin resistance, and glycaemic responses to an oral glucose tolerance test.88 The SMD for 32 

these outcomes ranged from trivial (total lean mass: 0.10) to large (CRF: 1.27). There was 33 

inconclusive evidence for effects of exercise interventions on total cholesterol, LDL-C, HDL-C, 34 

fasting insulin or fasting blood glucose concentrations. Interventions with exercise, or advice 35 

on PA and/or diet, reduced hepatic fat content among adolescents (aged 14-16 years) with 36 

obesity, with an absolute reduction of 2%, which corresponded to a relative reduction of more 37 
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than 50% of existing hepatic fat.89 Multicomponent lifestyle interventions that included 1 

supervised exercise training also reduced the prevalence of non-alcoholic fatty liver disease 2 

(NAFLD) after the intervention, with a pooled odds ratio of changes in NAFLD prevalence of 3 

0.38.90 Supervised exercise-only or combinations of exercise and diet interventions reduced 4 

visceral adipose tissue (VAT) in youth (aged 7-19 years) with obesity.91 Studies focusing on 5 

only exercise had the greatest effect (SMD=-0.85), while interventions combining exercise and 6 

diet showed a pooled SMD of -0.69. Yet, there were few high-quality RCTs on diet-only 7 

interventions and the studies to date showed a small effect (SMD=-0.23).  8 

An umbrella review of meta-analyses on prevention and treatment of childhood obesity 9 

suggested that lifestyle interventions demonstrated small and short-term effects or no effect 10 

on body mass, and that parental involvement and reducing television time provided the 11 

greatest benefits in reducing obesity-related CV risk.92 12 

School-based interventions 13 

School-based interventions hold promise as a universal context to access and influence all 14 

children. However, the evidence for effectiveness of school-based interventions on CV disease 15 

risk factors is inconclusive. A systematic review and meta-analysis of 33 health education 16 

interventions aiming to reduce BMI in adolescents reported a statistically significant, albeit 17 

small effect of the interventions on BMI z-score (-0.06, 95% confidence interval [CI], -0.1 to -18 

0.03, p<0.001).93 Similar effectiveness of school-based interventions on change in BMI and 19 

BMI z-score were reported among primary school children.63 Studies that showed significant 20 

effect on BMI outcomes among adolescents typically included a face-to-face component for 21 

intervention delivery in the classroom and lasted more than 12 weeks.93 Furthermore, parental 22 

involvement accentuated the beneficial effect of interventions.63 School-based PA programs 23 

that involved additional PA time produced small, yet significant reductions in waist 24 

circumference, diastolic BP, and circulating insulin levels among children aged 3-12 years, but 25 

with no overall effect on circulating HDL-C, LDL-C, triglycerides, and total cholesterol 26 

concentrations, or systolic BP.94 Reductions in both diastolic and systolic BP were, however, 27 

reported after school-based lifestyle interventions.63 Finally, the evidence is equivocal for 28 

effectiveness of school-based interventions for increased PA and reduced sedentary 29 

behaviour, with some meta-analyses reporting small, but significant effects on MVPA but not 30 

on sedentary behaviour95, and others reporting no effect of interventions on MVPA96 or 31 

sedentary behaviour.97  32 

6. Nutrition behaviour and diet as risk managing strategies 33 

Landmark publications and meta-analyses on prevention and treatment of children and 34 

adolescents with overweight and obesity indicate that weight control may be obtained by a 35 

multicomponent intervention focused on life-long changes in dietary and PA behaviour.89,98,99 36 
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Healthy nutrition can, for example, act as a positive epigenetic factor during the critical 1 

developmental periods with impact on outcomes in adulthood. Therefore, nutritional 2 

interventions in children with overweight or obesity, standalone or in conjunction with exercise 3 

interventions, are first-line treatment options to reduce overall CV risk in young 4 

individuals.100,101  5 

Supervised nutritional interventions 6 

The diet effect on children with overweight and obesity has been evaluated using the BMI-SDS 7 

(Body Mass Index - Standard Deviation Score): a reduction >0.5 in a growing child correlated 8 

with better body composition and decreased CHD risk later in life.102 In the 6-year post-9 

intervention follow-up of the Special Turku Coronary Risk Factor Intervention Project (STRIP), 10 

beneficial effects of infancy onset dietary counselling on diet quality and cardiometabolic risk 11 

factors were found to be maintained into early adulthood.103  12 

Prevention of adult CHD through interventions in childhood is supported by the fact that dietary 13 

habits and food preferences are formed early in life and that family-related lifestyle and eating 14 

habits tend to be maintained throughout the life span.104 Several studies reported that the 15 

prescription of a low caloric diet is not effective in the medium-and long-term management of 16 

obesity among children, being associated to relapses and failures, increased risk of dropout 17 

and progression of obesity.105 Implementation of a more intensive lifestyle intervention program 18 

with low carbohydrate- and low fat-diets has previously resulted in limited improvements in 19 

body composition and metabolic health.106 The evidence regarding the impact of dietary 20 

interventions on obesity-related risk factors such as dyslipidaemia, hypertension, fasting 21 

hyperglycaemia and insulin resistance is inconclusive, according to a more recent systematic 22 

review of RCTs.107 Also, a high protein diet did not improve anthropometric measures or other 23 

CV risk factors among children with overweight and obesity.108,109 After a weight loss program 24 

including moderate energy-restricted diet and nutritional education,  decreased oxidized LDL-25 

C levels were found in children with the greatest weight loss (high-responders) and these levels 26 

were associated with improved BMI-SDS and cholesterol levels.110 More research is needed 27 

to quantify achievable treatment targets by nutritional interventions to reduce CV risk in 28 

children with obesity.  29 

Nutraceuticals 30 

Alimentary fibres such as psyllium, glucomannan, guar gum and oats, have been shown to 31 

lower total cholesterol and LDL-C levels in children and adolescents.111,112 For example, the 32 

use of phytosterol [1–2 g/day] can reduce total cholesterol levels in children with mild 33 

hypercholesterolaemia and in children with familial hyperlipemia,113 but the long-term efficacy 34 

has previously been questioned in adults.114 Other nutraceuticals, combined with dietary 35 

approaches, including red yeast rice,115 omega-3 and omega-6 long chain polyunsaturated 36 
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fatty acids,116 soy proteins117 and probiotics, have been tested in children with 1 

hypercholesterolaemia.118 A three-month treatment with alpha-lipoic acid and showed 2 

improvement of endothelial function and metabolic risk factors in youth with overweight or 3 

obesity.119 Red yeast rice can lower LDL-C levels by inhibiting hepatic cholesterol 4 

metabolism.115 Omega-3 long chain polyunsaturated fatty acids, in particular docosahexaenoic 5 

acid, act by improving quantitative levels of HDL-C and reducing triglycerides levels.116 Soy 6 

protein has been shown to have lipid lowering effects. Blockage of bile acid and/or cholesterol 7 

absorption are possible mechanism underlying this effect, as well as the stimulation of the LDL 8 

receptor.117 Probiotics may reduce blood cholesterol levels by several mechanism, including 9 

production of short-chain fatty acids that can interfere with cholesterol biosynthesis and an 10 

increase in bile acids excretion.118 11 

School-based interventions 12 

Several school-based lifestyle interventions showed good results for improving dietary habits 13 

in children and adolescent.63,120 However, some studies found low-certainty evidence that 14 

reduced availability of sugar-sweetened beverages in schools is associated with decreased 15 

sugar-sweetened beverages consumption.121 They found very low-certainty evidence for 16 

improved availability of drinking water in schools and school fruit programs being associated 17 

with decreased consumption of high caloric beverages. Reported associations between 18 

improved availability of drinking water in schools and student body weight varied.121 In a 19 

previous RCT including 12 secondary schools including more than 600 pupils, it was found 20 

that the intervention, with a focus on nutrition education and improvement of the food 21 

environment, significantly lowered sugar intake but had no effect on fibre intake and fruit and 22 

vegetable consumption unless the quality of school lunches was improved.122 Marketing for 23 

unhealthy food and beverage should be minimized or altogether prohibited, especially in 24 

schools, since it has been shown to negatively influence dietary preference in children.123 25 

