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Chapter 1: General introduction

Worldwide, the number of individuals affected by obesity is alarmingly high, with an
obesity rate that has nearly tripled since 1975. In 2016, according to the World Health
Organization (WHO) 1.9 billion adults were estimated to have excess body weight and
650 million of them obesity. Additionally, an increasing prevalence is registered within the
pediatric age range. The percentage of children suffering from excess body weight
quadrupled from 4% in 1975 to 18% in 2016. This corresponds to 340 million children

suffering from excess body weight of which 124 million are diagnosed with obesity (1).

As obesity at any age is complicated by many comorbidities, the obesity pandemic forms
a threat to public health from a medical, psychosocial and economic perspective (2). In
the USA, the annual outpatient costs of childhood obesity are estimated to be more than
14 billion dollars (3). In Belgium excess body weight (across all ages) is estimated to
account for 6-8% of the total health expenditure based on the numbers of the
Organization of Economic Co-operation and Development (OECD) (2), which corresponds

to an estimated annual expenditure of 3 billion euros (2).

Therefore, prevention at population level and an early treatment of affected individuals

before complications arise are crucial steps needed to tackle the growing obesity burden.

Children with overweight have twice the risk of becoming adults with overweight. These
odds are even higher for children with obesity and increase with age. This results in up to
90% of adolescents with obesity becoming adults with obesity (4). Therefore, treatment
of obesity during childhood is of primordial importance to control the obesity pandemic

and its consequences (5).

This chapter will serve as an introduction to childhood obesity as a medical condition, e.g.
its diagnosis, prevalence, etiology and related comorbidities. Secondly, we will outline the
current treatment recommendations and their long-term outcome, while indicating
current knowledge gaps. Throughout this thesis, we acknowledge that obesity is a disease

that can be diagnosed and aim to avoid any stigmatization of the affected individuals.
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Chapter 1: General introduction

1.1 Childhood obesity

1.1.1 Definition
The definition of obesity in adults and children is based on the body mass index (BMI),
which is calculated by dividing body weight expressed in kg by its squared height in

meters (1).

In adults, overweight and obesity can be defined by means of a fixed cut-off: a BMI above
25.0 kg/m? is classified as overweight and a BMI above 30.0 kg/m? as obesity (6). These
cut-offs have been linked to an increased risk in weight-related morbidity and all-cause

mortality (7,8).

In children the cut-off for a normal BMI is highly dependent on age and gender, therefore
the International Obesity Task Force (IOTF) proposed separate guidelines for the pediatric
population. These are based on the centiles for age- and gender-specific BMI growth

charts corresponding to the adult cut-off points of 25 and 30 kg/m?(9).

The Flemish growth charts for boys and girls aged 2-20 years are depicted in Figure 1.1
(10).

11
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Figure 1.1: Flemish growth charts for BMI in boys (upper) and girls (lower). Adapted from

http://www.vub.ac.be/groeicurven.

1.1.2 Prevalence

Worldwide, 124 million children and adolescents were affected by obesity and another

216 million by overweight in 2016. This is more than a 10-fold increase over the past 40

years (11).
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Chapter 1: General introduction

In Belgium, 19% of the children aged 2-17 years were found overweight, of which 5.8%
were diagnosed with obesity in 2018 (12). This percentage is not significantly different
compared with a previous report, published in 2013 and confirms the international
finding that the mean BMI in children and adolescents is stabilizing in developed
Northwestern countries (11). Currently, the largest rise is seen in low- and middle income
countries, especially in the urban regions (1). Although previously the prevalence of
overweight and obesity in children in Belgium was increasing with age, a 2018 public
health project indicated that the highest prevalence of overweight and obesity in Belgium

is now found in children aged 2 to 4 years old (12).

1.1.3 Etiology

The rapid worldwide increase in obesity rates can be explained by a combination of
excessive caloric intake combined with decreased caloric expenditure. Although heritable
factors might explain 30-50% of the variation in adiposity (13), the intake of ‘energy-
dense’ foods (e.g. sugar-sweetened beverages, fast-food and food with a high level of
carbohydrates) combined with large portion sizes contributes to a rapid increase in the
consumed calories resulting in an increased risk of obesity (14,15). Furthermore, children
spend more time sitting in front of a screen (e.g. television, computer, mobile phone).
This again increases the risk for developing obesity (16) due to a decrease in physical
activity and its related energy-expenditure. Other factors contributing to the
development of obesity include: perinatal factors (e.g. maternal weight status/weight
gain and gestational diabetes, breastfeeding) (17), socioeconomic status (18), parent or
family-related factors (e.g. uninvolved, indulgent or highly protective parenting styles
(19), perceived stress (20), parents with psychological problems (21)) and sleep-related

factors (22).

A secondary origin for obesity can be found in less than 1% of the cases (23). Table 1.1
provides a short list of the possible secondary causes of pediatric obesity based on a 2017

review (24).

14



Chapter 1: General introduction

Table 1.1: Overview of secondary etiologies of obesity, including some examples for
each etiologic category.

Endocrine pathology Hypothyroidism, Cushing syndrome, growth
hormone deficiency,
pseudohypoparathyroidism...

Genetic syndromes Prader-Willi, Bardet-Bied|, Beckwith-
Wiedemann...

Drug-induced Glucocorticoids, antipsychotics, tricyclic
antidepressants...

Monogenic disorders Leptin (receptor) deficiency, melanocortin 4

receptor mutation, proopiomelanocortin
(POMC) deficiency...

Neurologic pathology Brain tumor (and surgery- or radiation-related
consequences), brain injury...

Content of table based on a review of Kumar et al. (24)

A thorough history and a physical examination is required to identify secondary origins of
obesity, e.g. drug-related, endocrine diseases, psychological problems, and possible
obesity-related complications (25). This can be further extended with laboratory
screening tests or other investigations, e.g. polysomnography for detecting obstructive
sleep apnea, if indicated. Identification of secondary causes is important as some of these

causes require (urgent) treatment.

1.1.3.1 Early adiposity rebound (EAR)
In the normal growth of a child, a rapid BMl increase is observed from birth to one year,

whereafter a downward evolution is reported until the age of 6 years, as seen on the
growth charts in Fig 1.1. Thereafter, a second increase from the BMI low point is found,
the adiposity rebound (26). An early adiposity rebound (EAR) refers to a premature
increase in BMI occurring before 5.5 years (26). An EAR predicts future obesity (27) and is
associated with cardiometabolic risk factors in adolescence, such as insulin resistance,
HDL-cholesterol and systolic blood pressure (28). The prevalence of EAR in children varies
largely between studies ranging from 27 up to 58% (29,30) and is fortunately much higher
than the current prevalence of overweight and obesity, indicating that not every child

with an EAR becomes overweight. So, a heterogeneity in this group of EAR children exists.
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Chapter 1: General introduction

To better predict which children are at risk of developing obesity, recently the type A-EAR
and type B-EAR were defined (31).Type A was defined as a pre-adiposity rebound BMI
SDS > 0 combined with an increase > 0.5 BMI SDS on the last measurement or an initial
BMI SDS < 0 combined with an increase >1.0 BMI SDS on the last visit. Type B was defined
as an initial BMI SDS < 0 combined with an increase of 0.5-1.0 BMI SDS on the last
collected data. Of the children in type A-EAR, 2/3 had excess body weight by age 6-8 years
compared to only one in ten children in the type B-EAR group, confirming the importance

of subdividing the EAR group and the importance of BMI trajectories already early in life.

1.2 Physical and psychological impact of childhood obesity

Obesity is a multisystem-disease, affecting almost every organ in the human body (24).
Children with obesity are likely to become adults with obesity, and multiple origins of
adult debilitating diseases can be found in childhood (32). For example, endothelial
dysfunction is a precedent of adult cardiovascular morbidity and mortality. Besides the
physical impact, the psychological consequences already influence the quality of life from

childhood on (33).

Although obesity reflects a state of excess adipose tissue, the distribution can vary greatly
between individuals and has an important contribution to a person’s risk for developing
obesity-related (medical) comorbidities. More specifically, abdominal obesity resulting
from an increased amount of visceral adipose tissue poses the highest risk for adverse

health consequences (34).

The medical adverse health consequences resulting from obesity can be divided in
cardiovascular, metabolic and mechanical complications (35), as depicted in Figure 1.2

and described in the next paragraphs.
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Chapter 1: General introduction

—p Psychological comorbidities:
* Low self-esteem
oO

* Anxiety
* Depression

Reduced quality of life
Metabolic deregulations:
* Dyslipidemia
* Insulin resistance/type 2 diabetes
¢ Hyperleptinemia & hypoadiponectinemia \
* Non-alcoholic fatty liver disease

—

—p Cardiovascular disease:

¢ Hypertension

¢ Pro-inflammatory status
* Endothelial dysfunction

Mechanical complications: —
* Osteoarthritis, flat feet, slipped capital femoral epifysis

¢ Stress incontinence

* Gastro-esophageal reflux

* Obstructive sleep apnea

Many other complications throughout the entire human body involving (almost) every organ system...

Figure 1.2: Visual overview of some common complications in children with obesity. The content in this figure is

adapted from Daniel and co-workers (35). The visual presentation was created by the author of this thesis.
1.2.1 Metabolic deregulations
1.2.1.1 The metabolic syndrome
The metabolic derangements in obesity represent a commonly observed clustering of
multiple cardiovascular risk factors sharing a common pathophysiologic origin in the
insulin resistant state associated with obesity and have therefore previously been
referred to as the metabolic syndrome (36). The following factors are included in the

metabolic syndrome:

- central obesity (defined by the waist circumference)
- triglyceride elevations

- alowered HDL-cholesterol

- arterial hypertension

- adisturbed glucose tolerance

17



Chapter 1: General introduction

Pathophysiology

Central obesity and the accompanying inflammation contribute to insulin resistance (37).
When the storage capacity in the subcutaneous adipose tissue is exceeded (38), other
ectopic storage sites will be used such as the visceral adipose tissue and insulin-
responsive tissues such as the liver and the muscle, where peripheral insulin resistance is

induced (39).

At the visceral adipose tissue, obesity leads to adipocyte hypertrophy and the release of
more pro-inflammatory cytokines, leading to more insulin resistance locally and in other
peripheral tissues (40). As insulin normally acts to suppress lipolysis by inhibiting hormone
sensitive lipase, this results in breakdown of triglycerides to glycerol and free fatty acids.
These free fatty acids are released in the circulation, resulting in different metabolic
derangements (41) and further promoting insulin resistance, hereby creating a vicious

cycle.

At the muscle, the increased free fatty acids impairs the insulin-mediated uptake of
glucose, which can result in hyperglycemia (42). Furthermore, carbohydrates will be used
for lipogenesis (rather than storing them for muscle glycogen). This leads to
hypertriglyceridemia and lowered HDL-cholesterol, as well as more triglyceride synthesis

at the liver (43).

At the liver, insulin limits hepatic glucose output by suppressing gluconeogenesis. As a
consequence, resistance to these actions results in impaired glucose homeostasis and
hyperglycemia (44). Secondly, insulin resistance and more free fatty acids lead to more
hepatic de novo lipogenesis of triglycerides, which results in hypertriglyceridemia. Part of
these newly produced triglycerides will be stored in the liver contributing to the
development of non-alcoholic fatty liver disease which reinforces the hepatic insulin
resistance, again a vicious cycle (45). The other part of newly formed triglycerides will be

stored in very low density lipoprotein (VLDL) particles.

18



Chapter 1: General introduction

As insulin normally inhibits the secretion of VLDL in the circulation, the reduced activity
leads to more triglyceride-rich VLDL in the circulation (45). Here, VLDL is modified to
intermediate density lipoprotein (IDL) and subsequently to small dense atherogenic
triglyceride-rich low density lipoprotein (LDL) particles (45). By the cholesterol esther
transfer protein, the cholesterol from the circulating HDL particles is exchanged for the
triglycerides of the VLDL and LDL particles, resulting in triglyceride-rich HDL particles. The
triglyceride-enriched HDL particles are broken down by the hepatic lipase, resulting in the

lowered HDL found in insulin resistant individuals (45).

Insulin also exerts actions on the intestine, so insulin resistance contributes to
postprandial dyslipidemia, but little is known on these effects, so therefore this is not

further discussed in this thesis (37).

Lastly, only the pathophysiology of arterial hypertension remains to be discussed. A
recent study indicated that it is mainly the insulin resistance at the level of the adipose
tissue that is responsible for hypertension, although the exact mechanisms are not yet
clear (46). However, it is known that increased insulin can induce sympathetic nervous
system activation leading to vasoconstriction and subsequent hypertension (47).
Nevertheless, alterations in adipokines such as increased leptin (discussed below) can
similarly induced sympathetic nervous system overactivation (48). Furthermore,
hyperinsulinism can stimulate the kidney for increased sodium reabsorption (49). Obesity-
related complications could also have a causal role. For example, obstructive sleep apnea
(OSA) could also induce sympathetic activation and contribute to hypertension (50).
Additionally, insulin normally promotes vasodilatation, but endothelial dysfunction might
lead to an impair this aimed vasodilatation (51). These two comorbidities will be further
discussed below in their respective sections. Many other explanations can link
hypertension to obesity, but discussing all of these would go beyond the scope of this

section (47).
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Chapter 1: General introduction

Challenges in the definition

The last few decades multiple attempts to define the metabolic syndrome in pediatrics

have been made (52-54).

Logically, one cannot simply apply the adult criteria on children, as blood pressure for
example is influenced by age, gender and height (55). Furthermore, alterations in body
size occur with growing and ageing. Therefore, features require age (and gender)
corrected normative values. Additionally, during puberty all children develop a
temporarily insulin resistant state (56) and insulin resistance is the main driver of the
metabolic syndrome features indicating the complexity of the metabolic syndrome in
children. The complexity of the pediatric metabolic syndrome is again illustrated by
previous research reporting a large within-person variability of fulfilling the metabolic

syndrome diagnosis on short- and long-term follow-up visits (57-59).

Although alterations throughout growth occur, many definitions of the metabolic
syndrome were created (60). These definitions all rely on the same above-named key
features, however the cut-offs of normality might vary strongly. As a person’s ethnicity or
racial background determines the vulnerability to develop certain cardiometabolic
diseases (61), the developed definitions became population-specific with different
threshold values being used for different ethnic groups. For example, the International
Diabetes Federation (IDF) definition is applicable to European children older than 10 years

(52), whereas the IDEFICS focused on European children 2-11 years old (62).

Current approach

Whereas the prevalence differs based on the definition used, over 90% of the children
with obesity have at least one cardiovascular risk factor of which high triglycerides and
low HDL-cholesterol are the most prevalent (53). Although the presence of the metabolic

syndrome is unstable, the cardiometabolic comorbidities generally tend to cluster.
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Chapter 1: General introduction

Therefore, it is currently advised to focus more on recognizing the clustering of risk
factors, rather than determining the presence of the metabolic syndrome (63).
Furthermore, the metabolic syndrome does not include every comorbidity that can result
from insulin resistance. For example, non-alcoholic fatty liver disease and polycystic ovary
syndrome are not mentioned. Therefore, a clinicians’ evaluation should go beyond solely
determining the presence of the metabolic syndrome in a child with obesity-related

insulin resistance.

Treatment

Treatment options for the metabolic syndrome components are similar to those for
childhood obesity in general, e.g. losing weight/lowering the fat percentage by increasing
physical activity, decreasing caloric intake, which might be added by the use of

medications targeted at specific comorbidities, for example anti-hypertensive drugs (64).

1.2.1.2 Changes in adipocyte hormone production

Where the adipose tissue was previously assumed to be just a storage site consisting of
adipocytes and connective tissue, it is now considered an important production site of
hormones. These hormones, named adipokines, are involved in many physiological
processes throughout the human body, such as energy homeostasis and the immune
system (65). By now, hundreds of protein hormones secreted by the adipose tissue have
been identified of which Lehr and colleagues have provided an extensive list in the
supplements of their review (66). Of all the adipokines, leptin and adiponectin have been
studied the most. In the context of obesity, increased serum levels of leptin and reduced
levels of adiponectin have been described (67). These 2 important adipokines are

described in more detail underneath.
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1.2.1.2.1 Hyperleptinemia

Leptin is a 16 kDa hormone primarily involved in regulating appetite and satiety and
subsequently food intake, energy homeostasis and body fat regulation due to its central-
acting properties on the hypothalamus (68). People with obesity are known to have
higher circulating leptin levels (67,69). Although this might seem counterintuitive, these
patients are hypothesized to be leptin resistant, resembling the more widely known
concept of insulin resistance in individuals with obesity. Nevertheless the exact
underlying mechanism responsible for this leptin resistance is not completely understood
yet (70). Additionally, leptin possesses pro-inflammatory capacities and therefore might
contribute to the low-grade inflammation present in subjects with obesity and
subsequently contribute to the increased risk for adverse cardiometabolic health

consequences associated with obesity (71).

1.2.1.2.7 Hypoadiponectinemia

Adiponectin generally exerts health-protective effects as it has antidiabetic, anti-
inflammatory, anti-atherogenic, insulin-sensitizing and cardioprotective properties (72).
Some evidence also indicates a role in regulating energy homeostasis, with adiponectin
exerting both peripheral and central effects that increase energy consumption and
counteract obesity development (72-74). Its levels are mostly reduced in individuals with

obesity (75,76), thus also contributing to the pro-inflammatory state described below.

1.2.2 Cardiovascular disorders

Ischemic heart disease and strokes remain the two most prevalent causes of death
worldwide (77). The precursors of advanced atherosclerosis can already appear in the
first decade of life with the presence of fatty streaks (78). In short, these fatty streaks
develop to become fibrous plagues. When these plagques become unstable and
subsequently rupture, this might cause thrombosis of the involved vessel and clinically
evident cardiovascular disease, for example acute myocardial infarction (79). The speed
by which these lesions progress is subject to individual variability and depends on the

amount of cardiovascular risk factors present (80).
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1.2.2.1 Pro-inflammatory status

Besides the classic cardiovascular risk factors described in the metabolic syndrome above,
the importance of non-classical risk factors such as low-grade inflammation is increasingly
being recognized. One manifestation of this low-grade inflammation is an increase in
high-sensitivity CRP (hs-CRP). Hs-CRP is produced by the liver under stimulation of pro-
inflammatory cytokines, such as IL-1, IL-6 and TNF-a.. Hs-CRP has been found to be an
individual predictor of cardiovascular morbidity and mortality (81). An elevation of hs-CRP
has been described in both adults (82) and children (83,84) with obesity. Fortunately, the
general treatment for children with obesity, namely making lifestyle changes aimed at

losing weight, can significantly reduce these increased hs-CRP levels (85).

1.2.2.2 Endothelial dysfunction

A first step in the atherosclerotic process is called ‘endothelial dysfunction’. These
functional changes in the endothelium occur long before structural changes can be
visualized. The primary function of endothelium is the regulation of the blood vessel
diameter by controlling the vascular smooth muscle cells. Therefore the initial definition
of endothelial dysfunction was an impaired vasodilatory response to specific stimuli. Later
on, this definition was broadened to include the pro-inflammatory and prothrombotic
status (86), as the healthy endothelium counteracts platelet aggregation, leukocyte
infiltration and smooth muscle proliferation. Since the endothelium is the inner cell layer
lining the blood vessel, it is in direct contact with the blood and directly exposed to
multiple harmful cardiovascular risk factors (87). As a result, it integrates the influence of
all these damaging and protective factors present in the circulating blood (88). Clinically,
endothelial function can be assessed non-invasively by flow-mediated dilatation (FMD),
which measures macrovascular endothelial function, and peripheral arterial tonometry
(PAT) (89), which evaluates microvascular endothelial function. Since the first
manifestations of endothelial function starts to develop in the first decade of life (90)
with microvascular endothelial dysfunction preceding macrovascular dysfunction, PAT

was chosen as a tool for the evaluation of endothelial function in this thesis.
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Previous studies found that the micro- and macrovascular endothelial function in children
with obesity was worse compared with children with a normal body weight (91-93).
Additionally, different cardiovascular risk factors have already been proven to negatively
affect endothelial function. Beyond the ‘classic’ risk factors (e.g. blood pressure,
dyslipidemia, hyperglycemia), the pro-inflammatory cytokines, adipokines, sleep apnea,

psychological distress... have been described to influence the endothelium (94,95).

Fortunately, literature proofs that the endothelial function in children with obesity can be
improved by diet and exercise (96-98), pharmacological interventions (e.g. GLP-1 agonists
and metformin) (99,100) and possibly by dietary supplementation with omega-3 fatty

acids and vitamin C (101,102), but more research is needed to allow a definite conclusion.

1.2.3 Mechanical complications
Mechanical comorbidities arise due to the physical pressure of the excess adipose tissue
on the body and the most prevalent mechanical complications include gastro-esophageal

reflux, osteoarthritis, stress incontinence and obstructive sleep apnea (35).

1.2.3.1 Obstructive sleep apnea (OSA)

OSA results from repeated collapse of the upper airway during a patients’ sleep, leading
to intermittent hypoxia, arousals and sleep fragmentation. Clinically, patients can present
with a wide spectrum of complaints such as excessive daytime sleepiness, snoring,
morning headache, nocturia and neurocognitive complaints (103). The golden standard to
diagnose OSA is an in-hospital polysomnography, but home-sleep devices are increasingly

employed with a reported sensitivity of 80% to diagnose OSA in adults (104).

OSA in children can be diagnosed based on the obstructive apnea-hypopnea index (oAHI).
An apnea is defined as the interruption of airflow during at least two respiratory cycles.
An apnea is classified as obstructive when a respiratory effort is present without the
respiratory airflow. A hypopnea is defined as a 30% decrease in the airflow during at least

two respiratory cycles accompanied by a 3% decrease in saturation and/or an arousal.
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The oAHl is then calculated as the average obstructive apneas and hypopneas per hour of
sleep. In children, an oAHI between 2 and 5 is considered as mild OSA and a oAHI above 5
as moderate-to-severe OSA (105). OSA is present in up to 60% of the children with obesity
(106). Previous research of our own group indicated that OSA is an independent risk
factor for metabolic deregulations, such as endothelial dysfunction, in children with

obesity (107).

The primary treatment for mild OSA in children with obesity is weight loss, because this is
more effective than adenotonsillectomy in this population (108) with a treatment success
rate of 71%, as documented by our research group (109). For more severe OSA in these
children, besides weight loss, a multidisciplinary evaluation and additional therapies, such

as continuous positive airway pressure (CPAP), might be required.

1.2.4 Psychological comorbidities

The motivations of youngsters with obesity to seek treatment are often related to
psychological comorbidities. Frequently mentioned motivations to lose weight are an
improvement of self-esteem and an avoidance of bullying, accompanied by the desire for
peer acceptance (110). The impact of the psychological comorbidities related to obesity
should not be underestimated. One study even reported that the quality of life of a child
with obesity is comparable to that of a child with cancer (111). This might be due to
obesity itself as well as to the obesity-associated comorbidities. Other frequently
reported but often underestimated psychological problems are depression and anxiety
(112,113). As these psychological difficulties are related to the severity of obesity and
might complicate treatment results, these problems - when detected - need to be

addressed in the management of a child with obesity (114).
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1.2 Treatment of childhood obesity

1.3.1 Current treatment recommendations for obesity in children
The cornerstone of treating a child with obesity remains weight loss by a lifestyle

intervention aimed at increasing physical activity and decreasing caloric intake (115).

Multiple effective in- and outpatient pediatric obesity treatment programs are available,
but clear indications on which patient to refer to which treatment setting are missing.
Outpatient treatment can achieve a modest, but significant weight reduction of 1-3 kg/m?
(24). Inpatient obesity treatment programs have reported higher success rates, with an
average BMI decrease of 4.5 kg/m? (range -1.4 to -11.8 kg/m?). Nevertheless drop-out

and weight regain are commonly faced challenges in both treatment settings (116,117).

Additional pharmacologic treatment is not routinely recommended. Only in addition to a
lifestyle intervention if treatment is unsuccessful or with worsening of comorbidities, this
option can be considered (115). In Belgium, metformin and orlistat are available, but off-
label. Recently, several glucagon like peptide-1 (GLP-1) receptor agonists were approved

by the European Medicines Agency for use in adolescents with obesity.

The biguanide metformin is used for lowering blood glucose level in patients with
diabetes mellitus type 2 by increasing insulin sensitivity and decreasing endogenous
glucose production by the liver. It is used in children with obesity and insulin resistance,
where it has been shown to reduce BMI significantly by on average 1.1 kg/m? (95% Cl 0.7
— 1.4 kg/m?) (118). Orlistat, a gastro-intestinal lipase inhibitor, was previously found to
reduce BMI by 0.5 kg/m? in adolescents with obesity, however the common gastro-

intestinal side effects in up to 50% of the users results in high discontinuation rates (119).

Last years, the GLP-1 analogues (e.g. liraglutide, semaglutide...) are studied in pediatric
cohorts (120-122). These drugs were formerly used for treating diabetes mellitus type 2

as they lower the blood glucose level by regulating glucagon and insulin secretion.
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GLP-1 analogues mainly act on the body weight by promoting satiety which leads to a
reduced energy intake and facilitates weight loss (120). The first studies are promising
regarding safety, tolerability and BMI reduction (e.g. an average BMI SDS change of -0.22
SDS after 52 weeks liraglutide and -1.1 SDS after 68 weeks semaglutide), although data on
long-term effectiveness after treatment discontinuation are still missing (121,122). These
findings unfortunately also point to at least a partial regain of lost body weight after

treatment cessation.

If all other options fail, bariatric surgery remains as the last treatment option. Only post-
pubertal (Tanner stage 4 or 5) adolescents, with a BMI > 40 kg/m? or > 35 kg/m? with
minimal two comorbidities in the absence of underlying psychological comorbidities and
with adherence to a healthy diet and sufficient activity are eligible (115). Although recent
evidence indicates bariatric surgery is promising (123,124), in many European centers it
does not belong to the standard of care for adolescents with obesity due to the lack of

reimbursement and doubts concerning safety and long-term efficacy (125).

1.3.2 Long-term outcome of current treatment

Generally, 80% of children with obesity will eventually have obesity in adult life (126).
One part of this issue is that parents often incorrectly recognize the weight status of their
child (127). Although nowadays in certain countries, doctors that regularly visit schools
help in screening children for the development of excess body weight and create
awareness for the weight problem among their parents. Secondly, the long-term outcome
of the currently available treatment programs is modest. A first contributor to these
suboptimal long-term results are the high drop-out rates ranging from 27 up to 73% in
previous research (128,129), indicating current treatment is unfeasible for many children
with obesity. This is problematic as discontinuing a weight loss program is negatively
affects the body weight (116). For those who complete an in- or outpatient weight loss
program, long-term outcomes are highly variable, but weight regain is often the reality
(130-135). In literature, these repeated episodes of weight loss followed by weight regain

are referred to as ‘weight cycling’ or ‘yoyo-dieting’ (136).
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1.3.3 Self-control as a potential treatment target in children with obesity

One contributor to the rather modest long-term outcomes of the currently available
treatment programs is the previous documented lower self-control in children with
obesity, leading to decreased behavioral control (137,138). As stated in the Dual Pathway
model and depicted in Figure 1.3, self-control is considered the results of bottom-up
reactivity being regulated by top-down executive functioning (139). Bottom-up reactivity
comprises the automatic, habit-driven responses towards stimuli in the direct
environment (140). One such bottom-up process is attention, and “attention bias” refers
to how salient stimuli with a high motivational or affective value quickly grasp attention
(141). Top-down executive functions are neuropsychological control processes involved in
initiating goal-directed behavior and overcoming the automatic reaction to external
environmental stimuli (142,143). Executive functioning encompasses different cognitive
control tasks, such as inhibition, cognitive flexibility and working memory (144), which are

all involved in successful self-control (142,145).

Counteracts automated
response to external
stimuli, for example
by inhibition, i.e.

Top-down control/
executive functioning

External
stimuli
generate an
automatic behavioral
response. For example:
you see tasty food, get
hungry and want to eat it.
Attention regulates which stimuli are
noticed and attention bias reflects an
abnormal amount of attention being drawn
to certain stimuli, for example (unhealthy)
food cues in children with obesity.

. Self-control
Bottom-up reactivity

= the result of bottom-up
reactivity and top-down control
enabling goal-directed behavior

Figure 1.3: Visual overview of the main principles in the Dual Pathway model, including an example.
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In subjects with excess body weight, a general imbalance exists between an observed
increased bottom-up reactivity, which is reflected in an attentional bias towards
(unhealthy) foods (146,147), and a lowered top-down inhibitory control to counteract the
automatic reaction on environmental stimuli, which is reflected in being unable to resist
palatable food even in the absence of hunger (148,149). Previous research in children and
adolescents with obesity has found an association between lower self-control and less
weight loss during treatment (77,150-154). Poor self-control also results in more
difficulties in maintaining weight loss after treatment cessation (155). Therefore,

enhancing the self-control in children with obesity seems highly indicated.

Fortunately, experimental lab studies show the potential of self-control training by
tempering attention bias (141) or increasing inhibition (156) in adults with obesity. Some
studies also show the potential of self-control training in children (157-159). Therefore,
strengthening the self-control of children engaging in weight loss interventions might

improve the outcome during treatment and promote long term weight maintenance.

1.3.4 BMI fluctuations and cardiometabolic health

As illustrated in section 1.1.3.1, BMI trajectories might be of equal or even more
importance in affecting later cardiometabolic health(30). Previous research in adults
linked weight fluctuations to an increased risk for cardiovascular morbidity and mortality.
In the Framingham population, an association was found between the variation of body
weight around the mean and cardiovascular morbidity and mortality (160). Another study
reported similar results in middle-aged men: the group reporting that large weight gains
and large weight losses had a doubled relative risk of coronary heart disease related

death compared with a weight stable group (161).

To explain these increases in cardiovascular risk, the repeated overshoot theory was
developed, stating that at the moment of weight regain multiple cardiovascular risk
factors (temporarily) transcend their baseline values and hereby negatively affect

cardiovascular health (162).
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A second plausible hypothesis for this increased cardiovascular risk has been found in the
repartitioning of the fat- and lean mass after weight regain (163), favoring the

development of (abdominal) obesity (164).

However, subjects with obesity seem to be less vulnerable to the detrimental effects of
weight cycling compared to subjects without excess body weight (164,165). Rzehak et al.
reported an association between all-cause mortality and weight fluctuations in 55-74 year

old men, which was not present for weight-stable patients with or without obesity (166).

Recent publications show that yo-yo dieting increasingly occurs within the pediatric age
range (165). In children however, only very limited research has been performed on
weight regain after weight loss and the concurrent alterations in their cardiometabolic
risk. Until now, only one recent study addressed this question in a cohort consisting of
1718 children that were prospectively followed up for 20 years (167). Du et al. reported
an increased risk for the development of type 2 diabetes related to BMI and
cardiovascular risk factor variability (167). Interestingly, adult studies have taught us that

obesity can influence the association between weight cycling and cardiometabolic risk.

Therefore, the previous results from children without obesity cannot be simply
transferred to a cohort of children with obesity. Therefore, we think that it is of major
importance to study the children with obesity as a separate group. As obesity in children
is continuously increasing and the current treatment has only limited long-term results,
the question of how the BMI trajectory, and more specifically the BMI variability, can

influence the cardiometabolic health of these children should urgently be answered.
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Obesity has become one of the most prevalent chronic diseases in childhood. Currently,
treatment consists of reducing weight by adapting caloric intake and energy expenditure.
However, the question ‘How should the treatment effect be evaluated?’ is unanswered
because BMI SDS suffers limitations, but a reliable and feasible device to measure body
composition is yet to be found. As simple as treating pediatric obesity sounds, it is still
difficult to obtain firm long-term results. Despite children frequently re-increase in BMI,
little is known on how this impacts a child’s health. Further knowledge on this could help
us answer the question ‘Should we change our point of view on a patient’'s BMI
trajectory?’. Lastly, self-control predicts treatment outcome, so training self-control could
improve treatment outcome. In addition, digital innovations are increasingly being
employed in medicine, so it is pivotal to answer the question: ‘Is there a role for e-health

(interventions) in pediatric obesity treatment?’.

As the number of children with obesity is ever-increasing, the challenges faced with the
current evaluation and treatment need to be addressed and new innovations with
potential to improve clinical evaluation and long-term outcome evaluated. Therefore, the
current thesis has prospectively followed a large cohort of Belgian children with obesity
participating in pre-existing treatment programs. We aim to answer these pending
questions related to the clinical evaluation, management and treatment outcome of

these children with obesity.

In chapter 1 a general introduction on childhood obesity was provided including the
currently unanswered questions. In this chapter 2, we have listed the research questions

and outline of this thesis, followed by chapter 3 that describes the methodology.
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Currently, reliable and clinical feasible techniques allowing a rapid bedside evaluation of
body composition are needed. Bioimpedance devices are promising as they are
inexpensive and portable devices with a short measurement time of only a few seconds.
Unfortunately, previous research indicated clinical relevant biases in their body
composition measurements compared with conventional methods. These biases
increased in line with the amount of excess body weight. Interestingly, the Body
Composition Monitor (BCM®, Fresenius Medical Care, St. Wendel, Germany) is based on
bioimpedance spectroscopy integrating a volume with a body composition model and it
has been proven valid over a wide range of body compositions. Hypothesizing the BCM
might be a reliable tool to measure body composition in children with obesity, we have
evaluated the comparability of its measurements with the measurements of a Dual
Energy X-ray Absorptiometry (DEXA) scan in chapter 4. The research question was: “Are

the body composition measurements of a DEXA scan and the BCM comparable in children

with obesity?” Both methods were compared in children before and after inpatient

obesity treatment and for determining longitudinal changes.

As mentioned above self-control as a treatment target for obesity could have potential.
Therefore, the WELCOME trial was developed, which stands for ‘Improving WEight
controL and CO-Morbidities in children with obesity via Executive function training’, FWO-
TBM project number 150179. Chapter 5 presents the results of this randomized
controlled trial where we hypothesized that a group provided with an online self-control
training (compared to an online sham training) added to their pediatric obesity treatment
would have superior results regarding BMI loss and maintenance. The research question

was: “Can_an online self-control training added to the existing obesity treatment

programs improve treatment outcome in children with obesity?” This study aimed to

translate the current in-lab evidence to clinical application in a large cohort of treatment-

seeking children with obesity from in- and outpatient care.
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As already known, the treatment response in children with obesity is highly heterogenic,
even within the same treatment program. Psychosocial factors are known contributors to
these observed differences and we hypothesized that pretreatment metabolic
comorbidities and adipokines have a role in predicting treatment outcome. Therefore, in

chapter 6, the research question was: “Can_pretreatment patient characteristics,

metabolic comorbidities and adipokines predict treatment drop-out and response in

children with obesity?”. This question was studied for children treated in in- and

outpatient care.

Lastly, we focused on the association of weight regain or weight fluctuations and the
cardiometabolic risk factors in this population consisting of children with excess body
weight. To start, we have reviewed the current knowledge on weight regain after weight
loss in children with obesity in chapter 7. We hypothesized that certain benefits persist
for an amount of time despite weight regain. Subsequently, following the same
hypothesis, the question on how the BMI trajectory alters the cardiometabolic risk factors
was assessed in our own cohort. These results are reported in chapter 8. The research

question was: “Do BMI fluctuations have detrimental consequences on the

cardiometabolic health in children with obesity?”

The results of this thesis are further discussed in chapter 9 and the summaries in English

and Dutch are provided in chapter 10 and 11 respectively.
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This chapter provides a general overview of the methods used in this dissertation.
However, depending on the study there might be differences in the length of follow-up,
the outcome measures or added interventions. Study-specific deviations to the general

protocol will therefore be discussed separately in the corresponding chapters.

3.1 Study design

A prospective study was set up, including a cohort of children with obesity participating in
an inpatient pediatric obesity treatment program and a cohort participating in an
outpatient pediatric obesity treatment program. The content of the treatment programs
is described below in more detail (see 3.3). Figure 3.1 visually represents the study

protocol.

Inpatient

Omonths  10.5 months 12 months 14 months 18 months

Outpatient
Omonths 4.5months 6months ~ 8months ~ 12months ~ 15months 18 months 21 months 24 months_
i Mot
"\____\"\____\"\____\"\___‘_,\
T0 >> T1 > T2 > T3 > T4 _’: _T_S_ /z’: _T_6_ /z’: _T_7_ /z’: _T_8_ /’

Anthro- Anthro- Anthro- Anthro-
pometry pometry pometry pometry

Clinical evaluation at T0, T2, T4, T6 & T8:
- Anthropometry

Blood pressure

Body composition

Fasting blood sample

Endothelial function

Sleep evaluation (only at TO, T4 & T8)

T = timepoint, MOT = multidisciplinary obesity treatment

Figure 3.1: Visual
representation of the study protocol. Visits TO to T4 were part of the WELCOME trial (FWO-TBM project n° 150179) and
visits T5-T8 were added afterwards solely for the study participants in the Antwerp University Hospital. The MOT (=
multidisciplinary obesity treatment) bar after inpatient treatment is not colored since patients are referred to

outpatient care, but compliance with outpatient visits was not determined in our study.
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A thorough clinical evaluation, including measurements of body composition,
determinations of the metabolic profile in the blood and endothelial function was
conducted every 6 months in the outpatient cohort over a period of 12 months and later
extended to 24 months (if a new informed consent was signed). For the inpatient cohort,
this evaluation occurred at the start and at the end of inpatient treatment and 6 months
after discharge over a period of 18 months. In the visits between those moments, solely

anthropometric data (height, weight and BMI) were collected.

The first part of the study was ‘the WELCOME trial’, an FWO-TBM project (number
150179) to study the effect of an online self-control training added to previously existing
pediatric obesity treatment programs (TO — T4) (168). The content of the self-control
training and how it is implemented is described in more detail in chapter 5. Afterwards,
the follow-up of the cohort treated in the Antwerp University Hospital was extended to

two years upon signing a new informed consent (T4 — T8).

The study was approved by the Ethics Committees of the University Hospital of Antwerp
and Ghent (EC n°B670201731779) and was performed according to the principles of the

declaration of Helsinki (169).

3.2 Participants

Children aged 8 — 18 years old with obesity were recruited between July 2017 and January
2020 upon admission to an in- or outpatient multidisciplinary obesity treatment (MOT).
The presence of obesity was defined by the criteria of the International Obesity Task
Force based on the Flemish growth charts (9,10). Patients were not eligible for inclusion
in case of a genetic or endogenous origin of their obesity, the intake of weight-loss
antagonizing medications, the presence of a mental or physical condition complicating
optimal treatment participation (mental retardation, cardiac disease, active malignant

hematological disease...) or simultaneous participation in another interventional trial.
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Written informed assent/consent was obtained from the patient and their caregiver
before the start of the study. For the participants treated in the Antwerp University
Hospital, a second informed consent was signed after 12 months to participate in the

extension study.

3.3 Multidisciplinary obesity treatment (MOT)

All participants engaged in a standard MOT aimed at reducing BMI by altering dietary
patterns and increasing physical activity. This was combined with (cognitive) behavioral

change techniques and parents were always involved.

3.3.1 Inpatient treatment

In the inpatient setting, participants with severe obesity and comorbidities entered a 12-
month MOT at a pediatric rehabilitation center ‘Het Zeepreventorium’ (ZPM) (De Haan,
Belgium). This program has been elaborately discussed previously (170). Briefly
summarized, the multidisciplinary program is targeted at reducing BMI by increasing
physical activity up to a minimum 10 hours a week and decreasing caloric intake by
implementing a healthy diet according to caloric needs based on sex and age in a highly
structured environment. Additionally, psychological and contextual support is offered
individually and in groups. The caregivers are invited for sessions where parenting styles
are discussed and education on a healthy lifestyle is offered simultaneously. After
treatment, follow-up sessions are offered as well and are provided up to a maximum of 3
years after discharge. If the need for referral to outpatient treatment is detected during

the aftercare sessions, this outpatient follow-up was planned.
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3.3.2 Outpatient treatment

Two outpatient programs were included: one at Antwerp University Hospital (UZA) and
one at Jan Palfijn Hospital (JPG) in Gent. Participants were included upon the start of the
MOT, where (similar to inpatient treatment) a dietician and pediatrician (and if required a
psychologist) are involved in the guidance. The dietician works on a step-by-step
approach to establish a sustainable healthy lifestyle, whereas the pediatrician monitors
the evolution of the obesity severity and its related comorbidities if present. Psychological
support can be provided on a patients’ or physicians’ request. Throughout the sessions,
physical activity with a minimum of one hour a day is highly encouraged. Patients are
followed clinically as long as required based on their BMI and obesity-related

comorbidities.

3.4 Clinical evaluation

3.4.1 Anthropometry
At every time point, patients’ height and weight were measured up to the nearest 0.1 cm
and 0.05 kg. The BMI was calculated as weight (in kg) over squared height (m?) and
further analyzed as the corresponding SDS, adjusted for age and gender based on
previously published Flemish growth curves (10). Additionally, waist circumference was
measured with a non-retractable tape at the midpoint between the lowest rib and the
iliac crest and hip circumference was measured at the maximal circumference around the

buttocks and the corresponding waist-to-hip ratio was calculated.

3.4.2 Blood pressure
Blood pressure was measured three times by an automated oscillometric device with the
patient in supine position. The average for the systolic and diastolic blood pressure was

determined and further analyzed as the corresponding percentile adjusted for age, sex

and height (171).
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3.4.3 Body composition
Body composition was evaluated by the Body Composition Monitor® (BCM) (Fresenius
Medical Care, St. Wendel, Germany), a device based on the principles of bioimpedance
spectroscopy. The patient was measured the morning after an overnight fast lying in
supine position with arms and legs spread. Electrodes were attached following the wrist-
ankle approach in a tetrapolar arrangement with two electrodes placed on the hands and
two on the feet (172), as seen in Figure 3.2. Age, sex, height, weight and blood pressure
were registered by the device before starting the measurement. The measurement
quality calculated by the BCM was above 80% for all measurements. Data on fat mass, fat

percentage, fat-free mass and fat-free percentage were collected.

Figure 3.2: Set-up of a measurement with the Body Composition Monitor® on a volunteer.