Educational programs in schools may help fight the potentially negative influence of 26 

commercials and media models oriented to attract children towards high caloric foods and 27 

sedentary lifestyle. 28 

7. Research gaps and future needs 29 

Despite significant research advances into the physical, social, and economic consequences 30 

of childhood obesity in the last decades, there remain major research gaps in the peer-31 

reviewed literature, as well as major challenges in the practical implementation of prevention 32 

and treatment strategies. The challenges and “lessons to be learned” can perhaps be 33 

summarized in these four key general areas: 1) a need for further longitudinal research and 34 

RCTs, including comprehensive individual-level pooled analyses of existing large, high quality 35 

longitudinal studies; 2) pushing for adoption of targeted clinical and social interventions; 3) 36 
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emphasis on improved awareness among the healthcare sector, educational institutions, 1 

government, and general public; 4) a need for changes in national and global policies to better 2 

mitigate the increasing risk trajectories of childhood obesity and their associated pressures on 3 

the healthcare system and society; and 5) consideration of novel pharmacotherapeutics as 4 

adjunct to lifestyle interventions in reducing CV risk trajectories. 5 

An overview on key management strategies to lower childhood CV trajectories including the 6 

main challenges and key barriers are shown in Table 2. With respect to developing screening 7 

programs for primary prevention of obesity-related CV risk, it remains to be determined who, 8 

when and how to screen in order to identify children at risk and most in need for early treatment 9 

interventions. From a public health perspective, no reliable data are available on how these 10 

prevention strategies in childhood may be cost effective. Although there has been an increase 11 

in the number of school-based childhood obesity interventions in recent years,124 there is a 12 

need for longer follow-up in these studies to assess the sustainability and cost-effectiveness 13 

of any related reductions in BMI z-scores. Similarly, research into these interventions has not 14 

provided definitive results regarding whether there are improvements in BP, glucose and lipid 15 

metabolism or markers of target organ damage such as vascular biomarkers, which should be 16 

adopted into ongoing and future work in this area. Different types of lifestyle interventions also 17 

need further study, including direct comparison of types of aerobic exercise training programs 18 

– such as high intensity interval training versus moderate intensity continuous training125 – and 19 

how they are delivered – such as in person, remotely, and/or via mobile apps126. To date, it is 20 

unclear at what time during childhood development specific lifestyle interventions may be most 21 

effective. As mentioned, exergaming may be a feasible way to attract children and adolescents 22 

to engage more in PA and exercise.87 Several apps have been developed in recent years and 23 

are readily available to support implementation of PA programs. Most of these apps have been 24 

designed for adults and more research is needed to investigate the potential for use in children 25 

and adolescents and to help guide healthy lifestyle early in life. The potential for school-based 26 

educational programs on the interrelation between PA and health and the potential use for 27 

exergaming strategies needs to be investigated in future research. 28 

It will be of utmost importance to investigate how well any exercise-induced CV and metabolic 29 

benefits translate into longer term health improvements in adulthood. Similarly, how PA and 30 

dietary interventions impact on specifically lowering visceral adipose tissue remains to be more 31 

precisely determined. While pharmacological treatments such as semaglutide have shown to 32 

be effective for sustained body weight reduction in adult populations with obesity127, our 33 

understanding of the efficacy and safety in childhood and adolescent obesity is limited. 34 

Furthermore, how drugs such as semaglutide may benefit long-term CV physiology and 35 

metabolism is still an ongoing question even in adult populations.128 Determining which drug 36 



17 
 

therapies are needed for which individuals will be an important step for clinical implementation 1 

but will first require a better understanding of their potential efficacy and long-term benefits and 2 

risks. Furthermore, understanding whether pairing lifestyle interventions with pharmacological 3 

therapies improves efficacy needs to be incorporated into future work streams. 4 

An area of immediate need is a push to increase awareness among the clinical community, 5 

parents, and society regarding the complexity of underlying causes of childhood obesity and 6 

associated CV risk. Part of this need is to reduce stigmatization that may impact on quality of 7 

life and be a driving stimulus for the development of eating disorders and physical inactivity. In 8 

line with this, there is a lack of consistent governmental support in school-based settings for 9 

health promotion and interventions,129 including physical education curricula and availability of 10 

high-quality school meals. Further focus needs to be placed on executing policies for healthy 11 

nutrition standards and access to appropriate facilities and well-trained teachers to improve 12 

engagement with a healthy lifestyle. One of the main challenges in promotion of healthy 13 

behaviors remains local and national discrepancies in government support in limiting 14 

production and marketing of unhealthy, energy dense foods and increasing access to healthy 15 

foods at lower costs. It is thus of immediate public health importance that governments and 16 

policymakers adopt changes to these current societal limitations, with appropriate adoption of 17 

tools to measure their success in practice.   18 

8. Conclusions 19 

In summary, there is a severe need to invest in screening and treating obesity-related CV 20 

disease risk in children and adolescents to counteract the associated CV disease burden later 21 

in life. Considerable evidence suggests that multicomponent behavioral programs including 22 

exercise and diet have the potential to improve obesity-related CV risk and associated risk 23 

trajectories into adulthood. This scientific statement can be considered a “global call for action” 24 

for implementation of such screening programs and consecutive multimodal lifestyle 25 

interventions in children at risk in order to reduce their cumulative lifetime risk. Before such 26 

programs can be routinely implemented on a population-level, further evidence for their long-27 

term efficacy and relative cost effectiveness, for example in terms of quality-adjusted life years, 28 

is warranted. Despite the urgent need for more conclusive evidence on the benefits and pitfalls 29 

of long-term screening and sustainability of treatment effects, we believe research programs 30 

and prevention strategies of local, national and international authorities should aim at 31 

facilitating the necessary infrastructure based on “lessons learned” from the presented 32 

evidence. To facilitate primary prevention “action plans” early in life should be favored over a 33 

“wait and see” approach, which is deemed to cause an ever-growing burden of CV disease 34 

and a socioeconomic hazard on health care systems and society. 35 

 36 



18 
 

Conflict of interest: Giuseppe Biondi-Zoccai has consulted for Cardionovum, Crannmedical, 1 

Innovheart, Guidotti, Meditrial, Opsens Medical, Replycare, Teleflex, and Terumo. Daniel 2 

Weghuber has received consulting and lecturing fees from Novo Nordisk A/S. Maja-Lisa 3 

Løchen has received lecture fees from Bayer, Sanofi and BMS/Pfizer. 4 

 5 

References 6 

1. Jacobs DR, Jr., Woo JG, Sinaiko AR, Daniels SR, Ikonen J, Juonala M, Kartiosuo N, Lehtimaki T, 7 
Magnussen CG, Viikari JSA, et al. Childhood Cardiovascular Risk Factors and Adult 8 
Cardiovascular Events. The New England journal of medicine. 2022;386:1877-1888. doi: 9 
10.1056/NEJMoa2109191 10 

2. Falkstedt D, Koupil I, Hemmingsson T. Blood pressure in late adolescence and early incidence 11 
of coronary heart disease and stroke in the Swedish 1969 conscription cohort. Journal of 12 
hypertension. 2008;26:1313-1320. doi: 10.1097/HJH.0b013e3282ffb17e 13 

3. Twig G, Yaniv G, Levine H, Leiba A, Goldberger N, Derazne E, Ben-Ami Shor D, Tzur D, Afek A, 14 
Shamiss A, et al. Body-Mass Index in 2.3 Million Adolescents and Cardiovascular Death in 15 
Adulthood. The New England journal of medicine. 2016;374:2430-2440. doi: 16 
10.1056/NEJMoa1503840 17 

4. Jakubowski KP, Cundiff JM, Matthews KA. Cumulative childhood adversity and adult 18 
cardiometabolic disease: A meta-analysis. Health psychology : official journal of the Division 19 
of Health Psychology, American Psychological Association. 2018;37:701-715. doi: 20 
10.1037/hea0000637 21 