Reference values for children and adolescents aged 3 — 18.5 years based on age and
gender have recently been published (173), however this device was not yet validated for
the use in children and adolescents with obesity. Therefore, we compared the BCM to the

dual-energy X-ray absorptiometry (DEXA) scan in chapter 4.
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3.4.4 Fasting blood sample
3.4.4.1 Metabolic profile

A fasting venous blood sample was drawn to determine:

- the lipid profile: triglycerides, HDL, non-HDL and total cholesterol and the LDL-
cholesterol calculated by Friedewalds’ formula (e.g. total cholesterol — HDL-
cholesterol — (triglycerides/5)) (174)

- the pro-inflammatory status: hs-CRP, leukocytes

- the glucose metabolism: fasting glucose, fasting insulin, HOMA-IR (calculated as
glucose (in mg/dl) x insulin (in uU/mL) / 405)(175)

- the liver transaminases: AST, ALT, AST/ALT ratio

All analyses were performed in the central laboratory of each participating center utilizing

standardized techniques.

3.4.5 Endothelial function

Endothelial function was assessed at the microvascular level by the Endo-PAT
2000®(Endo-PAT, Itamar Medical, Caesarea, Israel). Measurements were performed after
an overnight fast and in a temperature controlled room (21-24°C) following
recommendations in children as described by Bruyndonckx et al. (176). The set-up is
depicted in Figure 3.3. The patients were placed in supine position with pneumatic finger
probes at both index fingers measuring the pulsatile pressure changes in the small
arteries. A blood pressure cuff was placed at the non-dominant arm of the patient with
the other arm serving as control. After a 5-minute baseline assessment, an occlusion
period followed where the blood pressure cuff was inflated to 60 mm Hg suprasystolic
pressure for 5 minutes. Afterwards, the cuff was deflated and a period of reactive
hyperemia occurred which was recorded for another 5 minutes. The output of an

EndoPAT measurement is shown in Figure 3.4.
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Figure 3.3: Set-up of an EndoPAT measurement on a volunteer.
Parameters of interest were:

- the maximal dilatation during the period of reactive hyperemia
- the time to maximal dilatation

- the reactive hyperemia index (RHI), of which the calculation is depicted in Figure 3.4.

wi |

(mean PWA of A)/(mean PWA of B)
Probe1 RHI=  swwrrrererrrreerrereeerereeeeeeeeeees X baseline correction factor
( mean PWA of C)/ (mean PWA of D)

RHI = reactive hyperemia index
PWA = pulse wave amplitude

Probe2

b L

00:05:00 00:15:00

Figure 3.4: Output of an EndoPAT® measurement.
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3.4.6 Sleep evaluation

Patients underwent a sleep polygraphy by a portable screening device, the Apnealink Air®
(Apnealink, Resmed, Basel, Switzerland) to screen for the presence of sleep apnea (177).
The respiratory airflow is measured by a nasal pressure cannula (detecting -10 hPa to
+10hPa), the saturation is measured by a pulse oximeter and the respiratory effort by a
pressure sensor attached around the thorax (sampling rate of 10 Hz, detecting -6 hPa to

+6 hPa). A minimum of 4 hours of good quality signal was required.

The recordings were manually scored for the presence of:

- Apneas: an interruption of airflow during at least two respiratory cycles. These
were scored as obstructive when respiratory effort was present without airflow.
An example of an obstructive apnea is shown in Figure 3.5A.

- Desaturations: a stepwise decrease in the oxygen saturation > 3%. An example of
a desaturation is shown in Figure 3.5B (dark blue color).

- Hypopneas: a 30% decrease in respiratory airflow during at least two respiratory

cycles accompanied by a 3% decrease in saturation, as shown in Figure 3.5B.

The parameters of interest were:

- The obstructive apnea-hypopnea index (oAHI) = the average an average
obstructive apneas and hypopneas per hour of sleep.
- The oxygen desaturation index (ODI) = the average number of desaturations per

hour of sleep.
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Figure 3.5: Overview of respiratory events measured by the Apnealink device. Panel A presents an
obstructive apnea. Panel B presents a hypopnea.

In the outpatient cohort of the Antwerp University Hospital, at baseline additionally a
one-night in-hospital sleep polysomnography was performed. During one night a patient
is continuously monitored by a computerized polysomnography (Brain RT; OSG, Rumst
Belgium) for a minimal period of 6 hours, including evaluation by an
electroencephalography, electrooculography, electromyography of the anterior tibialis
and chin muscles and electrocardiography. The breathing movements, reflecting the
respiratory effort, are measured by a respiratory inductance plethysmography. The
patients’ saturation is registered by a pulse oximeter placed on the patients’ fingertip and
respiratory flow is detected through a nasal pressure cannula and thermistor. These
measurements are supplemented by audio (for snoring detection) and visual monitoring
by a microphone at the suprasternal notch and an infrared camera. The parameters of

interest were the same as for the ApnealLink® registration.
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3.5 Statistical analysis

Most statistical analyses were performed with Statistical Package for Social Sciences

version 26, 27 and 28 (SPSS, NY, USA).

Normality was assessed by a Kolmogorov-Smirnov test combined with the visual
representation in a histogram and based on the sample size. Normally distributed data
were presented by the mean =+ standard deviation and skewed data as median (minimum

— maximum).

Independent groups were compared using an independent-samples t-test (2 groups,
normal distribution, equal variance), an ANOVA (2 or more groups, normal distribution,
equal variances), a Welch’s t-test (2 or more groups, normal distribution, no assumption
on variance), Mann-Whitney U test (2 groups, skewed data) or Kruskal-Wallis test (2 or
more groups, skewed data), as appropriate. For categorical data, a chi-square test was

used.

Pairwise comparisons were performed by a paired samples t-test, a repeated measures
ANOVA or a linear mixed model, depending on the number of visits and the amount of

missing data.

Pearson or Spearman correlations were used to analyze associations between two
continuous variables, as appropriate based on the distribution of the data. The
association between multiple independent variables and one dependent variable was
assessed by fitting a linear or logistic regression model based on the dependent variable
being continuous or categorical. For every regression, the partial correlation coefficients
(r), significance of each parameter and the adjusted R square (in case of linear regression)

or Nagelkerke R square (in case of a logistic regression) were reported.

For all analyses, statistical significance was set at p<0.05. More specific statistical

approaches will be described in each chapter separately.
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Chapter 4: Comparing bioimpedance
spectroscopy with dual energy X-ray
absorptiometry

This chapter is adapted from:

Comparison of bioimpedance spectroscopy and dual energy X-ray absorptiometry for
assessing body composition changes in obese children during weight loss.

Vermeiren E, Ysebaert M, Van Hoorenbeeck K, Bruyndonckx L, Van Dessel K, Van Helvoirt
M, De Guchtenaere A, De Winter B, Verhulst S, Van Eyck A.

Eur J Clin Nutr. 2021 Jan;75(1):73-84.
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4.1 Abstract

Background: Obesity and age influence the reliability of dual energy X-ray absorptiometry
scanning (DEXA) and bioimpedance spectroscopy (BIS). Both are used in clinical settings,
but have not been compared for measurements in children with obesity. We compared
DEXA and BIS for evaluating body composition and inherent changes in children with

obesity before and after a 10-month weight loss program.

Methods: DEXA and BIS were used to evaluate 130 patients at baseline and 75 at follow-
up. We tested agreement between the two techniques using Bland-Altman plots and

proportional bias using Passing-Bablok regressions.

Results: The Bland-Altman plots showed wide agreement limits before and after weight
loss when monitoring longitudinal changes. At baseline, the Passing-Bablok regressions
revealed a proportional bias for all body compartments. After significant weight loss no
proportional bias was found for fat mass and percentage, although BIS systematically
underestimated fat mass by 2.9 kg. Longitudinally, no proportional bias was found in the
measured changes of absolute fat, fat-free mass and fat-free percentage between both
methods, although BIS systematically underestimated fat and fat-free mass by 2.6 kg and

0.7 kg, respectively.

Conclusion: While BIS and DEXA are not interchangeable at baseline, the agreement
between the two improved after significant weight loss. Proportional changes in fat mass,
fat-free mass and fat-free percentage were similar for both techniques. BIS is a viable
alternative to DEXA for future pediatric obesity studies measuring treatment effect at
group levels, but is not superior to DEXA and cannot be used for monitoring individual

changes due to wide limits of agreement.
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4.2 Introduction

The obesity pandemic is growing and has become a serious public health challenge (178).
Body Mass Index (BMI), although widely used, misses the obesity diagnosis in 25% of

children. Therefore, the interest in body composition is increasing (179,180).

The dual energy X-ray absorptiometry (DEXA) scan is a regularly used method to assess
body composition (179), but it is expensive, requires the patient to lie still for 20 min, is
not portable and exposes the patient to a low dose of radiation. In patients with obesity,
the body surface of the patient can exceed the scanning area (181,182). DEXA is known to
overestimate adiposity in children with obesity as compared to a 4-compartment model
(183). The 4-C model is considered the gold standard, but is expensive, time-consuming
and therefore unfeasible in clinical practice (184). This establishes a need for accurate and
reliable techniques to measure body composition that are inexpensive and suitable for
bedside evaluation. The Body Composition Monitor® (BCM, Fresenius Medical Care,
Germany) that uses bioimpedance spectroscopy (BIS), might meet these needs. It is a
safe, easy to use, inexpensive and portable device. Comparison studies of BIS and DEXA in
adults with obesity suggest that high body fat decreases the comparability between both
methods (185). The BCM measurements are valid over a wide range of body compositions
(186). BCM integrates a volume model with a body composition model and has been
validated against DEXA for the measurement of fat and fat-free mass in healthy adults
and adults with underlying conditions (187). In children, Dasgupta et al. have validated
the volume model for determination of fluid overload and normally hydrated weight
(188). However, studies comparing the BIS-derived body composition model with DEXA in
a pediatric population with obesity, including a longitudinal follow-up, have not been
conducted. Given the prediction by Matthie et al. regarding BIS becoming the standard
for determining fat% and fat-free mass of subjects with obesity, the validity of BIS needs
to be examined in a pediatric population with obesity (189). Our objective is to compare
DEXA and BIS in children with obesity aged 8-18 years before and after weight loss and to

evaluate whether BIS can accurately track longitudinal changes in body composition.
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4.3 Materials and methods

4.3.1 Study population and design
For this study, only the data of the inpatient cohort have been used and evaluations were
planned before and after inpatient treatment. Inclusion and exclusion criteria are

described in chapter 3.2 and information on the treatment program in chapter 3.3.

4.3.2 Anthropometry and bioimpedance spectroscopy

These measurements have been described previously in chapters 3.4.1 and 3.4.3.

4.3.3 Dual Energy X-Ray Absorptiometry

A DEXA scan (Lunar Prodigy Advance, utilizing a narrow-angle fan beam technology,
encore pediatric software: version ENC V13.6, GE Healthcare, Madison, WI, USA) was
performed by a trained technician. As previously shown, this device has high
reproducibility (190,191). Patients were scanned lying supine and wearing only their
underwear. Patients were non-fasting. Data on fat mass, fat percentage, fat-free mass
and fat-free percentage were obtained. Fat-free mass was defined as lean tissue mass

plus the bone mineral content.

The scanned images were scored based on quality of the study and more specifically,
whether the scanned image covered the complete body surface. A scan was considered
incomplete when parts of the upper arm fell out of the image, even though these missing
values were extrapolated from measurements performed on the other side (192).

Complete scans were scored as zero and incomplete scans as one.
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4.3.4 Statistical analysis

An overview of the general statistical approach has been reported in chapter 3.5.

The agreement between the BCM and DEXA was evaluated using Bland-Altman plots
(193). Passing-Bablok regressions were used to investigate proportional bias between

both techniques (194). Statistical analysis was performed using XLSTAT (195).

The between-method difference (A) for each compartment at baseline was calculated and
the absolute value of this difference was taken to identify predictors of non-agreement

between both methods using linear regression models.

4.4 Results

4.4.1 Baseline assessment
One hundred and thirty patients with a mean BMI SDS of 2.7 (range 1.6 - 3.7) were
included in the study. The mean age was 14.4 + 2.2 years, and 40% of patients were male.

Patient characteristics at baseline and follow-up are shown in Table 4.1.
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Table 4.1: Patient characteristics before and after weight loss treatment

After inpatient

Baseline treatment p-value
N 130 75
Gender (G/ Q) 52/78 25/50 0.3
Age (y) 144122 153123 <0.0012
BMI SDS (SDS) 2.7 (1.6-3.7) 1.8 (0.5-2.7) <0.0013
DEXA fat mass (kg) 46.3 (22.3 - 88.1) b 27.2(8.9-49.3)2 <0.0013
DEXA fat percentage (%) 48.91+4.6° 35.8+8.7° <0.0012
DEXA fat-free mass (kg) 51.9+12.0° 49.2+10.9° 0.3?
Ezi‘:::;gfge(e/) 51.6+4.6° 64.2+8.7° <0.0012
BIS fat mass (kg) 43.1(14.4-93.8) 24.5 (8.1 -53.8) <0.0013
BIS fat percentage (%) 439+t5.8 32.7+8.2 <0.0012
BIS fat-free

41.8 (24.9 - 67.9) 41.5 (27.4-71.4) 0.019°
mass (kg)
BIS fat-free percentage 4, 417.5 56.1+10.8 <0.0012

(%)

Results are presented as mean * standard deviation or median (minimum - maximum)
IChi-square test, 2paired t-test, 3Wilcoxon sign rank test

2 p<0.05 compared with the BCM measurement at the same time point, paired t-test
b p<0.05 compared to the BCM measurement at the same time point, Wilcoxon sign rank test

Bland-Altman plots showed wide limits of agreement for all four parameters of body
composition when comparing DEXA with BIS, with a high average bias of 2.584 (95%
confidence interval [CI] 1.822-3.346) for fat mass, 4.566 (95% ClI 3.810-5.322) for fat
percentage, 8.967 (95% Cl 7.590-10.344) for fat-free mass, and 9.156 (95% Cl 8.173—

10.139) for fat-free percentage (Figure 4.1).
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Figure 4.1: Bland-Altman plots before and after treatment comparing fat mass (A,B), fat percentage (C,D), fat-free mass
(E, F), and fat-free percentage (G, H) measured by BCM and DEXA. The blue solid line indicates the mean difference and
the blue dashed lines the 95% confidence interval (Cl) around the mean. The red dashed lines indicate the mean + 1.96
SD. The black dashed line represents the linear regression line of difference.
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Passing - Bablok regressions found a proportional and systematic bias between both

methods for all four parameters of body composition (Figure 4.2, Table 4.2).
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Figure 4.2: Passing - Bablok regressions before and after treatment comparing fat mass (A,B), fat percentage (C, D), fat-
free mass (E, F), and fat-free percentage (G, H) measured by BCM and DEXA. The black dashed line indicates the
regression in case of perfect agreement. The red solid line represents the actual regression obtained by the comparison
of DEXA with BIS. The grey solid lines represent the 95% Cl around the obtained regression.
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Table 4.2: Passing - Bablok regressions comparing body composition measured by
bioimpedance spectroscopy (BIS) and dual energy x-ray absorptiometry (DEXA).

Lower Upper bound
Moment Parameter Value bound 95% PP
al 95% ClI
Baseline Fat mass (kg) Intercept -11.431 -13.967 -9.143
Slope 1.180 1.129 1.236
Fat mass % (%) Intercept -20.128 -32.075 -9.051
Slope 1.317 1.092 1.567
Fat-free mass (kg) Intercept 10.061 6.648 13.929
Slope 0.649 0.569 0.724
Fat-free % (%) Intercept -51.751 -70.787 -37.153
Slope 1.828 1.540 2.198
After Fat mass (kg) Intercept -2.946 -5.147 -0.977
treatment Slope 1.049 0.957 1.137
Fat % Intercept -1.870 -6.542 1.825
(%) Slope 0.973 0.863 1.096
Fat-free Intercept 2.251 -3.299 6.793
mass (kg) Slope 0.837 0.740 0.958
Fat-free % Intercept -28.579 -40.913 -17.989
(%) Slope 1.314 1.153 1.514
Change Fat mass Intercept -2.603 -5.211 -0.722
Over (kg) Slope 1.079 0.930 1.222
Time
Fat % Intercept 0.129 -1.611 1.628
(%) Slope 0.833 0.710 0.991
Fat-free mass (kg) Intercept -0.691 -0.927 -0.455
Slope 1.113 0.769 1.565
Fat-free % Intercept 0.114 2.422 -1.563
(%) Slope 1.045 0.902 1.244

Results in bold indicate that the slope or intércept is similar to the line of identfty (e.g. slope equéls 1; intercept equals
0).
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Age and BMI SDS were associated with the change in fat percentage (Afat%), change in
fat-free mass (Afat-free mass), and change in fat-free percentage (Afat-free%) (all p<0.05).
Age also correlated with the change in fat mass (Afat mass), while BMI SDS did not
(p=0.9). Female patients had a greater difference in fat and fat percentage between DEXA
and BIS as compared to male patients (4.86 + 2.82 kg and 6.11 + 3.58% in females as
compared to 3.49 + 2.31 kg and 4 + 2.89% in males, both p<0.01). Afat-free mass and

Afat-free% did not differ between genders (p=0.2).

A final linear regression model for the between-method difference (delta (A) values) of all
parameters is shown in Table 4.3. The combination of gender, age, BMI SDS and
completeness of the scanned image results in an explained proportion of the variance of
14.6% for fat mass, 40.5% for fat percentage, 62.2% for fat-free mass and 61.0% for fat-
free percentage. The interaction between gender and BMI SDS was a significant
contributor to the model of Afat-free mass. Therefore, the linear regression model for the
between-method difference in fat-free mass has also been made separately for boys and
girls, accounting for the proportion of the variance of 72.9 % in boys and 57.9% in girls

(Table 4.4).
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Table 4.3: Linear regression models identifying determinants of the between-method
difference at baseline.

Outcome r p-value Adjusted R?
A fat mass (kg) 0.146
Age -0.214 0.016
Gender 0.182 0.041
BMI SDS 0.203 0.022
Complete -0.223 0.012
A fat % (%) 0.405
Age -0.375 <0.01
Gender 0.318 <0.01
BMI SDS -0.058 0.5
Complete -0.261 <0.01
A fat-free mass (kg) 0.622
Age 0.549 <0.01
Gender -0.251 <0.01
BMI SDS 0.458 <0.01
Complete 0.102 0.3
A fat-free % (%) 0.610
Age 0.601 <0.01
Gender -0.203 0.022
BMI SDS 0.278 <0.01
Complete 0.210 0.018

Table 4.4: Linear regression model identifying determinants of the between-method
difference in fat-free mass at baseline for boys and girls separately.

Outcome r p-value Adjusted R?

A fat-free mass (kg)

Boys 0.729
Age 0.432 <0.01
BMI SDS 0.680 <0.01
Complete -0.204 0.2

Girls 0.579
Age 0.575 <0.01
BMI SDS 0.334 <0.01
Complete 0.237 0.04
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4.4.2 Follow-up Assessment

Seventy-five patients participated in the follow-up visit, implying a drop-out rate of 42%.
This was attributable to premature finishing of the program by 54 participants and
insufficient cooperation during the BIS measurement by one participant. At the time of
the follow-up, 12 patients had reached a normal weight, 36 remained overweight, and 27
were still classified as obese. On average, the BMI of patients had significantly reduced by
1.0 = 0.4 SDS. Table 4.1 shows the evolution of the parameters measured by BIS and
DEXA.

Baseline characteristics of age (p=0.5), gender (p=0.07), or BMI SDS (p=0.5) of those who
came for the follow-up did not differ. However, patients who dropped out had a higher
weight as compared to those who did not (mean 108.57 + 25.86 kg and 99.39 + 22.95 kg,
respectively; p=0.04). Those who dropped out also had a higher DEXA-measured fat-free
mass than those who did not (mean 51.17 + 12.31 kg and 46.78 + 10.90 kg, respectively;
p=0.04).

The fat mass, fat percentage, fat-free mass and fat-free percentage measured by BIS
correlated strongly and significantly with the corresponding DEXA scan measurements (r

=0.926, SE 0.043, r = 0.849, SE 0.057, r = 0.805 SE 0.059, r = 0.830 SE 0.061, all p<0.01).

The Bland-Altman plots found wide limits of agreement, although the average bias
diminished when compared with the baseline for fat mass (1.908; 95% Cl 1.024 - 2.792),
fat percentage (3.11; 95% Cl 2.130 - 4.091), fat-free mass (6.436; 95% Cl 5.169 - 7.703),
and fat-free percentage (8.103; 95% ClI 6.806 - 9.399) (Figure 4.1). No proportional
differences were found by the Passing - Bablok regression analysis for fat mass and fat
percentage, although BIS underestimated the fat mass by 2.9 kg on average as compared

to DEXA (Figure 4.2, Table 4.2).

Female patients had a higher between-method difference for fat percentage compared to

male patients (4.18 = 4.09% and 0.98 + 3.85, respectively, p<0.01). No gender differences
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were found for the between-method differences in fat mass (p = 0.052), fat-free mass

(p=0.3) and fat-free percentage (p=0.5).

The differences between BCM and DEXA for measurement of fat-free mass and fat-free
percentage were lower in participants with a normal weight and overweight when
compared with patients with obesity (p<0.01), with an average bias of 3.7 £ 3.3 kg (5.7
5.2%) in patients with a normal weight and 4.5 + 3.5 kg (6.5 + 4.6%) in patients with

overweight as compared to 10.4 £ 6.5 kg (11.4 £ 5.9%) in patients with obesity.

4.4.3 Longitudinal changes in body composition

To assess whether both methods equivalently report longitudinal changes in body
composition, the differences between baseline and follow-up were calculated for each
parameter. Subsequently, the differences detected in each compartment were compared
between both methods.

As observed earlier, highly significant correlations were obtained for each body
compartment measured by both BIS and DEXA (all p<0.01). Strong correlations were
found between fat mass (r = 0.875, SE 0.055), fat percentage (r = 0.782, SE 0.073), and
fat-free percentage (r = 0.788, SE 0.086). A weak to moderate correlation was found for

fat-free mass (r = 0.439, SE 0.107) as measured by DEXA and BIS.

The Bland-Altman plots found wide limits of agreement for the changes in fat mass, fat
percentage, fat-free mass, and fat-free percentage. No systematic bias was found in the
measurement of fat-free percentage, with an average bias of 0.607 (95% Cl 0.383 -
1.597). A positive bias was found for fat mass (1.112; 95% Cl 0.197 - 2.028), fat
percentage (1.886; 95% Cl 0.955 - 2.818) and fat-free mass (1.693; 95%Cl 0.651 - 2.736).
Passing - Bablok regressions analysis showed no proportional bias for fat mass, fat-free
mass, and fat-free percentage, although BIS underestimated fat mass and fat-free mass
(Figure 4.3, Table 4.2). No gender differences were found in the longitudinal changes

measured between both methods.
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Figure 4.3: Bland-Altman plots and Passing - Bablok regressions comparing the longitudinal changes in fat mass (A,B),
fat percentage (C,D), fat-free mass (E, F), and fat-free percentage (G, H). In the Bland-Altman plot, the blue solid line
indicates the mean difference and the blue dashed lines the 95% Cl around the mean. The red dashed lines indicate the
mean + 1.96 SD. In the Passing - Bablok regression, the black dashed line indicates the regression in case of perfect
agreement. The red solid line represents the actual regression obtained by the comparison of DEXA with BIS. The grey
solid lines represent the 95% Cl around the obtained regression. The black dashed line represents the linear regression
line of difference.
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4.5 Discussion

Our findings suggest that DEXA and BIS are not interchangeable methods of measuring
body composition in a pediatric population with obesity. After an inpatient weight loss
program, all participants had reduced BMI SDS, but most were still overweight. The
agreement between body composition measurements improved at follow-up, but the
overall results showed an underestimation of fat mass and an overestimation of fat-free

mass by BIS as compared to DEXA.

The results of our baseline and follow-up comparisons are in agreement with a previous
study concluding that BIS (Xitron Hydra 4000B) underestimates fat mass in children with
overweight as compared to DEXA (Lunar-DPX-L) (196). Similar results were found in adults
with obesity when comparing BIS (Xitron Hydra 4200 and Impedimed SFB7) to Prodigy
DEXA (197-199). With respect to fat-free mass, the results in literature are more
ambiguous. Ellegard et al. found no significant differences between fat-free postpartum
mass measurements from women with obesity using BIS (Xitron Hydra 4200) and Prodigy
DEXA, although there were wide limits of agreement at the individual level (197).
Whereas in men with overweight or obesity, BIS (Impedimed SFB7) overestimated fat-

free mass when compared with Prodigy DEXA (198).

Previous studies comparing BCM with Prodigy DEXA have been conducted in adults and
revealed similar between-method differences for fat mass and fat percentage, as seen in
our study at the follow-up assessment. They reported an average underestimation of fat
mass determined by BIS, ranging from 0.5 - 3.1 kg, compared to DEXA in healthy adults
and adults with liver, renal or oncological diseases (187,200-203), and an
underestimation of fat percentage by 1.78% (202). Females showed a larger difference in
fat percentage estimates than males, which was consistent with our findings (202). The
mean BMI in these studies ranged from 25.4 - 28.0 kg/m? which is similar to the BMI of

our population at follow-up.
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Our bias in fat-free mass was much larger than those reported in two studies on dialysis
patients, but these studies calculated fat-free mass differently (201,203). At follow-up,
the bias in fat-free mass and fat-free percentage was significantly lower in normal and
overweight patients compared to patients with obesity. Therefore, BMI seems to be an
important confounder. Indeed, the influence of BMI on the agreement between DEXA

and BIS has previously been reported in other studies (196,202,204,205).

In children with a normal weight, the overestimation of fat percentage by Hologic QDR-
2000W DEXA compared to the 4-C model varies from 1.13 - 3.9% (206,207). In children
with overweight and obesity, the average overestimation of fat percentage measured by
a Prodigy DEXA scan, as compared to a 4-C model, was 1.9% (95% limits of agreement 2.1
- 5.9) (208). Our values indicating an underestimation of fat percentage by BIS compared
to DEXA are within the range that DEXA overestimates the fat percentage compared with
the 4-C model (even in normal weight children), implying that the difference found at

follow-up might be due to an error of DEXA rather than BIS.

Multiple explanations can be found for the lack of agreement at baseline. First, most
subjects had an anteroposterior thickness of > 20 c¢cm, which amplifies the error in
measuring fat and fat-free mass by DEXA due to beam hardening (182,209,210). Second,
most individuals had a body surface exceeding the scanning area at baseline. Although
the values for missing body parts are estimated by the scanner software based on the
fully scanned parts, the reliability of the initial measurements might be low. After weight
loss, most of the scanned images covered the entire body surface, which might partly
explain the better agreement seen in this case. In contrast with other studies (182), we
have incorporated completeness of the scan as a predictor of the between-method
differences at baseline. This was found to be significant for estimating the difference in
fat mass, fat- and fat-free percentage in both genders and fat-free mass in girls between

BIS and DEXA.
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Third, DEXA and BIS assume a fixed hydration of soft tissues (211,212). The hydration
keeps declining from 4 years of age until 20 years of age and increases in parallel with
increases in adiposity (213,214). Moreover, alterations in extracellular water content only
result in small effects on the DEXA-derived fat mass (215). BCM is corrected for BMI, but
uses adult hydration references. The use of the adult references might also influence the
comparability between both methods, although obesity seems to be the largest
contributor to the lack of agreement, as can be inferred by the improved agreement after

weight loss and smaller bias in fat-free mass in the normal weight group.

It has to be kept in mind that BCM was originally developed to assess the hydration status
(216), although recently, it is increasingly being used for nutritional assessment as well
(217). Using BIS, the measured resistance has been implemented in volume and body
composition models. The volume model uses programmed software and the mixture
theory with anthropometric measurements and certain assumptions to estimate total
body water (TBW), intracellular (ICW), and extracellular water (ECW). Lean tissue, adipose
tissue and overhydration (OH) are then calculated based on the determined ECW and
TBW (186). We have used fat- and fat-free mass instead, because the adipose tissue mass
as reported by BCM also contains adipose water (201). Individuals with excess adipose
tissue have a higher extracellular water content (218) and alterations in body water can
influence the DEXA-derived estimates of fat-free mass (219). This could enhance the bias
between both methods if the extra body water had been assigned to the fat mass by the

BCM.

We did not find any proportional biases between BIS and DEXA for the longitudinal
changes in fat-free percentage, fat and fat-free mass induced by weight loss. Studies in
bariatric surgery patients found that the degree of fat loss was associated with an
overestimation of loss of TBW by BIS (Xitron Hydra 4200), caused by rapid and acute fluid

shifts elicited by the severe weight loss (220).
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Thomson et al. investigated women with overweight and obesity before and after a 10-
week weight loss intervention and reported a good agreement between BIS (Impedimed
SFB7) and Lunar Prodigy DEXA in assessing changes in body composition and found no
significant differences in the fat percentage, fat and fat-free mass measured (221). This
suggests that BIS might be more accurate in interventions with a slower weight loss. In
our study, patients were measured after 10 months of weight loss resulting in an average
BMI SDS decrease of 1.16 £ 0.33 SDS. Previous studies in the same center report a mean
decrease of BMI SDS ranging from 0.76 - 0.86 SDS after 5 months (98,222). This suggests
that the highest weight loss takes place in the first few months and that there is still some
weight loss at a slower rate during the second part. Following the assumption of Thomson
and colleagues (48), BIS can be used for assessing body composition longitudinally in
these interventions where the weight loss occurs more slowly as opposed to rapid

surgically-induced weight loss.

A few limitations of our study need to be considered. First, we had a drop-out rate of 42%
at the follow-up assessment, which is in line with previous data (223). Since the
population lost to follow-up only differed significantly in weight and DEXA-measured fat-
free mass, we believe that the remaining follow-up population represented a
considerable proportion of the initially included population. A bias between both
methods at baseline was also observed only when the group that finished the program
was analyzed. Secondly, as per protocol we performed only one BCM measurement, and
a second one only in cases where the quality was < 75%. A previous study performed in
20 healthy children using BCM reported high intra- and interrater intraclass correlation
coefficients for fat mass and fat-free mass, suggesting limited variability between multiple
measurements and technicians (224). High in vivo reproducibility was also found in a
study of Wabel and colleagues (225). Third, BCM relies on adult reference values, which is
a limitation when using this equipment in children. If age-specific adipose tissue hydration
parameters were introduced, it could extend the applicability to children for

determination of excess fluid (216).
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Our goal was to evaluate body composition measurements based on ECW and TBW, not
OH. Using adult references can induce errors in body composition results since the
ECW/ICW ratio might differ in children (213). Since both measurements were only 10
months apart, we expected a very limited age-related change in hydration status between
both assessments, resulting in a similar error in the determination of body composition at
both timepoints. Calculating the changes in body composition might overcome this
limitation. Apart from age, our follow-up population is very similar to the one used to
initially create the model concerning fat percentage, fat-free mass, and BMI (216). The
similarity makes this an interesting pediatric population in which to assess the validity of
BCM. Fourth, devices and software versions might differ in their body composition
estimates. We therefore referred mostly to studies using the same devices for DEXA and
BIS measurements, although we used a pediatric DEXA software unlike in adult studies.
Besides the technological differences between BIS and DEXA, the software used to
analyze the tissue attenuation might be an additional confounder in the agreement
between DEXA and BIS. Finally, since there was high individual variability, as shown by the
wide limits of agreement on the Bland-Altman plots, these data should not be used for
interpretation on an individual level. Nevertheless, when considering the longitudinal
results on a group level in a pediatric population with obesity, BIS might be an interesting

technique to use, although both BIS and DEXA have their limitations.

Since there are very limited studies on the usability of BIS to track changes in body
composition, these results will need to be confirmed by larger studies. Furthermore, the
comparison of BIS with the real gold standard, the 4-C model, in a pediatric population
with obesity would allow for a more definite conclusion. However, this is difficult to
achieve in routine clinical practice due to the need for specialized equipment, time and

trained technicians to perform these investigations.

The results of this study offer a first step towards implementing BCM in the clinical
pediatric obesity research field. This would be of great value since BIS is an inexpensive

and simple technique.
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4.6 Conclusion

The agreement between DEXA and BIS improved after weight loss in children with
obesity. However, a trend of underestimation of fat mass and overestimation of fat-free
mass by BIS was observed. Both methods report the proportional changes in body
composition during weight loss treatment in a similar manner for fat-free percentage and
fat- and fat-free mass, although the latter two are systematically underestimated by BIS.
These findings suggest that BIS might be an interesting, but not superior, alternative to
DEXA for future research on pediatric obesity in which changes in body composition are
measured at a group level. However, these results should not be used for monitoring

individual changes.
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Chapter 5: The ‘WELCOME’ trial

This chapter is adapted from

Improving treatment outcome in children with obesity by an online self-control training: a
randomized controlled trial

Vermeiren E, Naets T, Van Eyck A, Vervoort L, Ysebaert M, Baeck N, De Guchtenaere A,

Van Helvoirt M, Tanghe A, Bruyndonckx L, De Winter B, Verhulst S, Van Hoorenbeeck K,
Braet C.

Front. Pediatr. 2021 Dec 23: 9: 794256
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5.1 Abstract

Background: Currently available treatment programs for children with obesity only have
modest long-term results, which is (at least partially) due to the poorer self-control
observed within this population. The present trial aimed to determine whether an online
self-control training, training inhibition and redirecting attentional bias, can improve the
short- and long-term treatment outcome of (in- or outpatient) pediatric obesity

treatment programs.

Methods: In this double-blind multi-center randomized controlled trial, participants aged
8-18 years with obesity were allocated in a 1:1 ratio to receive an online self-control or
sham training added to their in- or outpatient multidisciplinary obesity treatment
program. The primary endpoint was BMI SDS. Data were analyzed by linear mixed models
and the main interactions of interest were randomization by time and randomization by
number of sessions, as the latter was cumulatively expressed and therefore represents

the effect of increasing dose over time.

Results: 144 inpatient (mean age 14.3 + 2.2 years, BMI 2.7 + 0.4 SDS, 42% male) and 115
outpatient children (mean age 11.9 *+ 2.1 years, BMI 2.4 + 0.4 SDS, 45% male) were
included. Children’s BMI lowered significantly during treatment in both the in- and
outpatient treatment centers, p<0.001. In a mixed model with BMI as dependent variable,
randomization by time was non-significant, but the number of self-control trainings
(randomization*number of sessions) interacted significantly with setting and with age
(p=0.002 and p=0.047), indicating a potential effect in younger inpatient residents.
Indeed, a subgroup analysis on 22 inpatient children of 8-12 years found a benefit of the

number of self-control trainings on BMI (p=0.026).

Conclusion: The present trial found no benefit of the self-control training in the entire
study population, however a subgroup of young, inpatient participants potentially

benefited.

68



Chapter 5: The ‘WELCOME’ trial

5.2 Introduction

As already described in chapter 1.3.2, the current long-term outcomes of the childhood
obesity treatment programs could be improved (130,131). Interestingly, current evidence
reports an important association between self-control and weight evolution during and
after treatment (77,155). This self-control, resulting from the balance between bottom-up
reactivity and top-down executive functioning, is often reduced in children with obesity
(149,226) and might therefore be an interesting potential treatment target in children
with obesity to improve the outcomes of current treatment programs, as highlighted in
chapter 1.3.3. Preceding ‘in-lab’ studies have already provided some scientific evidence
for the trainability of these different neuropsychological processes (141,156-159),
however the translation and validation of these ‘in-lab’ findings to real-world clinical

application has not yet been made.

This rationale led to the development of the “‘WELCOME’ trial, which stands for ‘improving
WEight controL and CO-Morbidities in children with obesity via Executive function
training’. The present trial explored the effect of a self-control versus a sham training
added to a multidisciplinary obesity treatment (MOT) program. This is the first
randomized controlled trial assessing the ‘real-world’ effectivity (as opposed to the ‘in-lab
evaluation’) of a combined self-control training (training both inhibition and attention)
across different treatment settings (e.g. in- and outpatient) in a large sample of
treatment-seeking children with obesity distributed over a broad age range (8-18 years).
Furthermore, the present trial evaluated both short- and long-term BMI outcome and

self-control.
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We hypothesized that

1) the group with the self-control training would have a better BMI outcome
compared to the group with the sham training. Here, effects of interest are:
- the interaction of randomization (self-control vs sham training) by time
- the interaction of randomization (self-control vs sham training) by number of
sessions, as the latter incorporates the impact of the dose-response relation

over time as ‘number of sessions’ is cumulatively expressed.

The decision to incorporate the number of sessions was based on a recent meta-analysis
indicating that the number of sessions modulated the training effect (227). Furthermore,
age, gender and treatment setting could likely influence the training effects and are

therefore incorporated and controlled for in the analyses.

2) The training, when effective on BMI reduction, would result in training-related
improvements in self-control. We specifically look at training-related

improvements in self-control, as MOT itself improves behavior control (138).
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5.3 Methodology

5.3.1 Study design and participants

A double-blind multi-centered randomized controlled trial (RCT) was conducted to
objectify the added value of a bottom-up and top-down self-control training on top of the
currently existing MOTs. Randomization was performed by an online program (QMinim
(228)). Patients were randomized by a 1:1 allocation rate based on pretreatment age, sex
and BMI SDS to receive either the self-control or the sham training. The training was

added after the second study visit (T1) as depicted in Figure 5.1.

After boosb
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Figure 5.1: Visual representation of the study design by setting. T=timepoint, MOT = multidisciplinary obesity
treatment, FU=follow-up, SC = self-control.

The trial was registered at the ISRCTN register (n°ISRCTN14722584).

The participant in- and exclusion criteria are reported in chapter 3.2 and the content of

the multidisciplinary treatment programs in chapter 3.3.
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5.3.2 Self-control training
The self-control training consisted of a computer training containing a bottom-up
attention training and a top-down inhibition training, an example of both is depicted in

Figure 5.2.

Figure 5.2: the left picture is an example of the dot-probe task, used for bottom-up attentional bias and the right
picture of a go and no-go trial in the go/no-go task used to train top-down inhibitory control.

For the attention training, the Dot Probe task was used (229). First, a white cross was
shown. Subsequently, two stimuli (food or neutral objects) were shown and followed by
the appearance of a white dot at the location of the stimulus when these pictures were
removed. Patients were asked to locate the dot and press ‘e’ or ‘i’, when the white dot
was presented on the left (‘e’) or right (‘i’) side of the screen. In congruent trials, the dot
was located at the same side of the salient (food) stimulus. In incongruent trials, the dot
was located at the opposite side (at the location of the neutral stimulus). In the self-
control training, 90% were incongruent trials where the dot appeared at the opposite side
of the food stimulus, aiming to reduce this selective attentional bias by presenting the dot
on the opposite side of the screen as where the ‘attention drawing’ cue is presented

(229). This ratio was 50/50 in the sham training.
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The inhibition training relied on a Go/No-Go (GNG) task (230), where a picture of a
neutral or unhealthy food stimulus was accompanied by a “go” or “no-go” cue (in this
case a letter, p or q). Rapid responses were evoked in “go trials”, in which patients
needed to respond by pressing the spacebar as fast as possible when the “go”-stimulus
was presented. In “no-go trials”, patients were required not to react. In the experimental
training, 90% of the “no-go” trials were accompanied by a picture of unhealthy food,
aiming to restrain impulsive responses towards unhealthy food stimuli (230). In the sham
training, only 50% of the no-go trials were accompanied by an unhealthy food picture

(and 50% with a neutral stimulus).

The online self-control training was provided in two phases: the intensive training phase
and the booster phase (see Figure 5.1). The intensive phase was introduced after T1.
Here, patients were required to complete 12 sessions, two sessions a week for six weeks
until T2. After T2, booster sessions were started at a frequency of one session a week for
eight weeks, till T3. Every training session had a duration of 30 minutes. In a final follow-

up (T4) weight and length were collected.

The training software was developed by ImplicitMeasures.com (Ghent, Belgium).

5.3.3 Outcome measures

5.3.3.1 Anthropometry

The primary endpoint was BMI SDS. To rule out a possible underestimation of changes in
BMI with BMI SDS in children with severe obesity (231), we have repeated the main
analysis with BMI expressed as a percentage of the 95" percentile as recommended by
Freedman et al (232,233). The collection of the anthropometric data is documented in

chapter 3.4.1.
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5.3.3.2 Self-control assessments

Secondary, training-related improvements in self-control were studied.

1)

2)

3)

Bottom-up reactivity: DEBQ: the Dutch Eating Behavior Questionnaire (234).
The DEBQ is a self-report questionnaire that explores bottom-up reactivity in
three different maladaptive eating styles within subjects, i.e. emotional eating,
external eating and restraint eating (234). In this study, the focus will be on
emotional eating and external eating (eating in reaction to external stimuli). A

higher score indicates more maladaptive eating.

Top-down: ECS: Effortful Control Scale (235). The ECS is a self-report
questionnaire that measures top-down self-control. A total effortful control
score, as well as two subscale scores can be calculated: “lack of impulsivity”
(reflecting general inhibition capacities) and “persistence” (reflecting low
distractibility). Only these two subdomains will be further analyzed. A higher

score indicates more problems with self-control.

BRIEF: Behavior Rating Inventory of Executive Functioning (BRIEF) (236),
completed by the parents. The BRIEF is developed for assessment of top-down
executive functioning as a self-report (for children older than 11), parent or
teacher report. It contains a total score as well as 8 subscale scores: inhibition,
shifting, emotional control, initiation, working memory, planning/organizing,
organizing of materials and monitoring. The first three subscales form the
“behavior regulation” index and the last five subscales the “metacognition”
index. In this study, only the total score, the inhibition subscale and the
behavior regulation factor are used. A higher score indicates more difficulties

with executive functioning.
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5.3.4 Statistical analysis

Based on a power calculation suggesting an effect size of f=0.10, a total number of 180
patients randomized 1:1 was required to detect a significant effect on BMI with a power
of 0.80. A drop-out of 10% was expected, hereby needing 200 participants for inclusion.
Due to a higher-than-expected drop-out, 59 additional participants were included (44

inpatient, 15 outpatient).

To detect changes in the outcome variables, i.e. BMI and different domains of self-
control, a simple linear mixed model with only time and a random intercept was created.
If a significant change over time of the outcome was found, further in-depth analysis was
carried out using a second linear mixed model including a random intercept per subject
with randomization (self-control or sham), gender, setting (in- or outpatient) and time
(TO,T1,T2,T4) as fixed factors and age at baseline and number of sessions (ranging from 1

to 20) as fixed covariates, including all their possible interactions.

The number of sessions was cumulatively expressed and therefore increases over time.
Therefore, besides the interaction randomization by time, the interaction randomization
by number of sessions is of particular interest as this incorporates the impact of the
increasing number of sessions on the experimental or control group over time (dose-

response relation).

Timepoint T3 was excluded from this analysis, as only 20 inpatient participants attended
this visit. Patients were excluded from the mixed model analysis if they never completed
a single session as otherwise an effect of randomization condition would be assigned

although they were never exposed to the self-control or sham training.
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5.4 Results

5.4.1 Descriptive statistics

In total, 259 patients were included of which 144 participated in the inpatient and 115 in
the outpatient program. The participants from inpatient care were older, had a higher
BMI SDS and higher %BMI of the 95t percentile, had a higher score on baseline emotional
eating and were more impulsive compared to the patients in the outpatient care, all
p<0.001. Both groups were comparable for gender and other self-control-related
characteristics (see Table 5.1A). There were no differences in baseline age, gender, BMI
metrics or self-control between the group with the self-control training and the group

with the sham training (see Table 5.1B).

Table 5.1: Baseline characteristics of patients in an inpatient setting and patients in an
outpatient setting (A), of patients in the sham and patients in the self-control training

group (B).

Table 1 A) Inpatient (n=144) Outpatient (n=115) p-value
Age (years) 14.3+2.2 11.9+2.1 <0.001
Q/T 84/60 63/52 0.7
BMI SDS 27+04 24+04 <0.001
%BMI p95 140.3 £21.0 128.4 +16.3 <0.001
ECS: lack of 34.0£8.0 38.1t6.7 <0.001
impulsivity

ECS: persistence 41.5+8.4 43.5+8.4 0.1
BRIEF: total score 118.9+27.0 117.1+£28.5 0.7
BRIEF: inhibition 145+4.2 13.7+4.4 0.2
BRIEF behavior 42.7+11.0 41.6+11.4 0.5
regulation factor

DEBQ: external eating 30.9+8.7 28.8+6.2 0.054
DEBQ: emotional 33.0t£14.0 24.7 £11.2 <0.001
eating
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Table 1B) Self-control training Sham training (n=86)
(n=90)
Age (years) 13.2+2.6 13.0+2.5 0.7
/3 53/33 53/37 0.8
BMI SDS 25+04 25+04 0.6
%BMI p95 132.5+16.9 132.0+18.7 0.8
ECS: lack of impulsivity 36.1+6.7 36.0+8.0 0.9
ECS: persistence 43.4+8.4 40.9+8.0 0.1
BRIEF: total score 116.6 £ 28.0 118.6 +26.7 0.7
BRIEF: inhibition 13.6t4.1 142 +4.0 0.4
BRIEF: behavior 41.2+11.4 42.2+10.5 0.7
regulation factor
DEBQ: external eating  30.4 +8.3 30.0+£7.5 0.7
DEBQ: emotional 283+12.4 323+144 0.1
eating

ECS = effortful control scale, BRIEF = Behavior Rating Inventory of Executive Functioning, DEBQ=Dutch Eating Behavior Questionnaire

5.4.2 Participant flow

The participant flow throughout the study is depicted in Figure 5.3.

Figure 5.3: Flowchart of the evolution of the study participants by setting. * 3 participants were admitted to a
psychiatric hospital during treatment and 2 no longer wished to start the training. ** all data of patients that dropped
out prematurely or have not yet completed the last visit were included in the analysis until the last documented visit.
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Inpatient, the highest drop-out was situated before the training started, during the first
part of the inpatient treatment program (T0-T1) where 37.5 % (54 out of 144 participants)
dropped out. The patients that left the inpatient treatment prematurely did not differ in
baseline characteristics regarding age (p=0.3), gender (p=0.3), BMI SDS (p=0.1) or self-
control (p=0.1) from those that completed the entire program, except for absolute BMI
(38.3 + 35.6 kg/m? in patients dropping out compared to 35.6 = 5.6 kg/m? in patients
completing the program, p=0.005) and BMI% relative to the p95 (146.3 = 24.0%
compared to 136.4 + 17.8%; p=0.009). Drop-out at follow-up (T4) resulted in a group of
44 participants that was younger and had a lower obesity severity than those lost to
follow-up, witnessed by a mean age of 13.5 + 2.3 compared to 14.7 + 2.0 years (p=0.003),
and a mean baseline BMI of 37.6 + 6.4 kg/m? vs 34.6 £ 5.3 kg/m? (p=0.003), a mean BMI%
of the p95 of 142.8 + 22.2% vs 134.9 + 17.1% (p=0.02) and a mean BMI SDS of 2.6 + 0.4
compared to 2.8 £ 0.4 (p=0.02). There was no difference in terms of gender and self-
control between the 44 participants that completed the entire study compared with
those that dropped out prematurely, except for a higher lack of impulsivity score of 32.8
+ 8.2 in the patients that dropped out compared to 36.3 + 7.0 in the patients that

completed the study; p=0.014.

Outpatient, the largest drop-out (39.5%) was found between T1 and T2 at the start of the
training sessions, as only 52 out of 86 participants (60.5%) started the training sessions.
There was no difference in age (p=0.3), BMI metrics (p>0.4), gender (p=0.8) and self-
control (p>0.1) or initial BMI reduction (p=0.6) between the participants that started the
training sessions and those that did not, except for more emotional eating in those
starting the training compared to those who never trained (27.8 = 12.7 compared to 22.1
+ 9.0; p=0.042). Of these 52 patients, 42 completed the entire study. These 42 patients
were comparable in pretreatment age (p=0.3), BMI metrics (p=0.8), gender (p=0.95) and
any domain of self-control (p>0.1) to those that did not start the training or dropped-out

before finishing the study.
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There was no difference in drop-out between the group with the self-control training and

the sham group (p=0.3). Participant flow by randomization condition is shown in Figure

5.4.
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Figure 5.4: Flowchart of the study participants by allocated treatment group

In the self-control group, the 48 patients attending the last study visit were comparable
to the 42 not attending in obesity severity (p>0.6), male-to-female ratio (p=0.3),
distribution across treatment settings (p=0.8) and any self-control measures (p>0.2),
except age as those not attending were significantly older with a mean age of 13.7 £ 2.6
years compared to 12.7 £ 2.4 years compared to those attending the last study visit,
p=0.047. In the sham group, the 38 patients completing the entire study did not differ in
age (p=0.1), obesity severity (p>0.1), gender (p=0.5), distribution across treatment

settings (p=0.8) or any self-control measures (p=>0.2) from the 46 patients not attending

the last study visit.
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5.4.3 Training adherence

In the inpatient center, 97% of patients started with the intensive phase training sessions.
After returning home from inpatient treatment, only 19% continued with the boosters. In
the outpatient setting, 60% started the intensive phase training sessions, and solely 28%

started the booster sessions.

Patients completed on average 7 * 4 sessions, and there was no difference in number of
executed sessions between both settings (7 = 3 sessions inpatient compared to 8 £ 5
sessions outpatient; p=0.4), nor between both randomization conditions (p=0.1) or based
on gender (p=0.9). However, an inverse correlation was found between age and number
of sessions (r=-0.282, p<0.01). No significant associations were found between any of the
self-control variables (measured by the DEBQ, ECS or BRIEF) and the number of sessions

performed (all p>0.2).

5.4.4 Training effect on BMI reduction

In both settings, the participants’ BMI decreased significantly throughout treatment as
tested with a simple linear mixed model including time only, p<0.001 (see Figure 5.5A),
but no significant differences in BMI could be demonstrated between the sham and self-

control condition at any time point (see Figure 5.5B).
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Figure 5.5 shows the BMI trajectory of the participants by setting (inpatient and outpatient - panel A) and by
randomization condition (panel B). In panel A, the BMI decreases significantly over time in both settings, as shown by a
simple linear mixed model with a time variable and a random intercept. Panel B depicts a similar decrease in BMI
between the group treated with the sham training versus those treated with the self-control (SC) training when solely
looking at the randomization condition. At none of the study visits, a statistically significant difference between the
sham vs self-control group was found, tested with an independent sample’s t-test and mixed model.
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Next, we ran a mixed model analysis on the 139 participants that completed at least one
session. The two main interactions of interest were not significant: randomization by time
(p>0.3) or randomization by number of sessions (p=0.1), which was confirmed by
analyzing the data as percentage relative to the 95™ percentile with p>0.2 for

randomization by time and p=0.8 for randomization by number of sessions.

After removal of non-significant terms, a final model was obtained (see Table 5.2A)
containing two significant three-way interactions: randomization by number of sessions
by setting (p=0.002) favoring residential treatment and randomization by number of
sessions by age (p=0.047) favoring younger age, hereby suggesting an effect in a

subgroup.
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Table 5.2 A) Linear mixed model to predict the evolution of BMI SDS over time on the
entire population by setting, gender, randomization, time, age and number of sessions
(n=139).

Parameter Estimate Standard error p-value 95% Confidence Interval
Lower Upper
Bound Bound
Intercept 2.77 0.68 <0.001 1.44 4.11
Setting -1.03 0.83 0.2 -2.66 0.60
Gender -1.69 0.74 0.024 -3.15 -0.23
Randomization -0.12 0.42 0.8 -0.95 0.71
TO 0 0
T1 -0.10 0.039 0.011 -0.18 -0.02
T2 -0.18 0.048 <0.001 -0.28 -0.09
T4 -0.19 0.061 0.002 -0.31 -0.07
Age -0.036 0.060 0.5 -0.15 0.08
Number of sessions -0.023 0.019 0.2 -0.06 0.01
Setting * gender 2.00 0.98 0.044 0.06 3.94
Setting * randomization -0.06 0.18 0.7 -0.42 0.29
Setting * TO 0
Setting * T1 -0.98 0.05 <0.001 -1.08 -0.88
Setting * T2 -0.68 0.08 <0.001 -0.84 -0.52
Setting * T4 -0.30 0.09 0.002 -0.48 -0.11
Setting * age 0.097 0.07 0.2 -0.04 0.23
Setting * number of -0.01 0.01 0.3 -0.03 0.01
sessions
Randomization * age 0.01 0.03 0.8 -0.06 0.08
Randomization * -0.04 0.03 0.2 -0.09 0.01
number of sessions
Gender * age 0.15 0.06 0.025 0.02 0.27
Age * number of 0.0014 0.002 0.4 -0.002 0.005
sessions
Setting * gender * age -0.16 0.08 0.046 -0.31 -0.003
Setting * randomization -0.03 0.01 0.002 -0.05 -0.012
* number of sessions
Age * randomization * 0.005 0.002 0.047 0.00006 0.01

number of sessions

Parameters indicated in bold are significant. For factors, one category was used as the reference category and has coefficient 0, whereas the
other category has a coefficient, that does not equal 0. This is illustrated in the table by the factor time, where TO is used as a reference and has
coefficient 0, whereas the other timepoints T1-T4 have a coefficient that describes the difference from T0. The documented coefficients in this
table apply to the inpatient participants for setting (as compared to the outpatient participants that have coefficient 0), the girls for gender
(compared to boys), the group provided with a self-control training for randomization (compared to the sham group). Number of sessions
applies to all sessions performed, both the real self-control trainings, as the trainings offered to the control group.
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An exploratory subgroup analysis indeed confirmed more BMI SDS reduction in 8- to 12-

year-old inpatient-treated children in the self-control group compared to the sham group

when considering the dose-response relation, as demonstrated by a significant

interaction between randomization and number of sessions (p=0.027, see Table 5.2B and

Figure 5.6).

Table 5.2 B) Subgroup analysis in 8- to 12-year-old children in residential care (n=22). Linear mixed
model to predict the evolution of BMI SDS over time by randomization condition and number of

training sessions.

Parameter Estimate
Intercept 241
T0 0
T1 -0.97
T2 -0.35
T4 -0.0015
Randomization -0.046
Number of sessions -0.070
Randomization* -0.030

number of sessions

Standard

error

0.13
0
0.072
0.37
0.40
0.18
0.045
0.013

P-value

<0.001

<0.001
0.3
0.997
0.8

0.1
0.027

Lower

bound

95% Cl
2.14

-1.13
-1.088
-0.81
-0.41
-0.16
-0.056

Upper bound
95% CI

2.68

-0.83
0.38
0.80
0.32
0.019
-0.0035

Parameters indicated in bold are significant. For factors, one category was used as the reference category and has coefficient 0,
whereas the other category has a coefficient, that does not equal 0. This is illustrated in the table by the factor time, where TO is used
as a reference and has coefficient 0, whereas the other timepoints T1-T4 have a coefficient that describes the difference from T0. The
documented coefficient in this table for randomization applies to the group provided with a self-control training for randomization
(compared to the sham group). Number of sessions applies to all sessions performed, both the real self-control trainings, as the

trainings offered to the control group.
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Figure 5.6: visual representation of the predicted evolution of BMI SDS in a subgroup of children aged 8-12 years old
treated in residential care. This graph is based on the model in Table 2B, showing the most preferable BMI SDS
evolution in those receiving the most sessions of the self-control training witnessed by the significant interaction of
randomization by number of sessions (p=0.027).

When repeating the analyses with the BMI percentage relative to the 95 centile, again a
positive effect of the number of self-control trainings (interaction randomization*number

of sessions) was found, although this effect was (borderline) non-significant (p=0.08, see

Table 5.2C).
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Table 5.2 C) Subgroup analysis in 8- to 12-year-old children in residential care (n=22). Linear mixed
model to predict the evolution of BMI percentage of the 95 centile over time by randomization
condition and number of training sessions.

Parameter Estimate Standard P-value Lower Upper bound

error bound 95% ClI
95% CI

Intercept 127.55 3.35 <0.001 120.26 134.84

TO 0 0

Tl -29.64 1.92 <0.001 -33.47 -25.81

T2 -19.21 9.82 0.055 -38.85 0.43

T4 -11.30 10.73 0.3 -32.76 10.16

Randomization -2.54 4.84 0.6 -12.54 7.47

Number of sessions -1.22 1.19 0.3 -3.60 1.16

Randomization* -0.62 0.35 0.08 -1.32 0.08

number of sessions ] ] ] ] ]

Parameters indicated in bold are significant. For factors, one category was used as the reference category and has
coefficient 0, whereas the other category has a coefficient, that does not equal 0. This is illustrated in the table by the
factor time, where TO is used as a reference and has coefficient 0 and the other timepoints T1-T4 have a coefficient that
describes the difference from TO. The documented coefficient in this table for randomization applies to the group
provided with a self-control training for randomization (compared to the sham group). Number of sessions applies to all
sessions performed, both the real self-control trainings, as the trainings offered to the control group.

5.4.5 Training effect on self-control

To confirm the effect of the training in the younger aged residential participants, we
assessed the effectivity of the training and its dose-response effect on self-control in this
group. A simple mixed model found no changes in self-control over time, except for

persistence and external eating behavior (Table 5.3).
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Table 5.3: Evolution of self-control during treatment in the young inpatient participants
as tested by a linear mixed model (n=22).

T0 T2 T4 p-value p-value
TO vs T2 TOvs T4
ECS: lack of 36.1+7.6 38.7+6.9 36.2+6.5 0.1 0.6
impulsivity
ECS: persistence 38.7+7.8 44,11+6.8 42.3+5.5 <0.001 0.002
BRIEF: total score 125 (72- 106 (72-152) 116 (94-130) 0.068 0.1
175)
BRIEF: inhibition 13 (10-27) 11 (10-22) 14 (10-17) 0.2 0.3
BRIEF: behavior 38 (28-68) 35 (28-66) 37 (28-52) 0.3 0.4
regulation
DEBQ: external 32.8+10.1 23.6%5.7 24.8+7.2 0.001 0.001
eating
DEBQ: emotional ~ 23.6(13-  25.5(13-63) 28.0(13-50) 0.074 0.061
eating 65)

ECS = effortful control scale, BRIEF = Behavior Rating Inventory of Executive Functioning, DEBQ=Dutch Eating Behavior Questionnaire

Subsequently, in depth analysis in more complex models was performed for these two

outcome variables.

Persistence: The first mixed model with persistence as outcome variable and
randomization, gender and time as factors and number of sessions as covariate found no
significant effect of randomization by time (p>0.1 at every timepoint) or randomization by
number of sessions (p=0.1) on the evolution in persistence over time. After removal of
the non-significant terms, only the effect of time was withheld, p<0.01, as depicted in

Table 5.4A.
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Table 5.4 A) Subgroup analysis in 8- to 12-year-old children in residential care (n=22).
Final linear mixed model to predict the evolution of persistence (measured by ECS) over
time.

Parameter Estimate Standard P-value 95% Confidence Interval

error Lower Bound Upper Bound
Intercept 38.6 1.5 <0.001 355 41.6
TO 0
T1 5.8 1.5 <0.001 2.9 8.7
T2 53 1.4 0.001 2.4 8.2
T4 5.4 1.6 0.001 23 8.5

ECS = effortful controIAscaIe. Variables thaf were non—significanf were excluded frbm the final model.

External eating: Secondly, a complex mixed model was fitted incorporating the effects of
randomization, gender, time and number of sessions. No significant effect of
randomization by number of sessions or randomization by time was found (p=0.8 and
p=>0.4 at any study visit), so these were removed from the model. A final model for the
evolution in external eating is depicted in Table 5.4B identifying only gender and time as
significant contributors of the evolution of external eating with p-values of 0.028 and

<0.01.

Table 5.4 B) Subgroup analysis in 8- to 12-year-old children in residential care (n=22).
Final linear mixed model to predict the evolution of external eating (measured by
DEBQ) over time.

Parameter Estimate Standard P-value 95% Confidence Interval
error Lower Upper
Bound Bound
Intercept 28.6 2.5 <0.001 235 33.7
TO 0
T1 -7.5 24 0.003 -12.4 -2.6
T2 -7.9 2.2 0.001 -12.3 -3.5
T4 -8.0 2.3 0.001 -12.7 -3.3
Gender 6.2 2.6 0.028 0.7 11.7

DEBQ = Dutch Eating Behavior Questionnaire. Randomization and number of sessions were excluded from the model as these were
non-significant. The coefficient reported by gender indicates the difference in external eating behavior for girls compared to boys.

Variables that were non-significant were excluded from the final model.
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5.5 Discussion

This is the first multicenter RCT to evaluate the effect of a self-control training on BMI
reduction as adjunct to available obesity treatment programs in a large pediatric

population across different treatment settings.

In general, the training did not improve BMI outcome in the entire population, unlike
previous research conducted by Verbeken et al. reporting better BMI maintenance in the
self-control group compared to the control group (237). This previous study used a
gamified self-control training, where most participants reported trying to score well on
the tasks. In our study, a non-gamified training resulted in major challenges motivating
our patients to complete the training sessions, with >25% of the children reporting the
training was too demanding (238). As individual engagement is known to impact the
efficacy, this might have contributed to the absence of a general effect (239). Another
difference is the training tasks: Verbeken et al. used an inhibition and working memory
task, whereas we combined an inhibition with an attention task. Possibly, the effect
detected previously was explained by the working memory training rather than the
inhibition training, as lately the longevity of training effects of the go-no-go task has been
debated (240). Similarly, for the attention task, one adult study reports the one week
maintenance of the training effect, but evidence on long-term maintenance and that this
significantly alters real-life food intake/weight control behaviors could not (yet) be

provided (141,146).

Secondly, an interaction of the ‘received’ dose of the self-control training (randomization
by number of sessions) with the setting (favoring the inpatient center) was found. The
supervision by the staff on the execution of the trainings might have contributed to the
effect found only in residential care, as this guaranteed a restriction of environmental
distraction and might have motivated to perform the trainings well. In the outpatient
setting, caregivers were asked to supervise the training and ensure a quiet environment,

however we could not objectify the compliance to these recommendations.
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Thirdly, an interaction of the training effect was found with age in favor of the younger
aged participants. As younger age was associated with more completed sessions, one
could hypothesize that a minimum number of well-executed self-control trainings would
be required before an effect can be found. At this moment, the minimal number of
sessions necessary to detect an effect is yet unknown and requires further research. A
second viable explanation is that the onset of puberty plays a role, as this is accompanied
by an oversensitive activation of the reactive brain system, as well as a slower activation
of the regulative brain system when confronted with emotional stimuli. This results in a
more intense and fluctuating negative affect, which impedes overcoming impulsive
behavior (241-243). Therefore, the training might have been more effective in the

younger aged group, as these were not (yet) in full puberty.

When looking at training adherence, we notice a high drop-out when patients are asked
to train at home. Although our outpatient participation is generally better than in
previous e-health studies in this population (244,245), this remains a major challenge for
successful implementation. Preceding adult studies report better participation
(156,246,247), which can be explained by the offering of external rewards (247) and the
patient selection (self-presenting participants specifically for the training vs children
seeking general weight management treatment) (246,247). Therefore, the present study
reflects more truthfully the expected participation when embedding this intervention in
clinical pediatric obesity treatment programs and this real-world implementation
constitutes an important strength as opposed to the preceding research evaluating
almost exclusively the ‘in-lab effectiveness’ of these interventions in ‘specifically for the

training selected’ individuals.
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Lastly, in the 8- to 12-year-old inpatient participants (where a potential effect of the
training on BMI was detected), no effect of the training on self-control was objectified by
the questionnaires. A recent review on the mechanisms trained during GNG tasks
describes that this task probably solely trains top-down inhibitory control at the very
beginning of the training. Thereafter, the effect probably results from an affective
devaluation of the no-go cues or possibly from an automatic inhibitory reaction towards
these cues (248). As in our study, the questionnaires were filled in after multiple sessions,
this might have limited the possibility to detect this improved inhibition. Additionally,
questionnaires always carry the risk of recall bias and socially desirable answers (249).

Therefore, some choose evaluations filled in by clinicians (250).

Strengths of our study include the multicenter design including a large number of
participants distributed across a wide age range, the short- and long-term follow-up data,
the evaluation of the training in existing clinical treatment settings and the analyses
performed on both BMI SDS and BMI% relative to the p95. Nevertheless, certain

limitations should be mentioned.

First, there was a considerable drop-out in both settings leading to a lower than expected
number of participants available for randomization and training. To overcome this
limitation, an additional 59 patients (15 outpatient, 44 inpatient) were included and a
linear mixed model was used for the analysis, as these models are robust against missing
data. Coinciding, a low adherence was observed. To address this limitation, we performed
the mixed model analysis only on the group completing at least one session, as otherwise
an effect of randomization condition was assigned to a participant who never
experienced an effect of their randomization status. Additionally, the number of sessions
completed was incorporated as a covariate in our statistical model to explore the dose-
response relation. As previous research already demonstrated beneficial effects on self-
reported weight after only 4 online training sessions in adults with obesity (156), the

adjustment for the number of sessions should be considered a strength of our study.
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Lastly, the presented food cues during the training were not personalized. However, the
effect of the GNG training has been found to augment when the presented unhealthy cue
was personalized towards the patients’ food preferences (251). For the attention training,
personalization is already employed in treating anxiety disorders (252) and with
conflicting results in social drinkers (253,254). In obesity research, no evidence is available
on whether this enhances the treatment effect, however in the study of Lawrence
reporting a positive effect of an inhibition training on self-reported weight specifically

selected individuals consuming the no-go snacks.

Looking at the future, researchers are encouraged to first define the optimal training form
hereby answering which (combination of) self-control training tasks should be used,
which frequency and duration of trainings is preferred and which motivational features
are required to make the training attractive and motivating for children, for example by
gamification (255), personalizing the presented food cues (251) or adjusting the reward
systems to age and gender-related interests (240). Furthermore, although bad adherence
results are reported across studies, little research has been devoted to identifying the
best implementation strategy for online interventions within this population. As in the
present trial setting was identified as a moderator of the training effect, which is probably
due to the presence of external control, the role of external supervision on e-health
interventions deserves to be further explored. A possible alternative would be to offer
the training live by a psychologist as currently tested in adults with obesity (256). Lastly,
the availability on smartphones could improve a participants’ flexibility on when and how
to train (156). However, the impact of these devices on adherence, potency and efficacy

remains to be studied as well (156,246).
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5.6 Conclusion

The benefit of embedding a computerized self-control training could not be objectified in
our overall cohort, but a subgroup of younger children in residential care has potentially
benefited regarding BMI reduction when considering the dose-response relation.
However, as this finding only applied to a small subgroup, it should first be confirmed in
future research. Finally, in future online trainings (and e-health interventions in general),
we recommend to first identify suitable implementation strategies ensuring optimal

participation, strategies for motivation and accessibility.
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Chapter 6: Predicting treatment outcome in
pediatric obesity

Parts of this chapter are adapted from:

The predictive value of adipokines and metabolic risk factors for drop-out and treatment
outcome in children with obesity treated in a pediatric rehabilitation center.

Vermeiren E, Van Eyck A, Van De Maele K, Ysebaert M, Makhout S, De Guchtenaere A,
Van Helvoirt M, Tanghe A, Naets T, Vervoort L, Braet C, Bruyndonckx L, De Winter B,
Verhulst S, Van Hoorenbeeck K

Front. Endocrinol. 2022 Jun 13; 13: 822962
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6.1 Abstract

Background: In- and outpatient pediatric obesity treatments have been proven effective
in reducing BMI, although drop-outs and BMI regain threaten long-term results hereby
impacting cost-effectiveness. Preliminary data indicate that leptin, adiponectin and
cardiometabolic comorbidities might predict treatment outcome. Previous studies have
mainly focused on the individual role of comorbidities, which is counterintuitive, as risk
factors cluster. Therefore, in this chapter, we aimed to predict the drop-outs and
treatment outcomes by pre-treatment patient characteristics extended with

cardiometabolic comorbidities (individually and in total), leptin and adiponectin.

Methods: Both in- and outpatient participants were measured before treatment (n=144
and n=100) and after 12 months of treatment (n= 87 and n=70). Additionally, inpatient
participants were measured six months after leaving the treatment center (n=43) and
outpatient participants were measured after 24 months of treatment (n=43). At every
visit, anthropometric data, a fasting venous blood sample and body composition
measurements were obtained in addition to endothelial function measurements.

Endpoints of the study were drop-out and change in BMI SDS.

Results: In inpatient treatment, we recruited 144 children (mean age of 14.3 + 2.2 years,
mean BMI 2.7 + 0.4 SDS). The 57 patients dropping out during treatment and the 44
patients dropping out during aftercare had a higher pretreatment BMI compared to the
patients completing treatment (mean BMI 38.3 + 6.8 kg/m? vs 35.7 + 5.5 kg/m?) and
those completing aftercare (mean BMI 34.6 + 5.3 kg/m? vs 37.7 + 6.3 kg/m?), all p<0.05. A
logistic regression indicated that pretreatment weight (B=-0.016, S.E. 0.008, p=0.043) and
adiponectin (B=0.088, S.E. 0.032, p=0.006) were predictive for drop-out during inpatient
treatment, (Nagelkerke R? 0.15), whereas drop-out during aftercare was only predicted by
age (B=-0.29, S.E.=0.09, p=0.01, Nagelkerke R? 0.11) with aftercare attenders being

younger than non-attenders (mean age 13.4 + 2.3 years vs 14.9 + 2.0, p<0.05).
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Patients lost on average 1.0 = 0.4 SDS during treatment and regained 0.4 £ 0.3 SDS
posttreatment corresponding to regain of 43 + 27% (calculated as the increase in BMI SDS
posttreatment over the BMI SDS lost during treatment). A higher BMI and more
comorbidities inversely predicted BMI SDS reduction during treatment, with r=-0.29, and
=-0.24, both p<0.05, explaining 12.0% of the variance. The absolute BMI SDS increase
after returning home, was predicted by pretreatment leptin (r=-0.66, p=0.02) and systolic
blood pressure (r=0.39, p=0.01), adjusted R?0.39, whereas posttreatment BMI SDS regain
was predicted by pretreatment age (r=0.5, p<0.01), leptin (r=-0.67, p<0.001) and

adiponectin (r=-0.46, p=0.02), in multivariate linear regressions (adj. R? 0.57).

In outpatient treatment, we recruited 100 children (mean age 12.0 = 2.2, mean BMI 2.4 +
0.4 SDS). There were no differences between the 70 children attending the one year
follow-up visit and the 30 children that dropped out and drop-out during the first
treatment year was only predicted by BMI reduction during the first six months (B=-0.44,
S.E.= 0.21, p=0.03), (Nagelkerke R? 0.12). Sixty children were included in the extended
follow-up as 10 wished not to participate in this part of the study. Drop-out during the
second year by pretreatment BMI (B=0.17, S.E.=0.07, p=0.017), (Nagelkerke R? 0.11) with
the treatment completers having a significantly lower BMI compared to the participants
dropping out, e.g. 33.7 £ 5.1 kg/m? compared to 30.3 + 4.1, p<0.05). Patients had a BMI
that was on average 0.2 + 0.3 SDS lower than baseline at the end of the first year and 0.3
+ 0.4 SDS lower than baseline at the end of the second year. The one- and two-year BMI
SDS change was not importantly predicted by pretreatment patient or metabolic

characteristics.

Conclusion: Pretreatment weight status importantly influences long-term treatment
results. Metabolic comorbidities, including adipokines, seem to predict inpatient
treatment outcome, however more research is needed to understand how they mediate
BMI reduction. For outpatient treatment outcome, non-physical features seem to

contribute more significantly.
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6.2 Introduction

As indicated in Chapter 1, obesity tends to persist from childhood into adulthood (32) and
treatment at a young age is crucial to tackle the growing obesity burden. For children, a
family-centered lifestyle modification is recommended either as outpatient or in some
cases residential care. Although scientific guidance on which patient performs best in

which treatment setting is missing (115).

Cost effectiveness of health care expenses gains importance, as the financial sustainability
of the health care systems is under pressure (257). Currently, only 5-10% of the children
with obesity are referred to inpatient treatment (12). Data on inpatient care in Belgium
from 2006 indicate a low cost for the families with >95% of costs covered by health
insurance. Additionally, outpatient follow-up after ending residential treatment is
required so expenses continue thereafter. For outpatient care, costs are lower, but
patients might be faced with more direct costs depending on the number of care
providers involved and the frequency of visits. Nevertheless, all the above made expenses
are ineffective in reducing the long-term health expenditure if long-term treatment

results are absent.

Currently, (pediatric) obesity programs are faced with two major challenges that limit
long-term treatment results. A first challenge is retaining patients within the treatment
program, as early drop-out is common (116,128) and premature treatment cessation
lowers the chance to achieve or maintain a satisfying weight reduction (258,259).
Research on predictors of drop-out in children undergoing obesity treatment varies in the
predictors studied and the findings between different studies are often inconsistent. It is
uncertain whether these inconsistent findings result from population or treatment
differences or result from another definition or measurement method of drop-out (260).
A second commonly encountered challenge is the problem of weight regain during or
after outpatient treatment or after discharge from the inpatient center (130). A previous

study in the Netherlands found no significant difference in BMI SDS after 2 years follow-
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up between a group of children with obesity treated in residential care versus a group
treated by an outpatient lifestyle intervention, even though the inpatient group lost more
weight initially (117). As many studies regarding inpatient treatment outcome focus on
predicting (short-term) weight loss during treatment, rather than exploring what happens

after treatment cessation, evidence on predictive factors for long-term outcome is scarce.

Besides the standard patient characteristics, such as age, sex and BMI, some studies
indicate a role for metabolic comorbidities as predictors of treatment outcome in children
with obesity. Insulin resistance has been mostly described (261-263) and a single study
has broadened the question to the predictive value of all metabolic components (264).
However, to the best of our knowledge, there are no studies investigating whether the
cumulative number of cardiometabolic comorbidities, for example the metabolic

syndrome components, influences treatment outcome in these children.

Lastly, some adipocyte hormones such as leptin and adiponectin might have a role in
predicting weight outcome as well (265-267). In chapter 1.2.1.2.1 and 1.2.1.2.2 the
physiologic actions of leptin and adiponectin have already been described. Obesity is
generally characterized by hyperleptinemia and hypoadiponectinemia (67,75,76).
Previous research has demonstrated the predictive potential of leptin and adiponectin
regarding future BMI changes in 9-10 year old children measured three years later (265)

and to short-term weight loss during treatment in children with excess weight (266,267).

Interestingly, all previous studies focused on the metabolic comorbidities and adipokines
as stand-alone factors that might impact treatment outcome. This feels counterintuitive
as these risk factors tend to cluster (63). Therefore, in this study we determined the
predictive value of baseline patient characteristics (age, sex, adiposity) extended with
cardiometabolic comorbidities, leptin and adiponectin on drop-out and short- and long-
term treatment outcome in children with obesity. Predictive parameters were explored in
an inpatient pediatric rehabilitation center and a tertiary outpatient pediatric obesity

treatment center.
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6.3 Methodology

6.3.1 Study design and participants

A pretreatment baseline assessment was planned for all patients, after which 2 follow-up
visits were planned for the patients from residential care (12 months and 18 months from
baseline). The patients following treatment in an outpatient setting received a follow-up
visit at 3 different time points (6, 12 and 24 months from baseline). A detailed overview

of the study visits by setting and the measurements conducted is depicted in figure 6.1.

Inpatient

0 months

MOT

Anthropometry X X X
Adipokines X
Body composition X
Blood pressure X
Metabolic profile X
Sleep evaluation X
X

Endothelial function

Outpatient

0 months 6 months 12 months

Anthropometry

Body composition

Metabolic profile

X

X

Blood pressure X
X

Sleep evaluation X
X

Endothelial function

Figure 6.1: Visual representation of the study design. MOT = multidisciplinary obesity treatment.

The inclusion criteria were previously described in chapter 3.2 and the obesity treatment

programs in chapter 3.3.
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6.3.2 Clinical evaluation
As described in chapter 3, anthropometric data, blood pressure, body composition,
metabolic profile and endothelial function were measured. For endothelial function,

parameters of interest were the maximal dilatation and the time to maximal dilatation.

The sleep evaluation of our inpatient participants was performed using a portable device,
the Apnealink air®, a reliable screening tool for sleep-disordered breathing (268). In our
outpatient cohort, a one-night in-hospital polysomnography was performed, which is the
golden standard for the diagnosis of sleep-disordered breathing. Parameters of interest
were similar for both sleep evaluations: the obstructive apnea hypopnea index (oAHI) and

the oxygen desaturation index (ODI).

6.3.2.1 Adipokines

Leptin and adiponectin were determined by a human adiponectin and leptin enzyme-
linked immunosorbent assay (ELISA) according to the manufacturer’s guidelines
(Invitrogen, Life Technologies, Waltham, MA, USA) on a fasting venous blood sample
drawn before treatment start. The detection limit of the assay was 15.6 pg/ml for leptin
and 0.5 ng/ml for adiponectin. The inter-assay coefficient of variation was 14.2% for
leptin and 10.5% for adiponectin. The intra-assay coefficient of variation was <10% for all

samples. Adipokines were only determined for the inpatient cohort.

6.3.2.2 Metabolic profile

Besides each risk factor separately, as described in chapter 3.4.4, we also determined the
influence of the cumulative number of comorbidities by categorizing each of the five
components of the metabolic syndrome, i.e. abdominal obesity (waist circumference),
hypertriglyceridemia, lowered HDL-cholesterol, increased fasting glucose and arterial
hypertension, as ‘present’ or ‘not present’ and added up the number of comorbidities

present, resulting in a score for each patient ranging from 0 to 5.
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Cut-off values were determined as follows:

Triglycerides > 130 mg/dl (269)
HDL-cholesterol < 40 mg/dl (269)

Waist circumference > 90* percentile (270)
Fasting glucose > 100 mg/dl (271)

Arterial hypertension: systolic or diastolic blood pressure > 90" percentile (171)

6.3.3 Evaluation of treatment outcome

The following endpoints to assess treatment outcome were defined for inpatient care:

drop-out during treatment and aftercare

the BMI SDS loss during inpatient treatment

the absolute BMI SDS change (in most cases increase) after discharge from the
inpatient treatment center to six months follow-up

the relative BMI SDS change, expressed as the percentage of lost BMI SDS points
regained — six months after treatment. This relative increase was calculated as:
(BMI in SDS at the second follow-up — BMI in SDS at the end of treatment)/ (BMI in
SDS at baseline — BMI in SDS at the end of treatment).

The following endpoints to assess treatment outcome were defined for outpatient care:

drop-out after one and two years of treatment

the BMI SDS change between baseline and one year of multidisciplinary obesity
treatment.

the BMI SDS change between baseline and two years of multidisciplinary obesity

treatment.

However, BMI SDS has some limitations in children and adolescents with severe obesity.

Therefore, it is recommended to report more BMI derived measures (231), so therefore

supplementary analyses were done with BMI (in kg/m?) as outcome variable.

102



Chapter 6: Predicting treatment outcome in pediatric obesity

6.3.4 Statistical analysis

First, baseline patient characteristics of the patients who dropped out prematurely were
compared to the group that completed the entire treatment program using the
appropriate statistical tests (see chapter 3.5). The independent predictive values of these
variables were tested using backward logistic regression. The same approach was applied
to compare the baseline patient characteristics of the aftercare drop-out cases to

aftercare completers.

Second, possible baseline predictors (patient characteristics, metabolic comorbidities, and
adipokines) of BMI SDS change during treatment were identified by including each
predictor as an independent variable in a univariate model (including the intercept) and
the difference between baseline and end-of-treatment BMI SDS as the dependent
variable. Significant associations are shown, and non-significant data are mentioned but
not presented in a table. Subsequently, all significant univariate predictors (p<0.05) were
combined into a multivariate linear regression model to identify independent predictors.

Multicollinearity was checked by examining the variance inflation factor.

6.4 Results inpatient care

6.4.1 Study population
A total of 141 patients were included with a mean age of 14.3 + 2.2 years and mean BMI
of 36.7 £ 6.2 kg/m?, corresponding to a mean BMI SDS of 2.7 + 0.4. The baseline patient

characteristics are depicted in Table 6.1.

Patients had a median of two metabolic risk factors (range 1-4) based on the cut-off
values described above. All patients had a high waist circumference, 46 were
hypertensive, 36 had low HDL-cholesterol, 4 had impaired glucose tolerance (based on
fasting glucose), and 30 patients fulfilled the criteria of hypertriglyceridema. The number
of metabolic comorbidities was associated with baseline weight (r=0.27, p=0.002), BMI

(r=0.30, p<0.001), and BMI SDS (r=0.30, p<0.001) but not with age (p=0.40).
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Pre-treatment age was significantly associated with baseline weight (r=0.61, p<0.001),

BMI (r=0.53, p<0.001), and BMI SDS (r=0.40, p<0.001). Boys had a higher weight than girls

(109.9 £ 28.2 kg vs 98.6 + 20.2 kg, p=0.009), but no sex differences were found in BMI or

BMI SDS (p>0.05).

Table 6.1: Baseline characteristics and comparison between patients that have
completed the treatment program and follow-up and those who have not.

Baseline During treatment (n=144) During aftercare (n=87 [e.g., all patients
with complete treatment])
All Drop-out Complete Drop-out Complete aftercare
treatment
N 144 57 87 44 43
Age (years) 14.3+2.2 14.5+2.0 14.2+2.3 14.9+2.0 13.4+23™
d/ @ ratio 60/84 28/29 32/55 14/28 18/27
Weight (kg) 103.3+24.6 109.8 £25.9 99.1+22.6™ 104.5 £22.8 93.5+21.1
BMI (kg/m?) 36.7+6.2 38.3+6.8 35.7+5.5" 36.9+5.5" 34.4+5.2"
BMI SDS (SDS) 2.7+04 2.81+04 2.6+04" 27104 26+04
Waist (cm) 115.7+14.3 119.1 £14.9 113.4+13.7" 115.3+13.5 111.6+14.0
Hip (cm) 119.2+125 121.3+13.1 117.8+12.1 121+12.1 114.5+11.2"
Waist-to-hip 0.97 £0.06 0.98 £ 0.05 0.96 +£0.06 0.96 £ 0.06 0.97 £0.06
ratio
Fat mass (kg) 43.3 46.5 41.8 46.5(14.4-78.1)  35.6 (20.5-71.4)"
(14.4-93.8)  (20.6-93.8)  (14.4-78.1)
Fat% (%) 44.0+5.7 44.4+6.0 43.7+5.6 45.0+5.4 42.2+5.5"
Lean mass (kg) 418 (249- 44.2+7.2 41.6+8.0" 42.1+7.4 41.3+8.8
67.9)
Lean% (%) 424+7.5 419+7.7 42.7+7.4 40.8+7.1 45.0+7.2"
Leptin (ng/L) 31.98 28.9 34.0 34.1(9.4-66.0) 29.9 (7.7-70.6)
(6.33-81.26)  (6.3-81.3) (7.7-70.6)
Adiponectin 11.9 10.7 14.3 15.9 (5.4-41.9) 12.4 (1.5-41.0)
(ng/mL) (1.47-41.87)  (4.4-27.5) (1.5-30.7)°
Systolic BP (SDS)  0.97 +0.87 0.94+1.04 1.0+0.7
Diastolic BP 0.27+0.71 0.23+0.78 0.30+0.66 + +
(SDS)
Glucose (mg/dL) 86+7 85+7 88+7" 87+8 88+6
Insulin (pmol/L) 162.9+72.1 166.8 £ 78.5 159.3+68.0 146.4+62.4 173.2+71.6
HOMA-IR (mass 5.4 5.4 5.4 4.8 (1.5-11.0) 5.9 (2.2-14.1)
units) (1.2-16.2) (1.2-16.1) (1.5-14.1)
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Table 6.1 Baseline During treatment (n=144) During aftercare (n=87 [e.g., all patients
continued with complete treatment])
All Drop-out Complete Drop-out Complete aftercare
(n=57) treatment (n=44) (n=43)
(n=87)

Total cholesterol 154+ 30 153 £33 155+ 28 156 £ 25 155+31
(mg/dL)
HDL-cholesterol 47 +10 47 +11 47 +10 48 +11 46+ 8
(mg/dL)
LDL-cholesterol 87 +27 86+ 29 88 +26 88 +24 88 +29
(mg/dL)
Triglycerides 90 (39-263) 88 (39-263) 92.5(49-245) 85 (49-209) 99 (52-245)
(mg/dl)
Metabolic  risk 2 (1-4) 2(1-4) 2(1-3) 2 (1-3) 1(1-3)
factors (n)
Hs-CRP (mg/L) 4.6(0.3-40.2) 3.5(0.3-40.2) 3.3(0.3-21.8) 2.6(0.3-18.7) 3.7 (0.3-21.8)
AST (U/L) 25(13-110)  27(13-100)  25(14-110) 24 (14-110) 25 (16-95)
ALT (U/L) 22 (5-64) 27 (11-64) 21 (5-47)" 18 (5-47) 21 (12-45)
AST/ALT 0.98 +0.30 0.91+0.29 1.03 +0.30" 0.99+0.32 1.07 £0.27
OAHI (/h) 2.7 (0.4-56.9) 2.8(0.5-12.7) 2.5(0.4-56.9) 2.3 (0.5-56.9) 3.0 (0.4-31.8)
oDl (/h) 3.0(0.1-47.3) 2.35 (0.1~ 1.8(0.1-11.2) 1.3(0.1-11.2) 2.1(0.3-8.3)

47.3)
Maximal 1.30+£0.27 1.29+0.28 1.30+£0.27 1.30+£0.29 1.30+0.26
dilatation of the
endothelium
Endothelial time  181.6 £59.7 170 £56 188 £ 61 178 £ 68 199 £52
to maximal

dilatation (s)

The parameters in bold are significantly different between groups. “significantly different between groups p<0.05, **

*hk

significantly different between groups p<0.01, significantly different between groups p<0.001. AST = aspartate
aminotransferase; ALT = alanine aminotransferase; BMI = body mass index; BP = blood pressure; HDL = high-density
lipoprotein; HOMA-IR = homeostatic model for the assessment of insulin resistance; hs-CRP = high-sensitivity C-reactive
protein; LDL =low-density lipoprotein; OAHI = obstructive apnea—hypopnea index; ODI = oxygen desaturation index; SDS

= standard deviation score.
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6.4.2 Predictors of drop-out during inpatient treatment and aftercare

Of the 144 patients included at baseline, 87 completed the 12-month inpatient treatment
program, corresponding to a dropout rate of 40% (every patient who did not complete
the entire treatment was considered a dropout, independent of their duration of stay).
Patients who prematurely left the treatment center had a higher weight, BMI, BMI SDS,
and waist circumference at baseline than those who completed the entire program as
shown in Table 6.1. Additionally, a higher ALT (median, 27 U/L (11-64) vs 21 U/L (5-47);
p=0.017), lower AST/ALT ratio (mean, 0.91 + 0.29 vs 1.03 + 0.30; p=0.021), and lower
adiponectin levels (median, 10.7 (4.4-27.5) pg/mL vs median, 14.3 (1.5-30.7) pg/mL;

p=0.021) were found in the group that dropped out before treatment was completed.