5. Garcia-Hermoso A, Ramirez-Velez R, Garcia-Alonso Y, Alonso-Martinez AM, Izquierdo M. 22 
Association of Cardiorespiratory Fitness Levels During Youth With Health Risk Later in Life: A 23 
Systematic Review and Meta-analysis. JAMA pediatrics. 2020;174:952-960. doi: 24 
10.1001/jamapediatrics.2020.2400 25 

6. Styne DM, Arslanian SA, Connor EL, Farooqi IS, Murad MH, Silverstein JH, Yanovski JA. 26 
Pediatric Obesity-Assessment, Treatment, and Prevention: An Endocrine Society Clinical 27 
Practice Guideline. J Clin Endocrinol Metab. 2017;102:709-757. doi: 10.1210/jc.2016-2573 28 

7. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, Mullany EC, Biryukov S, 29 
Abbafati C, Abera SF, et al. Global, regional, and national prevalence of overweight and 30 
obesity in children and adults during 1980-2013: a systematic analysis for the Global Burden 31 
of Disease Study 2013. Lancet. 2014;384:766-781. doi: 10.1016/S0140-6736(14)60460-8 32 

8. Williams J, Buoncristiano M, Nardone P, Rito AI, Spinelli A, Hejgaard T, Kierkegaard L, Nurk E, 33 
Kunesova M, Music Milanovic S, et al. A Snapshot of European Children's Eating Habits: 34 
Results from the Fourth Round of the WHO European Childhood Obesity Surveillance 35 
Initiative (COSI). Nutrients. 2020;12. doi: 10.3390/nu12082481 36 

9. Hamilton D, Dee A, Perry IJ. The lifetime costs of overweight and obesity in childhood and 37 
adolescence: a systematic review. Obesity reviews : an official journal of the International 38 
Association for the Study of Obesity. 2018;19:452-463. doi: 10.1111/obr.12649 39 

10. Friedemann C, Heneghan C, Mahtani K, Thompson M, Perera R, Ward AM. Cardiovascular 40 
disease risk in healthy children and its association with body mass index: systematic review 41 
and meta-analysis. BMJ. 2012;345:e4759. doi: 10.1136/bmj.e4759 42 

11. Skinner AC, Perrin EM, Moss LA, Skelton JA. Cardiometabolic Risks and Severity of Obesity in 43 
Children and Young Adults. The New England journal of medicine. 2015;373:1307-1317. doi: 44 
10.1056/NEJMoa1502821 45 

12. Pinhas-Hamiel O, Zeitler P. The global spread of type 2 diabetes mellitus in children and 46 
adolescents. J Pediatr. 2005;146:693-700. doi: 10.1016/j.jpeds.2004.12.042 47 



19 
 

13. McGill HC, Jr., McMahan CA, Herderick EE, Zieske AW, Malcom GT, Tracy RE, Strong JP, 1 
Pathobiological Determinants of Atherosclerosis in Youth Research G. Obesity accelerates the 2 
progression of coronary atherosclerosis in young men. Circulation. 2002;105:2712-2718. doi: 3 
10.1161/01.cir.0000018121.67607.ce 4 

14. Gunnell DJ, Frankel SJ, Nanchahal K, Peters TJ, Davey Smith G. Childhood obesity and adult 5 
cardiovascular mortality: a 57-y follow-up study based on the Boyd Orr cohort. Am J Clin 6 
Nutr. 1998;67:1111-1118. doi: 10.1093/ajcn/67.6.1111 7 

15. Baker JL, Olsen LW, Sorensen TI. Childhood body-mass index and the risk of coronary heart 8 
disease in adulthood. The New England journal of medicine. 2007;357:2329-2337. doi: 9 
10.1056/NEJMoa072515 10 

16. Kumar S, Kelly AS. Review of Childhood Obesity: From Epidemiology, Etiology, and 11 
Comorbidities to Clinical Assessment and Treatment. Mayo Clinic proceedings. 2017;92:251-12 
265. doi: 10.1016/j.mayocp.2016.09.017 13 

17. Wang M, Brage S, Sharp SJ, Luo S, Au Yeung SL, Kim Y. Associations of genetic susceptibility 14 
and healthy lifestyle with incidence of coronary heart disease and stroke in individuals with 15 
hypertension. European journal of preventive cardiology. 2022;29:2101-2110. doi: 16 
10.1093/eurjpc/zwac135 17 

18. Fall CHD, Kumaran K. Metabolic programming in early life in humans. Philos Trans R Soc Lond 18 
B Biol Sci. 2019;374:20180123. doi: 10.1098/rstb.2018.0123 19 

19. Sharp GC, Salas LA, Monnereau C, Allard C, Yousefi P, Everson TM, Bohlin J, Xu Z, Huang RC, 20 
Reese SE, et al. Maternal BMI at the start of pregnancy and offspring epigenome-wide DNA 21 
methylation: findings from the pregnancy and childhood epigenetics (PACE) consortium. 22 
Hum Mol Genet. 2017;26:4067-4085. doi: 10.1093/hmg/ddx290 23 

20. Sharp GC, Alfano R, Ghantous A, Urquiza J, Rifas-Shiman SL, Page CM, Jin J, Fernandez-Barres 24 
S, Santorelli G, Tindula G, et al. Paternal body mass index and offspring DNA methylation: 25 
findings from the PACE consortium. Int J Epidemiol. 2021;50:1297-1315. doi: 26 
10.1093/ije/dyaa267 27 

21. Aronne LJ, Hall KD, J MJ, Leibel RL, Lowe MR, Rosenbaum M, Klein S. Describing the Weight-28 
Reduced State: Physiology, Behavior, and Interventions. Obesity (Silver Spring). 2021;29 29 
Suppl 1:S9-S24. doi: 10.1002/oby.23086 30 

22. Lobstein T, Brownell KD. Endocrine-disrupting chemicals and obesity risk: A review of 31 
recommendations for obesity prevention policies. Obesity reviews : an official journal of the 32 
International Association for the Study of Obesity. 2021;22:e13332. doi: 10.1111/obr.13332 33 

23. Voerman E, Santos S, Patro Golab B, Amiano P, Ballester F, Barros H, Bergstrom A, Charles 34 
MA, Chatzi L, Chevrier C, et al. Maternal body mass index, gestational weight gain, and the 35 
risk of overweight and obesity across childhood: An individual participant data meta-analysis. 36 
PLoS Med. 2019;16:e1002744. doi: 10.1371/journal.pmed.1002744 37 

24. Golan M, Crow S. Parents are key players in the prevention and treatment of weight-related 38 
problems. Nutr Rev. 2004;62:39-50. doi: 10.1111/j.1753-4887.2004.tb00005.x 39 

25. Ma J, Qiao Y, Zhao P, Li W, Katzmarzyk PT, Chaput JP, Fogelholm M, Kuriyan R, Lambert EV, 40 
Maher C, et al. Breastfeeding and childhood obesity: A 12-country study. Matern Child Nutr. 41 
2020;16:e12984. doi: 10.1111/mcn.12984 42 

26. WHO. European Regional Obesity Report 2022. Copenhagen: WHO Regional Office for 43 
Europe; 2022 Licence: CC BY-NC-SA 30 IGO. 2022.  44 

27. St George SM, Agosto Y, Rojas LM, Soares M, Bahamon M, Prado G, Smith JD. A 45 
developmental cascade perspective of paediatric obesity: A systematic review of preventive 46 
interventions from infancy through late adolescence. Obesity reviews : an official journal of 47 
the International Association for the Study of Obesity. 2020;21:e12939. doi: 48 
10.1111/obr.12939 49 

28. Covington L, Armstrong B, Trude ACB, Black MM. Longitudinal Associations Among Diet 50 
Quality, Physical Activity and Sleep Onset Consistency With Body Mass Index z-Score Among 51 



20 
 

Toddlers in Low-income Families. Ann Behav Med. 2021;55:653-664. doi: 1 
10.1093/abm/kaaa100 2 