A logistic regression predicting dropout during inpatient treatment was built, including
weight, AST/ALT ratio, fasting glucose, and adiponectin. As a representation of the
anthropometric variables, weight was included as a predictor in the model, as this
anthropometric variable most significantly differed between completers and dropouts
based on the p-value and model fit (Nagelkerke R Square). For the same reason, the
AST/ALT ratio was included in the model instead of AST or ALT values. After backward
elimination of non-significant terms, only weight and adiponectin were retained with a p-

value of 0.04 and 0.006, respectively (Nagelkerke R? 0.15).

Six months after discharge from the inpatient treatment center, 43 of the 87 patients
participated in the follow-up visit (49.4%). The patients who attended the follow-up visit
were generally younger than those who did not attend the last visit (13.4 + 2.3 years vs
14.9 £ 2.0 years respectively; p=0.001) and had a lower weight and BMI before treatment
initiation (Table 6.1). There were no differences in sex (p=0.7) or in any cardiometabolic
parameters between those attending aftercare and those who did not (all p>0.05). In a
logistic regression predicting dropout during aftercare by pre-treatment age and weight,

only age was significant (B=0.29, S.E. 0.09, p=0.01 and Nagelkerke R? 0.11).
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6.4.3 BMI evolution during and after inpatient treatment

The 87 patients who completed the entire treatment program reduced their BMI by 8.6
2.9 kg/m? corresponding to 1.0 = 0.4 SDS, p<0.001. The 43 patients attending the follow-
up visit 6 months after ending treatment regained on average 3.3 + 2.2 kg/m?
corresponding to 0.4 + 0.3 SDS compared to the end of treatment (p<0.001). When
correcting for lost weight during treatment, a relative BMI regain of 43 £ 27% was found.
Nevertheless, there was high interindividual variability ranging from an additional loss of
27% to a complete regain of 102% relative to the previous BMI SDS reduction. On
average, patients had lost 5.3 + 3.2 kg/m? corresponding to 0.6 + 0.4 SDS from baseline.

The evolution of the other anthropometric variables is presented in Table 6.2

Table 6.2: Evolution of anthropometric and body composition parameters during and

after treatment

Parameter Baseline After treatment (12 months) Follow-up visit (18 months)
N 144 87 43

Weight (kg) 103.3+24.6 77.2+16.0° 82+18.2"

BMI (kg/m?) 36.7£6.2 27.1+4.2" 29.1+5.5%

BMI SDS 2.7+04 1.7+0.6" 1.9+0.6"*

Fat mass (kg) 43.3(14.4-93.8)  24.4(8.1-53.8)" 29.4 (12.5-59.2)"*

Fat% (%) 44.0+5.7 32.6+8.2° 36.4+7.6

Lean mass (kg) 41.8(24.9-67.9)  41.3(27.4-71.4)" 38.5 (25.9-70.0)

Lean% (%) 42.4%75 56.3+10.7" 51.7 £9.7°

*Significantly different from baseline; #significantly different from 12 months. Analyses were performed using a linear
mixed model. For pairwise comparisons, post hoc Bonferroni correction was used. BMI = body mass index; SDS
=standard deviation.
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6.4.4 Predictors of BMI SDS change during and after inpatient treatment

The BMI SDS decrease during inpatient treatment was inversely associated with baseline
weight status, cumulative number of metabolic risk factors and AST/ALT ratio). The
absolute change in BMI SDS (in case of most patients, an increase) after inpatient
treatment was positively associated with systolic blood pressure and inversely with
baseline leptin and total cholesterol and the relative BMI SDS regained 6 months after
treatment was associated with age, systolic blood pressure, number of metabolic
comorbidities, leptin level, and adiponectin level. No sex differences were found for BMI

change during or after inpatient treatment. All correlations are depicted in Table 6.3

Table 6.3. Partial correlation coefficients from univariate linear regressions between
baseline variables and treatment outcome

BMI SDS Absolute BMI SDS Relative BMI SDS
reduction during change change
treatment post-treatment post-treatment

Age n.s. n.s. r=0.33"

Weight r=-0.25" n.s. n.s.

BMI r=-0.31" n.s. n.s.

BMI SDS n.s. n.s. n.s.

Waist r=-0.24" n.s. n.s.

Hip r=-0.25" n.s. n.s.

Fat mass r=-0.27" n.s. n.s.

Fat% n.s. n.s. n.s.

Lean mass n.s. n.s. n.s.

Lean% n.s. n.s. n.s.

Systolic BP (SDS) n.s. r=0.36" r=0.43""

AST/ALT r=0.26" n.s. n.s.

Total cholesterol n.s. r=-0.33" n.s.

Metabolic risk factors r=-0.26" n.s. r=0.39"

(n)

Leptin n.s. r=-0.54"" r=-0.45""

Adiponectin n.s. n.s. =-0.43"

*significant with p<0.05. **significant with p<0.01Metabolic variables not mentioned in the table did not correlate
significantly with any of the three outcome variables. AST = aspartate aminotransferase; ALT = alanine

aminotransferase; BMI = body mass index; BP = blood pressure; SDS = standard deviation score; n. s. = non-significant
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A linear regression model to predict BMI SDS reduction during inpatient treatment was
created with pre-treatment BMI, number of metabolic risk factors and AST/ALT ratio as
independent predictors. After removing non-significant terms, only BMI and the number

of metabolic risk factors were retained, explaining 12.0% of the variance (Table 6.4A).

In the model for absolute BMI SDS change after treatment systolic blood pressure, total
cholesterol and leptin were included. After removing non-significant terms, the model
revealed a significant effect of leptin level (p=0.02) and systolic blood pressure (p=0.01),

which explained 38% of the total variance (Table 6.4B).

Lastly, age, number of metabolic risk factors, leptin and adiponectin were tested as
predictors of the relative BMI SDS change after treatment. Systolic blood pressure was
not included, as this variable was already incorporated into the number of metabolic
comorbidities, and the latter correlated more strongly and significantly. Age, leptin, and
adiponectin were found significant predictors of this relative BMI SDS increase after non-

significant terms were removed. This model explained 57% of the variance (Table 6.4C).

Table 6.4. Linear regressions after removal of non-significant terms identifying pre-
treatment factors predictive for BMI SDS loss during inpatient treatment (n=87) and for
absolute BMI SDS change (B) and BMI SDS regain (C) after inpatient treatment (n=43).

r p-value Adj. R?
A) 0.12
Intercept <0.001
BMI (kg/m2) -0.29 0.01
Metabolic risk factors -0.24 0.04
B) 0.39
Intercept 0.003
Leptin -0.66 0.02
SBP (SDS) 0.39 0.01
0) 0.57
Intercept 0.2
Age (years) 0.50 0.01
Adiponectin (ug/mL) -0.67 0.02
Leptin (ug/L) -0.46 <0.001
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Using the same approach, the analyses were repeated but with BMI change instead of
BMI SDS change. Table 6.5 depicts the final results. Figure 6.2 compares the findings on

BMI SDS change with those on BMI change for patients in inpatient care.

Table 6.5: Final linear regression models to identify predictors of BMI (in kg/m?)
decrease during inpatient treatment (A), of absolute BMI (in kg/m?) change 6 months
after treatment (B) and relative BMI change (in %) 6 months after treatment (C).

r p-value Adj. R?
A) 0.525
Intercept 0.076
Age at baseline -0.26 0.018
Male sex 0.34 0.001
Pretreatment 0.68 <0.001
BMI
B) 0.575
Intercept 0.3
Age at baseline 0.56 0.002
Leptin -0.64 <0.001
Adiponectin -0.47 0.014
Q) 0.529
Intercept 0.4
Age at baseline 0.56 0.008
Leptin -0.64 0.001
Adiponectin -0.47 - 0.016
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Predictive factors

Predictive factors
TREATMENT OUTCOME BMI

TREATMENT OUTCOME BMI SDS

BMI SDS reduction during BMI reduction during treatment:
treatment:
Age
GG 57 program drop-outs d
o completers
Age (-) BMI (+) Male gender (+)
BMI (-) Total number of
metabolic risk factors (-)
43 aftercare 44 aftercare drop-
BMI SDS change after completers sl BMI change after treatment
treatment: (absolute and relative):
Absolute -
n O - @ @
Systolic blood  Leptin (-)
pressure (+) o 6 months f0||OW-up: 43 Age (+) Leptin (-) Adiponectin (-)

Relative (regain of previous
reduction)

) @ @

Age (+) Leptin (-)  Adiponectin (-)
Figure 6.2: The middle panel represents the number of study patients at every visit. The left side depicts the factors
predictive of the treatment outcomes in BMI SDS whereas the right side indicates the factors predictive of treatment
outcomes in BMI. + (green) or — (orange) indicates whether the factor is positively or inversely predictive of treatment
outcome.

6.5 Results outpatient care

6.5.1 Study population
One hundred participants were included with a mean age of 12.0 £ 2.2 years, a mean BMI
of 31.6 £ 4.7 kg/m?, corresponding to a mean BMI SDS of 2.4 + 0.4. Baseline patient

characteristics are depicted in Table 6.6.

Patients had a median of 2 metabolic risk factors (range 0 - 5). All participants but one
had an increased waist circumference, 25 were hypertensive, 19 had a lowered HDL-
cholesterol, 5 an impaired glucose tolerance (based on fasting glucose) and 31 patients
suffered from hypertriglyceridemia. The number of metabolic comorbidities related
significantly with baseline weight (r=0.20, p=0.047), BMI (r=0.24, p=0.017) and BMI SDS
(r=0.22, p=0.032), but not with age (p=0.3). Treatment with metformin for increased

glucose or insulin values was started in 86 of the 100 participants.
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Older participants had more severe obesity, witnessed by associations between age and
baseline weight (r=0.77, p<0.001), BMI (r=0.58, p<0.001) and a borderline non-significant

correlation with BMI SDS (r=0.19, p=0.07), but no sex differences were found.

Table 6.6: Baseline characteristics and comparison between patients that have
completed the follow-up visits at 12 and 24 months and those who have not.

Baseline 12 months 24 months
All Drop-out Complete Drop-out Complete
treatment treatment
N 100 30 70 17 43
Age (years) 12.0+2.2 12.0+2.0 12.0+2.2 12.4+25 11.7+2.0
J/9 ratio 49/51 12/18 37/33 12/5 22/21
Weight (kg) 81.0+20.7 80.8 +16.7 81.1+223 89.2+224 77.9+20.2
BMI (kg/m?) 31.6x+4.7 31.8+3.6 31.5+5.2 33.7+5.1 30.3+4.1
BMI SDS (SDS) 24+04 24+0.4 24+0.4 2.61+0.4 24103
Waist (cm) 92.5+11.6 92.5+9.0 92.5+12.6 98 (65 —118) 91.0(75.5-115.0)
Hip (cm) 106.3+13.0 106.6 + 14.0 105.6+10.4 111.7+13.7 104.6+12.5
Waist-to-hip 0.87 £ 0.06 0.88 £ 0.07 0.87 £0.06 0.86 +0.08 0.87 £0.05
ratio
Fat mass (kg) 33.8+11.9 33.0+9.2 34.1+13.0 39.9+13.1 31.4+10.6
Fat% (%) 40.7+£5.3 40.4+4.8 40.8 £5.5 43.8 +5.2 39.6+4.7
Lean mass (kg) 371173 37.9+6.9 36.8+7.5 37.1+7.6 36.7+7.7
Lean% (%) 46.8+6.8 47.4+6.2 46.5+7.0 42.8+6.6 48.1+6.0
Systolic BP (%) 69 (3 —99) 58 (3 —98) 72 (3-99) 78 (8 —99) 70 (8 —99)
Diastolic BP (%) 54 (4-99) 47 (4-92) 50 (6 — 99) 74 (21-99) 47 (6-99)
Glucose (mg/dl) 88+7 89+8 877 86+6 867
Insulin (pmol/l) 183 191 178.5 179 (75-363) 183 (37 —526)
(37-533) (65 —533) (37-526)
HOMA-IR 5.5 5.8 5.4 5.6 (2.0-11.0) 5.6(1.1-19.3)
(1.0-19.3) (2.0-18.0) (1.1-19.3)
Total cholesterol 165 +31 166 £ 32 164 £31 170+ 30 161 +£31
(mg/dl
HDL-cholesterol 48 +11 49+13 48 +9 47+9 48 +9
(mg/dI)
LDL-cholesterol 93 +26 93 +27 94+ 26 89 (59 —151) 94 (31-149)
(mg/dl)
Triglycerides 92 (29-284) 79(43-236) 87 (35—305) 104 (57 - 217) 89 (38 —239)
(mg/dI)
Metabolic  risk 2 (0-5) 1(1-4) 2(0-5) 2(0-4) 1(1-5)

factors (n°)
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Table 6.6 Baseline 12 months 24 months

continued
All Drop-out Complete Drop-out Complete
(n=100) (n=30) Treatment (n=17) Treatment

(n=70) (n=43)

Hs-CRP (mg/l) 2.1 2.6 2.0 3.6(0.3-12.0) 1.5(0.2-7.0)
(0.2-12.0) (0.3-9.5) (0.2-12.0)

AST (U/1) 21(11-53)  20(11-53) 22 (11-43) 2316 22+7

ALT (U/1) 27 (12-68)  26(12-63) 27 (15-68) 33 (15-54) 26 (15 - 68)

AST/ALT 0.74 0.68 0.77 0.78 +£0.29 0.81+0.22
(0.39-1.77) (0.44-1.77)  (0.39-1.34

OAHI (/hour) 0.6 0.3 0.6(0.0-14.4) 1.0(0.1-14.4) 0.5(0.0-6.1)
(0.0-14.4) (0.0-5.6)

oDl (/hour) 0.4 0.4 0.3(0.0-6.9) 0.5(0.0-6.9) 0.3 (0.0-4.4)
(0.0-6.9) (0.0-5.1)

Maximal 1.4+0.4 1.5+0.4 1.4+0.3 1.4(1.1-23) 1.3(1.1-2.5)

dilatation

Time to maximal 195 195 165 165 195 (45 —285)

dilatation (s) (45 - 285) (45 — 285) (45 — 285) (135 — 285)

Parameters in bold are significantly different between groups. “significantly different between groups p<0.05,
“*significantly different between groups p<0.01, **"significantly different between groups p<0.001. BP = blood pressure.
70 patients completed one year of outpatient treatment, but only 60 are analyzed for the second year of outpatient

treatment since 10 patients had not signed the informed consent for the extended follow-up.

6.5.2 Drop-out during the first and second year of outpatient treatment

As visually depicted in the flowchart of Figure 6.3, 70 patients attended the 12-months
follow-up visit, corresponding to a drop-out rate of 30%. Sixty participants were included
for the two year follow-up, as 10 patients did not sign the informed consent for the
extension study. Of the 60 participants, 17 participants ended treatment and 43
completed the entire 2-year follow-up. Motives for dropping out are listed in Table 6.7
Interestingly, whereas initially loss of motivation is an important motive in the first year of
treatment, we see that during in the second year of treatment motivational drop-out is
only found in a minority of the participants and social motives are attributed to half of the

drop-outs.
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Table 6.7: overview of motives for dropping out of treatment in outpatient care

First year N Second year N
Loss of motivation 21 Loss of motivation 6
Start inpatient treatment 3 Start of inpatient treatment 3
Travel distance 2 Social motives (i.e. changes 6
Endocrinopathy 1 In family situation,

Reached normal weight 1 financial...)

Parental health problems 1 Transition to adult clinic 1
Other 1 Unknown 1

Baseline
N=100

21 drop-outs |

6 months
N=79

7

10 drop-outs i

60 inclusions in
extension study

17 drop-outs gl

Figure 6.3: Flowchart showing

participant flow throughout the study.
The extension study refers to the

24 months
N=43

extended follow-up for the cohort in the
Antwerp University Hospital as written

in Chapter 3.1.

No differences were found in any of the patient
characteristics or metabolic risk factors between the 30
participants that dropped out before 12 months of
treatment and those that retained in treatment for at
least one year, as can be seen in Table 6.6. Analyses were
repeated comparing only the 21 motivational drop-outs
with the participants that completed the program, but
results remained unchanged. Although not our original
intent, we further explored whether the treatment
success during the first 6 months of treatment had an

impact on the drop-out at 12 months.

114



Chapter 6: Predicting treatment outcome in pediatric obesity

Our results showed that the 70 participants completing the one-year follow-up had more
reduction in BMI in the initial 6 months compared to the 9 participants attending the 6
months follow-up but dropping out by 12 months, i.e. a BMI reduction of -1.3 + 1.9 kg/m?
compared to + 0.2 + 0.8 kg/m?, p=0.006 and p<0.001 respectively. A logistic regression
with drop-out after one year as outcome, revealed a significant effect for BMI reduction

during the first six months (p=0.03), Nagelkerke R? 0.12.

The 17 participants that dropped out during the second year of treatment had generally
more severe obesity and had a higher oAHI measured by polysomnography at baseline
compared to those that were retained in treatment, see Table 6.6. No difference was
found in initial reduction between the participants dropping out by 24 months compared
to those completing the second year of treatment (p=0.075). In a logistic regression
predicting drop-out in the second year by pretreatment BMI (in kg/m?) and oAHI on

polysomnography, only BMI remained significant (p=0.017), Nagelkerke R? 0.11.

6.5.3 Predictors of BMI (SDS) reduction during the first and second year of
outpatient treatment

The 70 participants who completed the one-year follow-up visit significantly reduced their
BMI by 0.8 + 2.5 kg/m?, corresponding to 0.2 £ 0.3 SDS and the 43 remaining patients by
1.0 + 3.3 kg/m? after 2 years corresponding to 0.3 + 0.4 SDS compared by baseline. The

evolution in other anthropometric variables is depicted in Table 6.8.

Table 6.8: evolution of anthropometry and body composition during treatment

Parameter Baseline After 12 months After 24 months
N 100 70 43

Weight (kg) 81.0 £20.7 83.6 £20.9" 82.4+154

BMI (kg/m?) 31.6+4.7 30.7+5.5" 29.3+44

BMI SDS 24+0.4 22+0.5" 2.1+0.5

Fat mass (kg) 33.8+11.9 34.1+13.0 31.4+10.6
Fat% (%) 40.7+5.3 40.8+5.5 39.6+4.7

Lean mass (kg) 37.1+7.3 36.8+7.5 36.7+7.7
Lean% (%) 46.8+6.8 46.5+7.0 48.1+6.0

* significantly different from baseline, # significantly different from 12 months
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The BMI SDS decrease after one year of outpatient treatment was only found to be
predicted by baseline HDL-cholesterol as tested in univariate models, with r=0.26 and
p=0.03 resulting in an explained proportion of the variance of 2.1%. None of the other
patient characteristics or metabolic comorbidities related significantly to the decrease in

BMI SDS.

The overall difference in BMI SDS after 2 years of treatment was not associated with any

of the patient characteristics or metabolic comorbidities (p>0.05).

These analyses were repeated but with change in BMI as outcome variable instead of
change in BMI SDS. The BMI change during the first year of treatment was only
associated with pretreatment lean mass (r=0.28, p=0.02) in a univariate linear regression
accounting for 6.6% of the explained variance. A borderline non-significant difference in
BMI was found between the 59 patients who received treatment with metformin for
deregulations in their glucose metabolism compared to the 11 participants who did not
receive metformin (p=0.054). The BMI difference between baseline and 24 months of
treatment was significantly predicted by gender, waist and number of metabolic risk

factors, as depicted in Table 6.9.

Figure 6.4 compares the findings on BMI SDS change with those on BMI change for

patients in outpatient care.

Table 6.9: Final linear regression models to identify predictors of BMI (in kg/m?)
decrease during two years of outpatient treatment.

r p-value  Adj. R?
0.362
Intercept <0.001
Waist 0.53 <0.001
Male sex 0.42 0.009
Number of metabolic risk 0.32 0.05

factors
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Predictive factors
TREATMENT OUTCOME BMI SDS
BMI SDS reduction after 1 year:

70 program completers

30 program drop-outs

HDL (+)
BMI SDS change after 2 years: 17 drop-outs i
None identified After 24 months: 43

Predictive factors
TREATMENT OUTCOME BMI

BMI reduction after 1 year of treatment:

Lean mass (+)

BMI change after 2 years of treatment:

Total n° of
metabolic
risk

factors (+)

Male sex (+)  Waist (+)

Figure 6.4: The middle panel represents the number of study patients at every visit. The left side depicts the factors

predictive of the treatment outcome in BMI SDS whereas the right side indicates the factors predictive of treatment

outcomes in BMI. All factors were positively predictive of treatment outcome.

6.6 Discussion

The present study explored the predictive value of baseline patient characteristics,

pretreatment comorbidities for treatment drop-out, as well as short- and long-term

treatment outcome in a large cohort of Belgian children with obesity treated in either a

pediatric rehabilitation center or a tertiary outpatient obesity treatment center.
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6.6.1 Drop-out
First, we have identified factors predictive for drop-out. An overview of our findings is

presented in Table 6.10.

Table 6.10: overview of the predictive factors identified by logistic regression for drop-
out in each setting

Inpatient Difference drop-out Significant in logistic ~ Nagelkerke R?
group with non-drop-  regression (0 =
out complete treatment,
1 = drop-out)
During treatment Higher weight, BMI, Weight (+) 0.15
BMI SDS, waist Adiponectin (-)

circumference, high
ALT, lower AST/ALT
ratio and adiponectin

During aftercare Older, higher weight Age (+) 0.11
and BMI

Outpatient

1 year reduction / Initial BMI loss (-) 0.12

2 year reduction Higher BMI, BMI SDS, BMI (+) 0.11

fat mass and %, lean
mass and OAHI

Our study showed that children with more severe obesity had a higher risk of drop-out
during inpatient treatment and during the residential aftercare program (as age was
related to higher BMI), as well as during the second year of outpatient treatment. A
previous study conducted 6 years earlier in the same inpatient facility described a higher
fat% in patients dropping out (272) and another inpatient study in 7-13 year old children
identified initial weight status and weight loss as predictive for drop-out after 6 and 12
months (273), explaining 14-16% of the variance. Also in outpatient programs, obesity
severity was previously documented to affect drop-out. For instance a previous RCT in 6-9
year old children reported a higher BMI SDS, waist circumference and older age in
children dropping out after 1 year (274), similar to another RCT where children aged 5 -

10 years old dropping out by 9 months had higher pretreatment BMls (275).

118



Chapter 6: Predicting treatment outcome in pediatric obesity

The finding that those most in need of treatment have the highest risk of drop-out has
been described as the ‘attrition paradox’ (276). As premature treatment cessation and
drop-out during aftercare are risk factors for poorer treatment outcome
(116,258,259,277,278), our results indicate a pessimistic future for patients with the most
severe form of obesity. Therefore, strategies focused on retaining these at-risk individuals
during treatment and aftercare should urgently be developed. For inpatient settings, no
studies on preventive interventions to retain individuals during treatment and aftercare
have been conducted. In contrast, outpatient some successes have been booked (279), by
implementing reminder phone calls, offering an orientation session before treatment
start or sending goal-setting text messages (280-282). In future research, it would be
interesting to study whether these interventions could be successfully implemented to
improve aftercare attendance after inpatient treatment as well. Furthermore, due to
COVID-19, online health care is rapidly evolving and might overcome commonly
experienced barriers related to physical distance, (travel) time, or missed work/school
(283). Positive results with online provided care in the context of pediatric obesity have
been previously reported for communities facing difficulties with health care access
(284,285). As the inpatient treatment center in our study was situated in a remote corner
of the country, online interventions could improve aftercare attendance here and are in

fact currently being used due to the COVID-19 pandemic.

Interestingly, opposed to the above-named risk factors for drop-out, none of the patient
characteristics was predictive of one-year treatment drop-out in the outpatient setting.
Although this was not part of the original research question, we found that the
participants still participating in treatment after 1 year of outpatient obesity treatment
were those with a greater BMI reduction during the first six months. These findings
confirm the results of the DIRECT trial in adults with obesity stating that initial 6-month
reduction in weight is the main predictor of long-term retention in weight programs
(286). Other adult studies also report that the preceding weight loss is a risk factor for
drop-out, for example weight-loss failure after 1 month predicted 2 month drop-out in

the study by Alexander and co-workers (287).
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Similarly, Perna et al. found that weight loss during the first 3 months was the main
predictor of drop-out at 6 and 12 months for adults treated in an outpatient
endocrinology department (288). In a 2011 review, 5 out of 6 studies associated lower
early weight loss to higher drop-out rates (129). All of these findings above indicate that
early weight loss importantly predicts long-term retention and indicates why retaining
participants previously treated in inpatient care after their transition to outpatient
(after)care is so difficult, as they are known to generally experience weight re-increase
after returning home (117). These data illustrate the complexity of the interplay between
treatment drop-out and treatment response in outpatient centers. On one hand, a low
response to treatment seems a risk factor for drop-out, and on the other hand non-
attendance is associated with a poorer weight outcome (289-291) creating a vicious
cycle. Therefore, early treatment redirection should be considered if treatment is
unsuccessful (292), for example by referring to an inpatient center, by changing the
dietetic approach or by providing additional pharmacologic support with some of the

newly emerging therapies.

Lastly, we have provided an overview of the reasons causing drop-out in our outpatient
cohort. During the first year of treatment, we found that 70% of the drop-outs was
reported to be due to a loss of motivation, which might be related to initial treatment
success in some participants as discussed above. Interestingly, during the second year of
treatment, only 6 out of 17 participants dropped out due to motivational issues and
equally as many participants dropped out due to social reasons (family situation,
conviction, financial reasons). As drop-out from obesity treatment is often thought to
result simply from a lack of motivation, our data indicate that often social motives
contribute. As our data are coming only from a small group of outpatient participants,
they should only serve to raise awareness and encourage other researchers to keep track
of the reasons for premature termination of treatment programs as with this knowledge

effective preventive strategies or useful program modifications could be developed.
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6.6.2 Predictors of BMI evolution
Second, we identified factors predictive for BMI SDS change during and after treatment.

An overview of our findings is presented in Table 6.11.

Table 6.11: overview of the predictive factors identified for BMI evolution by setting
and outcome measure.

Inpatient Adj. R? Adj. R?
BMI SDS BMI

Reduction Pretreatment BMI (-) 0.12 Age (-) 0.53
N° of metabolic risk Male gender (+)
factors (-) Pretreatment BMI (+)

Absolute Systolic blood pressure (+) 0.39 Age (+) 0.58

re-increase Leptin (-) Leptin (-)

Adiponectin (-)

Relative regain Age (+) 0.57 Age (+) 0.53
% Leptin (-) Leptin (-)

Adiponectin (-) Adiponectin (-)
Outpatient
1 year reduction HDL-cholesterol (+) 0.02 Lean mass (+) 0.07
2 year reduction / Waist (+) 0.36

Male gender (+)
N°  metabolic risk
_factors (+)

This is the first study to report the influence of the total number of weight-related
comorbidities on BMI reduction. Interestingly, we see a negative effect of the number of
metabolic comorbidities on BMI SDS reduction during inpatient treatment, whereas we
see more BMI reduction in the outpatient cohort. For the outpatient group, this can be
partly explained by the treatment goals set. For younger children with only a mild-to-
moderate form of obesity in absence of coexisting comorbidities, the treatment can be
targeted at BMI stabilization, whereas in those with a more severe form of obesity
(especially when accompanied with comorbidities) the focus of treatment will be on

losing weight (24).
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Therefore, the finding that a higher initial BMI and more metabolic comorbidities are
associated with more BMI reduction might indicate that our outpatient treatment is
successful in obtaining weight loss in those that need it most if they are retained in
treatment. Contrarily, our inpatient data indicate that a worse pretreatment metabolic
profile relates to less BMI reduction during stay and more posttreatment BMI regain,
supporting a previous study reporting individual negative associations between metabolic
syndrome markers and treatment outcome (264), indicating again that current pediatric

obesity treatment is unfeasible for the patients most in need of treatment.

Regarding BMI, some studies confirm that a higher initial weight status negatively impacts
weight loss (293-295), whereas others report an opposite association (296-300). A
possible explanation for these conflicting findings is the observed drop-out of patients
with most severe obesity, creating a bias in the population available for analysis.
Otherwise, studies with discrepant findings often used other BMI metrics such as kg, BMI
or adjusted BMI which might change the observed findings, as pointed out previously
(231). Indeed, when analyzing the data on BMI (instead of BMI SDS) the exact opposite is
found (more weight loss for those with a higher BMI), as can be seen in Table 6.11 and

these findings contribute to the ongoing discussion on which outcome measure to use.

Besides BMI and metabolic comorbidities, age was found as an independent positive
predictor of posttreatment relative BMI SDS regain. These findings can be explained by
the hypothesis that patients with the most comorbidities and highest BMI at baseline
come from the most obesogenic environment with a more sedentary lifestyle. As a better
cardiorespiratory fitness has been associated with more weight loss during treatment
(293), this outlines why they would lose less weight during treatment and explains why
older age positively predicts posttreatment weight regain, as physical activity decreases
with increasing age (301-303). This could indicate that older participants need even more
physical training during the inpatient program or that a treatment preparation program
might be useful to already improve cardiorespiratory fitness, lower pretreatment

metabolic comorbidities and pretreatment BMI.
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Similarly, in outpatient care, the one-year treatment outcome is positively predicted by
pretreatment HDL and lean mass, which could support the same hypothesis in the
outpatient population, i.e. more pretreatment exercise associates with better outcomes.
One previous study by Uysal and co-workers could not find an association between
baseline HDL and weight reduction (264), however their population was generally
younger than our study population. When following the hypothesis above on physical
activity with younger aged individuals being more active, this might explain why HDL-
cholesterol did not predict weight loss in this younger — possibly more active —
population. Nevertheless, as the explained proportion of the variance in our findings was

low, these findings could also be chance findings caused by multiple testing.

In conclusion, the above findings again point at the pessimistic prognosis of those
subjects in the highest need for treatment, even if they complete the entire inpatient
treatment and aftercare, and emphasizes the importance of program modifications,
guiding these patients and their families to make and maintain changes in the home

environment as well.

6.6.3 Predictive role of adipokines
Lastly, we studied the predictive ability of leptin and adiponectin on weight outcome
during and after inpatient treatment. Neither leptin nor adiponectin predicted weight

loss, however both were inversely predictive of weight regain during aftercare.

The finding that a high baseline leptin was associated with less weight regain was
unexpected when considering leptin resistance. Here, it should be noted that we only
gathered follow-up data of a limited sample of inpatient children that were generally
younger with less severe obesity compared to the inpatient group that was lost to follow-
up. Therefore, these children might have not yet developed a resistance to the actions of
leptin as was previously hypothesized by Murer et al. who studied baseline leptin levels

and its changes in relation to weight loss in a similar population of children with obesity
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(304). As a result, a higher leptin level would promote satiety, hereby counteracting

weight regain.

Next, a higher adiponectin was also found to be predictive of less weight regain after
inpatient treatment. Adiponectin enhances the body’s insulin sensitivity of the peripheral
tissues hereby stimulating glucose transport and fatty acid oxidation (72) and
subsequently promoting weight loss (73). Centrally, it acts upon the body’s energy
expenditure by increasing oxygen consumption and thermogenesis, again promoting
weight loss (74). By these same mechanisms, adiponectin might counteract weight regain.
An alternative explanation on the inverse association between adiponectin and weight
regain can be found in the adipose tissue. Adiponectin production tends to be lower in
the visceral abdominal adipose tissue compared to the subcutaneous adipose tissue
(305). Therefore, it could be hypothesized that subjects with obesity and a lower
adiponectin level have more visceral adipose tissue than those with a higher adiponectin
level. As weight loss and weight regain tend to alter the visceral adipose stores favorably,
subjects with a low adiponectin (so more visceral adipose tissue) would therefore be
expected to lose weight more easily, but consequently also be more vulnerable to weight
regain (306). Thus, a lower adiponectin could also reflect a higher obesity severity and fit
into the previously discussed worse prognosis for the youngsters with the highest weight
status. As this is one of the first studies describing the predictive potential of leptin and
adiponectin regarding posttreatment weight regain in children with obesity, further

research needs to confirm these findings.

6.6.4 Limitations
Despite adding a new perspective, our results should be seen with the following

limitations.

A first limitation is that these data are coming from a previously conducted randomized
controlled trial. Within this trial, additional efforts were made to minimize drop-out,

especially outpatient. Therefore, this might have lowered the observed drop-out rate
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when no additional efforts for patient retention are made. Nevertheless, even despite
these efforts a one-year drop-out rate of 30% in the outpatient setting was observed,

which is consistent with other studies (128).

Second, our residential population differed from our outpatient group with those treated
residentially being generally older and having more severe obesity. Our results show the
least favorable prognosis after inpatient treatment for subjects suffering from the most
severe form of obesity. Although, since our outpatient population had a generally lower
body weight, it remains difficult to predict how these inpatient subjects would respond
when placed in an outpatient setting. Therefore, it would be interesting in future research

to follow populations comparable in age, sex and obesity severity in each setting.

Third, the group attending the last follow-up visit in both settings, i.e. 43 participants in
either setting, and this should be kept in mind when reading these results. However, this
limitation inversely provided us with a sufficiently large group for the analyses of drop-

out cases.

Fourth, although we were able to identify some contributors to treatment outcome, the
explained proportion of the variance in our drop-out analyses and the outpatient analyses
was rather low although in line with other studies (273) This underpins the importance of

many ‘non-medical’ factors in the determination of short- and long-term outcome.

Last, we have focused on BMI status as outcome variable, whereas in obesity treatment
the focus was on improving health. When focusing on the health benefits of treatment,
this might change the point of view, as the health benefits obtained from obesity
treatment (and the resulting BMI reduction) remain present for a longer period of time
despite weight regain (107,307) and sometimes improvements in health can already be
achieved for example by stabilizing the amount of body weight. Nevertheless, this state of
metabolic healthy obesity is rather a temporal stage before obesity-related comorbidities

develop (308).

125



Chapter 6: Predicting treatment outcome in pediatric obesity

6.7 Conclusion

In conclusion, children with more severe obesity and more metabolic comorbidities are at
increased risk for early drop-out during inpatient obesity treatment and late drop-out
during the inpatient aftercare sessions or during outpatient treatment. Furthermore, they
have an unfavorable outcome during in- and outpatient treatment and are prone to
regain more of their lost body weight after returning home. Therefore, successful
strategies to reduce drop-out and to prevent posttreatment weight regain are urgently
needed. With the knowledge that younger patients with less severe obesity have better
long-term results after inpatient treatment, physicians should consider an early referral of
these patients to an inpatient treatment setting when outpatient results are insufficient.
Additionally, this study identified baseline leptin and adiponectin levels as independent
predictors of posttreatment weight regain in children with (previous) obesity. Further
research on how adipokines mediate the relation between adipose tissue and body

weight is therefore needed.
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7.1 Abstract

Aims: Children with obesity are treated by a lifestyle intervention to obtain weight loss.
Nevertheless, weight regain often occurs. This systematic review examines the effect of
weight regain on cardiometabolic health with the prevalence of the metabolic syndrome

as integrated endpoint.

Data synthesis: A literature search was performed in PubMed and Web of Science.
Studies were selected if they included participants aged <18 years with obesity and
presented data before and after weight loss and after weight regain hereby
reporting minimally 1  cardiovascular risk factor at every assessment. After

screening, nine articles remained.

Results: Generally, the diastolic BP re-increased after weight regain, whereas for systolic
BP a sustained result for 6 months was reported with an increase during longer follow-up.
No significant changes in fasting glucose were reported after weight regain compared to
baseline. Regarding triglycerides, a complete weight regain re-increased the lowered
values to baseline, whereas a partial regainresulted in a sustained decrease in
triglycerides in 2 studies and an increase to intermediate levels in 1 paper. HDL-
cholesterol only rose several months after initiating treatment. Hs-CRP remained lowered

for a longer period than the moment where the weight loss nadir was achieved.

Conclusion: Research on weight regain and cardiometabolic health in children with
obesity is scarce. No convincing evidence was found for a worsening of the
cardiometabolic profile after weight regain. Some benefits even persisted despite weight
recovery. Subsequently, the metabolic syndrome prevalence seems temporarily lowered

after weight loss, despite weight regain.
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7.2 Introduction

Anno 2016, worldwide 124 million children aged 5 to 19 years old were diagnosed with
obesity (11). Up to 70-90% of these children with obesity have at least one cardiovascular
risk factor (309) and a clustering of multiple risk factors was previously referred to as ‘the
metabolic syndrome’. The metabolic syndrome has already been discussed in the
introduction chapter under chapter 1.2.1.1, including its 5 key features (central obesity,
hypertriglyceridemia, a low HDL-cholesterol, hypertension and hyperglycemia) and the
population specificity leading to a large variation of the definitions currently used (52—

54,61).

Recently, the diagnostic value of the metabolic syndrome in pediatrics has been
questioned. The reasons are the missing of one universally accepted definition, the
criteria relying on a categorical (yes/no) fulfillment whereas the clinical risk factors are
continuous variables, the instability of the diagnosis throughout development to
adulthood despite consistent clustering of risk factors and lastly, the conflicting results
regarding the predictive potential towards adult metabolic syndrome and adverse health
consequences (57-59,310-312). Furthermore, more recently discovered risk factors, such
as hs-CRP, are not incorporated in the metabolic syndrome definition. Nevertheless, hs-
CRP is an independent predictor of cardiovascular disease and mortality (313). Therefore,
the American Academy of Pediatrics recommends to ‘shift the focus to cardiometabolic
risk factor clustering’. Hereby, they advise to focus more on screening of individual risk
factors and to be aware that the presence of one cardiometabolic risk factor is often
accompanied by the presence of other risk factors (63). Like excess body weight, also the
clustering of cardiometabolic derangements often tracks from childhood to adulthood

(314-316) as pointed out previously in chapter 1.2.1.1.
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In chapter 1.3.4, we previously outlined a lifestyle intervention as the standard of care for

children with obesity despite the modest long-term results and frequent relapses (131-

134,295,317), including the relation between weight fluctuations and adverse

cardiometabolic outcomes reported in some adult studies (160,161,166).

Conclusive pediatric data on this topic is missing. Therefore, we have reviewed the
existing literature on the influence of weight loss and weight regain on the different
cardiovascular risk factors separately. Secondly, we have provided a general synthesis by
discussing the influence of these weight changes on the metabolic syndrome, as a

surrogate endpoint for the combined cardiometabolic risk profile.

7.3 Methodology

We performed a systematic review according to the recommendations of the PRISMA

guidelines (318).

7.3.1 Eligibility criteria

Studies were included if the following criteria were met:

- mean age < 18 years old

- mean BMI defined as obese by recognized international criteria

- research reporting data before and after weight loss, followed by a period of
longitudinal follow-up in which any form of BMI regain occurred

- information on at least 1 cardiometabolic risk factor at every time point

- written in English, French, Dutch or German

Only original clinical studies were included. Publications were excluded if they consisted
of literature reviews, if only adults or animal models were included, and/or if an

endogenous cause for obesity was studied.
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7.3.2 Search strategy

A literature research was performed in Pubmed and Web of Science using the following
search strategy: ((("obese children" or "obese adolescents" or "pediatric obesity" or
"obese teenagers")) AND (“body weight trajectory” or “body mass index trajectory” or
“body mass index change” or “body weight change” or “weight cycling” or “weight
regain” or “body mass index regain” or “body mass index cycling” or “yoyo-dieting” or
“post-dieting weight regain” or “body mass index variability” or “weight variability” or
“weight maintenance”)) AND ("cardiovascular diseases" or “cardiovascular risk” or
"hypertension" or “blood pressure” or "vascular function" or "endothelial dysfunction" or
"vessel disease" or "cardiovascular risk" or "cardiovascular health" or "inflammation" or
“hs-CRP” or "cholesterol" or “triglycerides” or “HOMA-IR” or “endothelial function” or
“EndoPAT” or “reactive hyperemia index” or “cardiac” or “insulin resistance” or “impaired
glucose tolerance” or "fasting glucose" or "fasting insulin" or "HDL-cholesterol" or "LDL-
cholesterol" or "total cholesterol" or “diabetes type 2” or “IL-6” or “IL-10” or
“inflammatory cytokines”). This search was last repeated on March-9-2020. When a
reference in a selected paper pointed to another relevant study, these references were

searched manually (snowball effect).