29. Rhodes RE, Guerrero MD, Vanderloo LM, Barbeau K, Birken CS, Chaput JP, Faulkner G, 3 
Janssen I, Madigan S, Masse LC, et al. Development of a consensus statement on the role of 4 
the family in the physical activity, sedentary, and sleep behaviours of children and youth. The 5 
international journal of behavioral nutrition and physical activity. 2020;17:74. doi: 6 
10.1186/s12966-020-00973-0 7 

30. Fismen AS, Buoncristiano M, Williams J, Helleve A, Abdrakhmanova S, Bakacs M, Bergh IH, 8 
Boymatova K, Duleva V, Fijalkowska A, et al. Socioeconomic differences in food habits among 9 
6- to 9-year-old children from 23 countries-WHO European Childhood Obesity Surveillance 10 
Initiative (COSI 2015/2017). Obesity reviews : an official journal of the International 11 
Association for the Study of Obesity. 2021;22 Suppl 6:e13211. doi: 10.1111/obr.13211 12 

31. Favaro A, Santonastaso P. Effects of parents' psychological characteristics and eating 13 
behaviour on childhood obesity and dietary compliance. J Psychosom Res. 1995;39:145-151. 14 
doi: 10.1016/0022-3999(94)00097-o 15 

32. Braet C, Claus L, Verbeken S, Van Vlierberghe L. Impulsivity in overweight children. Eur Child 16 
Adolesc Psychiatry. 2007;16:473-483. doi: 10.1007/s00787-007-0623-2 17 

33. Smith R, Kelly B, Yeatman H, Boyland E. Food Marketing Influences Children's Attitudes, 18 
Preferences and Consumption: A Systematic Critical Review. Nutrients. 2019;11. doi: 19 
10.3390/nu11040875 20 

34. Potvin Kent M, Pauze E, Roy EA, de Billy N, Czoli C. Children and adolescents' exposure to 21 
food and beverage marketing in social media apps. Pediatr Obes. 2019;14:e12508. doi: 22 
10.1111/ijpo.12508 23 

35. Coates AE, Hardman CA, Halford JCG, Christiansen P, Boyland EJ. Social Media Influencer 24 
Marketing and Children's Food Intake: A Randomized Trial. Pediatrics. 2019;143. doi: 25 
10.1542/peds.2018-2554 26 

36. Saraf S, Grobler A, Liu RS, Liu M, Wake M, Olds T, Lycett K, Juonala M, Ranganathan S, 27 
Burgner D, et al. Takeaway food, sugar-sweetened beverages and preclinical cardiometabolic 28 
phenotypes in children and adults. European journal of preventive cardiology. 2022;28:1784-29 
1794. doi: 10.1093/eurjpc/zwaa070 30 

37. Pont SJ, Puhl R, Cook SR, Slusser W, Section On O, Obesity S. Stigma Experienced by Children 31 
and Adolescents With Obesity. Pediatrics. 2017;140. doi: 10.1542/peds.2017-3034 32 

38. Puhl RM, Heuer CA. Obesity stigma: important considerations for public health. American 33 
journal of public health. 2010;100:1019-1028. doi: 10.2105/AJPH.2009.159491 34 

39. Strong WB, Malina RM, Blimkie CJ, Daniels SR, Dishman RK, Gutin B, Hergenroeder AC, Must 35 
A, Nixon PA, Pivarnik JM, et al. Evidence based physical activity for school-age youth. J 36 
Pediatr. 2005;146:732-737. doi: 10.1016/j.jpeds.2005.01.055 37 

40. WHO. Guidelines on physical activity and sedentary behaviour: at a glance. . Geneva: World 38 
Health Organization; 2020 Licence: CC BY-NC-SA 30 IGO. 2020.  39 

41. Vos MB, Kaar JL, Welsh JA, Van Horn LV, Feig DI, Anderson CAM, Patel MJ, Cruz Munos J, 40 
Krebs NF, Xanthakos SA, et al. Added Sugars and Cardiovascular Disease Risk in Children: A 41 
Scientific Statement From the American Heart Association. Circulation. 2017;135:e1017-42 
e1034. doi: 10.1161/CIR.0000000000000439 43 

42. WHO. Guideline: Sodium Intake for Adults and Children. Geneva, Switzerland: WHO, 2012 44 
2012.  45 

43. UNICEF. United Nations Children`s Fund. Nutrition, for Every Child: UNICEF Nutrition Strategy 46 
2020–2030. UNICEF, New York. 2020.  47 

44. Naude CE, Visser ME, Nguyen KA, Durao S, Schoonees A. Effects of total fat intake on 48 
bodyweight in children. The Cochrane database of systematic reviews. 2018;7:CD012960. 49 
doi: 10.1002/14651858.CD012960.pub2 50 

45. Schwingshackl L, Hobl LP, Hoffmann G. Effects of low glycaemic index/low glycaemic load vs. 51 
high glycaemic index/ high glycaemic load diets on overweight/obesity and associated risk 52 



21 
 

factors in children and adolescents: a systematic review and meta-analysis. Nutr J. 1 
2015;14:87. doi: 10.1186/s12937-015-0077-1 2 

46. Guideline Development Panel for Treatment of Obesity APA. Summary of the clinical practice 3 
guideline for multicomponent behavioral treatment of obesity and overweight in children 4 
and adolescents. Am Psychol. 2020;75:178-188. doi: 10.1037/amp0000530 5 

47. Lurbe E, Agabiti-Rosei E, Cruickshank JK, Dominiczak A, Erdine S, Hirth A, Invitti C, Litwin M, 6 
Mancia G, Pall D, et al. 2016 European Society of Hypertension guidelines for the 7 
management of high blood pressure in children and adolescents. Journal of hypertension. 8 
2016;34:1887-1920. doi: 10.1097/HJH.0000000000001039 9 

48. American Diabetes A. 2. Classification and Diagnosis of Diabetes: Standards of Medical Care 10 
in Diabetes-2021. Diabetes care. 2021;44:S15-S33. doi: 10.2337/dc21-S002 11 

49. Barlow SE, Expert C. Expert committee recommendations regarding the prevention, 12 
assessment, and treatment of child and adolescent overweight and obesity: summary report. 13 
Pediatrics. 2007;120 Suppl 4:S164-192. doi: 10.1542/peds.2007-2329C 14 

50. Sadeghi A, Mousavi SM, Mokhtari T, Parohan M, Milajerdi A. Metformin Therapy Reduces 15 
Obesity Indices in Children and Adolescents: A Systematic Review and Meta-Analysis of 16 
Randomized Clinical Trials. Child Obes. 2020;16:174-191. doi: 10.1089/chi.2019.0040 17 

51. Mastrandrea LD, Witten L, Carlsson Petri KC, Hale PM, Hedman HK, Riesenberg RA. 18 
Liraglutide effects in a paediatric (7-11 y) population with obesity: A randomized, double-19 
blind, placebo-controlled, short-term trial to assess safety, tolerability, pharmacokinetics, 20 
and pharmacodynamics. Pediatr Obes. 2019;14:e12495. doi: 10.1111/ijpo.12495 21 

52. Ells LJ, Mead E, Atkinson G, Corpeleijn E, Roberts K, Viner R, Baur L, Metzendorf MI, Richter B. 22 
Surgery for the treatment of obesity in children and adolescents. The Cochrane database of 23 
systematic reviews. 2015:Cd011740. doi: 10.1002/14651858.Cd011740 24 

53. Roebroek YGM, Paulus GF, van Mil E, Vreugdenhil ACE, Winkens B, Nederkoorn C, Stehouwer 25 
CDA, Greve JWM, Bouvy ND, van Heurn LWE. Bariatric surgery in adolescents: a prospective 26 
randomized controlled trial comparing laparoscopic gastric banding to combined lifestyle 27 
interventions in adolescents with severe obesity (BASIC trial). BMC Pediatr. 2019;19:34. doi: 28 
10.1186/s12887-019-1395-9 29 