7.3.3 Study selection

The ‘template for study selection’ created by the ‘KCE - Belgian Health Care Knowledge
Centre’ was used for synthesizing the result of the selection process. Relevant studies
were selected in 3 stages. First, duplicates were removed. Second, publications were
screened on title and abstract. Then, when the paper was found relevant and met the
eligibility criteria, the full text version was screened and, if it fulfilled the criteria, included
in the systematic review. If there was doubt over the eligibility of a publication, a second

reviewer was consulted.
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7.3.4 Data extraction
The following information was extracted from each paper: patient characteristics (e.g.
number of patients, patient eligibility criteria), study design, the amount of weight

regained and the cardiometabolic risk factors studied.

7.3.5 Risk of bias

The risk of bias in each individual study was assessed by the Quality Assessment Tool for
Observational Cohort and Cross-Sectional Studies developed by the National Institutes of
Health (NIH) (319). Based on a list of 14 items, this tool evaluates the following
parameters: the study objective and population, the study design, the statistical analysis
and power of the study and the risk of bias. At the end of the checklist, the overall quality
of the study was rated as good, fair or poor based on the 14 items by the rater. Only one

rater was involved in assessing the risk of bias.

7.4 Results

7.4.1 Literature search

A systematic search in Pubmed and Web of Science resulted in 93 articles. Eleven studies
were found eligible and another 3 studies were added by hand searching the reference
lists of the selected papers. As depicted in Figure 7.1, eighty-two articles were excluded
based on title and abstract of which thirty-nine papers were excluded because of their
design, as they were reviews or based on cross-sectional research. The interventional
papers excluded showed a longitudinal follow-up, but did not report weight regain data.
Finally, 15 articles were evaluated in full text. Additionally, 5 studies were excluded after
full reading for the following reasons: two studies did not report a cardiovascular risk
factor at follow-up and three studies only reported weight loss, but no weight regain. At
the end of the selection process, 9 articles met the eligibility criteria as presented in

Figure 7.1.
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Potentially relevant citations 03
identified
Based on title and abstract
evaluation, citations excluded: 82
Reasons:
Population 2
Intervention 20
Additional potentially relevant Qutcome 6
citations (hand searching): 3 ‘4, Design 39
Duplicate 15
’@udies retrieved for more 14
detailed evaluation:
Based on full text evaluation,
studies excluded: 5
Reasons:
Intervention 2
Outcome 2
Design 1
Relevant studies: 9

Figure 7.2: Flowchart of the study selection for inclusion in the review.

7.4.2 Study characteristics

Of the 9 selected studies, 4 were randomized controlled trials (RCT) comparing two
treatments (320-322) or a treatment with a control group (323). Four studies were
prospective observational studies (132,324-326) and one was a retrospective descriptive

case series (327). An overview of the extracted information can be found in Table 7.1.
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First Patient characteristics Design (study type, intervention, Cardiovascular risk
author (n, age, girls, obesity follow-up assessments”) factors studied
(year) definition)
Holm N=115 Prospective observational study Blood pressure
(2012) 8-15 years 3-month inpatient weight-
62 girls, reduction program
obesity defined based Follow-up at 7, 13 and 25 months
on BMI SDS after intervention
Lausten-  Cfr. Study of Holm et al.  Cfr. Study of Holm et al. Hs-CRP
Thomsen
(2015)
Chang N=49 Randomized controlled trial Fasting glucose and
(2007) 12-14 years 9-month supervised exercise insulin, HOMA-IR
16 girls intervention vs control group Triglycerides
BMI =95 percentile Follow-up 3 months post- Cholesterol (total, HDL
intervention and LDL)
Franco N=22 Retrospective descriptive case Blood pressure/
(2017) 14-19 years series hypertension,
16 girls Laparoscopic sleeve gastrectomy Fasting glucose and
BMI>40 kg/m? or >35 Follow-up at 6, 12, 18 and 24 insulin/Insulin
kg/m? with co- months after surgery resistance/impaired
morbidities glucose tolerance/ type 2
diabetes
Triglycerides
Cholesterol (total, HDL
and LDL)/dyslipidemia
Metabolic syndrome
Sachdev  N=12 Feasibility study Blood pressure
(2018) Adolescents with tanner 6 months of intragastric balloon Fasting glucose and
stage >4 placement as additive to a lifestyle  insulin, HOMA-IR, insulin
7 girls intervention area under the curve
BMI SDS >3.5 Follow-up at 24 months (18 following an OGTT

months after balloon removal)

Triglycerides
Cholesterol (total)
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Table 7.1
continued
First Patient characteristics Design (study type, intervention, Cardiovascular risk
author (n, age, girls, obesity follow-up assessments’) factors studied
(year) definition)
Lazzer N=26 Prospective observational study Fasting glucose and
(2005) aged 12-16 years 9 months personalized inpatient insulin,
14 girls weight reduction program Triglycerides Cholesterol
BMI>99' percentile for ~ Follow-up 4 months after ending (total, HDL and LDL,
age and gender the program LDL/HDL ratio)
Shalitin N=162 Randomized controlled trial Blood pressure
(2009) aged 6-11 years old with  12-week intervention of exercise, CRP and IL-6
Tanner stage 1 diet or both Fasting glucose and
81 girls Follow-up 9 months post insulin, HOMA-IR
BMI >95 percentile intervention Triglycerides
Cholesterol (total, HDL
and LDL)
Kelishadi  N=100 Randomized controlled trial Blood pressure
(2008) aged 7-9 years with 6-month lifestyle intervention Fasting glucose and
Tanner stage 1 targeted at diet or exercise. insulin, HOMA-IR, QUICKI
number of girls not Follow-up visit 6 months after Triglycerides
reported ending the intervention Cholesterol (total, HDL
BMI =95 percentile and LDL)
Okely N=165 Randomized controlled trial Blood pressure
(2010) aged 5.5-9.9 years with 10-weeks face-to-face session Hs-CRP
Tanner stage 1 followed by 3 monthly relapse- Fasting glucose and insulin
68 girls prevention phone calls. Triglycerides

BMI defined as
overweight or obese by
the IOTF criteria but BMI
SDS <4.0

The intervention was focused on a
parent-centered dietary program, a

child-centered physical activity
program activity or both.
Follow-up 6 months after the
intervention

Cholesterol (total, HDL
and LDL)

*Every study included had assessments at baseline and at the end of the intervention.
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A total of 651 children and adolescents with obesity were included in this review. The
mean age was 9.8 years. Two papers comprised the same patient cohort, so these
patients were only counted once (324,325). Kelishadi et al. did not report the male-to-
female ratio (320). Of the remaining 551 participants, 264 were female (48%). The study
of Holm et al. comprising 115 patients only reported BMI SDS, which was 3.0 SDS (324).
The average BMI of the other 536 patients was 26.5 kg/m?. Three studies were performed
in pre-pubertal children with obesity, with one including also children with overweight.
Two studies included both children and adolescents aged 8 — 15 years old. Four studies
were conducted in adolescents, age ranging from 12 to 19 years, with two studies

reporting only on adolescents with severe obesity.

Only 3 papers focused specifically on the influence of weight regain after weight loss
(132,324,325), whereas the remaining 6 papers presented these data, without weight
regain being one of the primary or secondary outcomes of that particular study. Most
studies focused on lifestyle interventions for obtaining weight loss. The lifestyle
intervention studies consisted of an outpatient setting in 4 studies (320-323) and an
inpatient setting in 3 studies (132,324,325). Just two studies discussed the influence of a
surgical weight loss intervention (326,327). Six papers reported information on blood
pressure (320-322,324,326,327), 7 on the metabolic profile (cholesterol, lipids, glucose,
insulin) (132,320-323,326,327) and 3 on the inflammatory profile (321,322,325).

7.4.3 Quality of the evidence

An overview of the quality assessments of the studies can be found in Table 7.2. Most
studies included showed a suboptimal quality. The most common limitations were small
sample sizes and high or unreported drop-out rates. Additionally, some studies made no
statistical comparison between the baseline and follow-up data. A control group with

maintained weight loss was only present in 1 study (132).
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Table 7.2: Risk of bias assessment of studies included, based on the Quality Assessment
Tool for Observational Cohort and Cross-Sectional Studies developed by the National
Institutes of Health (NIH).

validity 2 3 4 5 6 7 8 9 10 11 12 13 14 Quality

Question

Holm '

(2009) Yes Yes No Yes NA Yes Yes Yes Yes Yes Yes NA No Yes Fair

Lausten-

Thomsen Yes Yes No Yes NA Yes Yes Yes Yes Yes Yes NA No Yes Fair

(2015)

Chang '
Yes Yes NR Yes No Yes Yes NA Yes Yes Yes NR NR Yes Fair

(2007)

Franco .

(2017) Yes Yes NA Yes NA Yes Yes NA Yes Yes Yes NA No No Fair

(Ssoc;lg)ev Yes Yes NR NR Yes Yes Yes NA Yes Yes Yes NA Yes Yes Fair

Lazzer

(2005) Yes Yes NR Yes No Yes Yes Yes Yes Yes Yes NA Yes Yes Good

Shalitin _

(2009) Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes NR No CD Fair

F;(;lgg)am Yes Yes NR Yes No Yes Yes No Yes NA Yes NR Yes No Fair

Okely -

(2010) Yes Yes Yes NR Yes No Yes NA Yes Yes Yes Yes No Yes Fair

NR = not reported, NA = not applicable, CD = cannot determine

(1) Clear objective; (2) Clearly defined study population; (3) Participation rate > 50%; (4) Subjects from similar
populations; (5) Calculation of sample size, power or variance and effect estimates; (6) Exposure measured
before outcome; (7) Sufficient timeframe for association between exposure and outcome; (8) Examine
different levels of exposure; (9) Exposure measures valid and consistent across participants; (10) Exposure
measured >1 time; (11) Outcome measures valid and consistent across participants; (12) Blinded outcome

assessors; (13) Loss to follow-up <20%; (14) Adjusted for confounders.

7.4.4 Summary of the results
Due to the heterogeneity of the included studies, a meta-analysis could not be
performed. Therefore, a qualitative synthesis of the main results is given structured by

the cardiometabolic outcome parameters as summarized in Table 7.3.
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Table 7.3: overview of the reported results by outcome parameter

First  (Sub) Average Time Effect Average Time Effectof Effect of

au- - BMI lost of of BMI BMI of BMI BMI
thor grou BMI lossvs regained BMI regainvs regain
p loss base- regai BMI Vs
line n nadir baseline

Waist circumference

Kelishadi 1.0-1.1 6mo | 0.5-0.7 6mo = n.r.
kg/m? kg/m?

Shalitin 1.6kg/m* 3mo 19kg/m* 9mo T 0

Okely 0.6 kg/m? 6mo | 0.5 kg/m? 6mo n.r. =

Sachdev 2.53kg/m*> 6mo 5.43 kg/m*> 18mo n.r. =

Franco 12.3kg/m> 12mo 4.7 kg/m? 12mo T ¥

Systolic blood pressure

Kelishadi 1.0-1.1 6mo 0.5-0.7 6mo = n.r.
kg/m? kg/m?

Shalitin

Overall 1.6 kg/m? 3 mo 1.9 kg/m? 9mo =

-1

Exercise 1.0 kg/m? = 1.5 kg/m? =
Okely 0.6 kg/m? 6mo = 0.5 kg/m? 6mo n.r. =
Holm 0.9-1.0SDS 3 mo s 0.6-0.8SDS 25mo T* N
Sachdev 2.53kg/m> 6mo = 5.43kg/m?> 18 mo n.r. =
Franco 12.3kg/m?> 12mo 4.7 kg/m? 12mo 7T n.r
Diastolic blood pressure
Kelishadi 1.04-1.1 6mo = 0.5-0.7 6mo = n.r.
kg/m? kg/m?

Shalitin 1.6 kg/m? 3mo 1.9 kg/m? 9mo 1 =
Okely 0.6 kg/m? 6mo = 0.5 kg/m? 6mo n.r. =
Holm 0.9-1.0SDS 3 mo s 0.6-0.8SDS 25mo T* N
Sachdev 2.5 kg/m? 6mo = 5.43kg/m? 18 mo n.r. =
Franco 12.3kg/m?> 12mo = 4.7 kg/m? 12mo n.r. n.r
Pro-inflammatory profile
Lausten-
Thomsen

Hs-CRP 0.9-1.0SDS 3mo I 0.6-0.85DS 25mo T* n.r.
Shalitin

CRP 1.6 kg/m? 3mo = 1.9 kg/m? 9mo = =
IL-6 = = =

Okely

Hs-CRP 0.6 kg/m? 6mo = 0.5 kg/m? 6mo n.r. =
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First Study Average
author group BMI lost

Fasting glucose

Kelishadi 1.0-1.1
kg/m?
Shalitin 1.6 kg/m?
Okely 0.6 kg/m?
Chang 0.6 kg/m?
Sachdev 2.5 kg/m?

Lazzer Boys 8.1kg/m?
Girls 6.3 kg/m?

Franco 12.3 kg/m?
Fasting insulin (ins.)
Kelishadi 1.0-1.1

kg/m?
Shalitin 1.6 kg/m?
Okely 0.6 kg/m?
Chang 0.6 kg/m?
Sachdev

Fasting ins. 2.5 kg/m?
Ins. AUC
OGTT*

Lazzer Boys 8.1kg/m?
Girls 6.3 kg/m?

Franco 12.3 kg/m?
Insulin resistance indices
Kelishadi

HOMA-IR 1.0-1.1
Quickl ke/m?

Shalitin

HOMA-IR 1.6 kg/m?
Chang

HOMA-IR 0.6 kg/m?
Sachdev

HOMA-IR 2.5 kg/m?
Franco
HOMA-IR>2.5 12.3 kg/m?

Time
of
BMI
loss

6 mo

3 mo
6 mo
9 mo
6 mo
9 mo

12 mo

6 mo

3 mo
6 mo
9 mo

6 mo

9 mo

12 mo

6 mo

3 mo

9 mo

6 mo

12 mo

Nl 1l

— I

Effect
of BMI
loss vs
base-
line
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Average
BMI
regained

0.5-0.7
kg/m?

1.9 kg/m?
0.5 kg/m?
1.2 kg/m?
5.43 kg/m?
2.4 kg/m?

4.7 kg/m?
0.5-0.7
kg/m?

1.9 kg/m?
0.5 kg/m?
1.2 kg/m?

5.43 kg/m?

2.4 kg/m?

4.7 kg/m?

0.5-0.7
kg/m?

1.9 kg/m?
1.2 kg/m?

5.4 kg/m?

4.7 kg/m?

Time
of
BMI
re-
gain

6 mo

9 mo
6 mo
3 mo
18 mo
4 mo

12 mo

6 mo

9 mo
6 mo
3 mo

18 mo

4 mo

12 mo

6 mo

9 mo
3 mo

18 mo

12 mo

Effect of
BMI
regain
vs BMI
nadir

- 35 >3

n.r.

n.r.

Effect of
BMI
regain
Vs
baseline

- >
2

n.r.
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Table 7.3 continued

First Study Average Time  Effect Average Time  Effectof Effect of

author group BMllost of of BMI BMI of BMI BMI
BMI lossvs regained BMI regainvs regainvs
loss base- regain BMI baseline
line nadir BMI
Triglycerides
Kelishadi
Diet 1.1kg/m? 6mo 0.7 kg/m? 6mo = n.r
Exercise 1.0 kg/m? = 0.5 kg/m? = n.r
Shalitin 1.6kg/m> 3mo | 19kg/m> 9mo 1 =
Okely 0.6 kg/m? 6mo = 0.5 kg/m? 6mo n.r. =
Chang 0.6kg/m?  9mo | 1.2kg/m>  3mo 7T =
Sachdev 2.5 kg/m? 6mo = 5.43kg/m?> 18 mo n.r. =
Lazzer Boys 8.1kg/m> 9mo 24kg/m*  4mo T N
Girls 6.3 kg/m?
Franco 12.3kg/m? 12mo 4.7 kg/m? 12mo n.r. n.r.
LDL-cholesterol
Kelishadi 1.0-1.1 6mo = 0.5-0.7 6mo = n.r.
kg/m? kg/m?
Shalitin 1.6 kg/m? 3mo = 1.9 kg/m? 9mo = N
Okely 0.6 kg/m? 6mo = 0.5 kg/m? 6mo n.r. 0
Chang 0.6 kg/m? 9mo = 1.2 kg/m? 3mo = =
Lazzer Boys 8.1 kg/m? 9mo 2.4 kg/m? 4mo 1 ="
Girls 6.3 kg/m?
Franco 123kg/m?> 12mo = 4.7 kg/m? 12mo n.r. n.r.
HDL-cholesterol
Kelishadi 1.0-1.1 6mo = 0.5-0.7 6mo = n.r.
kg/m? kg/m?
Shalitin 1.6 kg/m? 3mo 1.9 kg/m? 9mo 1 =
Okely 0.6 kg/m? 6mo = 0.5 kg/m? 6mo n.r. =
Chang 0.6kg/m> 9mo = 12kg/m*  3mo T ™
Lazzer Boys 8.1kg/m> 9mo = 24kg/m*  4mo 7T n.r.
Girls 6.3 kg/m?
Franco 12.3kg/m> 12mo 7T 4.7 kg/m? 12mo 7T 0

=: no significant difference, $: significantly decreased (p<0.05), T significantly increased (p<0.05), n.r.: not reported: data are presented, but sta
" reported to change, but no p-value was provided by the authors*: AUC is area under the curve, OGTT is oral glucose
tolerance test
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7.4.4.1 Body composition
Three studies reported information on body composition (132,321,326). Two studies
reported on fat% as a parameter for body composition (321,326), whereas Lazzer and
colleagues reported the fat and fat-free mass, but this allows to calculate fat% indirectly

(132).

The fat% decreased significantly by all three interventions and increased thereafter. In
two out of three studies - where patients partially and completely recovered their lost
weight - the fat% remained significantly under baseline levels (132,321). In the study of
Sachdev et al. the fat% recovered to a non-significant difference with baseline levels
(p=0.5), however here patients regained more than double of their initially lost BMI

points (326).

7.4.4.2 Waist circumference
Five studies reported on waist circumference (320-322,326,327) and all reported a

significant decrease in waist circumference after treatment (320-322,326,327).

A near complete weight regain and more than complete weight regain was observed in
the studies Okely et al. and Shalitin et al., with a difference from baseline of 0.1 kg/m?
decrease and +0.3 kg/m? increase in BMI, respectively (321,322). The waist circumference
equaled pretreatment circumference in the first study, whereas it exceeded the initial
measurement in the second study. The sample size of 10 participants (that regained
double of their lost BMI) in the study of Sachdev and colleagues might have been too low
to detect a statistically significant increase in the waist circumference, however a clear
trend is found with an average increase in waist circumference of 10.4 cm from baseline

(p=0.3).
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A partial weight regain, observed by Kelishadi et al. did not significantly increase waist
circumference compared with the waist circumference measured right after treatment
(320). In the study of Franco et al., patients with a sleeve gastrectomy lost 60% of their
excess weight but regained 15% after 24 months. The waist circumference remained
lower than baseline, but was significantly higher than the point with a 60% excess weight
loss (327). The average post-treatment BMI increase was more pronounced in the group
of patients that underwent a sleeve gastrectomy than in the prepubescent children
treated by a lifestyle intervention as described by Kelishadi et al. This difference in BMI
increase after treatment provides an explanation for the difference in results regarding

the effect of partial weight regain.

Waist circumference generally seems to parallel the amount of regain.

7.4.4.3 Blood pressure
Six studies investigated the effect of weight changes on blood pressure (320-

322,324,326,327), whereas two studies did not report a change in blood pressure
(322,326).

Kelishadi et al. reported a significant decrease in SBP by -1.7 £ 0.5 mm Hg in prepubertal
children after a 6-month weight loss program in both a diet and an exercise group with a
weight loss of 1.1 and 1.04 kg/m2. This benefit was sustained 6-months after the
intervention, despite that half of the lost weight was regained. The DBP did not change

significantly throughout this study (320).
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The study of Holm et al. was designed specifically to assess the effect of weight loss
followed by weight regain on blood pressure. They described a divergent response for
DBP and SBP SDS after weight regain studied in children with obesity aged 8 — 15 years
old after a 3-month inpatient weight loss program (324). The lowest DBP was measured
at the end of the treatment program and DBP started to increase immediately and
proportional to the increasing BMI. Contrarily, the lowest SBP was found 13 months after
ending the program, despite a weight regain of 0.5 BMI SDS at that time. SBP increased
between 13 months and 2 years after ending the weight reduction program, but 2 years
after treatment, both DBP and SBP did not reach the hypertensive values as seen at

baseline, although the participants’ weight was exceeding baseline weight (324).

In a sleeve-gastrectomy study performed in adolescents with severe obesity, the number
of patients with arterial hypertension decreased from 59.1% (13/22) to 17.6% (3/17) 1
year after surgical intervention. Two years after gastric sleeve 21.4% of the patients,
corresponding to 3 out of 14, were diagnosed as hypertensive, however it was not stated
whether these 3 patients were the same as the 3 hypertensive patients reported 1 year

post-gastrectomy (327).

In the study of Shalitin et al. the DBP evolution followed the BMI evolution, with a
significant decrease during treatment and a reincrease to baseline thereafter. In this
study conducted in prepubertal children, the SBP was not initially lowered by the 3-month
intervention. Remarkably, in the exercise-only group was reported to have a significant
increase between the SBP values 9 months post-intervention compared with those at
baseline (p<0.05), with an SBP of 114 + 2.7 mm Hg at follow-up compared to 110 + 2.2
mm Hg at baseline. The DBP did not change significantly throughout the study (321). It
has to be noted that both age and height increased as well by the last study visit, which
are known confounders of blood pressure (171). Secondly, diet can also influence blood
pressure, for example by salt or protein intake or energy drinks (328) and since the
exercise group was not provided with any dietary advice, this might contribute to the

increased blood pressure registered at follow-up.
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In summary, the three studies reporting a decrease in SBP after weight loss, all found a
sustained benefit 6 months after the intervention (320,324,327). Although, two studies
reported a re-increase during a longer follow-up of 12 and 25 months compared to the
blood pressure at the weight loss nadir (324,327). Regarding DBP, two studies reported a
weight loss induced lowering, that increased with weight regain compared to the weight
loss nadir. Shalitin et al. reported that the DBP returned to baseline levels after complete
weight regain, whereas Holm et al. reported that the percentage of subjects with a SBP or
DBP SDS above the 90™ centile was still lower than measured initially despite full weight
recovery (321,324). Neither systolic nor diastolic blood pressure were found to overshoot
baseline values, even when weight was fully regained. Furthermore, evidence even seems

to indicate a potential prolonged benefit on the systolic blood pressure.

7.4.4.4 Inflammatory profile
Only 3 studies reported on the inflammatory profile, with all including data on hs-CRP

(321,322,325). Two studies reported no significant changes in hs-CRP by weight loss or
regain (321,322).

Lausten-Thomson et al. focused specifically on the influence of weight loss and weight
regain on hs-CRP. They found that hs-CRP tended to decrease during a 3-month inpatient
weight loss program and increased again after weight regain. However, the
concentrations of hs-CRP measured roughly 6 and 12 months after inpatient treatment
were comparable to those measured at the end of the weight loss program, despite that
the patients’ BMI had already increased by that time. The authors hypothesized that the
body might require some time after weight regain before the baseline inflammatory state
is restored. Nevertheless, the concentration of hs-CRP was associated with BMI SDS
during the period of weight regain, with an increase of 1 BMI SDS being associated with

an increase of 60% in hs-CRP in boys and 88% in girls (325).
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7.4.4.5 Insulin and glucose metabolism
Four studies found a beneficial effect of weight reduction on fasting insulin, fasting
glucose and/or insulin (resistance indices) (132,322,323,327), while two did not (320,326).
One study reported a beneficial effect only on fasting blood glucose, but not on fasting

insulin or HOMA-IR (321).

In the studies of Chang et al. and Shalitin et al., all the lost weight was completely
regained (321,323). Chang et al. studied 49 children with a mean BMI reduction of 0.6
kg/m? after a 9-month supervised exercise intervention. BMI increased significantly over
baseline values 3 months after the intervention with the fasting insulin, fasting glucose
and the HOMA-IR returning to baseline levels (323). The RCT of Shalitin et al. found a
significant decrease of blood glucose levels after the weight loss intervention, that
returned to baseline values at follow-up, but with no significant difference between the
different RCT-groups, e.g., diet, exercise or the combination of both. The fasting insulin
levels and HOMA-IR did not improve during weight loss intervention, but after weight
regain, a significant increase above baseline values was reported (321). However, this
latter study was conducted in pre-adolescent children, and at follow-up 26 of the children
had entered puberty. Since in puberty, all children develop some insulin resistance (56),
this might have contributed to the increased fasting insulin and HOMA-IR measured at

follow-up.
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In two studies, patients partially regained their lost weight after a lifestyle intervention.
The RCT of Okely et al. consisted of a parent-centered dietary program, a child-centered
physical activity program or both offered face-to-face for 10 weeks extended with a
relapse prevention program for 3 months provided telephonically. The first follow-up visit
was planned immediately after the relapse prevention program (so 6 months from
baseline) and the second visit 6 months after ending the telephonic follow-up (so 12
months from baseline). Patients lost on average 0.6 kg/m? at 6 months and regained 0.5
kg/m? by 12 months, which caused no significant changes in fasting glucose, but resulted
in an improved fasting insulin 6 months from baseline, which was sustained until 12
months from treatment start, despite weight regain (322). A 9-month inpatient weight
reduction program, as described by Lazzer et al., that resulted in an average weight loss
of 6.3 kg/m?, significantly improved the patients’ fasting glucose and insulin levels (132).
However, in both groups, e.g. patients that maintained the weight loss and in those that
regained weight, an increase in fasting glucose to baseline levels and insulin to

intermediate levels was registered after 4 months follow-up.

The highest weight loss was obtained by a sleeve gastrectomy. On average, patients lost
34.5 kg or 12.3 kg/m?. Despite a partial weight regain of 39%, the improved metabolic
profile was maintained at least up to 2 years after surgery. One patient with type 2
diabetes reached remission and 2/3 of the insulin resistant patients (defined as HOMA-

IR>2.5) normalized their insulin values (327).

Altogether, none of the studies reported a significant difference in fasting glucose after
weight regain compared with baseline. Regarding fasting insulin, one study where weight
was completely restored, reported no difference with baseline after weight regain (323).
Two out of three studies with a partial weight regain reported a sustained ameliorated

insulin sensitivity (322,327) and one mentioned an increase to intermediate levels (132).
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7.4.4.5 Lipid and cholesterol disturbances

Regarding triglycerides, 2 studies found no changes after weight loss or weight regain
(322,326), however 5 other studies reported a significant decrease of triglyceride levels
after weight loss (132,320,321,323,327). This improved lipid profile was maintained
despite a partial weight regain in the studies of Kelishadi et al. and Franco et al.,
measured 6 months after a lifestyle intervention and 24 months after sleeve gastrectomy
compared to the moment with the lowest BMI, e.g. at the end of the lifestyle intervention
and 6 months after surgery (132,320). In contrast, Lazzer et al. reported that the
triglycerides significantly increased to intermediate levels in 10 patients who partially
regained weight after an inpatient weight loss program (132). A complete weight regain
measured 3 and 9 months post-intervention, returned the triglycerides to baseline levels
in the RCT’s of Chang et al. and Shalitin and co-workers (321,323). Therefore, the BMI
difference from baseline seems an important determinant of (longer term) triglyceride

profile.

Two studies found no effect on LDL-cholesterol in response to weight loss or weight
regain (320,323). In contrast, an inpatient intervention did lower the LDL concentrations
significantly, but this reduction was not maintained after partial weight regain and
returned to initial values. Furthermore, the changes in LDL-cholesterol were related with
the changes in BMI and fat mass during the period that the weight was regained (r=0.6
and r=0.57, p<0.05) (132). Okely et al. reported a significant increase in LDL-cholesterol 6
months after their weight loss intervention, targeted at diet, exercise or both, compared
to baseline (p=0.02), although the change was small, e.g. 0.17 mmol/I (0.02-0.31). At this
moment, patients had almost completely recovered their lost weight (322). A 12-week
intervention consisting of exercise, diet or the combination, did not lower significantly the
LDL-cholesterol, although a non-significant diminishment in the cholesterol values was
yet observed. At 9 months follow-up, a further decrease in LDL-levels was observed
resulting in a significant difference from baseline (p<0.01). The decrease in BMI SDS
during the entire study related significantly to the change in LDL-cholesterol (r=0.281,
p=0.037) (321).
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In summary, a highly heterogenic response of LDL-cholesterol in reaction to weight

changes is seen across the cited studies. Although the correlations found by Lazzer and

Shalitin between BMI and LDL-cholesterol suggest a role for overall weight reduction of

regained body weight from the weight loss nadir.

HDL was not increased by any of the lifestyle interventions immediately after ending
treatment. Surprisingly, three studies found an increase in HDL levels 12 months after
starting the weight loss intervention compared to the end-intervention levels despite a
partial or complete weight regain (132,321,323). Franco et al. described the effect of a
sleeve gastrectomy and found an increase in HDL, already starting 6 months after surgery.
This significant improvement in HDL was sustained for at least 24 months (327). As HDL-
cholesterol is said to ‘typical respond slowly to body weight changes’(323), these results

confirm this hypothesis, despite the occurrence of weight regain.

7.5 Discussion

This systematic review summarizes the current literature on the effects of weight regain
after weight loss on different the components of the metabolic and cardiovascular risk
profile in children with obesity. There is no clear evidence pointing towards a harmful
effect of weight regain after weight loss. Whereas certain risk factors increase in line with
the weight recovered, others seem to experience a prolonged benefit of the preceding
weight loss. Although based on the current evidence, we cannot determine how long this

benefit persists and what happens in the long term by weight regain.

Since the metabolic syndrome represents a common clustering of all these separate risk
factors, except for the pro-inflammatory status, this is an interesting surrogate endpoint
to estimate the influence on the combined cardiometabolic risk profile. A recent review
reported a metabolic syndrome prevalence in children and adolescents ranging from 0.3 —

26.4% depending on the definition used and the population studied (329).
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Miller et al. reported that 73.2% of the US adolescents had at least one cardiometabolic
risk factor (330), with central obesity and dyslipidemia (low HDL or high triglycerides)
being the most prevalent features (329,331). As the increase in HDL seems to be
sustained for a longer period after weight regain, this sustained benefit could result in a
decreased prevalence of the metabolic syndrome despite weight regain — independent of
the definition used. This delayed response to weight regain was also observed for hs-CRP
both in a pediatric and an adult study (325,332). Both, HDL and hs-CRP are secreted by
the liver and response to changes in the adipose tissue, although indirectly (333,334).
Therefore, when weight regain leads to a complete restoration of the lost visceral adipose
tissue, a period of time exists between the weight recovery and the changes in hs-CRP
and HDL. An additional explanation for the late response of HDL to weight changes can be
found in the hypothesis that weight loss and weight regain favor the visceral adipose
tissue depot (306), whereas subcutaneous tissue is likely the most important contributor
to the circulating HDL-cholesterol concentrations (334). This might explain the different
reaction to weight changes compared to the other risk factors that are more directly
influenced by the visceral adipose tissue, for example blood pressure by the adipocytes

producing leptin and angiotensinogen (335).

Our results are consistent with findings in adults with obesity. Li et al. reported that
patients that restarted a weight loss program had a lower blood pressure and lower
triglycerides than the first time they participated, despite they regained 73% of their lost
BMI at that time (336). Graci and co-workers, studying weight cycling in adults with
obesity, stated that it is more the accumulation of body fat over several years rather than
the weight cycling or weight regain that negatively affects cardiovascular health and body
composition (337). This is in line with the findings of Wing et al. that it is rather the net
weight loss or weight gain than the trajectory taken that determines the cardiovascular

profile (338).
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It should be noted that children with obesity often already have one or more

cardiovascular risk factors. Therefore, weight reduction might temporarily improve their

health status, independent of the weight regained. This is an important difference with

their normal-weight counterparts that are in good cardiovascular health and

subsequently an important difference with the population included in the large cohort

studies describing an adverse effect of weight regain on cardiovascular health.

BMI vs BMI SDS: which outcome measure to use for evaluating weight regain?

There is no straightforward definition of weight regain available in children, as multiple
authors use different definitions (136,339). In this review, we have used absolute BMI
change as a reference. Although BMI is the most used metric in weight-related research,
it has limitations in children, as does not give any information on what is normal in
function of age. For example, a BMI of 21 kg/m? corresponds to obesity at the age of 6
years, whereas this is a normal BMI at the age of 14 years (10). Furthermore, BMI
increases over time in normal development (10). This means that when BMI increases
(after a preceding BMlI loss), it is impossible to determine by BMI alone, whether this is an
increase more than would be expected in normal growth. Therefore, using BMI forms a
major limitation of our research. BMI SDS however can easily distinguish these two

situations from each other.

Unfortunately, previous research indicates that BMI SDS might not reliably report the
influence on the true BMI trajectory and has limitations in children with severe obesity, as
pointed out previously (231,340). A good example hereof is the study by Okely et al.,
where both BMI and BMI SDS are reported. When studying the results as BMI data, a
weight regain is seen between 6 and 12 months. However, studying the same data as BMI
SDS shows a stable or even a decrease in weight trajectory (322). Furthermore, it should
be noted that SDS depends on charts derived from cross-sectional research (341).
Therefore, these SDS might not be suitable for longitudinal pediatric studies as this was

not their intended use (341).
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Berkey and colleagues demonstrated that the use of BMI SDS in longitudinal pediatric

studies can negatively impact its power and can even complicate the interpretation of

results. Therefore, in the study by Berkey et al. the change in absolute BMI with

incorporation of an age-variable in the statistical model is recommended in longitudinal

research in adolescents rather than BMI SDS (341), which supports the choice for BMI as

outcome variable in this review.

However, BMI SDS maintains its value as a cross-sectional parameter to determine the
weight category of a child at a certain moment in time and can provide supplementary
information to determine whether BMI regain takes place in function of normal growth.
In the three out of four included studies that reported both BMI and BMI SDS, both BMI
and BMI SDS increased, indicating a regain by more than one could expect of normal
growth (320,321,326). As there is no consensus on which outcome measure to use, Kelly
et al. advised to report multiple BMI-derived outcome measures in future research, as
was done for example in the recently published liraglutide trial where BMI SDS, absolute

BMI and BMI as percentage of the 95" percentile were all reported (121,231).

Limitations

Although our results are consistent with those reported in adults, the following
limitations should be considered. First, all included studies had a rather low sample size
ranging from 12 to 162 subjects. Additionally, high drop-out rates were often present
without a clear description of the population that dropped-out. Secondly, a high
heterogeneity was found between studies for the type of intervention, the duration of
the intervention and subsequent follow-up, the amount of weight loss and weight regain,

and the evaluated outcome measures.
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Thirdly, we have only looked into the effect of weight variability, although many
cardiometabolic risk factors may also experience influence of other factors, for example
nutritional habits, physical activity, puberty and ethnicity (329,342,343), as well as other
obesity-related comorbidities. For example obstructive sleep apnea and non-alcoholic
fatty liver disease might unfavorably alter the cardiometabolic risk profile as well and can
be seen as cardiometabolic risk factors themselves (344,345). However, the complex
interplay of these comorbidities, the cardiometabolic risk factors and weight status were
not the intended scope of this review. Lastly, weight regain after a weight loss
intervention is a negative outcome. Therefore, authors may choose not to report these
findings, creating a publication bias in the existing literature and providing an explanation

for the low number of studies eligible for inclusion in this review.

Recommendations for future research

Overall, future researchers should be encouraged to conduct prospective studies with a
longer follow-up to determine the longevity of the benefits resulting from the initial
weight loss. Secondly, we advise besides reporting the separate risk factors (which is
important as they all evolve differently but contribute to cardiometabolic risk), to also
combine these into one comprehensive endpoint to allow a more definite conclusion on
the overall cardiovascular health. As the use of the metabolic syndrome is currently
discussed, endothelial function could serve as another surrogate endpoint, combining the

influences of all these separate cardiometabolic risk factors (63,95).

Lastly, making a statistical comparison between all the separate timepoints might aid the
interpretation of the reader, as this was a difficulty faced when interpreting the results of
the currently included studies. Additionally, a comparison with a BMI stable group (as
done by Wing et al.) or a group that only reduced their BMI without weight regain (as

done by Lazzer et al.) can provide complementary valuable information (132,346).
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7.6 Conclusion

In conclusion, weight loss can improve the metabolic and cardiovascular profile in
children with obesity. In the short term, the benefit of the initial weight loss on the risk
factors seems of more importance than the potential weight regain. It seems that the
benefit on certain risk factors such as HDL and hs-CRP might be sustained longer than the
initial weight loss itself. Nevertheless, caution is warranted with interpretation of these
results, since this conclusion is based on a limited number of studies with low sample
sizes. Based on the available literature, no conclusions can be drawn on the long term

cardiometabolic effects of weight regain after weight loss.
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8.1 Abstract

Introduction: BMI fluctuations have been associated with increased cardiometabolic risk
in adults. Children with obesity commonly undergo BMI fluctuations during treatment,
but pediatric studies on how this affects cardiometabolic health are scarce (see chapter
7). Therefore, we have studied the effect of the BMI trend and variability during pediatric

obesity treatment on the changes in cardiometabolic health and endothelial function.

Methods: Children aged 8-18 years, participating in a 12-month inpatient or 18-month
outpatient obesity treatment, had their BMI, body composition, blood pressure, hs-CRP,
lipid profile, insulin sensitivity and endothelial function (as overall cardiovascular
endpoint) recorded at baseline and again each three months (outpatient group) or at

baseline and after 12 and 18 months (inpatient group).

For each patient, an individual linear regression model predicting the BMI evolution over
time was created. The slope (reflects BMI evolution) and root mean squared error
((RMSE), reflects variability) of this regression were correlated with the change (A) in risk

factors between the first and last study visit.

Results: Eighty-three patients were included (mean age 12.8 + 2.4 years, mean BMI 32.8 +
5.5 kg/m?, 36 boys, 45 inpatient). By 18 months, BMI significantly lowered by 3.5 + 3.6
kg/m?, resulting in an average BMI slope of -0.19 + 0.21 kg/m?/month and a median
RMSE of 2.79 (0.29 — 9.44). The slope significantly related (all p<0.05) to the changes in
body composition, insulin sensitivity, hs-CRP, HDL-cholesterol and endothelial function
over a period of 18 months, whereas for the RMSE only a relation with Alean% (r=-0.75)

and AHDL (r=-0.44) was found, both p<0.001.

Conclusion: The overall trend, but not the variability, of BMI trajectories related
significantly to changes in cardiometabolic health and endothelial function. This indicates

that reducing BMI prioritizes over how (the variability) this reduction is achieved.
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8.2 Introduction

As previously pointed out in chapter 1, attempting to control or reduce excess body
weight in children with obesity is necessary from a young age to prevent cardiometabolic
complications or to tackle them at an early and still reversible stage. Controlling the
excess weight and its associated comorbidities can be very challenging, especially on the
long term. As a result, children with obesity often experience a BMI reduction initially

during treatment, but regain BMI eventually.

The effect of weight variability on cardiovascular morbidity has already been examined in
numerous large epidemiological adult studies as pointed out in chapter 1.3.4 and chapter
7. Several limitations were present in these studies such as no distinction between
intentional and unintentional weight loss; not taking into account the number of weight
loss and weight regain periods, and the assessments being often widespread in time
(160,161,166,347—-349). Additionally, in most studies, patients had a normal BMI.
Therefore, these results should not be applied on subjects with obesity, as in 90% of
children with obesity one or multiple harmful cardiovascular risk factors are already
present. If we examine the studies in adults with obesity, weight cycling per se was not
found to increase the blood pressure, lipid or insulin values (136,336-338,350).
Interestingly, in adults with type 2 diabetes, certain risk factors even seemed to improve
in the ‘weight loss and weight regain’ group, compared with those that never lost weight
(346,351). As indicated in chapter 7, studies in a pediatric cohort with obesity that
investigated the effect of weight variability on cardiometabolic risk factors are scarce,
often have a small sample size and only report on individual cardiovascular risk factors
without providing an overall endpoint (132,324,352). Although the benefits of the initial
weight loss generally seem to outweigh the potential of weight regain in children with
obesity, well-developed studies on the impact of weight fluctuations on the

cardiometabolic health in children with obesity are missing (307).
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In adults, commonly used cardiovascular endpoints are stroke or myocardial infarction,
but fortunately these are rare in children. Interestingly, endothelial function adds up the
impact of the different individual cardiovascular risk factors, and functional changes at
the endothelial level have been demonstrated to precede the occurrence of structural
vascular disease. Therefore, it is an interesting all-encompassing surrogate endpoint for
the estimation of the overall cardiovascular health in the pediatric age range (88,89,353).
Furthermore, endothelial dysfunction has repeatedly and consistently been found to
independently predict later cardiovascular events (88), resulting in cardiovascular

morbidity and mortality.

As the number of children with obesity is growing every year and this group is at
increased risk for repeated episodes of weight loss followed by weight regain, the
influence of a patient’s BMI trajectory (considering the overall evolution and the
variability) on cardiometabolic health should urgently be studied. The present study is the
first to explore the effect of BMI fluctuations on the different cardiovascular risk factors
separately (blood pressure, dyslipidemia, glucose metabolism and pro-inflammatory
profile) and on endothelial function (reflecting the overall cardiovascular health) in

children with obesity.

Within this study, two questions were addressed:

1) Do BMI fluctuations during treatment in children with obesity adversely affect
patients their cardiometabolic health and endothelial function? Or is the general
BMI evolution more important?

2) What is the effect of BMI re-increase after initial BMI reduction on the

cardiometabolic health and endothelial function in children with obesity?
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8.3 Methods

8.3.1 Study design

The study population was included via a larger randomized controlled trial (the WELCOME
trial: n°ISRCTN14722584) of which the design and eligibility criteria and the content of the
obesity treatment are reported in chapter 3. Patients were followed over a period of 18
months and only those completing at least the baseline, 12- and 18-month visit were

included in our analyses. A general overview of the study design is depicted in Figure 8.1.

Baseline 12 months 18 months
Visit 1 Visit 2 Visit 3
Mot S wor

outpatient [ Mo
Anthropometry X X X X X X X
Blood pressure X X X
Blood sampling X X X
Body composition X X X
Endothelial function X X X

Figure 8.1: visual representation of the study design. For the outpatient setting, anthropometric data were collected

additionally each three months, which is indicated by the blue X.

Patients were evaluated at baseline, 12 and 18 months, where all assessments were
completed. For the residential group, only the data of the visits at baseline, 12 and 18
months were collected for analysis as these included the BMI peak and nadir of the
patients’ trajectory. For the outpatient participants, additionally all available BMI data of
the three-monthly evaluations were included as their BMI trajectories were more
variable. In contrast with the inpatient treatment, the obesity treatment in the outpatient

group continued until the last evaluation moment.
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8.3.2 Clinical evaluation

All assessments were performed as described in chapter 3 and will only briefly be

described here.

8.3.2.1 Anthropometry
Anthropometric data (height, weight, BMI) were collected at each study visit. The BMI in

kg/m? was further used as a determinant of a patient’s individual BMI trajectory.
Corresponding BMI standard deviation scores (SDS) were determined using the Flemish
growth charts as a reference population (10) to allow classification of patients as
overweight or obese according to the definitions of the International Obesity Task Force
criteria (9,10). Waist and hip circumference were measured and the waist-to-hip ratio

was calculated.

8.3.2.2 Blood sampling
A venous blood sample was drawn at every visit after an overnight fast. The fasting

glucose and insulin were determined, as well as the total and HDL-cholesterol,
triglycerides and high-sensitivity CRP (hs-CRP). The LDL-cholesterol was determined based
on the total and HDL-cholesterol and the triglycerides based on Friedewald’s formula
(174): LDL-cholesterol = total cholesterol — HDL-cholesterol — triglycerides/5. Before
applying this formula, it was checked that none of the participants had triglycerides >400
mg/dl. All analyses were performed in the central laboratory of the Antwerp University

Hospital or “Het Zeepreventorium”.

8.3.2.3 Blood pressure, body composition & endothelial function
The measurements of blood pressure, body composition and endothelial function were

performed as described in chapter 3. The blood pressure was analysed as percentile
corrected for age, sex and height (354). For body composition, data on fat- and fat-free
mass and fat- and fat-free% were collected. For endothelial function, the outcome
parameters of interest were the maximal dilatation during the hyperemic period, the time

to maximal dilatation and the reactive hyperemia index (RHI).
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8.3.3 Statistical analysis
The general statistical approach was already described in chapter 3. Additionally, we have
assessed the influence of the individual BMI trajectory on the evolution in
cardiometabolic risk factors over time. To represent a patients’ BMI trajectory, two

variables were used: the trend over time and the variability (RMSE), as depicted in Fig 8.2.

BMI (kg/m?)

RMSE =

a =slope

b = constant

* = measured BMI at a
certain moment in time
¥ = predicted BMI based
on the linear regression
model *
Y = measured BMI

* >

F(x)=ax+b

RMSE = root mean
squared eroor

0 6 12 18 Months

Figure 8.2 represents an individual linear regression predicting a patient’s BMI evolution over time based on his actual
BMI at certain timepoints. The slope of this linear regression is further used as a measure of the general trend over

time, whereas the root mean squared error (RMSE) is used as a measure of the patient’s variability in subsequent
analyses.

The general trend per patient over time was calculated by fitting a time-dependent linear
regression through the measured BMls. The slope coefficient was used as the variable
representing the trend over time, here average BMI decrease per month. Additionally,
the root mean squared error (RMSE) was determined as a parameter to measure the
variability around the created linear regression. These determinants for a patients’
trajectory were correlated with the change (A) in each individual cardiovascular risk factor
from baseline to 18 months. If a significant correlation was found with both the slope and
variability, a linear regression model was created with the change in the cardiovascular
risk factor as dependent variable and the slope and variability as independent variables

with age, gender and pretreatment BMI as confounders.
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Furthermore, we aimed to determine the effect of BMI re-increase compared to the BMI
nadir by comparing data at the different visits (baseline, 12 months, 18 months) in a
population reaching their BMI nadir at 12 months and re-increasing BMI by 18 months.
The minimal required BMI reduction by 12 months and the minimal required increase
between 12 and 18 months was 1 kg/m2. This cut-off was chosen as this prevented
inclusion of subjects where the observed BMI change resulted from measurement
variability between weighing scales and yard sticks and to allow inclusion of outpatient
participants as well (where the average BMI reduction was solely 1.2 + 2.4 kg/m?).
Furthermore, by using this cut-off, all of the participants reduced their BMI by >0.1 SDS,
which has been shown to have beneficial effects on cardiovascular risk factors in previous

research (355).

For normal distributed data, a repeated measures ANOVA with post hoc Bonferroni
comparison was conducted to detect changes in body composition and cardiovascular risk
factors over time. In case of skewed data, a Friedman test was used, followed by a

Wilcoxon signed rank test to allow pairwise comparisons.
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8.4 Results

8.4.1 Patient characteristics

In total, 83 patients (mean age 12.8 + 2.4 years, mean BMI 32.8 + 5.5 kg/m?
corresponding to a BMI SDS of 2.5 + 0.4, 36 boys) were analysed of which 45 came from
an inpatient and 38 from an outpatient treatment program. Table 8.1 provides an
overview of the patient characteristics of the overall population and the two subgroups
based on the treatment center, including the differences between the in- and outpatient

population such as age, obesity severity and blood pressure.

Table 8.1: Baseline patient characteristics

Inpatient Outpatient Overall
Male/female 18/27 18/20 36/47
Age (years) 13.51+24 11.9+2.2° 12.8+2.4
BMI (kg/m?) 34.6 £5.3 30.8+5.1" 32.8+5.5
BMI SDS 26104 2.4+04" 25+04
Waist (cm) 111.6 £13.8 90.6 +10.7" 102.0+16.3
Hip (cm) 115.1+11.4 106.3 +13.5" 111.0t13.1
Waist-to-hip ratio 0.97 +0.06 0.86 +0.05"" 0.92 £0.08
Fat mass (kg) 40.5+13.6 32.6+12.5 36.5+13.5
Fat % (%) 42.4+55 40.1+5.5 41.2+55
Lean mass (kg) 41.1+8.7 36.6£8.2" 38.8+8.7
Lean % (%) 447+ 7.2 47.4+7.0 46.1+7.2
Systolic BP (%) 90 (39 —99) 66 (8-97)"" 82 (8-99)
Diastolic BP (%) 60 (21 -98) 46 (6 - 98)" 55 (6 —98)
Hs-CRP 3.6(0.3-21.8) 1.3 (0.16-9.5) 2.6 (0.16 —21.8)
HDL-cholesterol (mg/dl) 46+8 48+8 47+8
LDL-cholesterol (mg/dl) 88 + 28 95 +26 91 +27
Triglycerides (mg/dl) 98 (52 — 245) 91 (38 -239) 93 (38 — 245)
Fasting glucose (mg/dl) 89+6 86+7 88+7
Fasting insulin (pmol/1) 162.4 (61.4 - 341.8) 174 (87 — 282) 170+ 63
HOMA-IR 55+24 52+1.7 53+21

Maximal dilatation
Time to maximal
dilatation (s)

RHI 1.39(1.00-2.89) 1.57 (1.06 — 3.03) 1.41 (1.00 - 3.03)

*= significantly different between in- and outpatient at the 0.05 >Ievel, ** = significantly different between in- and
outpatient at the 0.001 level. BP=blood pressure. RHI = reactive hyperemia index.

1.25 (1.04 - 2.39)
195 (105 — 285)

1.27 (1.09 - 2.46)
195 (45 — 285)

1.26 (1.04 — 2.46)
195 (45 — 285)
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8.4.2 Effects of treatment on BMI

Figure 8.3 visually represents the BMI evolution by setting.

Setting

40 inpatient
I Outpatient

Mean BMI
s

Baseline 12 months 18 months
Visit

Error Bars: 4/~ 15€

Figure 8.3 depicts the BMI evolution of the in- and outpatient group over time. * indicates a significant difference
compared with baseline for inpatients, ** indicates a significant difference compared with 12 months for inpatients and
# indicates a significant difference compared with baseline for outpatients.

The 45 patients from inpatient care significantly reduced their BMI by 8.7 + 2.5 kg/m? by
the end of inpatient treatment, at 12 months (p<0.001). Subsequently, overall these
patients significantly regained weight, resulting in an average BMI increase of 3.2 + 2.3
kg/m? six months after ending inpatient treatment compared to their posttreatment BMI
(p<0.001). This corresponds to a mean regain of 40 = 30% of their lost BMI points.
However, there was a high interindividual variability within the BMI regain ranging from -
15 to +115%. Over the entire study period, patients from inpatient care had reduced their
BMI significantly by 5.5 + 3.3 kg/m? between the treatment start and the last follow-up
visit six months after inpatient treatment (p<0.001). By this last study visit, 22 inpatients
still had obesity based on their BMI SDS, 17 had overweight and 6 had reached a normal
BMI.
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Children in outpatient care also significantly reduced their BMI by 1.2 + 2.4 kg/m? after 12
months of treatment (p=0.003), whereafter the BMI stabilized between 12 and 18 months
(p=0.9) with a difference in BMI of -1.2 + 2.4 kg/m? at 18 months compared to baseline
BMI (p=0.004). Again, there was a high heterogeneity in the BMI evolution during
outpatient care ranging from a BMI reduction of 6.1 kg/m?to a BMI increase of 4.4 kg/m?.
Of the 38 patients, 2 reached a normal weight at the last follow-up visit, 15 were

overweight and 21 still had obesity after 18 months of outpatient treatment.

The BMI trajectory indices, i.e. slope and RMSE, are shown in Table 8.2. As one could
expect, the average slope and variability were larger in the population treated in inpatient
care compared to the outpatient group (both p<0.001). The slope and RMSE were

inversely related to each other, r=-0.63 and p<0.001.

Table 8.2: BMI trajectory indices

Inpatient Outpatient Overall
BMI slope (/month) -0.33+0.18 -0.03 +0.11" -0.19+0.21
BMI variability (RMSE)  4.33 (2.19 — 9.44) 0.94 (0.29 - 2.26)" 2.79(0.29 — 9.44)

= significantly different between in- and outpatient care, both at the 0.001 level. RMSE = root mean squared error.
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8.4.3 Effect of treatment on cardiovascular risk factors
After 18 months of treatment, an overall improvement in cardiometabolic risk factors
including endothelial function was found, as presented in Table 8.3. Only blood pressure,

HDL-cholesterol and fasting glucose had not significantly improved.

Table 8.3: comparison for each cardiovascular between baseline and 18 months.

Baseline 18 months p

Waist (cm) 102.0+16.3 87.8+11.8 <0.001
Hip (cm) 111.0+13.1 105.0+11.1 0.001
Waist-to-hip ratio 0.92 £0.08 0.84 +£0.07 <0.001
Fat mass (kg) 36.5+13.5 31.1+11.6 0.005
Fat % (%) 41.2+55 38.1+74 0.009
Lean mass (kg) 38.8+8.7 38.7+9.0 0.8
Lean % (%) 46.1+7.2 495195 0.038
Systolic BP (%) 82 (8-99) 81(2-99) 0.9
Diastolic BP (%) 55 (6 — 98) 58 (8 —99) 0.2
Hs-CRP 2.6 (0.16—21.8) 0.49 (0.16-2.5)  <0.001
HDL-cholesterol (mg/dl) 47+8 48 + 10 0.1
LDL-cholesterol (mg/dl) 91+27 80+ 23 <0.001
Triglycerides (mg/dl) 93 (38 — 245) 69 (37 —242) <0.001
Fasting glucose (mg/dl) 88+7 87+8 0.5
Fasting insulin (pmol/1) 170+ 63 93+44 <0.001
HOMA-IR 53+21 29+15 <0.001
Maximal dilatation 1.26 (1.04 - 2.46) 1.44(1.02-3.98) 0.008
Time to maximal dilatation (s) 195 (45 — 285) 165 (45 — 285) 0.003
RHI 1.41(1.00-3.03) 1.74 (1.05-3.87) <0.001

BP = blood pressure, RHI = reactive hyperemia index, HOMA-IR: homeaostasis model assessment for insulin resistance.

8.4.4 Effect of BMI trajectory on the cardiometabolic profile

Correlations between the change in each individual cardiovascular risk factor and the BMI
trajectory indices are presented in Table 8.4. Whereas the improvement in most
cardiovascular risk factors related significantly to the slope of the patients’ BMI trajectory,
only the change in anthropometric data, HDL-cholesterol, hs-CRP, RHI and time to
maximal dilatation related significantly to the BMI variability. Some factors however do
not relate to the slope or variability, which we presumed to be due to these factors being

more related to body composition or central obesity rather than BMI trajectory.
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Table 8.4: correlations between the change in cardiovascular risk factors and the slope
and variability of the patients’ BMI trajectory.

Slope Variability (RMSE)

A fat mass (kg) -0.89™ 0.58"""
A fat% (%) -0.73™ 0.40"
A lean mass (kg) n.s. n.s.

A lean% (%) 0.68"" -0.78™*
A waist (cm) -0.87°" 0.59""
A waist-to-hip ratio -0.41™" n.s.

A glucose (mg/dl) n.s. n.s.

A insulin (pmol/1) -0.35™ n.s.

A HOMA-IR -0.27° n.s.

A hs-CRP (mg/1) -0.46™" 0.38"
A triglycerides (mg/dl) n.s. n.s.

A HDL-cholesterol (mg/dI) 0.65"" -0.61™"
A LDL-cholesterol (mg/dl) -0.25" n.s.

A diastolic blood pressure (%) -0.28" n.s.

A systolic blood pressure (%) n.s. n.s.

A maximal dilatation n.s. n.s.

A time to maximal dilatation -0.31" 0.37"

A reactive hyperemia index 0.31" -0.26"

n.s.: not significant, *significant at the p<0.05 level, ** significant with p<0.01, *** significant with p<0.001,
****significant with p<0.0001

Furthermore, after correction for age, gender, pretreatment BMI and slope in a multiple
linear regression model, only the association between the variability and Alean% and the

variability and AHDL-cholesterol remained significant, as shown in Table 8.5.

Table 8.5: Results of multiple linear regression analyses (expressed as partial correlation
coefficients) to examine the association between the change in cardiovascular risk
factors and the slope and variability of patients’ BMI trajectory corrected for setting.

Age Gender BMI Slope Variability ~ Adj. R?

A fat mass (kg) -0.02 0.36" 0.17 -0.82""" -0.053 0.801
A fat% (%) -0.40" 0.42"" 0.05 -0.68™" 0.08 0.671
Alean% (%) -0.21 -0.32" 0.47°"" 0.57"" -0.75™" 0.776
A waist (cm) 0.11 -0.35" 0.06 -0.80"" 0.06 0.769
A hs-CRP 0.18 -0.06 -0.03" -0.33" 0.24 0.244
A HDL-cholesterol -0.11 0.36" 0.32" 0.56""" -0.44™" 0.572
A time to maximal 0.04 -0.19 -0.02 -0.12 0.21 0.081
dilatation”

A RHI* -0.09 0.008 0.03 0.20 -0.14 0.098

RHI = reactive hyperemia index, *significant at the p<0.05 level, ** significant with p<0.01, *** significant with p<0.001.
#Regression model is non-significant.
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8.4.5 Clinical population of interest

Lastly, we aimed to study how the degree of BMI regain after initial BMI loss impacts the
cardiovascular risk factor evolution. Therefore, we selected a clinical group of interest
from the entire population, as described above. This group consisted of those participants
who reached their BMI nadir at 12 months and had a partial or complete relapse by 18
months. A subgroup of 47 participants (39 from inpatient and 8 from outpatient care)
fulfilling these criteria was selected. These patients reduced their BMI by an average of
7.8 £ 3.1 kg/m? during the first year and thereafter had a median BMI increase of 3.3
kg/m? (1.1 — 10.9) between 12 and 18 months, corresponding to a median regain of 44 %
(12 - 115).

Most parameters improved significantly during treatment as can be seen in Table 8.6.
After treatment, similar to the increase in BMI, the body composition parameters such as
fat mass and fat% and lean% were again altered. The BMI increase favored regain of fat
mass, as by 18 months the participants had already regained 70 + 28% of their previously

lost fat mass (in kg).
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Table 8.6: Evolution of body composition and cardiovascular risk factors between
baseline, 12 (BMI nadir) and 18 months (BMI regain) in the selected subgroup (n=47).

Baseline 12 months 18 months p-value
Fat mass (kg) 37.1+12.8 23.1+9.4" 32.9+10.7" <0.001
Fat% (%) 40.8+5.5 30.9+8.0° 39.2+6.9™ <0.001
Lean mass (kg) 40.7 £8.2 42.0+9.5 39.3+8.8" 0.016
Lean% (%) 46.7+7.1 58.6 +10.5 48.4+9.0" <0.001
Waist (cm) 106.5+14.7 91.0+10.5" 91.8 +11.6% <0.001
HOMA-IR 5.9(2.2-12.9) 2.4(0.9-5.9)" 25(1.1-7.4)" <0.001
Hs-CRP (mg/) 3.6(0.16-113) 0.5(0.16— 0.7 (0.16 - 16)*  <0.001

5.9)"
Triglycerides (mg/dl) 90 (42 — 196) 64 (29 - 185)" 62 (41-242)"  <0.001
HDL-cholesterol 47 +9 50+9 52 + 10" 0.002
(mg/dl)
LDL-cholesterol 85+23 67 +23" 77 £207# <0.001
(mg/dl)
Diastolic blood 58 +22 44 +23° 60+ 25" <0.001
pressure (percentile)
Systolic blood 90 (35-199) 66 (24 — 98)° 87 (2-99) 0.018
pressure (percentile)
Maximal dilatation 1.25(1.04-1.83) 145 (1.10 - 1.45 (1.02 - 0.018
2.52) 3.98)%

Time to maximal 195(135-255) 105 (45 — 135(45-225) 0.005
dilatation 285)"
Reactive hyperemia 1.35(1.07-2.11) 1.54 (1.08 - 1.79 (1.17 - 0.001
index 3.58)" 3.87)"#

“significantly different between baseline and 12 months, “significantly different between 12 and 18 months,
#significantly different between baseline and 18 months by pairwise comparisons.

Remarkably, despite this considerable amount of BMI regain, many risk factors remained
stable between 12 and 18 months such as the HOMA-IR, the pro-inflammatory status,
triglycerides and time to maximal dilatation, as shown in Table 8.6. The HDL-cholesterol,
maximal dilatation and reactive hyperemia index even further improved, resulting in a
significant difference from baseline only after 18 months. Unfortunately, some risk

factors, including blood pressure and LDL-cholesterol, worsened again (see Table 8.6).

Next, the alterations in those risk factors were correlated to the changes in BMI and fat

mass (absolute increase and relative regain) between 12 and 18 months in Table 8.7.
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Table 8.7: correlations between the change in cardiovascular risk factors between 12
and 18 months and the change in BMI and fat mass (absolute and relative to the
previous reduction).

ABMI BMI regain Afat mass Fat regain
AHDL-cholesterol n.s. -0.59 n.s. n.s.
ALDL-cholesterol n.s. n.s. 0.48 n.s.
ADiastolic blood pressure (%) 0.45 n.s. n.s. n.s.
ASystolic blood pressure (%)  n.s. n.s. n.s. n.s.
AMaximal dilatation n.s. n.s. n.s. n.s.
AReactive hyperemia index n.s. n.s. n.s. n.s.

Parameters in bold indicate a significant correlation, defined as p<0.05.

More BMI regain resulted in less increase in HDL-cholesterol between 12 and 18 months,
while a larger increase in BMI was associated with a higher increase in the diastolic blood
pressure. The increase in LDL-cholesterol during weight regain related to the increase in
fat mass rather than the increase in BMI. Endothelial function was not related to the
amount of BMI or fat increase, however significant correlations were found between the
difference in time to maximal dilatation during BMI regain and the increase in systolic and

diastolic blood pressure in that same period with r=0.67, p<0.001 and r=0.48, p<0.017.

8.5 Discussion

This is the first study assessing the influence of the variability in a patients’ BMI trajectory
on the overall cardiometabolic risk factors in a pediatric population with obesity. Apart
from all the separate individual cardiovascular risk factors, we have also included an all-
encompassing endpoint: endothelial function. Providing this comprehensive endpoint
allows us to draw an overall conclusion of general cardiometabolic health. This addresses
an important limitation of previous (in)direct research on this topic (307), where all risk
factors were treated as stand-alone items without providing one single surrogate

endpoint.
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Question 1: Does BMI variability during weight loss treatment negatively affect the
improvement in the cardiometabolic risk factors (and endothelial function) in children with

obesity? (Or is the overall evolution more important?)

Our results suggest that the overall BMI slope, representing the overall BMI evolution
(increase, decrease, stabilization) is the most important factor for improving the
cardiometabolic health, rather than how this BMI reduction was achieved (measured by
the amount of variability over time). These findings confirm previous research in adults
reporting that the effect of the BMI evolution outweighs the effect of variability. Indeed,
our results add up to a 2017 review concluding that there is little detrimental effect of
weight fluctuations and therefore treatment should keep targeting weight loss, despite

the risk of weight regain (337,338,356—359).

One recent, very interesting study has addressed the question regarding BMI variability
and the development of adult type 2 diabetes in a large cohort of 1718 participants
followed from childhood to adulthood over a period of 20 years (167). They report that a
high BMI variability during childhood was an independent risk factor for developing type 2
diabetes. We like to highlight a few differences with our study: first, their population
comprised healthy children with a normal BMI, an important difference with our
population of which most participants already had one or multiple cardiovascular risk
factors resulting from their excess body weight. Therefore, in our group, reducing BMI
might have restored these initially increased risk factors and hereby, outweighed any
potential detrimental effect of BMI variability that might have been detected if the same
study was performed in healthy children without any cardiovascular risk factor. This
would mean that healthy people without cardiovascular risk factors are more likely to be
exposed to the detrimental impact of weight cycling, as previously hypothesized by

Montani and colleagues (165).
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Second, in our population an overall BMI decrease was found as our population was
intentionally undertaking weight loss efforts. In the cohort study by Du et al. (167), the
overall BMI evolution and intentionality of the weight loss is unknown. This is an
important aspect as a high variability can occur around a stable BMI, but can also
represent an increasing or decreasing trend over time. As many studies have reported an
effect on later cardiovascular and metabolic end points based on the general BMI
evolution, e.g. increase or decrease, this would provide additional valuable information
for comparison of these data (360-362). A last difference is that the cohort of Du et al.
comprises a very large population followed over a long period of 20 years, which
therefore increases the power to detect significant effects that might not be found in our

smaller cohort or with a shorter (although clinically relevant) follow-up.

Question 2: What is the effect of BMI re-increase after initial BMI reduction on the

cardiometabolic health and endothelial function in children with obesity?

For this question, a subgroup analysis was conducted to detect the effect of BMI regain
on the cardiovascular risk factors compared to the moment where the lowest BMI had
been recorded. Despite a significant BMI regain at that time, many risk factors, including
endothelial function, were still improved compared with baseline. This indicates that the
benefits of the initial BMI reduction remained present for a longer period despite BMI
regain, as expected based on our previous written review (307). However, some risk

factors and endothelial function deserve to be discussed in more detail.

First, HDL-cholesterol further increased between 12 and 18 months, which is not
surprising as this compound typically lags behind the initial BMI reduction (323).
However, this is the first study showing that BMI regain slows the improvement of HDL

resulting from the preceding weight loss.
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For LDL-cholesterol, we found a recovery to intermediate levels associated with the re-
increase in fat mass, which is in line with the findings of Lazzer et al. (132). The
importance of a net fat mass reduction compared to baseline should be emphasized
when studying LDL-cholesterol, as this will probably determine whether an improvement

in LDL-cholesterol remains after BMI is regained.

Second, regarding the blood pressure evolution some critical remarks should be made on
our findings. Diastolic blood pressure increased significantly at 18 months compared to 12
months and this increase was related to the increase in BMI, which is consistent with
previous research by Holm and colleagues (324). Similar to this previous study, the
systolic blood pressure was not found to differ significantly at 18 months compared to the
values measured at the BMI nadir (12 months), corresponding to previous indications that
the effect of a preceding BMI reduction might remain present for a period of at least 6
months after the BMI nadir has been achieved. However, both - systolic and diastolic
blood pressure - at 18 months were no longer different from baseline, despite only partial
BMI recovery. Whereas this recovery to baseline values can be explained by the repeated
overshoot theory, stating that during weight regain risk factors increase disproportional
to the amount of weight regained, it must be noted that blood pressure measurements at
the 18 months follow-up visit in the inpatient center were not measured early in the
morning in a fasting state as opposed to the preceding measurements at baseline and 12
months. Therefore, diurnal variation or intake of certain foods or drinks might have

exaggerated the blood pressure trends found.

Lastly, an interesting finding is that the benefits on the endothelial level remained present
6 months after the BMI nadir was achieved, despite considerable BMI regain at that time.
As endothelial function results from a summation of all risk factors, it is therefore rather
indirectly influenced by BMI explaining the absent correlations between the changes in
endothelial function and the BMI changes on one hand and the present correlations
between endothelial variables and the changes in blood pressure during weight regain on

the other hand.
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As in our study most cardiometabolic risk factors remained stable (or — in case of HDL -
even further improved), this most likely explains why endothelial function was not
significantly altered at follow-up. Altogether, despite the overall cardiovascular benefits
(endothelial function) of the initial BMI loss still being present 6 months later, BMI

maintenance at the BMI nadir should of course remain the aimed treatment goal.

Limitations

A longitudinal and multicenter design, the measurement of anthropometric variables by
the research team (rather than self-reported weight data), the multiple cardiometabolic
risk factors evaluated (including endothelial function as an all-encompassing endpoint)
and the separation of the BMI trajectory in slope and variability constitute important

strengths of the present study, however some limitations are present.

First, as our population consists of children with obesity intentionally trying to lose
weight, our results should not be broadened to a general normal-weight pediatric
population. Second, for the present study the BMI measured at every study visit was used
to further determine each person’s individual trajectory over time, instead of e.g. body
composition that might be more related to cardiometabolic health. Nevertheless, this
choice allows us to additionally study the impact of BMI fluctuations on body composition
and fat distribution (waist circumference and waist-to-hip ratio) and increases the
comparability with previously conducted adult studies (356—358). Third, several months
were situated between the study measurements, which might (similar as in previous
studies) lead to an underestimation of the actual weight variability during the 18-month
duration of the entire study. However, it should be noted that in previous research there
were often many years between observations (166,167,356,363). Fourth, although the
effects of an overall BMI reduction seemed to overrule the effects of BMI variability and
regain, we cannot exclude a long-term effect of BMI variability or predict how long these

benefits will remain after the BMI has been fully recovered.
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Last, we looked at increases or decreases of cardiometabolic risk factors, but not at
clinically relevant changes as for some parameters such as endothelial function the cut-
off value of what is healthy or unhealthy is not yet identified in children, as also pointed

out in chapter 9.1.3.

Future perspectives

As (short-term) effective - surgical and pharmacotherapeutic - obesity treatments are
becoming increasingly available for use in children, the question on whether and how BMI
fluctuations contribute to the cardiometabolic health of children and adolescents with
obesity will probably gain more importance in the future. Researchers could further
extend the knowledge on this topic by focusing on children with obesity as a separate
entity in prospective large cohort studies as they might behave differently than their
normal-weight peers due to the possible presence of cardiovascular risk factors.
Additionally, the slope should preferably be separated from the variability to exclude a
confounding effect of slope with variability in subjects undergoing large weight changes.
In future research, it might be interesting to compare different clinically relevant
subgroups (for example large BMI decrease with high vs. low variability). Unfortunately,
this was not possible in our cohort as our population only consisted of 83 participants.
Finally, expansion of the follow-up period in patients undergoing BMI regain after BMI

loss might help to determine how long initial benefits of weight loss remain present.
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8.6 Conclusion

Overall, the general BMI evolution over time (increase or decrease) was found to
significantly alter the cardiometabolic risk and endothelial function in children with
obesity, whereas the variability did not. Therefore, achieving a BMI reduction in children
with obesity remains the absolute priority. Although, most of the risk factors were still
ameliorated 6 months after the BMI nadir was achieved despite a partial BMI recovery,
we must consider that BMI regain (after initial BMI reduction) might negatively impact

specific cardiovascular risk factors (diastolic blood pressure, HDL- and LDL-cholesterol).
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Currently, 2 out of 3 children with obesity ultimately become adults with obesity,
indicating that treatment fails in achieving long-term results (130,131). The consequences
of the current obesity pandemic are reflected at the societal level through the high
healthcare costs associated with obesity-related comorbidities (as described in chapter 1)
(2), but also individually in the physical and emotional wellbeing of the affected people
(111). Therefore, current research is challenged to identify new strategies that improve
treatment outcomes of the pediatric obesity programs. With this thesis, we investigated
different aspects of the clinical trajectory that children with obesity go through. By adding
new insights, we aimed to broaden current knowledge on pediatric obesity and assist

future researchers in the development of feasible and effective treatment strategies.

9.1 Which outcome measure should be used to evaluate
treatment effect in children with obesity?

To determine the effectiveness of an intervention, the choice of outcome measures in
scientific research is of paramount importance. As mentioned earlier, there is ongoing

debate about which outcome measure to use in pediatric obesity research.

9.1.1 BMI SDS

BMI SDS is the most used outcome measure in pediatric weight-related research, but a
2017 paper was critical of its shortcomings, especially in children with severe obesity
(231). Limitations named are the modest correlations with BMI percent of the 95
percentile, A BMI percent of the 95" percentile or measures of body fatness (233,364).
Moreover, using BMI SDS in longitudinal research may bias results compared to those in
BMI, since BMI SDS was never intended to be used for longitudinal evaluation (364). Kelly
et al. recommend against using BMI SDS in research involving children with severe obesity
and against using it as a metric to evaluate individual children with high BMls in the

clinical setting.
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A suggested solution is to report more than one outcome measure to help the reader
interpret the data. The authors suggested BMI percent of the 95 percentile and A BMI
percent of the 95 percentile as alternative outcome measures (233,364,365). However,
further research is needed to evaluate their correlation with changes in body composition
and to determine the amount of reduction needed to improve cardiometabolic health.
Kelly and colleagues call for a general scientific and clinical consensus on BMI measures to

be used, but unfortunately this is not yet available today.

In conclusion, BMI-derived outcome measures can be used but it is advised to report
more than one outcome measure, with a preference towards BMI percent of the 95t

percentile and A BMI of the 95 percentile.

9.1.2 Body composition

Evaluating body composition could be an alternative to using BMI-derived metrics.
However, as written in chapter 4, an ideal technique is missing (366). Whereas MRI, CT
and DEXA scanning are quite precise, they are time-consuming, high in cost and therefore

unfeasible for daily practice, especially for repeated measurements (367).

The bioimpedance devices have benefits in terms of bed-side availability, cost and
measurement time (189). They are feasible for repeated measurements in children and
our study in chapter 4 revealed the potential of the Body Composition Monitor (BCM) to
detect trends at a group level in clinical research populations. Unfortunately, currently
none of the available devices has been found sufficiently reliable at the individual level
compared with the conventional methods to recommend routine clinical use in children

with obesity.
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Our research shows that patient characteristics such as age, gender and a higher BMI SDS
contribute to the observed differences in body composition measurements between
DEXA and BIS. One could have expected these results, because these characteristics
determine the body’s hydration constant and it is the incorporation of a fixed hydration
constant in the adult bioimpedance devices that complicates their use in children. In
children, there is no fixed hydration constant as this varies throughout growth (and with
different body compositions), so using a fixed hydration constant will always create some

bias in the BIS measurements.

Interestingly, a much better agreement was seen after BMI reduction, indicating that
especially the excess body weight augments the bias between BIS and DEXA, which
confirms previous findings (368). Ideally, a specific equation should be developed for
children with obesity, not relying on a fixed hydration constant. This was recently done
for the octopolar TANITA BC-418MA device in a group of Spanish children with obesity
(369). For the BCM, a 2021 study of our own research group provided reference values

that can be used to facilitate future research on this topic (173).

In conclusion, conscious use of the bioimpedance devices is recommended
acknowledging their possibility for detecting changes on a group level, but being aware

of their limitations on an individual level.

9.1.3 Cardiometabolic health

The main treatment goal of obesity treatment is improving health or preventing health
problems from arising. This is achieved by reducing BMI, that is correlated to
cardiometabolic health, and represents a surrogate outcome marker for a person’s
health. However, directly measuring an individual’s health would be the preferred way for
evaluating treatment effectiveness. Nevertheless, many cardiometabolic risk factors are
present and - as indicated in chapter 7 and 8 - they all respond differently to BMI
changes. This complicates the identification of a single parameter that can be used as a

universal golden standard to reflect a child’s overall cardiometabolic health.
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In the earlier days, the metabolic syndrome was a commonly used umbrella-term for
different metabolic derangements. However recently, the limitations of the metabolic
syndrome as a diagnosis (discussed in chapter 7) have led to abandoning this term.
Instead, this is replaced by ‘being-conscious’ that risk factors tend to cluster, so that if one

is present, one should be encouraged to search for the others as well (63).

In this thesis, we have used microvascular endothelial function as endpoint (89). This was
chosen as it sums up all individual influences of separate cardiovascular risk factors and
therefore has the potential to serve as a surrogate marker of cardiovascular risk.
However, measuring microvascular endothelial function by peripheral arterial tonometry
(PAT) is also time-consuming (20 minutes per patient), and rather expensive to use as a
standardized test in clinical routine. Additionally, many confounders have to be taken into
account when using PAT, such as room temperature, fasting, the effect of exercise or
psychological stress (176). Furthermore, our results in chapter 8 indicate that
microvascular endothelial function responds late to cardiometabolic alterations. The
delayed response of microvascular endothelial function limits its use for short-term
treatment effect evaluation, but makes it a suitable evaluation tool for cardiometabolic

health over a longer period of time.

Alternatively, one could measure macrovascular endothelial function by flow-mediated
dilatation (FMD), as this shows a treatment response already after 6-12 weeks (370).
Although noninvasive, FMD also suffers limitations in clinical feasibility as it is equally
time consuming. Additionally, it requires the presence of a trained technician as

measurements are more user dependent compared with PAT (95).

Pediatric reference values for endothelial function are still missing today, but the Youth

Vascular Consortium is currently working on this topic to provide normative data (371).
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9.2 Is there a role for e-health in pediatric obesity treatment?

9.2.1 New e-health interventions

As e-health could overcome factors associated with attrition, such as travel time or school
absences, the role of e-health in pediatric obesity should be explored (128). In chapter 5,
we have studied the effect of an online self-control training added to existing obesity
treatment programs (372). Previous pilot studies (158,159) already demonstrated the
potential of computer-delivered self-control trainings in children with obesity, but

translation into applications available at home was lacking at the start of this project.

Our results show a potential effect for the younger, inpatient participants. These findings
were contributed to more environmental control and supervision inpatient and the effect
of puberty or more completed trainings in the younger participants. More focus on the

psychologic aspects of the training was provided in the PhD of Dr. Tiffany Naets (373).

Motivating participants to start and continue trainings was an important challenge,
leading to an average completion of only 35% of the sessions. While studies in a
controlled environment report high feasibility, outpatient studies report drop-out rates
up to 78% and planned intervention exposure of 19% (238,245,374). These results should
push researchers to identify the underlying barriers. In our project, practical obstacles
complicated training completion at home in the previous inpatients (238). Addressing

motivations behind non-completion would help to achieve successful implementation.

A 2020 systematic review on engaging youngsters in digital mental health interventions
(375) reported a preference for videos, limited text, the possibility of personalization
(251) and connecting with peers (376), as well as text message reminders. Other previous
reported alternatives are gamification (237) and smart-phone availability (156). However,
it should be noted that before testing the effect of smartphone applications, usability
should be evaluated. In 2022, Arthurs et al. reviewed usability and engagement testing of

mobile health applications in pediatric obesity (377).
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Surprisingly, they found only seven studies using all different tests (378-382). This
underpins the current knowledge gap on how to perform usability testing of mobile (and
more widely e-health) interventions in children with obesity, including the need for a

standardized, validated usability tool.

In conclusion, a large gap was found between in-lab and real-world feasibility of online
interventions. In the future, the role for e-health interventions in pediatric obesity
should be reassessed, but first the challenges, such as participation, complicating real-
world implementation should be addressed. Therefore, we advise future researchers to
first optimize the implementation strategy (including mode of delivery, usability and
identification of treatment barriers), whereafter scientific evaluation of the treatment in

well-organized randomized controlled trials can be undertaken.

9.2.2 E-health instead of face-to-face usual care

Although the impact of online consultations on drop-out was not part of our research
questions, we reflect shortly on this for two reasons. First, the inpatient center was on an
outer border of the country, which possibly enlarged the aftercare drop-out. Second,

during the COVID-19 lockdowns telemedicine was used to follow our participants.

Interestingly, previous research indicated positive results for online provided care in
those with difficult health care access (284,285) with similar attrition and BMI reduction
reported in children receiving the telemedicine follow-up compared to conventionally
treated children (284). A 2012 review concluded that telemedicine was the preferred
method for treating patients living far from the treatment center (285). More recently, a
2021 review on pediatric obesity confirms noninferiority when comparing the telehealth
to in-person cohorts in clinical efficacy and attrition (383). Evidence from during the
pandemic concludes the same, but points at a beneficial effect of the combined use of
face-to-face and online visits (384). Thus, despite the long way to go in new therapeutic e-
health interventions, literature indicates that (partially switching to) online-delivered

routine care seems promising in pediatric obesity.
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9.3 Should we change our point of view on a patient’s BMI
trajectory?

Clinical experience and scientific research, including our own data, demonstrate that
initial treatment success is often followed by a relapse on the long-term. Interestingly,
few pediatric data on the health consequences of this relapse have been found in

literature.

In chapter 7 we have reviewed this topic and we found no arguments that a new increase
in BMI (after an initial decrease) led to a disproportionate increase in cardiometabolic risk
factors. In fact, the benefit on some risk factors, such as hs-CRP and HDL-cholesterol,
even persisted over a longer period, despite a return to a higher BMI (307). The same
conclusion was also drawn from our own data in chapter 8 by studying the participants
who reached a BMI low point at 12 months and had regained several BMI points by 18
months. Our data showed that most risk factors were unchanged from the BMI nadir 6
months before, despite weight regain. Endothelial function and HDL-cholesterol had even
further improved. It should be mentioned that these findings cover only a 6-month period
in a population with a rather large average BMI decrease of 8.7 kg/m?. Therefore, in the
long-term those risk factors are likely to deteriorate again knowing that metabolic healthy
obesity is only a transient phase in the progression to metabolic unhealthy obesity (308).
Transitions between metabolic healthy and unhealthy obesity have been described in

children and adolescents as well (385).

However, for most of the children with excess body weight, repeated cycles of losing and
regaining weight follow one another. Therefore, in chapter 8, we also investigated the
effect of BMI variability during weight loss treatment on cardiometabolic risk factors,
including endothelial function as a comprehensive endpoint. Our findings stated that an
overall reduction in BMI over time took precedence over how this reduction was

achieved, as variability had no impact on most risk factors.
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The cardiometabolic impact of weight regain seems to be rather reassuring, at least
during the first six months after the initial BMI decrease. But one should not forget to talk
about the personal impact regarding the decision for treatment (dis)continuation. For
example, in chapter 6 our data demonstrated that BMI decrease during the first 6 months
predicted treatment drop-out at one year and that a higher BMI in general, especially in
co-occurrence with more metabolic deregulations, predestines a patient to drop-out and

complicates BMI reduction.

Therefore, early treatment change or intensification should be considered if treatment is
unsuccessful. Referral to an inpatient center could be a solution for those treated in
outpatient care, although long waiting lists complicate transition. Another option in
adolescents is to switch to an intensive diet with more rapid weight loss such as a very
low energy diet, low carbohydrate diet or intermittent fasting. Good results have been
described with short-term improvement, but long-term outcomes are unknown (386).
Similarly, association of liraglutide (a GLP-1 agonist) provides additional BMI reduction of
-0.22 SDS, but a re-increase was seen after withdrawal (121). Finally, despite bariatric
surgery being very effective in BMI reduction with average reductions of 26-28% in the
body weight of the participating adolescents (124,387), this option is not reimbursed for
minors in Belgium, so is financially unavailable for most patients. Interestingly, our study
indicated that socio-economic arguments were a frequent reason for drop-out in
outpatient treatment, emphasizing the need for addressing social problems as well in

outpatient obesity teams.

Ideally, an individualized plan would be designed with involvement of specialties based on
individual needs (e.g. pediatrician, psychologist, dietician, physiotherapist, social worker,
psychiatrist). As involvement of all these specialties would mean a significant increase in
treatment costs, a convention (as with diabetic patients) would be a valuable step to
optimize pediatric obesity care. This option was reviewed in Belgium and has led to the
introduction of a new carepath in Belgium since December 1 2023 including the

recognition of specialized pediatric multidisciplinary obesity centers.

185



Chapter 9: General discussion

In conclusion, treatment should be targeted at BMI reduction in children with obesity and
the lowering of BMI should prioritize over how this is achieved, i.e. slow and steady vs
faster with partial relapse. A relapse seems to not immediately impact cardiometabolic
health as there is a time window where the child still benefits from the previous BMI loss.
BMI regain should therefore be seen in relation to the pretreatment BMI. And if BMI
regain occurs, it should be perceived as a period wherein treatment changes should be

considered to retain cardiometabolic benefits.

9.4 Critical remarks

In this dissertation, we investigated different aspects of evaluation, treatment and
outcome of children with obesity. Although different limitations were identified for each

study individually, we would like to highlight some general limitations.

Our study population across chapters was included through the WELCOME trial. Although
our cohort was quite large and ethnically diverse, most of the participants lived in
Belgium. Therefore, these data might show some bias compared with other international

cohorts due to the rather small area where all participants were recruited.

Second, there is no set protocol for a multidisciplinary obesity treatment and practices
vary between centers. The centers participating in our study all had a specialized
treatment program, so our treatment results are likely to change if children were

recruited at centers where limited resources are devoted to pediatric obesity care.