54. Sun J, Xi B, Yang L, Zhao M, Juonala M, Magnussen CG. Weight change from childhood to 30 
adulthood and cardiovascular risk factors and outcomes in adulthood: A systematic review of 31 
the literature. Obesity reviews : an official journal of the International Association for the 32 
Study of Obesity. 2021;22:e13138. doi: 10.1111/obr.13138 33 

55. Raitakari OT, Porkka KV, Taimela S, Telama R, Rasanen L, Viikari JS. Effects of persistent 34 
physical activity and inactivity on coronary risk factors in children and young adults. The 35 
Cardiovascular Risk in Young Finns Study. American journal of epidemiology. 1994;140:195-36 
205. doi: 10.1093/oxfordjournals.aje.a117239 37 

56. Yang X, Telama R, Viikari J, Raitakari OT. Risk of obesity in relation to physical activity tracking 38 
from youth to adulthood. Medicine and science in sports and exercise. 2006;38:919-925. doi: 39 
10.1249/01.mss.0000218121.19703.f7 40 

57. Freedman DS, Khan LK, Serdula MK, Dietz WH, Srinivasan SR, Berenson GS. The relation of 41 
childhood BMI to adult adiposity: the Bogalusa Heart Study. Pediatrics. 2005;115:22-27.  42 

58. Oikonen M, Nuotio J, Magnussen CG, Viikari JS, Taittonen L, Laitinen T, Hutri-Kähönen N, 43 
Jokinen E, Jula A, Cheung M. Repeated blood pressure measurements in childhood in 44 
prediction of hypertension in adulthood. Hypertension. 2016;67:41-47.  45 

59. Falkstedt D, Koupil I, Hemmingsson T. Blood pressure in late adolescence and early incidence 46 
of coronary heart disease and stroke in the Swedish 1969 conscription cohort. Journal of 47 
hypertension. 2008;26:1313-1320.  48 

60. Twig G, Yaniv G, Levine H, Leiba A, Goldberger N, Derazne E, Ben-Ami Shor D, Tzur D, Afek A, 49 
Shamiss A. Body-mass index in 2.3 million adolescents and cardiovascular death in 50 
adulthood. New England journal of medicine. 2016;374:2430-2440.  51 



22 
 

61. Baker JL, Olsen LW, Sørensen TI. Childhood body-mass index and the risk of coronary heart 1 
disease in adulthood. New England journal of medicine. 2007;357:2329-2337.  2 

62. Bibbins-Domingo K, Coxson P, Pletcher MJ, Lightwood J, Goldman L. Adolescent overweight 3 
and future adult coronary heart disease. New England Journal of Medicine. 2007;357:2371-4 
2379.  5 

63. Oosterhoff M, Joore M, Ferreira I. The effects of school-based lifestyle interventions on body 6 
mass index and blood pressure: a multivariate multilevel meta-analysis of randomized 7 
controlled trials. Obesity reviews : an official journal of the International Association for the 8 
Study of Obesity. 2016;17:1131-1153. doi: 10.1111/obr.12446 9 

64. Colquitt JL, Loveman E, O'Malley C, Azevedo LB, Mead E, Al-Khudairy L, Ells LJ, Metzendorf 10 
MI, Rees K. Diet, physical activity, and behavioural interventions for the treatment of 11 
overweight or obesity in preschool children up to the age of 6 years. The Cochrane database 12 
of systematic reviews. 2016;3:Cd012105. doi: 10.1002/14651858.Cd012105 13 

65. Mead E, Brown T, Rees K, Azevedo LB, Whittaker V, Jones D, Olajide J, Mainardi GM, 14 
Corpeleijn E, O'Malley C, et al. Diet, physical activity and behavioural interventions for the 15 
treatment of overweight or obese children from the age of 6 to 11 years. The Cochrane 16 
database of systematic reviews. 2017;6:Cd012651. doi: 10.1002/14651858.Cd012651 17 

66. Al-Khudairy L, Loveman E, Colquitt JL, Mead E, Johnson RE, Fraser H, Olajide J, Murphy M, 18 
Velho RM, O'Malley C, et al. Diet, physical activity and behavioural interventions for the 19 
treatment of overweight or obese adolescents aged 12 to 17 years. The Cochrane database 20 
of systematic reviews. 2017;6:Cd012691. doi: 10.1002/14651858.Cd012691 21 

67. Ells LJ, Rees K, Brown T, Mead E, Al-Khudairy L, Azevedo L, McGeechan GJ, Baur L, Loveman E, 22 
Clements H, et al. Interventions for treating children and adolescents with overweight and 23 
obesity: an overview of Cochrane reviews. Int J Obes (Lond). 2018;42:1823-1833. doi: 24 
10.1038/s41366-018-0230-y 25 

68. Stavridou A, Kapsali E, Panagouli E, Thirios A, Polychronis K, Bacopoulou F, Psaltopoulou T, 26 
Tsolia M, Sergentanis TN, Tsitsika A. Obesity in Children and Adolescents during COVID-19 27 
Pandemic. Children. 2021;8:135.  28 

69. Cote AT, Harris KC, Panagiotopoulos C, Sandor GG, Devlin AM. Childhood obesity and 29 
cardiovascular dysfunction. Journal of the American College of Cardiology. 2013;62:1309-30 
1319. doi: 10.1016/j.jacc.2013.07.042 31 

70. Ayer J, Charakida M, Deanfield JE, Celermajer DS. Lifetime risk: childhood obesity and 32 
cardiovascular risk. European heart journal. 2015;36:1371-1376. doi: 33 
10.1093/eurheartj/ehv089 34 

71. Lona G, Endes K, Kochli S, Infanger D, Zahner L, Hanssen H. Retinal Vessel Diameters and 35 
Blood Pressure Progression in Children. Hypertension. 2020;76:450-457. doi: 36 
10.1161/HYPERTENSIONAHA.120.14695 37 

72. Ruiz JR, Cavero-Redondo I, Ortega FB, Welk GJ, Andersen LB, Martinez-Vizcaino V. 38 
Cardiorespiratory fitness cut points to avoid cardiovascular disease risk in children and 39 
adolescents; what level of fitness should raise a red flag? A systematic review and meta-40 
analysis. British journal of sports medicine. 2016;50:1451-1458. doi: 10.1136/bjsports-2015-41 
095903 42 

73. Hansen D, Marinus N, Remans M, Courtois I, Cools F, Calsius J, Massa G, Takken T. Exercise 43 
tolerance in obese vs. lean adolescents: a systematic review and meta-analysis. Obesity 44 
reviews : an official journal of the International Association for the Study of Obesity. 45 
2014;15:894-904. doi: 10.1111/obr.12202 46 

74. Bluher S, Molz E, Wiegand S, Otto KP, Sergeyev E, Tuschy S, L'Allemand-Jander D, Kiess W, 47 
Holl RW, Adiposity Patients Registry I, et al. Body mass index, waist circumference, and waist-48 
to-height ratio as predictors of cardiometabolic risk in childhood obesity depending on 49 
pubertal development. J Clin Endocrinol Metab. 2013;98:3384-3393. doi: 10.1210/jc.2013-50 
1389 51 



23 
 

75. Magge SN, Goodman E, Armstrong SC, Committee On N, Section On E, Section On O. The 1 
Metabolic Syndrome in Children and Adolescents: Shifting the Focus to Cardiometabolic Risk 2 
Factor Clustering. Pediatrics. 2017;140. doi: 10.1542/peds.2017-1603 3 

76. Nakao YM, Gale CP, Miyazaki K, Kobayashi H, Matsuda A, Nadarajah R, Motonishi T. Impact 4 
of a national screening programme on obesity and cardiovascular risk factors. European 5 
journal of preventive cardiology. 2023;30:331-339. doi: 10.1093/eurjpc/zwac283 6 

77. O'Connor EA, Evans CV, Burda BU, Walsh ES, Eder M, Lozano P. Screening for Obesity and 7 
Intervention for Weight Management in Children and Adolescents: Evidence Report and 8 
Systematic Review for the US Preventive Services Task Force. JAMA : the journal of the 9 
American Medical Association. 2017;317:2427-2444. doi: 10.1001/jama.2017.0332 10 