Finally, COVID-19 broke out in the middle of our study. For some participants, the
lockdown helped them to lower their BMI through fewer restaurant visits or more time to
exercise, while in others the opposite evolution was seen by the financial consequences
prioritizing over investing in healthy food. Therefore, the effect of COVID-19 on a
patient’s treatment result is difficult to correct from our data. Internationally, a doubling
of prepandemic rates of BMI increase was reported in children aged 2-19 years that was

more pronounced in those with pre-existent overweight (388).
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9.5 Future perspectives

This thesis provides insights on various aspects of the clinical trajectory of children with
obesity. New emerging therapies that can be added to the current treatment offer
interesting possibilities, but as with any new therapy, long-term results must be
evaluated. Obesity treatment is not a one-size-fits-all approach. This was demonstrated
by the results of the WELCOME trial (chapter 5), where a treatment effect was found only
among younger participants in residential care. Another example was found in the results
of our study exploring baseline predictors for treatment outcome of patients in an in- or
outpatient treatment program (chapter 6). Therefore, research questions should
generally be changed from ‘Is this treatment effective for every child with obesity?’ to ‘In

which child with obesity would this treatment be effective?’

Treatment drop-out and non-adherence have been named in most pediatric obesity
research, but a thorough understanding of the motives behind drop-out or treatment
failure is a crucial next step towards improvement. We therefore advocate for more
research on this topic, as this would provide valuable insights for ameliorating treatment
adherence and participation in any type of intervention. For example, in our outpatient
cohort, drop-out stemmed from social motives in half of the cases, indicating the need for
a social worker in outpatient obesity treatment teams. In case of the online self-control
training, participants frequently perceived practical obstacles, so addressing these would
likely improve adherence (238). As previously stated, the development of a standardized,

validated usability tool would be of added value to evaluate new e-health interventions.

Our data demonstrated that an overall BMI reduction overrules the way it is achieved (i.e.
the variability in the trajectory) in cardiometabolic benefits at least during the first 1.5
years. Although, BMI maintenance after BMI loss must remain the primary treatment
goal, this knowledge should change the view on interventions that lead to rapid short-
term BMI loss but lead to some BMI re-increase afterwards, for example very strict diets,

GLP-1 analogues...
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BMI regain should be viewed as a normal occurrence in obesity treatment and future
researchers should be encouraged to study and report BMI regain, including (other)
cardiometabolic health markers, for example macrovascular endothelial function, to
gather information on how long the physical health benefits persist and what influences

them. Our suggestions for future research are listed in table 9.1

Table 9.1: overview of questions for future research.
Evaluation
Body composition
e Are the measurements of the BCM interchangeable with those of the 4-C model and if not,
what determines this bias?
Cardiometabolic endpoints
e How rapid does flow mediated dilatation responds to BMI fluctuations and could it be a
surrogate endpoint to measure the evolution of overall cardiometabolic health in children
with obesity?

Management

E-health
e Which delivery mode is most suited for offering an e-health intervention to children with
obesity (e.g. a website, mobile app, YouTube tutorials...) and what are the perceived barriers
with each of them?
e How can we reliably evaluate and compare usability of these online interventions?

Treatment outcome

Drop-out and treatment outcome
e What are the motives behind dropping out from pediatric inpatient obesity treatment?
e Can a (parent and patient) pretreatment preparation program limit drop-out and post-
treatment BMI regain?
e Could the help of a social nurse improve outpatient pediatric obesity treatment outcome and
limit drop-out?
BMI regain
e How long do the cardiometabolic ameliorations of an initial BMI loss persist and what is the
role of the amount of BMI relapse on the persistence of these benefits?

Lastly, it has to be said that although this thesis focuses on the treatment trajectory of
children with obesity, it should be mentioned that primary prevention, e.g. preventing
obesity from developing, will always be of prime importance relative to any aspect of

obesity treatment.
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Chapter 10: Summary

In 2018, 5.8% of Belgian children were diagnosed with obesity. Even in childhood, obesity
is associated with several comorbidities, including dyslipidemia, hypertension and
endothelial dysfunction. The current obesity pandemic with its comorbidities is estimated
to account for 6-8% of Belgium’s annual health expenditure. This dissertation examined
various aspects ranging from clinical evaluation to management and treatment outcome

of children with obesity.

Regarding clinical evaluation a first question arose as to how to evaluate the treatment
effect in children with obesity. BMI SDS — although widely used - correlates only weakly
with fat mass and metabolic comorbidities. Body composition measurement could offer a
solution, but current techniques are unfeasible for repeated measurements. In chapter 4,
body composition measurements were compared between the Body Composition
Monitor (BCM), a device based on bioimpedance spectroscopy suitable for bedside
evaluation, and Dual Energy X-ray Absorptiometry, the current clinical golden standard.
Our results showed that the BCM could not be used to monitor individual children with
obesity, but could be useful in large clinical studies to measure changes in body

composition at a group level.

Current obesity treatment in children has a rather moderate outcome. Previous research
discovered a relation between more self-control and improved treatment success. In the
WELCOME trial (chapter 5), we examined whether adding an online self-control training
improved BMI outcome of current pediatric obesity programs. Children aged 8-18 years
with obesity were included from one in- and two outpatient centers. Our results showed
a potential favorable treatment effect only for 8- to 12 year old children in inpatient care,
potentially due to external control on training execution and prepubertal brains being
more prone to the training effect. As this was one of the first large-scale trials translating
in-lab findings to a real-world application of an online self-control training, we made
recommendations to improve participation and adherence to online (self-control) training

for future research within this target population.
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As illustrated by the WELCOME trial, pediatric obesity treatment is not a ‘one-size-fits-all’-
phenomenon. In Belgium, in- and outpatient obesity treatments are available, but long-
term results are modest. Despite 2 in 3 children with obesity having at least 1
cardiometabolic risk factor, little is known on how this affects treatment outcome.
Chapter 6 zoomed in on the pretreatment patient characteristics and metabolic
derangements predicting treatment outcome. Residentially, BMI declined less during
treatment when more pretreatment metabolic comorbidities and a higher baseline BMI
were present, indicating these potentially preclude optimal treatment participation. As a
solution, pretreatment preparation programs aimed at already changing family habits and
losing some weight beforehand could be implemented. This could also help counteract
the BMI regain seen after returning home as this favorably affects those at older age
already having a higher BMI before treatment started. Furthermore, treatment seemed
least feasible for children with a higher weight or older age, as they dropped out more
often during residential stay or aftercare, possibly due to the lack of success compared to
their counterparts, similar to children in outpatient care. In turn, higher leptin and
adiponectin levels before starting residential treatment were predictive of less BMI gain

after the end of treatment, a finding requiring further research.

Outpatient drop-out during the first treatment year was predicted only by BMI loss during
the first 6 months and was attributed mainly to motivational reasons, promoting rapid
treatment redirection or intensification when treatment fails. In the second treatment
year, patients with high BMI were more prone to drop-out and this was attributed to
social motives in half of the patients underpinning a need for social support in pediatric
obesity treatments. Cardiometabolic comorbidities could not predict treatment outcome
after one or two years of outpatient treatment, suggesting possibly more impact of

psychosocial or economic factors in this setting.
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Interestingly, despite BMI regain being common, its cardiometabolic consequences were
hardly studied in pediatric populations. Therefore, in Chapter 7, we reviewed the
literature asking: "What is the effect of a new BMI increase after previous BMI loss on
cardiometabolic health in children with obesity?” The nine included studies showed that
the benefit of initial BMI reduction persisted on some cardiovascular risk factors, such as
HDL-cholesterol, despite BMI regain. Furthermore, no arguments could be found that a
new BMI increase (following an initial reduction) negatively affected cardiometabolic
health compared to baseline. In Chapter 8 our data confirmed that patients still benefited
in terms of insulin resistance, pro-inflammatory status, and triglycerides after 6 months of
achieving their BMI nadir — despite some regain. HDL-cholesterol and endothelial function
even further improved. The changes in cardiometabolic risk factors, including lipids, pro-
inflammatory status, insulin resistance, and endothelial function, were mainly related to

the net BMI decrease over time and not to the variability.

In conclusion, achieving BMI reduction is prioritized over the variability of how it is
achieved. An online self-control training was not effective in reducing BMI in a general
population of children with obesity, but a subgroup potentially benefited. In the future,
more research on how to implement online trainings and how to adapt them to a certain
target population is therefore warranted. In inpatient treatment, more metabolic
comorbidities and a higher BMI impact outcome, including drop-out and BMI reduction.
In outpatient care, initial treatment success is important to retain children, but the long-
term results are mainly determined by other factors than personal or physical
pretreatment characteristics. Lastly, focusing on body composition measurements by
bioimpedance techniques as an evaluation tool has potential, but currently the BCM
device should only be used on a cohort level due to insufficient reliability in individual

measurements.

This thesis reinforces current insights on the clinical evaluation, approach and outcome of

children with obesity, but these findings need further validation in new cohorts.
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Chapter 11: Samenvatting

In 2018 leed maar liefst 5.8% van de kinderen in Belgié aan obesitas. Zelfs op
kinderleeftijd is obesitas al geassocieerd met verschillende comorbiditeiten, waaronder
dyslipidemie, hypertensie en endotheeldysfunctie. De huidige obesitas pandemie met zijn
geassocieerde comorbiditeiten is naar schatting verantwoordelijk voor 6-8% van de
jaarlijkse gezondheidsuitgaven in Belgié. Dit proefschrift onderzoekt verschillende
aspecten gaande van de evaluatie tot de aanpak en behandeluitkomst in kinderen met

obesitas.

Allereerst stelt zich de vraag hoe het behandeleffect bij kinderen met obesitas moet
worden geévalueerd. BMI SDS correleert slechts zwak met de vetmassa en metabole
comorbiditeiten. Het meten van lichaamssamenstelling kan een oplossing bieden, maar
de huidige technieken zijn klinisch onbruikbaar voor het uitvoeren van herhaaldelijke
metingen onder andere door stralingsbelasting of een lange meettijd. In hoofdstuk 4
vergeleken we lichaamssamenstelling gemeten met de ‘Body Composition Monitor’
(BCM), een toestel gebaseerd op bio-impedantie spectroscopie, met de metingen van de
‘Dual Energy X-ray Absorptiometry’ (DEXA) scan. Onze resultaten toonden dat de BCM
niet gebruikt kon worden om individuele kinderen met obesitas te meten en te volgen,
maar wel bruikbaar kan zijn in grote studies om de verandering in lichaamssamenstelling

op groepsniveau te evalueren.

De huidige behandeling van obesitas bij kinderen heeft eerder matige resultaten.
Voorgaand onderzoek toonde dat meer zelfcontrole de behandeluitkomst kan
verbeteren. Daarom gingen we in hoofdstuk 5, de ‘WELCOME’ trial, na of een online
zelfcontrole training toegevoegd aan bestaande behandelprogramma’s leidde tot meer
afname in BMI SDS. Kinderen tussen 8 en 18 jaar oud met obesitas werden geincludeerd
in één residentieel en twee ambulante behandelcentra. Helaas, kon er geen effect in de
totale populatie worden aangetoond. In een subgroep van 8- tot 12-jarige kinderen, die

residentieel werden behandeld, werd echter wel een potentieel behandeleffect gemeten.
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Dit gemeten effect zou verklaard kunnen worden door de aanwezigheid van externe
controle op het uitvoeren van de training en een hogere vatbaarheid van het
prepubertaire brein voor het trainingseffect. Omdat dit de eerste grootschalige studie
was die een online zelfcontrole training uit het laboratorium naar een echte
patiéntenpopulatie bracht, formuleerden we aanbevelingen voor toekomstig onderzoek

om deelname en therapietrouw te bevorderen.

Zoals de WELCOME trial aantoont, is de behandeling van kinderobesitas geen "one-size-
fits-all"-verschijnsel. In Belgié zijn in- en extramurale behandelingen beschikbaar, maar de
resultaten op lange termijn zijn suboptimaal. Hoewel 2 op de 3 kinderen met obesitas
minstens 1 cardiometabole risicofactor hebben, is er weinig bekend over hoe dit de
behandeluitkomst beinvlioedt. In hoofdstuk 6 werd daarom onderzocht daarom welke
patiéntenkenmerken en metabole risicofactoren voorspellend zijn voor de uitkomst van
de behandeling. In een residentiéle behandeling daalde de BMI minder bij aanwezigheid
van meer metabole comorbiditeiten en een hogere BMI voorafgaand aan de behandeling,
wat erop wijst dat deze mogelijk een optimale deelname aan de behandeling in de weg
staan. Een oplossing zou kunnen zijn om voor de behandeling reeds
voorbereidingsprogramma’s  te  implementeren die erop gericht zijn al
levensstijlveranderingen teweeg te brengen om zo vooraf reeds gewicht te verliezen. Dit
zou ook kunnen helpen om de BMI toename na thuiskomst tegen te gaan, aangezien dit
voornamelijk de oudere deelnemers treft die al een hogere BMI hadden voordat de
behandeling begon. Bovendien vielen kinderen met een hoger gewicht of een oudere
leeftijd vaker uit tijdens de residentiéle behandeling of in de nazorg, mogelijk vanwege
het gebrek aan succes in vergelijking met hun mede-deelnemers, vergelijkbaar met wat
onze data toonden bij kinderen in ambulante zorg. Een hoger leptine- en
adiponectinegehalte véér aanvang van de residentiéle behandeling waren dan weer
beschermend voor een BMI toename na afloop van de behandeling, een bevinding die

verder onderzoek vereist.
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Ambulante uitval tijdens het eerste behandeljaar werd alleen voorspeld door de BMI
reductie tijdens de eerste 6 maanden en werd voornamelijk toegeschreven aan
motivationele redenen, waardoor een snelle heroriéntatie of intensivering van de
behandeling moet overwogen worden bij onvoldoende initiéle resultaten. In het tweede
behandeljaar vielen vaker patiénten met een hogere BMI uit en werd dit bij de helft van
de deelnemers aan sociale redenen toegeschreven, hetgeen de noodzaak van een sociaal
verpleegkundige in de behandeling van kinderobesitas onderstreept. Cardiometabole
comorbiditeiten konden het resultaat van de behandeling na één of twee jaar niet
voorspellen, wat wijst op een mogelijk grotere invloed van psychosociale of economische

factoren bij ambulante patiénten.

Opvallend is dat ondanks dat een nieuwe BMI toename veelvoorkomend is, er bijna geen
pediatrische studies zijn die zich verdiepen in de cardiometabole gevolgen hiervan.
Daarom hebben we in hoofdstuk 7 een literatuurreview geschreven met als vraag: ‘Wat is
het effect van een nieuwe BMI toename na voorgaande BMI afname op de
cardiometabole gezondheid in kinderen met obesitas?’ De negen geincludeerde studies
toonden dat het voordeel van de initiéle BMI reductie op sommige cardiovasculaire
risicofactoren, zoals HDL-cholesterol, langer persisteerde, ondanks een nieuwe BMI
toename. Verder waren er geen argumenten dat een nieuwe BMI toename (volgend op
een initiéle afname) de cardiometabole gezondheid negatief beinvloedde vergeleken met
de cardiometabole gezondheid voor de initiéle BMI reductie. In hoofdstuk 8 bevestigden
we met onze eigen data dat patiénten - ondanks een nieuwe gewichtstoename - 6
maanden na het bereiken van hun maximaal gewichtsverlies nog steeds voordelen
hadden op vlak van insulineresistentie, pro-inflammatoire status, en triglyceriden met
zelfs nog een toename van de HDL-cholesterol en een verbetering van de
endotheelfunctie. Verder zagen we dat de veranderingen in cardiometabole
risicofactoren, waaronder lipiden, pro-inflammatoire status, insuline-resistentie en

endotheelfunctie, voornamelijk gerelateerd waren aan de netto BMI afname.
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We concludeerden dat het bereiken van BMlI-reductie prioritair is ten opzichte van de
variabiliteit waarmee die wordt bereikt. Een online zelfcontrole training was niet effectief
in het verlagen van de BMI in een algemene populatie van kinderen met obesitas, maar
een subgroep had er mogelijk baat bij. In de toekomst is daarom meer onderzoek nodig
naar hoe online trainingen kunnen worden geimplementeerd en hoe ze kunnen worden
aangepast aan deze doelgroep. Bij intramurale behandeling hebben meer metabole
comorbiditeiten en een hogere BMI een negatieve invloed op de uitkomst, waaronder
drop-out en BMI reductie. Ambulant is voornamelijk het initiéle behandelsucces
belangrijk om kinderen in behandeling te houden, maar de resultaten op lange termijn
worden vooral bepaald door andere factoren dan de persoonlijke of lichamelijke
kenmerken voorafgaand aan de behandeling. Ten slotte heeft het meten van
lichaamssamenstelling door bio-impedantietechnieken als evaluatie-instrument
potentieel, maar momenteel mag het BCM toestel alleen op groepsniveau worden

gebruikt vanwege onvoldoende betrouwbaarheid in individuele metingen.

Dit proefschrift versterkt de huidige inzichten over de klinische evaluatie, aanpak en
uitkomst van kinderen met obesitas, maar deze bevindingen moeten nog verder worden

gevalideerd in nieuwe cohorten.

197



Chapter 11: Samenvatting

198



References

References

199



10.

11.

References

World Health Organization. obesity and overweight [Internet]. 2020. Available
from: https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight

OECD (2019). The heavy burden of obesity and the economics of prevention. In
Paris: OECD Publishing; 2019.

Cawley J. The economics of childhood obesity. Health Aff. 2010;29(3):364-71.

Singh AS, Mulder C, Twisk JWR, van Mechelen W, Chinapaw MJM. Tracking of
childhood overweight into adulthood: a systematic review of the literature. Obes
Rev. 2008;9(5):474—88.

World Health Organization. Report of the first meeting of the ad hoc working group
on science and evidence for ending childhood obesity: 18-20 June 2014, Geneva,
Switzerland. [Internet]. 2014. Available from:
https://apps.who.int/iris/handle/10665/133545

Obesity: preventing and managing the global epidemic. Report of a WHO
consultation. World Heal Organ - Tech Rep Ser. 2000;

Aune D, Sen A, Prasad M, Norat T, Janszky |, Tonstad S, et al. BMI and all cause
mortality: Systematic review and non-linear dose-response meta-analysis of 230
cohort studies with 3.74 million deaths among 30.3 million participants. BMJ.
2016;353:i2156.

Khan SS, Ning H, Wilkins JT, Allen N, Carnethon M, Berry JD, et al. Association of
body mass index with lifetime risk of cardiovascular disease and compression of
morbidity. JAMA Cardiol. 2018;3(4):280-7.

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for child
overweight and obesity worldwide: international survey. BMJ.
2000;320(7244):1240-1240.

Roelants M, Hauspie R, Hoppenbrouwers K. References for growth and pubertal
development from birth to 21 years in Flanders, Belgium. Ann Hum Biol.
2009;36(6):680-94.

(NCD-RisC). NRFC, Bentham J, Di Cesare M, Bilano V, Bixby H, Zhou B, et al.
Worldwide trends in body-mass index, underweight, overweight, and obesity from
1975 to 2016: a pooled analysis of 2416 population-based measurement studies in
128-9 million children, adolescents, and adults. Lancet. 2017 Dec
16;390(10113):2627-42.

200



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

References

Drieskens S, Charafeddine R, Gisle L. Gezondheidsenquéte 2018: Voedingsstatus.
[Internet]. Brussel, Belgié: Sciensano. 2018. Available from:
www.gezondheidsenquéte.be

Bouchard C. Genetic determinants of regional fat distribution. Hum Reprod.
1997;12(Suppl 1):1-5.

James J, Kerr D. Prevention of childhood obesity by reducing soft drinks. Int J Obes.
2005;29(Suppl 2):554-7.

Osei-Assibey G, Dick S, MacDiarmid J, Semple S, Reilly JJ, Ellaway A, et al. The
influence of the food environment on overweight and obesity in young children: A
systematic review. BMJ Open. 2012;2(6):e001538.

Robinson TN, Banda JA, Hale L, Lu AS, Fleming-Milici F, Calvert SL, et al. Screen
media exposure and obesity in children and adolescents. Pediatrics.
2017;140(Suppl 2):597-101.

Xu S, Xue Y. Pediatric obesity: Causes, symptoms, prevention and treatment
(review). Exp Ther Med. 2016;11(1):15-20.

Lieb DC, Snow RE, DeBoer MD. Socioeconomic Factors in the Development of
Childhood Obesity and Diabetes. Clin Sports Med. 2009;28(3):349-78.

Shloim N, Edelson LR, Martin N, Hetherington MM. Parenting styles, feeding styles,
feeding practices, and weight status in 4-12 year-old children: A systematic review
of the literature. Front Psychol. 2015;6:1849.

Hill DC, Moss RH, Sykes-Muskett B, Conner M, O’Connor DB. Stress and eating
behaviors in children and adolescents: Systematic review and meta-analysis.
Appetite. 2018;123:14-22.

El-Behadli AF, Sharp C, Hughes SO, Obasi EM, Nicklas TA. Maternal depression,
stress and feeding styles: towards a framework for theory and research in child
obesity. Br J Nutr. 2015;113(Suppl):S55-71.

Felsé R, Lohner S, Hollody K, Erhardt, Molnar D. Relationship between sleep
duration and childhood obesity: Systematic review including the potential
underlying mechanisms. Nutr Metab Cardiovasc Dis. 2017;27(9):751-61.

Reinehr T, Hinney A, de Sousa G, Austrup F, Hebebrand J, Andler W. Definable

201



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

References

Somatic Disorders in Overweight Children and Adolescents. J Pediatr.
2007;150(6):618-22.

Kumar S, Kelly AS. Review of Childhood Obesity: From Epidemiology, Etiology, and
Comorbidities to Clinical Assessment and Treatment. Mayo Clin Proc. 2017;92:251—
65.

Armstrong S, Lazorick S, Hampl S, Skelton JA, Wood C, Collier D, et al. Physical
examination findings among children and adolescents with obesity: An evidence-
based review. Pediatrics. 2016;137(2):e20151766.

Rolland-Cachera M, Deheeger M, Bellisle F, Sempé M, Guilloud-Bataille M, Patois E.
Adiposity rebound in children: a simple indicator for predicting obesity. Am J Clin
Nutr. 1984;39(1):129-35.

Whitaker R, Pepe M, Wright J, Seidel K, Dietz W. Early adiposity rebound and the
risk of adult obesity. Pediatrics. 1998;101(3):E5.

Di Gravio C, Krishnaveni G, Somashekara R, Veena S, Kumaran K, Krishna M, et al.
Comparing BMI with skinfolds to estimate age at adiposity rebound and its
associations with cardiometabolic risk markers in adolescence. Int J Obes.
2019;43:683-90.

IP E, Marshall S, Saldana S, Skelton J, Suerken C, Arcury T, et al. Determinants of
adiposity rebound timing in children. J Pediatr. 2017;184(151-6):e2.

Hughes AR, Sherriff A, Ness AR, Reilly JJ. Timing of adiposity rebound and adiposity
in adolescence. Pediatrics. 2014;134(5):e1354-61.

Roche J, Quinart S, Thivel D, Pasteur S, Mauny F, Mougin F, et al. Comparison
between type A and type B early adiposity rebound in predicting overweight and
obesity in children: a longitudinal study. Br J Nutr. 2020;124(5):501-12.

Simmonds M, Llewellyn A, Owen CG, Woolacott N. Predicting adult obesity from
childhood obesity: A systematic review and meta-analysis. Obes Rev.
2016;17(2):95-107.

Tsiros MD, Olds T, Buckley JD, Grimshaw P, Brennan L, Walkley J, et al. Health-
related quality of life in obese children and adolescents. Int J Obes.
2009;33(4):387-400.

202



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

References

Shuster A, Patlas M, Pinthus J, Mourtzakis M. The clinical importance of visceral
adiposity: a critical review of methods for visceral adipose tissue analysis. Br J
Radiol. 2012;85(1009):1-10.

Daniel S, Soleymani T, Garvey WT. A complications-based clinical staging of obesity
to guide treatment modality and intensity. Curr Opin Endocrinol Diabetes Obes.
2013;20(5):377-88.

Ighbariya A, Weiss R. Insulin resistance, prediabetes, metabolic syndrome: what
should every pediatrician know? J Clin Res Pediatr Endocrinol. 2017;9(Suppl 2):49—
57.

Higgins V, Adeli K. Pediatric metabolic syndrome: pathophysiology and laboratory
assessment. Electron J Int Fed Clin Chem Lab Med. 2017;28(1):25-42.

Lewis G, Carpentier A, Adeli K, Giacca A. Disordered fat storage and mobilization in
the pathogenesis of insulin resistance and type 2 diabetes. Endocr Rev.
2002;23(2):201-29.

Krssak M, Falk Petersen K, Dresner A, DiPietro L, Vogel S, Rothman D, et al.
Intramyocellular lipid concentrations are correlated with insulin senstivity in
humans: a 1H NMR spectroscopy study. Diabetologia. 199AD;42(1):113-6.

Gustafson B, Hammarstedt A, Andersson C, Smith U. Inflamed adipose tissue: a
culprit underlying the metabolic syndrome and atherosclerosis. Arterioscler
Thromb Vasc Biol. 2007;2276-83(11).

Weiss R, Bremer A, Lustig R. What is the metabolic syndrome and why are children
getting it? Ann N Y Acad Sci. 2013;1281(123-40).

Roden M, Krssak M, Stingl H, Gruber S, Hofer A, Fiirnsinn C, et al. Rapid impairment
of skeletal muscle glucose transport/phosphorylation by free fatty acids in humans.
Diabetes. 1999;48(2):358-64.

Petersen K, Dufour S, Savage D, Bilz S, Solmon G, Yonemitsu S, et al. The role of
skeletal muscle insulin resistancei n the pathogenesis of the metabolic syndrome.
Proc Natl Acad Sci. 2007;104(31):12587-94.

Matsumoto M, Han S, Kitamura T, Accili D. Dual role of transcription factor FoxO1
in controlling hepatic insulin sensitivity and lipid metabolism. J Clin Invest.
2006;116(9):2464-72.

203



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

References

Ginsberg H, Zhang Y-L, Hernandez-Ono A. Regulation of plasma triglycerides in
insulin resistance and diabetes. Arch Med Res. 2005;36(3):232—-40.

Sasaki N, Maeda R, Ozono R, Yoshimura K, Nakano Y, Higashi Y. Adipose tissue
insulin resistance predicts the incidence of hypertension: The Hiroshima Study on
Glucose Metabolism and Cardiovascular Diseases. Hypertens Res. 2022;45:1763—
71.

Shariqu O, McKenzie T. Obesity-related hypertension: a review of pathophysiology,
management, and the role of metabolic surgery. Gland Surg. 2020;9(1):80-93.

Shek E, Brands M, Hall J. Chronic leptin infusion increases arterial pressure.
Hypertension. 1998;31:409-14.

Strazzulo P, Barbato A, Galletti F, Barba G, Siani A, lacone R, et al. Abnormalities of
renal sodium ahndling inthe metabolic syndrome. J Hypertens. 2006;24:1633-9.

Dewan N, Nieto F, Somers V. Intermittent hypoxemia and OSA: implications for
comorbidities. Chest. 2015;147:266-74.

Muniyappa R, Sowers J. Role of insulin resistance in endothelial dysfunction. Rev
EndoCr Metab Disord. 2013;14(5-12).

Zimmet P, Alberti GKMM, Kaufman F, Tajima N, Silink M, Arslanian S, et al. The
metabolic syndrome in children and adolescents - An IDF consensus report. Pediatr
Diabetes. 2007;8:299-306.

Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH. Prevalence of a metabolic
syndrome phenotype in adolescents: Findings from the Third National Health and
Nutrition Examination Survey, 1988-1994. Arch Pediatr Adolesc Med.
2003;157:821-7.

De Ferranti SD, Gauvreau K, Ludwig DS, Neufeld EJ, Newburger JW, Rifai N.
Prevalence of the metabolic syndrome in American adolescents: Findings from the
Third National Health and Nutrition Examination Survey. Circulation.
2004;110:2494-7.

de Moraes A, Carvalho H, Siani A, Barba G, Veidebaum T, Tornaritis M, et al.
Incidence of high blood pressure in children - effects of physical activity and
sedentary behaviors: the IDEFICS study: High blood pressure, lifestyle and children.
Int J Cardiol [Internet]. 2015 Feb 1 [cited 2021 Sep 28];180:165-70. Available from:
https://pubmed.ncbi.nlm.nih.gov/25460372/

204



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

References

Kelsey MM, Zeitler PS. Insulin Resistance of Puberty. Curr Diab Rep. 2016;16:64.

Goodman E, Daniels SR, Meigs JB, Dolan LM. Instability in the diagnosis of
metabolic syndrome in adolescents. Circulation. 2007;115:2316-22.

Gustafson JK, Yanoff LB, Easter BD, Brady SM, Keil MF, Roberts MD, et al. The
stability of metabolic syndrome in children and adolescents. J Clin Endocrinol
Metab. 2009;94:4828-34.

Stanley TL, Chen ML, Goodman E. The typology of metabolic syndrome in the
transition to adulthood. J Clin Endocrinol Metab. 2014;99:1044-52.

Ford E, Chaoyang L. Defining the metabolic syndrome in children and adolescents:
will the real definition please stand up? J Pediatr. 2008;152(2):160-4.

de Hoog MLA, van Eijsden M, Stronks K, Gemke RJBJ, Vrijkotte TGM. Ethnic
differences in cardiometabolic risk profile at age 5-6 years: The abcd study. PLoS
One. 2012;7:e43667.

Ahrens W, Moreno L, Marild S, Molnar D, Siani A, De Henauw S, et al. Metabolic
syndrome in young children: definition and results of the IDEFICS study. Int J Obes.
2014;38(2):54-14.

Magge SN, Goodman E, Armstrong SC, Daniels S, Corkins M, De Ferranti S, et al.
The metabolic syndrome in children and adolescents: Shifting the focus to
cardiometabolic risk factor clustering. Pediatrics. 2017;140:e20171603.

Al-Hamad D, Raman V. Metabolic syndrome in children and adolescents. Transl|
Pediatr. 2017;6(4):397-407.

Mancuso P. The role of adipokines in chronic inflammation. Immunotargets Ther.
2016;5:47-56.

Lehr S, Hartwig S, Sell H. Adipokines: a treasure trove for the discovery of
biomarkers for metabolic disorders. Proteomics Clin Appl. 2012;6:91-101.

Kelly AS, Metzig AM, Schwarzenberg SJ, Norris AL, Fox CK, Steinberger J.
Hyperleptinemia and hypoadiponectinemia in extreme pediatric obesity. Metab
Syndr Relat Disord. 2012;10(2):123-7.

Kelesidis T, Kelesidis I, Chou S, Mantzoros CS. Narrative review: The role of leptin in

205



69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

References

human physiology: Emerging clinical applications. Ann Intern Med.
2010;152(2):93-100.

Antunes H, Santos C, Carvalho S. Serum leptin levels in overweight children and
adolescents. Br J Nutr. 2009;101(8):1262-6.

Izquierdo AG, Crujeiras AB, Casanueva FF, Carreira MC. Leptin, obesity, and leptin
resistance: where are we 25 years later? Nutrients. 2019;11(11):2704.

Ouchi N, Parker JL, Lugus JJ, Walsh K. Adipokines in inflammation and metabolic
disease. Nat Rev Immunol. 2011;11(2):85-97.

Nigro E, Scudiero O, Monaco ML, Palmieri A, Mazzarella G, Costagliola C, et al. New
insight into adiponectin role in obesity and obesity-related diseases. Biomed Res
Int. 2014;2014:658913.

Fruebis J. Proteolytic cleavage product of 30-kDa adipocyte complement-related
protein increases fatty acid oxidation in muscle and causes weight loss in mice.
Proc Natl Acad Sci. 2001;98(4):2005-10.

Qi Y, Takahashi N, Hileman SM, Patel HR, Berg AH, Pajvani UB, et al. Adiponectin
acts in the brain to decrease body weight. Nat Med. 2004;10(5):524-9.

Klinder-Klinder M, Flores-Huerta S, Garcia-Macedo R, Peralta-Romero J, Cruz M.
Adiponectin in eutrophic and obese children as a biomarker to predict metabolic
syndrome and each of its components. BMC Public Health. 2013;13(1):88.

Stefan N, Bunt JC, Salbe AD, Funahashi T, Matsuzawa Y, Tataranni PA. Plasma
Adiponectin Concentrations in Children: Relationships with Obesity and
Insulinemia. J Clin Endocrinol Metab. 2002;87(10):4652—6.

Hayes JF, Eichen DM, Barch DM, Wilfley DE. Executive function in childhood
obesity: Promising intervention strategies to optimize treatment outcomes.
Appetite. 2018;124:10-23.

Stary HC, Chandler AB, Dinsmore RE, Fuster V, Glagov S, Insull W, et al. A definition
of advanced types of atherosclerotic lesions and a histological classification of
atherosclerosis: A report from the Committee on Vascular Lesions of the Council on
Arteriosclerosis, American Heart Association. Arterioscler Thromb Vasc Biol.
1995;92:1355-74.

206



79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

References

Insull W. The Pathology of Atherosclerosis: Plaque Development and Plaque
Responses to Medical Treatment. Am J Med. 2009;122(Suppl 1):53-14.

Berenson GS, Srinivasan SR, Bao W, Newman WP, Tracy RE, Wattigney WA.
Association between multiple cardiovascular risk factors and atherosclerosis in
children and young adults. N Engl J Med. 1998;338:1650-6.

Ridker PM, Wilson PW, Grundy SM. Should C-reactive protein be added to
metabolic syndrome and to assessment of global cardiovascular risk? Circulation.
2004;109(23):2818-25.

Gentile M, Panico S, Rubba F, Mattiello A, Chiodini P, Jossa F, et al. Obesity,
overweight and weight gain over dault life are main determinants of elevated hs-
CRP in a cohort of Mediterranean wome. Eur J Clin Nutr. 2010;64:873-8.

Visser M, Bouter L, McQuillan G, Wener M, Harris T. low-grade systemic
inflammation in overweight children. Pediatrics. 2001;107(1):E13.

Nappo A, lacoviello L, Fraterman A, Gonzalez-Gil EM, Hadjigeorgiou C, Marild S, et
al. High-sensitivity C-reactive protein is a predictive factor of adiposity in children:
Results of the identification and prevention of dietary-and lifestyle-induced health
effects in children and infants (IDEFICS) study. J Am Heart Assoc [Internet]. 2013
Jun 6 [cited 2020 Feb 12];2(3):e000101. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23744403

Reinehr T, Stoffel-Wagner B, Roth CL, Andler W. High-sensitive C-reactive protein,
tumor necrosis factor alpha and cardiovascular risk factors before and after weight
loss in obese children. Metabolism. 2005;54(9):1155-61.

Endemann DH, Schiffrin EL. Endothelial dysfunction. ] Am Soc Nephrol.
2004;15(8):1983-92.

Félétou M. The Endothelium: Part 1: Multiple Functions of the Endothelial Cells—
Focus on Endothelium-Derived Vasoactive Mediators. In: Granger N, Granger J,
editors. Colloquium Series on Integrated Systems Physiology: From Molecule to
Function to Disease. San Rafael (CA): Morgan & Claypool Life Sciences; 2011.

Lerman A, Zeiher AM. Endothelial function: Cardiac events. Circulation.
2005;111(3):363-8.

Bruyndonckx L, Hoymans VY, Van Craenenbroeck AH, Vissers DK, Vrints CJ, Ramet J,
et al. Assessment of endothelial dysfunction in childhood obesity and clinical use.

207



90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

References

Oxid Med Cell Longev. 2013;203:174782.

Berenson GS, Srinivasan SR, Bao W, Newman WP, Tracy RE, Wattigney WA.
Association between Multiple Cardiovascular Risk Factors and Atherosclerosis in
Children and Young Adults. N Engl J Med. 1998;

Landgraf K, Friebe D, Ullrich T, Kratzsch J, Dittrich K, Herberth G, et al. Chemerin as
a mediator between obesity and vascular inflammation in children. J Clin
Endocrinol Metab. 2012;97(4):e556-64.

Mahmud FH, Hill DJ, Cuerden MS, Clarson CL. Impaired Vascular Function in Obese
Adolescents with Insulin Resistance. J Pediatr. 2009;155(5):678-82.

Alpsoy S, Akyiz A, Akkoyun DC, Nalbantoglu B, Topgu B, Donma MM, et al. Effect of
Obesity on Endothelial Function and Subclinical Atherosclerosis in Children. Eur J
Gen Med. 2014;11(3):141-7.

Aggoun Y. Obesity, metabolic syndrome, and cardiovascular disease. Pediatr Res.
2007;89(6):2595-600.

Bruyndonckx L, Hoymans VY, Lemmens K, Ramet J, Vrints CJ. Childhood obesity-
related endothelial dysfunction: An update on pathophysiological mechanisms and
diagnostic advancements. Pediatr Res. 2016;79:831-7.

Zguira MS, Slimani M, Bragazzi NL, Khrouf M, Chaieb F, Saiag B, et al. Effect of an 8-
week individualized training program on blood biomarkers, adipokines and
endothelial function in obese young adolescents with and without metabolic
syndrome. Int J Environ Res Public Health. 2019;16(5):751.

Meyer AA, Kundt G, Lenschow U, Schuff-Werner P, Kienast W. Improvement of
Early Vascular Changes and Cardiovascular Risk Factors in Obese Children After a
Six-Month Exercise Program. J Am Coll Cardiol. 2006 Nov;48(9):1865-70.

Bruyndonckx L, Hoymans VY, De Guchtenaere A, Van Helvoirt M, Van
Craenenbroeck EM, Frederix G, et al. Diet, exercise, and endothelial function in
obese adolescents. Pediatrics. 2015 Mar;135(3):e653-61.

Okerson T, Chilton RJ. The Cardiovascular Effects of GLP-1 Receptor Agonists.
Cardiovasc Ther. 2012;30(3):e146-55.

Vitale C, Mercuro G, Cornoldi A, Fini M, Volterrani M, Rosano GMC. Metformin

208



101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

References

improves endothelial function in patients with metabolic syndrome. J Intern Med.
2005;258(3):250-6.

Ashor AW, Lara J, Mathers JC, Siervo M. Effect of vitamin C on endothelial function
in health and disease: A systematic review and meta-analysis of randomised
controlled trials. Atherosclerosis. 2014;235(1):9-20.

Dangardt F, Osika W, Chen Y, Nilsson U, Gan LM, Gronowitz E, et al. Omega-3 fatty
acid supplementation improves vascular function and reduces inflammation in
obese adolescents. Atherosclerosis. 2010;212(2):580-5.

Stansbury RC, Strollo PJ. Clinical manifestations of sleep apnea. J Thorac Dis.
2015;7(9):E298_310.

Gottlieb DJ, Punjabi NM. Diagnosis and management of obstructive sleep apnea: a
review. JAMA - J Am Med Assoc. 2020;323(14):1389—-400.

Van Eyck A, Van Hoorenbeeck K, De Winter B, Ramet J, Van Gaal L, De Backer W, et
al. Sleep-disordered breathing and C-reactive protein in obese children and
adolescents. Sleep Breath. 2014;18(2):335-40.

Verhulst S, Van Gaal L, De Backer W, Desager K. The prevalence, anatomical
correlates and treatment of sleep-disordered breathing in obese children and
adolescents. Sleep Med Rev. 2008;12(5):339-46.

Jacobs S, Mylemans E, Ysebaert M, Vermeiren E, De Guchtenaere A, Heuten H, et
al. The impact of obstructive sleep apnea on endothelial function during weight
loss in an obese pediatric population. Sleep Med. 2021;86:48-55.

Gillberg Andersen I, Holm J-C, Homoe P. Obstructive sleep apnea in obese children
and adolescents, treatment methods and outcome of treatment - a systematic
review. Int J Otorhinolaryngol. 2016;87:190-7.

Van Hoorenbeeck K, Franckx H, Debode P, Aerts P, Wouters K, Ramet J, et al.
Weight loss and sleep-disordered breathing in childhood obesity effects on
inflammation and uric acid. Obesity. 2012 Jan;20(1):172-7.

Silva DFO, Sena-Evangelista KCM, Lyra CO, Pedrosa LFC, Arrais RF, Lima SCVC.
Motivations for weight loss in adolescents with overweight and obesity: A
systematic review. BMC Pediatr. 2018;18(1):364.

209



111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

References

Schwimmer JB, Burwinkle TM, Varni JW. Health-Related Quality of Life of Severely
Obese Children and Adolescents. J Am Med Assoc. 2003;289(14):1813-9.

Sutaria S, Devakumar D, Yasuda SS, Das S, Saxena S. Is obesity associated with
depression in children? Systematic review and meta-analysis. Arch Dis Child.
2019;104(1):64-74.

Lindberg L, Hagman E, Danielsson P, Marcus C, Persson M. Anxiety and depression
in children and adolescents with obesity: A nationwide study in Sweden. BMC Med.
2020;18(1):30.

Pan L, Li X, Feng Y, Hong L. Psychological assessment of children and adolescents
with obesity. J Int Med Res. 2018;46(1):89-97.

Styne DM, Arslanian SA, Connor EL, Farooqi IS, Murad MH, Silverstein JH, et al.
Pediatric obesity-assessment, treatment, and prevention: An endocrine society
clinical practice guideline. J Clin Endocrinol Metab. 2017 Mar 1;102(3):709-57.

Kelly KP, Kirschenbaum DS. Immersion treatment of childhood and adolescent
obesity: The first review of a promising intervention. Obes Rev. 2011;12:37-49.

Van Der Baan-Slootweg O, Benninga MA, Beelen A, Van Der Palen J, Tamminga-
Smeulders C, Tijssen JGP, et al. Inpatient treatment of children and adolescents
with severe obesity in the Netherlands: A randomized clinical trial. JAMA Pediatr.
2014;168(9):807-14.

Sadeghi A, Mousavi SM, Mokhtari T, Parohan M, Milajerdi A. Metformin therapy
reduces obesity indices in children and adolescents: a systematic review and meta-
analysis of randomized clinical trials. Child Obes. 2020;16(3):174-91.

Chanoin J-P, Hampl S, Jensen C, Boldrin M, Hautman J. Effect of orlistat on weight
and body composition in boese adolescents: an randomized controlled trial. JAMA.
2005;293(23):2873-83.

Mastrandrea LD, Witten L, Carlsson Petri KC, Hale PM, Hedman HK, Riesenberg RA.
Liraglutide effects in a paediatric (7-11 y) population with obesity: A randomized,
double-blind, placebo-controlled, short-term trial to assess safety, tolerability,
pharmacokinetics, and pharmacodynamics. Pediatr Obes. 2019;14(5):e12495.