78. Gartlehner G, Vander Schaaf EB, Orr C, Kennedy SM, Clark R, Viswanathan M. Screening for 11 
Hypertension in Children and Adolescents: Updated Evidence Report and Systematic Review 12 
for the US Preventive Services Task Force. JAMA : the journal of the American Medical 13 
Association. 2020;324:1884-1895. doi: 10.1001/jama.2020.11119 14 

79. Force USPST, Bibbins-Domingo K, Grossman DC, Curry SJ, Davidson KW, Epling JW, Jr., Garcia 15 
FA, Gillman MW, Kemper AR, Krist AH, et al. Screening for Lipid Disorders in Children and 16 
Adolescents: US Preventive Services Task Force Recommendation Statement. JAMA : the 17 
journal of the American Medical Association. 2016;316:625-633. doi: 18 
10.1001/jama.2016.9852 19 

80. Faraone SV. Interpreting estimates of treatment effects: implications for managed care. P T. 20 
2008;33:700-711.  21 

81. Garcia-Hermoso A, Ramirez-Velez R, Saavedra JM. Exercise, health outcomes, and paediatric 22 
obesity: A systematic review of meta-analyses. Journal of science and medicine in sport. 23 
2019;22:76-84. doi: 10.1016/j.jsams.2018.07.006 24 

82. Garcia-Hermoso A, Gonzalez-Ruiz K, Triana-Reina HR, Olloquequi J, Ramirez-Velez R. Effects 25 
of Exercise on Carotid Arterial Wall Thickness in Obese Pediatric Populations: A Meta-26 
Analysis of Randomized Controlled Trials. Childhood Obesity. 2017;13:138-145. doi: 27 
10.1089/chi.2016.0265 28 

83. Kelley GA, Kelley KS, Pate RR. Exercise and BMI z-score in Overweight and Obese Children 29 
and Adolescents: A Systematic Review and Network Meta-Analysis of Randomized Trials. J 30 
Evid Based Med. 2017;10:108-128. doi: 10.1111/jebm.12228 31 

84. Marson EC, Delevatti RS, Prado AK, Netto N, Kruel LF. Effects of aerobic, resistance, and 32 
combined exercise training on insulin resistance markers in overweight or obese children and 33 
adolescents: A systematic review and meta-analysis. Preventive medicine. 2016;93:211-218. 34 
doi: 10.1016/j.ypmed.2016.10.020 35 

85. Garcia-Hermoso A, Cerrillo-Urbina AJ, Herrera-Valenzuela T, Cristi-Montero C, Saavedra JM, 36 
Martinez-Vizcaino V. Is high-intensity interval training more effective on improving 37 
cardiometabolic risk and aerobic capacity than other forms of exercise in overweight and 38 
obese youth? A meta-analysis. Obesity reviews : an official journal of the International 39 
Association for the Study of Obesity. 2016;17:531-540. doi: 10.1111/obr.12395 40 

10.1111/obr.12395. Epub 2016 Mar 7. 41 
86. Thivel D, Masurier J, Baquet G, Timmons BW, Pereira B, Berthoin S, Duclos M, Aucouturier J. 42 

High-intensity interval training in overweight and obese children and adolescents: systematic 43 
review and meta-analysis. The Journal of sports medicine and physical fitness. 2019;59:310-44 
324. doi: 10.23736/S0022-4707.18.08075-1 45 

87. Valeriani F, Protano C, Marotta D, Liguori G, Romano Spica V, Valerio G, Vitali M, Galle F. 46 
Exergames in Childhood Obesity Treatment: A Systematic Review. International journal of 47 
environmental research and public health. 2021;18. doi: 10.3390/ijerph18094938 48 

88. Stoner L, Rowlands D, Morrison A, Credeur D, Hamlin M, Gaffney K, Lambrick D, Matheson A. 49 
Efficacy of Exercise Intervention for Weight Loss in Overweight and Obese Adolescents: 50 
Meta-Analysis and Implications. Sports Medicine. 2016;46:1737-1751. doi: 10.1007/s40279-51 
016-0537-6 52 



24 
 

89. Hens W, Vissers D, Hansen D, Peeters S, Gielen J, Van Gaal L, Taeymans J. The effect of diet or 1 
exercise on ectopic adiposity in children and adolescents with obesity: a systematic review 2 
and meta-analysis. Obesity reviews : an official journal of the International Association for the 3 
Study of Obesity. 2017;18:1310-1322. doi: 10.1111/obr.12577 4 

90. Medrano M, Cadenas-Sanchez C, Alvarez-Bueno C, Cavero-Redondo I, Ruiz JR, Ortega FB, 5 
Labayen I. Evidence-Based Exercise Recommendations to Reduce Hepatic Fat Content in 6 
Youth- a Systematic Review and Meta-Analysis. Progress in cardiovascular diseases. 7 
2018;61:222-231. doi: 10.1016/j.pcad.2018.01.013 8 

91. Vissers D, Hens W, Hansen D, Taeymans J. The Effect of Diet or Exercise on Visceral Adipose 9 
Tissue in Overweight Youth. Medicine and science in sports and exercise. 2016;48:1415-1424. 10 
doi: 10.1249/MSS.0000000000000888 11 

92. Bahia L, Schaan CW, Sparrenberger K, Abreu GA, Barufaldi LA, Coutinho W, Schaan BD. 12 
Overview of meta-analysis on prevention and treatment of childhood obesity. J Pediatr (Rio 13 
J). 2019;95:385-400. doi: 10.1016/j.jped.2018.07.009 14 

93. Jacob CM, Hardy-Johnson PL, Inskip HM, Morris T, Parsons CM, Barrett M, Hanson M, 15 
Woods-Townsend K, Baird J. A systematic review and meta-analysis of school-based 16 
interventions with health education to reduce body mass index in adolescents aged 10 to 19 17 
years. The international journal of behavioral nutrition and physical activity. 2021;18:1. doi: 18 
10.1186/s12966-020-01065-9 19 

94. Pozuelo-Carrascosa DP, Cavero-Redondo I, Herraiz-Adillo A, Diez-Fernandez A, Sanchez-Lopez 20 
M, Martinez-Vizcaino V. School-Based Exercise Programs and Cardiometabolic Risk Factors: A 21 
Meta-analysis. Pediatrics. 2018;142. doi: 10.1542/peds.2018-1033 22 

95. Nally S, Carlin A, Blackburn NE, Baird JS, Salmon J, Murphy MH, Gallagher AM. The 23 
Effectiveness of School-Based Interventions on Obesity-Related Behaviours in Primary School 24 
Children: A Systematic Review and Meta-Analysis of Randomised Controlled Trials. Children 25 
(Basel). 2021;8. doi: 10.3390/children8060489 26 

96. Love R, Adams J, van Sluijs EMF. Are school-based physical activity interventions effective 27 
and equitable? A meta-analysis of cluster randomized controlled trials with accelerometer-28 
assessed activity. Obesity reviews : an official journal of the International Association for the 29 
Study of Obesity. 2019;20:859-870. doi: 10.1111/obr.12823 30 

97. Hegarty LM, Mair JL, Kirby K, Murtagh E, Murphy MH. School-based Interventions to Reduce 31 
Sedentary Behaviour in Children: A Systematic Review. AIMS Public Health. 2016;3:520-541. 32 
doi: 10.3934/publichealth.2016.3.520 33 

98. Al-Khudairy L, Loveman E, Colquitt JL, Mead E, Johnson RE, Fraser H, Olajide J, Murphy M, 34 
Velho RM, O'Malley C, et al. Diet, physical activity and behavioural interventions for the 35 
treatment of overweight or obese adolescents aged 12 to 17 years. The Cochrane database 36 
of systematic reviews. 2017;6:CD012691. doi: 10.1002/14651858.CD012691 37 

99. Mead E, Brown T, Rees K, Azevedo LB, Whittaker V, Jones D, Olajide J, Mainardi GM, 38 
Corpeleijn E, O'Malley C, et al. Diet, physical activity and behavioural interventions for the 39 
treatment of overweight or obese children from the age of 6 to 11 years. The Cochrane 40 
database of systematic reviews. 2017;6:CD012651. doi: 10.1002/14651858.CD012651 41 

100. Kim J, Lim H. Nutritional Management in Childhood Obesity. J Obes Metab Syndr. 42 
2019;28:225-235. doi: 10.7570/jomes.2019.28.4.225 43 

101. Heitkamp M, Siegrist M, Molnos S, Brandmaier S, Wahl S, Langhof H, Grallert H, Halle M. 44 
Obesity Genes and Weight Loss During Lifestyle Intervention in Children With Obesity. JAMA 45 
pediatrics. 2021;175:e205142. doi: 10.1001/jamapediatrics.2020.5142 46 

102. Reinehr T, Lass N, Toschke C, Rothermel J, Lanzinger S, Holl RW. Which Amount of BMI-SDS 47 
Reduction Is Necessary to Improve Cardiovascular Risk Factors in Overweight Children? J Clin 48 
Endocrinol Metab. 2016;101:3171-3179. doi: 10.1210/jc.2016-1885 49 

103. Pahkala K, Laitinen TT, Niinikoski H, Kartiosuo N, Rovio SP, Lagstrom H, Loo BM, Salo P, 50 
Jokinen E, Magnussen CG, et al. Effects of 20-year infancy-onset dietary counselling on 51 
cardiometabolic risk factors in the Special Turku Coronary Risk Factor Intervention Project 52 



25 
 

(STRIP): 6-year post-intervention follow-up. Lancet Child Adolesc Health. 2020;4:359-369. 1 
doi: 10.1016/S2352-4642(20)30059-6 2 

104. Ritchie LD, Welk G, Styne D, Gerstein DE, Crawford PB. Family environment and pediatric 3 
overweight: what is a parent to do? J Am Diet Assoc. 2005;105:S70-79. doi: 4 
10.1016/j.jada.2005.02.017 5 

105. Matthan NR, Wylie-Rosett J, Xue X, Gao Q, Groisman-Perelstein AE, Diamantis PM, Ginsberg 6 
M, Mossavar-Rahmani Y, Barger K, Lichtenstein AH. Effect of a Family-Based Intervention on 7 
Nutrient Biomarkers, Desaturase Enzyme Activities, and Cardiometabolic Risk Factors in 8 
Children with Overweight and Obesity. Curr Dev Nutr. 2020;4:nzz138. doi: 9 
10.1093/cdn/nzz138 10 

106. Seid H, Rosenbaum M. Low Carbohydrate and Low-Fat Diets: What We Don't Know and Why 11 
we Should Know It. Nutrients. 2019;11. doi: 10.3390/nu11112749 12 

107. Leis R, de Lamas C, de Castro MJ, Picans R, Gil-Campos M, Couce ML. Effects of Nutritional 13 
Education Interventions on Metabolic Risk in Children and Adolescents: A Systematic Review 14 
of Controlled Trials. Nutrients. 2019;12. doi: 10.3390/nu12010031 15 

108. Izadi V, Esmaillzadeh A, Hashemipour M, Surkan PJ, Azadbakht L, Kelishadi R. High protein 16 
diets do not affect anthropometric indexes and cardiometabolic risk factors among children 17 
with excess weight: A randomized controlled trial. J Cardiovasc Thorac Res. 2018;10:95-103. 18 
doi: 10.15171/jcvtr.2018.15 19 

109. Dorenbos E, Drummen M, Adam T, Rijks J, Winkens B, Martinez JA, Navas-Carretero S, 20 
Stratton G, Swindell N, Stouthart P, et al. Effect of a high protein/low glycaemic index diet on 21 
insulin resistance in adolescents with overweight/obesity-A PREVIEW randomized clinical 22 
trial. Pediatr Obes. 2021;16:e12702. doi: 10.1111/ijpo.12702 23 

110. Morell-Azanza L, Garcia-Calzon S, Rendo-Urteaga T, Martin-Calvo N, Chueca M, Martinez JA, 24 
Azcona-Sanjulian MC, Marti A. Serum oxidized low-density lipoprotein levels are related to 25 
cardiometabolic risk and decreased after a weight loss treatment in obese children and 26 
adolescents. Pediatr Diabetes. 2017;18:392-398. doi: 10.1111/pedi.12405 27 

111. Martino F, Martino E, Morrone F, Carnevali E, Forcone R, Niglio T. Effect of dietary 28 
supplementation with glucomannan on plasma total cholesterol and low density lipoprotein 29 
cholesterol in hypercholesterolemic children. Nutr Metab Cardiovasc Dis. 2005;15:174-180. 30 
doi: 10.1016/j.numecd.2004.04.004 31 

112. Gonzalez AP, Flores-Ramirez A, Gutierrez-Castro KP, Luevano-Contreras C, Gomez-Ojeda A, 32 
Sosa-Bustamante GP, Caccavello R, Barrera-de Leon JC, Garay-Sevilla ME, Gugliucci A. 33 
Reduction of small dense LDL and Il-6 after intervention with Plantago psyllium in 34 
adolescents with obesity: a parallel, double blind, randomized clinical trial. Eur J Pediatr. 35 
2021;180:2493-2503. doi: 10.1007/s00431-021-04064-5 36 

113. Ribas SA, Sichieri R, Moreira ASB, Souza DO, Cabral CTF, Gianinni DT, Cunha DB. Phytosterol-37 
enriched milk lowers LDL-cholesterol levels in Brazilian children and adolescents: Double-38 
blind, cross-over trial. Nutr Metab Cardiovasc Dis. 2017. doi: 10.1016/j.numecd.2017.09.010 39 

114. Assmann G, Cullen P, Erbey J, Ramey DR, Kannenberg F, Schulte H. Plasma sitosterol 40 
elevations are associated with an increased incidence of coronary events in men: results of a 41 
nested case-control analysis of the Prospective Cardiovascular Munster (PROCAM) study. 42 
Nutr Metab Cardiovasc Dis. 2006;16:13-21. doi: 10.1016/j.numecd.2005.04.001 43 

115. Pirro M, Vetrani C, Bianchi C, Mannarino MR, Bernini F, Rivellese AA. Joint position statement 44 
on "Nutraceuticals for the treatment of hypercholesterolemia" of the Italian Society of 45 
Diabetology (SID) and of the Italian Society for the Study of Arteriosclerosis (SISA). Nutr 46 
Metab Cardiovasc Dis. 2017;27:2-17. doi: 10.1016/j.numecd.2016.11.122 47 

116. Del Bo C, Deon V, Abello F, Massini G, Porrini M, Riso P, Guardamagna O. Eight-week 48 
hempseed oil intervention improves the fatty acid composition of erythrocyte phospholipids 49 
and the omega-3 index, but does not affect the lipid profile in children and adolescents with 50 
primary hyperlipidemia. Food Res Int. 2019;119:469-476. doi: 10.1016/j.foodres.2018.12.045 51 



26 
 

117. Helk O, Widhalm K. Effects of a low-fat dietary regimen enriched with soy in children affected 1 
with heterozygous familial hypercholesterolemia. Clin Nutr ESPEN. 2020;36:150-156. doi: 2 
10.1016/j.clnesp.2019.09.009 3 

118. Guardamagna O, Amaretti A, Puddu PE, Raimondi S, Abello F, Cagliero P, Rossi M. 4 
Bifidobacteria supplementation: effects on plasma lipid profiles in dyslipidemic children. 5 
Nutrition. 2014;30:831-836. doi: 10.1016/j.nut.2014.01.014 6 

119. Tromba L, Perla FM, Carbotta G, Chiesa C, Pacifico L. Effect of Alpha-Lipoic Acid 7 
Supplementation on Endothelial Function and Cardiovascular Risk Factors in 8 
Overweight/Obese Youths: A Double-Blind, Placebo-Controlled Randomized Trial. Nutrients. 9 
2019;11. doi: 10.3390/nu11020375 10 

120. Wethington HR, Finnie RKC, Buchanan LR, Okasako-Schmucker DL, Mercer SL, Merlo C, Wang 11 
Y, Pratt CA, Ochiai E, Glanz K, et al. Healthier Food and Beverage Interventions in Schools: 12 
Four Community Guide Systematic Reviews. Am J Prev Med. 2020;59:e15-e26. doi: 13 
10.1016/j.amepre.2020.01.011 14 

121. von Philipsborn P, Stratil JM, Burns J, Busert LK, Pfadenhauer LM, Polus S, Holzapfel C, 15 
Hauner H, Rehfuess EA. Environmental Interventions to Reduce the Consumption of Sugar-16 
Sweetened Beverages: Abridged Cochrane Systematic Review. Obes Facts. 2020;13:397-417. 17 
doi: 10.1159/000508843 18 

122. Hoppu U, Lehtisalo J, Kujala J, Keso T, Garam S, Tapanainen H, Uutela A, Laatikainen T, 19 
Rauramo U, Pietinen P. The diet of adolescents can be improved by school intervention. 20 
Public Health Nutr. 2010;13:973-979. doi: 10.1017/S1368980010001163 21 

123. Sadeghirad B, Duhaney T, Motaghipisheh S, Campbell NR, Johnston BC. Influence of 22 
unhealthy food and beverage marketing on children's dietary intake and preference: a 23 
systematic review and meta-analysis of randomized trials. Obesity reviews : an official journal 24 
of the International Association for the Study of Obesity. 2016;17:945-959. doi: 25 
10.1111/obr.12445 26 

124. Lambrinou CP, Androutsos O, Karaglani E, Cardon G, Huys N, Wikstrom K, Kivela J, Ko W, 27 
Karuranga E, Tsochev K, et al. Effective strategies for childhood obesity prevention via school 28 
based, family involved interventions: a critical review for the development of the 29 
Feel4Diabetes-study school based component. BMC Endocr Disord. 2020;20:52. doi: 30 
10.1186/s12902-020-0526-5 31 

125. Burden SJ, Weedon BD, Turner A, Whaymand L, Meaney A, Dawes H, Jones A. Intensity and 32 
Duration of Physical Activity and Cardiorespiratory Fitness. Pediatrics. 2022;150. doi: 33 
10.1542/peds.2021-056003 34 

126. van Deutekom AW, Lewandowski AJ. Physical activity modification in youth with congenital 35 
heart disease: a comprehensive narrative review. Pediatr Res. 2021;89:1650-1658. doi: 36 
10.1038/s41390-020-01194-8 37 

127. Wilding JPH, Batterham RL, Calanna S, Davies M, Van Gaal LF, Lingvay I, McGowan BM, 38 
Rosenstock J, Tran MTD, Wadden TA, et al. Once-Weekly Semaglutide in Adults with 39 
Overweight or Obesity. The New England journal of medicine. 2021;384:989-1002. doi: 40 
10.1056/NEJMoa2032183 41 

128. Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jodar E, Leiter LA, Lingvay I, Rosenstock J, 42 
Seufert J, Warren ML, et al. Semaglutide and Cardiovascular Outcomes in Patients with Type 43 
2 Diabetes. The New England journal of medicine. 2016;375:1834-1844. doi: 44 
10.1056/NEJMoa1607141 45 

129. Herlitz L, MacIntyre H, Osborn T, Bonell C. The sustainability of public health interventions in 46 
schools: a systematic review. Implement Sci. 2020;15:4. doi: 10.1186/s13012-019-0961-8 47 

 48 

 49 

 50 



27 
 

Figure Legends 1 

Figure 1. Aetiology of obesity-related cardiovascular (CV) risk highlighting the complex 2 
interplay between societal, psychological, environmental and biological factors. EDCs: 3 
Industrially produced endocrine-disrupting chemicals. 4 

Figure 2.  Call for action concept: implementation of childhood screening and prevention 5 
programs to change risk trajectories of obesity-related cardiovascular risk from childhood to 6 
adulthood.   7 



childhood obesity-related
CV risk trajectory

• culture & geography

• health behaviour & 
education

• use of medication

• genetic
predisposition

individual behaviour

• food intake

biochemical processes

• energy metabolism
• organ-specific fat deposition
• inflammation

• media use

• adherence to
recommen-
dations

• health
literacy, 
self-
awareness

wider environment/
society

• transportation
/walkability

• health
education

closer environment/ 
family / peer groups

• psychological       
support

• (social) 
media use

• role model

biological factors
(modifiable)

• epigenetic
mechanisms, 
perinatal 
exposure

biological factors
(non-modifiable)

• biological sex

• exposure/ 
availability/ 
palatability/ 
advertising

• physical activity & 
sedentary behaviour

• sleep

• policies, EDCs & taxes

• socio-economic
status

• psychological traits, 
eating behaviour

• co-morbidities

• stigmatisation

Figure 1.



Henner Hanssen 

5

10

15

20

Figure 2. 

Lifespan in Years

C
u

m
u

la
ti
v
e

L
if
e

ti
m

e

C
a
rd

io
v
a
s
c
u
la

r
R

is
k
 i
n
 %

Multimodal

Screening Program

and Intervention 

in Childhood

5 10 15 20 25 30 35 40

Individuals with obesity

undergoing prevention

programs in childhood

Healthy individuals without

obesity in childhood

Individuals with obesity

but without prevention

strategies in childhood



Table 1. Definition and thresholds of childhood cardiometabolic risk factors 

 
 

Cardiometabolic risk 
factors 

Definition 

Overweight and 
obesity 

• Age- and gender-specific percentile curves based on national 
reference population or 

• Cut-off values for overweight and obesity according to 
International Obesity Task Force (IOTF), World Health 
Organization (WHO), or Center for Disease Control (CDC) 

Hypertension • 0-15 years:  
≥ 95th percentile for systolic (SBP) and diastolic blood pressure 
(DBP) (according to sex-age-height-specific percentiles) 

• 16 years and older: 
≥ 140/90 mm Hg (SBP and/or DBP values)  

Dyslipidemia  

 

• Total Cholesterol ≥ 200 mg/dL 

• Low-density lipoprotein (LDL) cholesterol ≥ 130 mg/dL 

• High-density lipoprotein (HDL) cholesterol <40 mg/dL 

• Triglycerides (TG) ≥ 100 mg/dL < 9 years  

• TG ≥ 130 mg/dL ≥ 10 years 

Hyperglycemia • Fasting blood glucose ≥ 100 mg/dL or  

• Glycated hemoglobin (HbA1c) ≥ 5.7%   

Physical inactivity • < 60 min/day moderate/vigorous physical activity 

• sedentary behavior ≥ 2 h/day 



Table 2. Overview on key management strategies to lower childhood cardiovascular risk 

trajectories  

 

Prevention and screening strategies 
✓ Focus on clustering of risk factors 

✓ Screening for overall cardiovascular risk including psychological factors 

✓ Screening programs from childhood into adulthood 

✓ Include family and peers in addition to school-based education 

✓ Governmental support for population-based education campaigns 

✓ Promote awareness for role of parenting style for physical activity and nutrition behaviour 

✓ Avoid stigmatization 

Management strategies of multicomponent behavioural interventions 
✓ Promotion of physical activity and exercise 

✓ Raise awareness for the need to reduce physical inactivity 

✓ Promotion of healthy eating habits 

✓ Accessibility to diet counselling 

✓ Reduce unhealthy food marketing in media and social media 

✓ Psychological support for behaviour change 

✓ Built environment: accessibility and affordable infrastructure for healthy foods and 
physical activity in urban settings 

✓ Smoking cessation and alcohol avoidance 

✓ Sleep hygiene 

Key barriers 
✓ Evidence-base for sustainability of interventions 

✓ Evidence-base for cost-effectiveness 

✓ Financing of prevention programs 

 