Kelly AS, Auerbach P, Barrientos-Perez M, Gies |, Hale PM, Marcus C, et al. A
Randomized, Controlled Trial of Liraglutide for Adolescents with Obesity. N Engl J
Med. 2020 May 28;382(22):2117-28.

210



122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

References

Weghuber D, Barrett T, Barrientos-Pérez M, Gies |, Hesse D, Jeppesen OK, et al.
Once-weekly semaglutide in adolescents with obesity. N Engl J Med.
2022;387(24):2245-57.

Ogle SB, Dewberry LC, Jenkins TM, Inge TH, Kelsey MM, Bruzoni M, et al. Outcomes
of Bariatric Surgery in Older Versus Younger Adolescents. Pediatrics.
2021;147(3):€2020024182.

Olbers T, Beamish AJ, Gronowitz E, Flodmark C-E, Dahlgren J, Bruze G, et al.
Laparoscopic Roux-en-Y gastric bypass in adolescents with severe obesity: a
prospective five-year Swedish nationwide study (AMOS). Lancet Diabetes
Endocrinol. 2017;5(3):174-83.

Roebroek YGM, Pruijssers S, Bouvy ND, van Heurn ELWE. Current opinions and
practices of bariatric surgery in adolescents: a survey amond pediatric surgeons.
Eur J Pediatr Surg. 2020;30(1):117-21.

Freedman DS, Khan LK, Serdula MK, Dietz WH, Srinivasan SR, Berenson GS. The
relation of childhood BMI to adult adiposity: The Bogalusa heart study. Pediatrics.
2005;115(1):22-7.

He M, Evans A. Are parents aware that their children are overweight or obese? Do
they care? Can Fam Physician. 2007;53(9):1493-9.

Skelton JA, Beech BM. Attrition in paediatric weight management: A review of the
literature and new directions. Obes Rev. 2011;12(5):e273-81.

Moroshko I, Brennan L, O’Brien P. Predictors of dropout in weight loss
interventions: A systematic review of the literature. Obes Rev. 2011;12(11):912-34.

Rank M, Wilks DC, Foley L, Jiang Y, Langhof H, Siegrist M, et al. Health-related
quality of life and physical activity in children and adolescents 2 years after an
inpatient weight-loss program. J Pediatr. 2014 Oct 1;165(4):732-737.e2.

Reinehr T, Widhalm K, L’Allemand D, Wiegand S, Wabitsch M, Holl RW. Two-year
follow-up in 21,784 overweight children and adolescents with lifestyle
intervention. Obesity. 2009 Jun;17(6):1196-9.

Lazzer S, Vermorel M, Montaurier C, Meyer M, Boirie Y. Changes in adipocyte
hormones and lipid oxidation associated with weight loss and regain in severely
obese adolescents. Int J Obes. 2005 Oct;29(10):1184-91.

211



133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

References

Anderson JW, Konz EC, Frederich RC, Wood CL. Long-term weight-loss
maintenance: A meta-analysis of US studies. Am J Clin Nutr. 2001;74(5):579-84.

Collins CE, Warren J, Neve M, McCoy P, Stokes BJ. Measuring effectiveness of
dietetic interventions in child obesity: A systematic review of randomized trials.
Arch Pediatr Adolesc Med. 2006;160:906-22.

Danielsson P, Kowalski J, Ekblom O, Marcus C. Response of severely obese children
and adolescents to behavioral treatment. Arch Pediatr Adolesc Med.
2012;166(12):1103-8.

Atkinson RL, Dietz WH, Foreyt JP, Goodwin NJ, Hill JO, Hirsch J, et al. Weight
Cycling: National Task Force on the Prevention and Treatment of Obesity. JAMA J
Am Med Assoc. 1994 Oct 19;272(15):1196-202.

Smith E, Hay P, Campbell L, Trollor JN. A review of the association between obesity
and cognitive function across the lifespan: Implications for novel approaches to
prevention and treatment. Obes Rev. 2011;12(9):740-55.

Favieri F, Forte G, Casagrande M. The executive functions in overweight and
obesity: A systematic review of neuropsychological cross-sectional and longitudinal
studies. Front Psychol. 2019;10:2126.

Strack F, Deutsch R. Reflective and impulsive determinants of social behavior. Pers
Soc Psychol Rev. 2004 Aug 21;8(3):220-47.

Posner MI, Rothbart MK. Developing mechanisms of self-regulation. Dev
Psychopathol. 2000;12(3):427-41.

Kemps E, Tiggemann M, Hollitt S. Biased attentional processing of food cues and
modification in obese individuals. Heal Psychol. 2014;33(11):1391-401.

Diamond A. Executive functions. Annu Rev Psychol. 2013;64:135-68.

Riggs NR, Huh J, Chou CP, Spruijt-Metz D, Pentz MA. Executive function and latent
classes of childhood obesity risk. ) Behav Med. 2012 Dec 1;35(6):642-50.

Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wager TD. The Unity
and Diversity of Executive Functions and Their Contributions to Complex “Frontal
Lobe” Tasks: A Latent Variable Analysis. Cogn Psychol. 2000;41(1):49-100.

212



145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

References

Hofmann W, Schmeichel BJ, Baddeley AD. Executive functions and self-regulation.
Trends Cogn Sci. 2012;16(3):174-80.

Kemps E, Tiggemann M, Stewart-Davis E. Can attentional bias modification
inoculate people to withstand exposure to real-world food cues? Appetite. 2018
Jan 1;120:222-9.

Bazzaz MM, Fadardi JS, Parkinson J. Efficacy of the attention control trining
program on reducing attentional bias in obese and overweight dieters. Appetite.
2017;108:1-11.

Batterink L, Yokum S, Stice E. Body mass correlates inversely with inhibitory control
in response to food among adolescent girls: An fMRI study. Neuroimage.
2010;52(4):1696-703.

Nederkoorn C, Coelho JS, Guerrieri R, Houben K, Jansen A. Specificity of the failure
to inhibit responses in overweight children. Appetite. 2012;59(2):409-13.

Kulendran M, Vlaev |, Sugden C, King D, Ashrafian H, Gately P, et al.
Neuropsychological assessment as a predictor of weight loss in obese adolescents.
Int J Obes. 2014;38(4):507-12.

Nederkoorn C, Jansen E, Mulkens S, Jansen A. Impulsivity predicts treatment
outcome in obese children. Behav Res Ther. 2007;45(5):1071-5.

Xu X, Deng ZY, Huang Q, Zhang WX, Qi C zhu, Huang JA. Prefrontal cortex-mediated
executive function as assessed by Stroop task performance associates with weight
loss among overweight and obese adolescents and young adults. Behav Brain Res.
2017;321:240-8.

Augustijn MJCM, D’Hondt E, Van Acker L, De Guchtenaere A, Lenoir M,
Caeyenberghs K, et al. Role of Motor Competence and Executive Functioning in
Weight Loss: A Study in Children with Obesity. J Dev Behav Pediatr.
2018;39(8):642-51.

Witbracht MG, Laugero KD, Van Loan MD, Adams SH, Keim NL. Performance on the
lowa Gambling Task is related to magnitude of weight loss and salivary cortisol in a
diet-induced weight loss intervention in overweight women. Physiol Behav.
2012;106(2):291-7.

Eichen DM, Matheson BE, Liang J, Strong DR, Rhee K, Boutelle KN. The relationship
between executive functioning and weight loss and maintenance in children and

213



156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

References

parents participating in family-based treatment for childhood obesity. Behav Res
Ther. 2018;105:10-6.

Lawrence NS, O’Sullivan J, Parslow D, Javaid M, Adams RC, Chambers CD, et al.
Training response inhibition to food is associated with weight loss and reduced
energy intake. Appetite. 2015;95:17-28.

Kemps E, Goossens L, Petersen J, Verbeken S, Vervoort L, Braet C. Evidence for
enhancing childhood obesity treatment from a dual-process perspective: A
systematic literature review. Clin Psychol Rev. 2020 Apr 1;77:101840.

Boutelle KN, Zucker NL, Peterson CB, Rydell SA, Cafri G, Harnack L. Two novel
treatments to reduce overeating in overweight children: A randomized controlled
trial. J Consult Clin Psychol. 2011;79(6):759-71.

Boutelle KN, Kuckertz JM, Carlson J, Amir N. A pilot study evaluating a one-session
attention modification training to decrease overeating in obese children. Appetite.
2014;76:180-5.

Lissner L, Odell PM, D’agostino RB, Stokes J, Kreger BE, Belanger AJ, et al. Variability
of body weight and health outcomes in the framingham population. N Engl J Med.
1991 Jun 27;324(26):1839-44.

Hamm P, Shekelle RB, Stamler J. Large fluctuations in body weight during young
adulthood and twenty-five-year risk of coronary death in men. Am J Epidemiol.
1989;129(2):312-8.

Montani JP, Viecelli AK, Prevot A, Dulloo AG. Weight cycling during growth and
beyond as a risk factor for later cardiovascular diseases: the “repeated overshoot”
theory.[Erratum appears in Int J Obes (Lond). 2010 Jul;34(7):1230]. Int J Obes.
2006;30(4):558-66.

Rhee E-J. Weight cycling and its cardiometabolic impact. J Obes Metab Syndr.
2017;26(4):237-42.

Dulloo AG, Jacquet J, Montani JP. How dieting makes some fatter: From a
perspective of human body composition autoregulation. In: Proceedings of the
Nutrition Society. 2012.

Montani JP, Schutz Y, Dulloo AG. Dieting and weight cycling as risk factors for
cardiometabolic diseases: Who is really at risk? Obes Rev. 2015 Feb 1;16(S1):7-18.

214



166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

References

Rzehak P, Meisinger C, Woelke G, Brasche S, Strube G, Heinrich J. Weight change,
weight cycling and mortality in the ERFORT Male Cohort Study. Eur J Epidemiol.
2007 Oct;22(10):665-73.

Du T, Fernandez C, Barshop R, Fonseca V, Chen W, Bazzano LA. Variabilities in
childhood cardiovascular risk factors and incident diabetes in adulthood: The
Bogalusa heart study. Diabetes Care [Internet]. 2019 Sep 1 [cited 2021 Nov
26];42(9):1816-23. Available from: /pmc/articles/PMC6702606/

Naets T, Vervoort L, Ysebaert M, Van Eyck A, Verhulst S, Bruyndonckx L, et al.
WELCOME: Improving WEight controL and CO-Morbidities in children with obesity
via Executive function training: Study protocol for a randomized controlled trial.
BMC Public Health. 2018;

World Medical Association declaration of Helsinki: Ethical principles for medical
research involving human subjects. JAMA - Journal of the American Medical
Association. 2013.

Tanghe A, Fondelli T, Van Helvoirt M, Van Roye L, Blanckaert J, Marlein N, et al.
Inpatient treatment of children and adolescents with severe obesity. Belgian J
Pediatr. 2020;22(4):244-8.

Baker-Smith CM, Flinn SK, Flynn JT, Kaelber DC, Blowey D, Carroll AE, et al.
Diagnosis, evaluation, and management of high blood pressure in children and
adolescents. Pediatrics. 2018;142:e20182096.

Mulasi U, Kuchnia AJ, Cole AJ, Earthman CP. Bioimpedance at the Bedside. Nutr Clin
Pract. 2015 Apr;30(2):180-93.

Van Eyck A, Eerens S, Trouet D, Lauwers E, Wouters K, De Winter B, et al. Body
composition monitoring in children and adolescents: reproducibility and reference
values. Eur J Pediatr. 2021;180(6):1721-32.

Friedewald W, Levy R, Fredrickson D. Estimation of the concentration of low-
density lipoprotein cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin Chem. 1972;18(6):499-502.

Kurtoglu S, Hatipoglu N, Mazicioglu M, Kendirici M, Keskin M, Kondolot M. Insulin
resistance in obese children and adolescents: HOMA-IR cut-off levels in the
prepubertal and pubertal periods. J Clin Res Pedatric Endocrinol. 2010;2(3):100-6.

Bruyndonckx L, Radtke T, Eser P, Vrints CJ, Ramet J, Wilhelm M, et al.

215



177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

References

Methodological considerations and practical recommendations for the application
of peripheral arterial tonometry in children and adolescents. Int J Cardiol.
2013;168(4):3183-90.

Erman MK, Stewart D, Einhorn D, Gordon N, Casal E. Validation of the Apnealink
for the screening of sleep apnea: a novel and simple single-channel recording
device. J Clin Sleep Med. 2007;3(4):387-92.

Malecka-Tendera E, Mazur A. Childhood obesity: A pandemic of the twenty-first
century. Int J Obes. 2006;30(2):51-3.

Andreoli A, Garaci F, Cafarelli FP, Guglielmi G. Body composition in clinical practice.
Eur J Radiol. 2016 Aug;85(8):1461-8.

Javed A, Jumean M, Murad MH, Okorodudu D, Kumar S, Somers VK, et al.
Diagnostic performance of body mass index to identify obesity as defined by body
adiposity in children and adolescents: A systematic review and meta-analysis.
Pediatr Obes. 2015;

Hendel HW, Gotfredsen A, Andersen T, Hgjgaard L, Hilsted J. Body composition
during weight loss in obese patients estimated by dual energy X-ray
absorptiometry and by total body potassium. Int J Obes Relat Metab Disord. 1996
Dec;20(12):1111-9.

Brownbill RA, llich JZ. Measuring body composition in overweight individuals by
dual energy x-ray absorptiometry. BMC Med Imaging. 2005 Mar;5(1):1.

Sopher AB, Thornton JC, Wang J, Pierson RN, Heymsfield SB, Horlick M.
Measurement of percentage of body fat in 411 children and adolescents: a
comparison of dual-energy X-ray absorptiometry with a four-compartment model.
Pediatrics. 2004 May;113(5):1285-90.

Smith-Ryan AE, Mock MG, Ryan ED, Gerstner GR, Trexler ET, Hirsch KR. Validity and
reliability of a 4-compartment body composition model using dual energy x-ray
absorptiometry-derived body volume. Clin Nutr. 2017;36(3):825.

Cox-Reijven P, van Kreel B, Soeters P. Accuracy of bioelectrical impedance
spectroscopy in measuring changes in body composition during severe weight loss.
J Parenter Enter Nutr. 2002 Mar;26(2):120-7.

Moissl UM, Wabel P, Chamney PW, Bosaeus I, Levin NW, Bosy-Westphal A, et al.
Body fluid volume determination via body composition spectroscopy in health and

216



187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

References

disease. Physiol Meas. 2006;

Wabel P, Chamney P, Moissl U, Jirka T. Importance of whole-body bicimpedance
spectroscopy for the management of fluid balance. In: Blood Purification. 2009.

Dasgupta |, Keane D, Lindley E, Shaheen |, Tyerman K, Schaefer F, et al. Validating
the use of bioimpedance spectroscopy for assessment of fluid status in children.
Pediatr Nephrol. 2018;

Matthie JR. Bioimpedance measurements of human body composition: critical
analysis and outlook. Expert Rev Med Devices. 2008 Mar;5(2):239-61.

Jaworski M, Pludowski P. Precision Errors, Least Significant Change, and Monitoring
Time Interval in Pediatric Measurements of Bone Mineral Density, Body
Composition, and Mechanostat Parameters by GE Lunar Prodigy. J Clin Densitom.
2013;

Margulies L, Horlick M, Thornton JC, Wang J, loannidou E, Heymsfield SB.
Reproducibility of pediatric whole body bone and body composition measures by
dual-energy X-ray absorptiometry using the GE Lunar Prodigy. J Clin Densitom.
2005;

Bazzocchi A, Ponti F, Albisinni U, Battista G, Guglielmi G. DXA: Technical aspects
and application. Eur J Radiol. 2016 Aug 1;85(8):1481-92.

Bland JM, Altman DG. Measuring agreement in method comparison studies. Stat
Methods Med Res. 1999;

Passing H, Bablok. A new biometrical procedure for testing the equality of
measurements from two different analytical methods. Application of linear
regression procedures for method comparison studies in clinical chemistry, Part I. J
Clin Chem Clin Biochem. 1983 Nov;21(11):709-20.

Addinsoft (2019). XLSTAT statistical and data analysis solution. Long Island, NY,
USA. https://www.xlstat.com.

Fors H, Gelander L, Bjarnason R, Albertsson-Wikland K, Bosaeus |. Body
composition, as assessed by bioelectrical impedance spectroscopy and dual-energy
X-ray absorptiometry, in a healthy paediatric population. Acta Paediatr. 2007
Jan;91(7):755-60.

217



197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

References

Ellegard L, Bertz F, Winkvist A, Bosaeus |, Brekke HK. Body composition in
overweight and obese women postpartum: bioimpedance methods validated by
dual energy X-ray absorptiometry and doubly labeled water. Eur J Clin Nutr. 2016
Oct;70(10):1181-8.

Pateyjohns IR, Brinkworth GD, Buckley JD, Noakes M, Clifton PM. Comparison of
Three Bioelectrical Impedance Methods with DXA in Overweight and Obese Men*.
Obesity. 2006 Nov;14(11):2064-70.

Svantesson U, Zander M, Klingberg S, Slinde F. Body composition in male elite
athletes, comparison of bioelectrical impedance spectroscopy with dual energy X-
ray absorptiometry. J Negat Results Biomed. 2008 Jan;7:1.

Moissl U, Wabel P, Chamney PW, Bosy-Westphal A, Korth O, Mueller M, et al.
Validation of a 3C model for determination of body fat mass. ] Am Soc Nephrol.
2007;18.

Zhou Y, Hoglund P, Clyne N. Comparison of DEXA and Bioimpedance for Body
Composition Measurements in Nondialysis Patients With CKD. J Ren Nutr
[Internet]. 2019 Jan [cited 2019 Aug 8];29(1):33-8. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/30098860

Lim PS, Chen CH, Zhu F, Kotanko P, Jeng Y, Hu CY, et al. Validating Body Fat
Assessment by Bioelectric Impedance Spectroscopy in Taiwanese Hemodialysis
Patients. J Ren Nutr. 2017;

Popovic V, Zerahn B, Heaf JG. Comparison of Dual Energy X-ray Absorptiometry and
Bioimpedance in Assessing Body Composition and Nutrition in Peritoneal Dialysis
Patients. J Ren Nutr. 2017;

Ward LC, Dyer JM, Byrne NM, Sharpe KK, Hills AP. Validation of a three-frequency
bioimpedance spectroscopic method for body composition analysis. Nutrition.
2007 Sep;23(9):657-64.

Ellis KJ, Shypailo RJ, Wong WW. Measurement of body water by multifrequency
bioelectrical impedance spectroscopy in a multiethnic pediatric population. Am J
Clin Nutr. 1999 Nov;70(5):847-53.

Roemmich JN, Clark PA, Weltman A, Rogol AD. Alterations in growth and body
composition during puberty. I. Comparing multicompartment body composition
models. J Appl Physiol. 1997;

218



207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

References

Wong WW, Hergenroeder AC, Stuff JE, Butte NF, O’Brian Smith E, Ellis KJ.
Evaluating body fat in girls and female adolescents: Advantages and disadvantages
of dual-energy X-ray absorptiometry. Am J Clin Nutr. 2002;

Gately PJ, Radley D, Cooke CB, Carroll S, Oldroyd B, Truscott JG, et al. Comparison
of body composition methods in overweight and obese children. J Appl Physiol.
2003;

Goodsitt MM. Evaluation of a new set of calibration standards for the
measurement of fat content via DPA and DXA. Med Phys. 1992 Jan;19(1):35-44.

Levitt DG, Beckman LM, Mager JR, Valentine B, Sibley SD, Beckman TR, et al.
Comparison of DXA and water measurements of body fat following gastric bypass
surgery and a physiological model of body water, fat, and muscle composition. J
Appl Physiol. 2010 Sep;109(3):786-95.

Birzniece V, Khaw C-H, Nelson AE, Meinhardt U, Ho KKY. A critical evaluation of
bioimpedance spectroscopy analysis in estimating body composition during GH
treatment: comparison with bromide dilution and dual X-ray absorptiometry. EurJ
Endocrinol. 2015 Jan;172(1):21-8.

Weber DR, Leonard MB, Zemel BS. Body composition analysis in the pediatric
population. Pediatr Endocrinol Rev. 2012 Nov;10(1):130-9.

Wells JC, Williams JE, Chomtho S, Darch T, Grijalva-Eternod C, Kennedy K, et al.
Pediatric reference data for lean tissue properties: density and hydration from age
5to 20 y. Am J Clin Nutr. 2010 Mar;91(3):610-8.

Wang Z, Deurenberg P, Wang W, Pietrobelli A, Baumgartner RN, Heymsfield SB.
Hydration of fat-free body mass: review and critique of a classic body-composition
constant. Am J Clin Nutr. 1999 May;69(5):833-41.

Pietrobelli A, Formica C, Wang Z, Heymsfield SB. Dual-energy X-ray absorptiometry
body composition model: review of physical concepts. Am J Physiol Metab. 1996
Dec;271(6):E941-51.

Chamney PW, Wabel P, Moiss| UM, Miiller MJ, Bosy-Westphal A, Korth O, et al. A
whole-body model to distinguish excess fluid from the hydration of major body
tissues. Am J Clin Nutr. 2007;

Broers NJH, Canaud B, Dekker MJE, van der Sande FM, Stuard S, Wabel P, et al.
Three compartment bioimpedance spectroscopy in the nutritional assessment and

219



218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

References

the outcome of patients with advanced or end stage kidney disease: What have we
learned so far? Hemodialysis International. 2020.

Waki M, Kral JG, Mazariegos M, Wang J, Pierson RN, Heymsfield SB. Relative
expansion of extracellular fluid in obese vs. nonobese women. Am J Physiol Metab.
1991 Aug;261(2):E199-203.

Horber FF, Thomi F, Casez JP, Fonteille J, Jaeger P. Impact of hydration status on
body composition as measured by dual energy X-ray absorptiometry in normal
volunteers and patients on haemodialysis. Br J Radiol. 1992 Oct;65(778):895-900.

Mager JR, Sibley SD, Beckman TR, Kellogg TA, Earthman CP. Multifrequency
bioelectrical impedance analysis and bioimpedance spectroscopy for monitoring
fluid and body cell mass changes after gastric bypass surgery. Clin Nutr. 2008
Dec;27(6):832-41.

Thomson R, Brinkworth GD, Buckley JD, Noakes M, Clifton PM. Good agreement
between bioelectrical impedance and dual-energy X-ray absorptiometry for
estimating changes in body composition during weight loss in overweight young
women. Clin Nutr. 2007 Dec;26(6):771-7.

Van Eyck A, De Guchtenaere A, Van Gaal L, De Backer W, Verhulst SL, Van
Hoorenbeeck K. Clinical Predictors of Residual Sleep Apnea after Weight Loss
Therapy in Obese Adolescents. J Pediatr. 2018 May;196:189-193.e1.

Summerbell C, Ashton V, Campbell K, Edmunds L, Kelly S, Waters E. Interventions
for treating obesity in children. In: The Cochrane Database of Systematic Reviews.
2003.

Eerens S, van der Lee J, Bael A, Trouet D, Van Hoeck K. Reproducibility of the body
composition monitor in healthy children. Pediatr Nephrol. 2011;26(9):1636-1636.

Wabel P. Reproducibility of bioimpedance spectroscopy (BIS) in health and disease.
Nephrol Dial Transpl. 2007;22(suppl_6):137.

Yokum S, Ng J, Stice E. Attentional bias to food images associated with elevated
weight and future weight gain: an fMRI study. Obesity. 2011 Sep;19(9):1775-83.

Cao Y, Huang T, Huang J, Xie X, Wang Y. Effects and Moderators of Computer-Based
Training on Children’s Executive Functions: A Systematic Review and Meta-
Analysis. Front Psychol. 2020 Nov 26;11:580329.

220



228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

References

Saghaei M, Saghaei S. Implementation of an open-source customizable
minimization program for allocation of patients to parallel groups in clinical trials. J
Biomed Sci Eng. 2011;4:734-9.

Macleod C, Rutherford E, Campbell L, Ebsworthy G, Holker L. Selective attention
and emotional vulnerability: assessing the causal basis of their association through
the experimental manipulation of attentional bias. J Abn Psychol. 2002;111(1):107—
23.

Houben K, Jansen A. Training inhibitory control. A recipe for resisting sweet
temptations. Appetite. 2011 Apr;56(2):345-9.

Kelly AS, Daniels SR. Rethinking the Use of Body Mass Index z-Score in Children and
Adolescents with Severe Obesity: Time to Kick It to the Curb? J Pediatr.
2017;188:7-8.

Freedman DS, Berenson GS. Tracking of BMI z scores for severe obesity. Pediatrics.
2017;140(3):€20171072.

Freedman DS, Butte NF, Taveras EM, Lundeen EA, Blanck HM, Goodman AB, et al.
BMI z-Scores are a poor indicator of adiposity among 2- to 19-year-olds with very
high BMIs, NHANES 1999-2000 to 2013-2014. Obesity (Silver Spring) [Internet].
2017 Apr 1 [cited 2021 Nov 10];25(4):739—-46. Available from:
https://pubmed.ncbi.nlm.nih.gov/28245098/

van Strien T, Frijters JER, Bergers GPA, Defares PB. The Dutch Eating Behavior
Questionnaire (DEBQ) for assessment of restrained, emotional, and external eating
behavior. Int J Eat Disord. 1986;5:295-315.

Rothbart MK, Ahadi SA, Evans DE. Temperament and personality: Origins and
outcomes. J Pers Soc Psychol. 2000;78(1):122-35.

Smidts D, Huizinga M. Handleiding van de BRIEF Executieve Functies Vragenlijst:
Manual for the BRIEF Executive Functioning Questionnaire Amsterdam.
Amsterdam; 2009.

Verbeken S, Braet C, Goossens L, van der Oord S. Executive function training with
game elements for obese children: A novel treatment to enhance self-regulatory
abilities for weight-control. Behav Res Ther. 2013;51(6):290-9.

Naets T, Vervoort L, Tanghe A, Braet C. Adherence and barriers in e-health self-
control training for enhancing childhood multidisciplinary obesity treatment. Clin

221



239.

240.

241.

242,

243,

244,

245,

246.

247.

248.

249.

References

Psychol Psychother. 2020;27(1):42-51.

Lin Q, Denefrio S, Dennis-Tiwary T. Optimizing Attention Bias Modification Training
(ABMT): The role of engagement and anxiety. In: 29th Annual Assocation for
Psychological Science Convention. 2017.

Allom V, Mullan B, Hagger M. Does inhibitory control training improve health
behaviour? A meta-analysis. Health Psychol Rev. 2016;10(2):168-86.

Casey BJ, Jones RM, Somerville LH. Braking and accelerating of the adolescent
brain. ) Res Adolesc. 2011 Mar;21(1):21-33.

Steinberg L. Cognitive and affective development in adolescence. Vol. 9, Trends in
Cognitive Sciences. Trends Cogn Sci; 2005. p. 69-74.

Crone EA, Dahl RE. Understanding adolescence as a period of social-affective
engagement and goal flexibility. Nat Rev Neurosci. 2012 Sep 20;13(9):636-50.

Browne S, Kechadi M-T, O’Donnell S, McKenzy D, Tully L, Doyle G, et al. Mobile
Health Apps in Pediatric Obesity Treatment: Process Outcomes From a Feasibility
Study of a Multicomponent Intervention. JMIR mHealth uHealth.
2020;8(8):e16925.

Amresh A, Salla R, Sinha M, Birr R. Design, implementation and evaluation of a
game-based intervention targeting Latino children for improving obesity outcomes.
In: 2016 IEEE International Conference on Serious Games and Applications for
Health, SeGAH 2016. 2016.

Forman EM, Manasse SM, Dallal DH, Crochiere RJ, Loyka CM, Butryn ML, et al.
Computerized neurocognitive training for improving dietary health and facilitating
weight loss. J Behav Med. 2019;42(6):1029-40.

Poppelaars A, Scholten H, Granic |, Veling H, Johnson-Glenberg MC, Luijten M.
When winning is losing: A randomized controlled trial testing a video game to train
food-specific inhibitory control. Appetite. 2018;129:143-54.

Veling H, Lawrence NS, Chen Z, van Koningsbruggen GM, Holland RW. What Is
Trained During Food Go/No-Go Training? A Review Focusing on Mechanisms and a
Research Agenda. Curr Addict Reports. 2017 Mar 1;4(1):35-41.

Althubaiti A. Information bias in health research: Definition, pitfalls, and

222



250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

References

adjustment methods. ) Multidiscip Healthc. 2016;9:211-7.

Linke JO, Jones E, Pagliaccio D, Swetlitz C, Lewis KM, Silverman WK, et al. Efficacy
and mechanisms underlying a gamified attention bias modification training in
anxious youth: Protocol for a randomized controlled trial. BMC Psychiatry. 2019
Aug 7;19(1):1-12.

Veling H, Aarts H, Stroebe W. Using stop signals to reduce impulsive choices for
palatable unhealthy foods. Br J Health Psychol. 2013;18(2):354-68.

Niles A, O’Donovan A. Personalizing Affective Stimuli Using a Recommender
Algorithm: An Example with Threatening Words for Trauma Exposed Populations.
Cogn Ther Res. 2018;42(6):747-57.

Christiansen P, Mansfield R, Duckworth J, Field M, Jones A. Internal reliability of the
alcohol-related visual probe task is increased by utilising personalised stimuli and
eye-tracking. Drug Alcohol Depend. 2015 Oct 1;155:170-4.

Jones A, Christiansen P, Field M. Failed Attempts to Improve the Reliability of the
Alcohol Visual Probe Task Following Empirical Recommendations. Psychol Addict
Behav. 2018 Dec 1;32(8):922-32.

Prins PJM, Dovis S, Ponsioen A, ten Brink E, van der Oord S. Does computerized
working memory training with game elements enhance motivation and training
efficacy in children with ADHD? Cyberpsychol Behav Soc Netw. 2011;14(3):115-22.

Hilbert A, Blume M, Petroff D, Neuhaus P, Smith E, Hay PJ, et al. Group cognitive
remediation therapy for adults with obesity prior to behavioural weight loss
treatment: study protocol for a randomised controlled superiority study (CRT
study). BMJ Open. 2018 Sep 17;8(9):e022616.

KCE. Sustainability of the health system: Performance of the Belgian health system:
projection-based indicators [Internet]. 2021. Available from:
https://www.healthybelgium.be/en/health-system-performance-
assessment/sustainability-of-the-health-system

Kalarchian MA, Levine MD, Arslanian SA, Ewing LJ, Houck PR, Cheng Y, et al. Family-
based treatment of severe pediatric obesity: Randomized, controlled trial.
Pediatrics. 2009;124(4):1060-8.

Baum JG, Clark HB, Sandler J. Preventing relapse in obesity through posttreatment
maintenance systems: Comparing the relative efficacy of two levels of therapist

223



260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

References

support. J Behav Med. 1991;14(3):287-302.

Miller BM, Brennan L. Measuring and reporting attrition from obesity treatment
programs: a call to action! Obes Res Clin Pract. 2015;9(3):187-202.

Cummings D, Henes S, Kolasa K, Olsson J, Collier D. Insulin resistance status:
predicting weight response in overweight children. Arch Pediatr Adolesc Med.
2008;162(8):764-8.

Pinhas-Hamiel O, Lerner-Geva L, Copperman N, Jacobson M. Insulin resistance and
parental obesity as predictors to response to therapeutic life style change in obese
children and adolescents 10-18 years old. J Adolesc Health. 2008;43(5):437-43.

Madsen K, Garber A, Mietus-Snyder M, Orrell-Valente J, Tran C, Wlasiuk L, et al. A
clinic-based lifestyle intervention for pediatric obesity: efficacy and behavioral and
biochemical predictors of response. J Pediatr Endocrinol Metab. 2009;22(9):805—
14.

Uysal Y, Wolters B, Knop C, Reinehr T. Components of the metabolic syndrome are
negative predictors of weight loss in obese children with lifestyle intervention. Clin
Nutr. 2014;33(4):620-5.

Nishimura R, Sano H, Matsudaira T, Morimoto A, Miyashita Y, Shirasawa T, et al.
Changes in body mass index, leptin and adiponectin in Japanese children during a
three-year follow-up period: A population-based cohort study. Cardiovasc Diabetol.
2009;8:30.

Pejsova H, Hubacek JA, Zemankova P, Zlatohlavek L. Baseline Leptin/Adiponectin
Ratio is a Significant Predictor of BMI Changes in Children/Adolescents after
Intensive Lifestyle Intervention. Exp Clin Endocrinol Diabetes. 2019;127(10):691-6.

Reinehr T, Kleber M, De Sousa G, Andler W. Leptin concentrations are a predictor
of overweight reduction in a lifestyle intervention. Int J Pediatr Obes.
2009;4(4):215-23.

Stehling F, Keull J, Olivier M, GroRe-Onnebrink J, Mellies U, Stuck B. Validation of
the screening tool Apnealink® in comparison to polysomnography for the diagnosis
of sleep-disordered breathing in children and adolescents. Sleep Med. 2017;37:13—
8.

Daniels S, Benuck I, Christakis D. Expert panel on integrated guidelines for
cardiovascular health and risk reduction in children an adolescents: full report,

224



270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

References

2011. National Heart Lung and Blood Institute. 2011.

Li C, Ford E, Mokdad A, Cook S. Recent trends in waist circumference and waist-
height ratio among US children and adolescents. Pediatrics. 2006;118(5):e1390-8.

Magge SN, Silverstein J, Elder D, Nadeau K, Hannon TS. Evaluation and Treatment
of Prediabetes in Youth. J Pediatr. 2020;219:11-22.

Van De Maele K, De Schepper J, Vanbesien J, Van Helvoirt M, De Guchtenaere A,
Gies I. Is vitamin D deficiency in obese youth a risk factor for less weight loss during
a weight loss program? Endocr Connect. 2019;8(11):1468-73.

Warschburger P, Kroller K. Loss to follow-up in a randomized controlled trial study
for pediatric weight management (EPOC). BMC Pediatr. 2016 Nov 14;16(1):1-9.

Golley K, Magarey A, Baur L, Steinbeck K, Daniels L. Twelve-month effectiveness of
a prent-led, family-focused weight-management program for prepubertal children:
a randomized controlled trial. Pediatrics. 2007;119:517-25.

McCallum Z, M W, Gerner B, Baur L, Gibbons K, Gold L, et al. Outcome data from
the LEAP (Live, Eat and Play) trial: a randomized controlled trial of a primary care
intervention for childhood overweight/mild obesity. Int J Obes. 2007;31:630-6.

Perez AJ, Ball GDC. Paradoxically speaking about engagement in pediatric weight
management. Pediatr Obes. 2018 Feb 1;13(2):127-9.

Adam S, Westenhoefer J, Rudolphi B, Kraaibeek H. Three- and five-year follow-up
of a combined inpatient-outpatient treatment of obese children and adolescents.
Int J Pediatr. 2013;2013:856743.

Siegrist M, Rank M, Wolfarth B, Langhof H, Haller B, Koenig W, et al. Leptin,
adiponectin, and short-term and long-term weight loss after a lifestyle intervention
in obese children. Nutrition. 2013;29(6):851-7.

Ball GDC, Sebastianski M, Wijesundera J, Keto-Lambert D, Ho J, Zenlea |, et al.
Strategies to reduce attrition in managing paediatric obesity: A systematic review.
Pediatr Obes. 2021;16(4):e12733.

Geer B, Porter RM, Haemer M, Krajicek MJ. Increasing patient attendance in a
pediatric obesity clinic: a quality improvement project. J Pediatr Nurs.
2014;29(6):528-35.

225



281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

References

Germann JN, Kirschenbaum DS, Rich BH. Use of an orientation session may help
decrease attrition in a pediatric weight management program for low-income
minority adolescents. J Clin Psychol Med Settings. 2006;13:177-87.

de Niet J, Timman R, Bauer S, van den Akker E, de Klerk C, Kordy H, et al. Short
message service reduces dropout in childhood obesity treatment: a randomized
controlled trial. Heal Psychol. 2012;31(6):797—-805.

Skelton JA, Martin S, Irby MB. Satisfaction and attrition in paediatric weight
management. Clin Obes. 2016;6(2):143-53.

Irby MB, Boles KA, Jordan C, Skelton JA. TeleFIT: Adapting a multidisciplinary,
tertiary-care pediatric obesity clinic to rural populations. Telemed e-Health.
2012;18(3):247-9.

Cohen GM, Irby MB, Boles K, Jordan C, Skelton JA. Telemedicine and paediatric
obesity treatment: review of the literature and lessons learnt. Clin Obes. 2012;2(3—
4):103-11.

Greenberg |, Stampfer MJ, Schwarzfuchs D, Shai I. Adherence and success in long-
term weight loss diets: The dietary intervention randomized controlled trial
(direct). J Am Coll Nutr [Internet]. 2009 Apr 1 [cited 2021 Jun 14];28(2):159-68.
Available from: https://pubmed.ncbi.nlm.nih.gov/19828901/

Alexander E, Tseng E, Durkin N, Jerome GJ, Dalcin A, Appel LJ, et al. Factors
associated with early dropout in an employer-based commercial weight-loss
program. Obes Sci Pract [Internet]. 2018 Dec 1 [cited 2021 Jun 14];4(6):545-53.
Available from: https://pubmed.ncbi.nlm.nih.gov/30574348/

Perna S, Spadaccini D, Riva A, Allegrini P, Edera C, Faliva MA, et al. A path model
analysis on predictors of dropout (at 6 and 12 months) during the weight loss
interventions in endocrinology outpatient division. Endocrine [Internet]. 2018 Sep
1 [cited 2021 Jun 14];61(3):447-61. Available from:
https://pubmed.ncbi.nlm.nih.gov/29470776/

Theim KR, Sinton MM, Goldschmidt AB, Van Buren DJ, Doyle AC, Saelens BE, et al.
Adherence to behavioral targets and treatment attendance during a pediatric
weight control trial. Obesity [Internet]. 2013 Feb [cited 2021 Jun 14];21(2):394-7.
Available from: /pmc/articles/PMC3410964/

Khanal S, Choi L, Innes-Hughes C, Rissel C. Dose response relationship between
program attendance and children’s outcomes in a community based weight

226



291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

References

management program for children and their families. BMC Public Health [Internet].
2019 Jun 10 [cited 2021 Jun 14];19(1):1-8. Available from:
https://doi.org/10.1186/s12889-019-7094-5

Mameli C, Krakauer J, Krakauer N, Bosetti A, Ferrari C, Schneider L, et al. Effects of
a multidisciplinary weight loss intervention in overweight and obese children and
adolescents: 11 years of experience. PLoS One. 2017;12(7):e0181095.

Gross AC, Kaizer AM, Kelly AS, Rudser KD, Ryder JR, Borzutzky CR, et al. Long and
Short of It: Early Response Predicts Longer-Term Outcomes in Pediatric Weight
Management. Obesity [Internet]. 2019 Feb 1 [cited 2021 Jun 15];27(2):272-9.
Available from: https://pubmed.ncbi.nlm.nih.gov/30677263/

Mets G, Marissens G, Servayge J, Vandekerckhove K, Wurth B, De Guchtenaere A.
Physical determinants of weight loss during a residential rehabilitation program for
adolescents with obesity. Belgian J Pediatr. 2020;22(4):250-3.

Goldschmidt AB, Best JR, Stein RI, Saelens BE, Epstein LH, Wilfley DE. Predictors of
child weight loss and maintenance among family-based treatment completers. J
Consult Clin Psychol. 2014;82(6):1140-50.

Danielsson P, Kowalski J, Ekblom O, Marcus C. Response of severely obese children
and adolescents to behavioral treatment. Arch Pediatr Adolesc Med. 2012
Dec;166(12):1103-8.

Larnkjeer A, Hgj AR, Bendtsen KM, Mglgaard C, Michaelsen KF. Weight loss and the
effect on stature in children during a residential intervention program. Obesity.
2008;16(12):2652-7.

Reinelt T, Petermann F, Bauer F, Bauer CP. Emotion regulation strategies predict
weight loss during an inpatient obesity treatment for adolescents. Obes Sci Pract.
2020;6(3):293-9.

Goossens L, Braet C, Van Vlierberghe L, Mels S. Weight parameters and
pathological eating as predictors of obesity treatment outcome in children and
adolescents. Eat Behav. 2009;10(1):71-3.

Moens E, Braet C, Van Winckel Myriam M. An 8-year follow-up of treated obese
children: Children’s, process and parental predictors of successful outcome. Behav
Res Ther. 2010;48(7):626-33.

Deforche B, Bourdeaudhuij I, Tanghe A, Debode P, Peter Hills A, Bouckaert J. Role

227



301.

302.

303.

304.

305.

306.

307.

308.

309.

310.

311.

References

of physical activity and eating behaviour in weight control after treatment in
severely obese children and adolescents. Acta Paediatr. 2007;94(4):464—70.

Sember V, Jurak G, Kova¢ M, Buri¢ S, Starc G. Decline of physical activity in early
adolescence: A 3-year cohort study. PLoS One. 2020;15(3):e0229305.

Nader PR, Bradley RH, Houts RM, McRitchie SL, O’Brien M. Moderate-to-vigorous
physical activity from ages 9 to 15 years. JAMA - J Am Med Assoc.
2008;300(3):295-305.

Bacil EDA, Mazzardo Junior O, Rech CR, Legnani RFDS, Campos W De. Physical
activity and biological maturation: A systematic review. Rev Paul Pediatr.
2015;33(1):114-21.

Murer SB, Knopfli BH, Aeberli I, Jung A, Wildhaber J, Wildhaber-Brooks J, et al.
Baseline leptin and leptin reduction predict improvements in metabolic variables
and long-term fat loss in obese children and adolescents: a prospective study of an
inpatient weight-loss program. Am J Clin Nutr. 2011;93(4):695-702.

Lihn A, Bruun J, He G, Pedersen S, Jensen P, Richelsen B. Lower expression of
adiponectin mRNA in visceral adipose tissue in lean and obese subjects. Mol Cell
Endocrinol. 2004;219(1-2):9-15.

Maclean PS, Higgins JA, Giles ED, Sherk VD, Jackman MR. The role for adipose
tissue in weight regain after weight loss. Obes Rev. 2015;16(S1):45-54.

Vermeiren E, Bruyndonckx L, De Winter B, Verhulst S, Van Eyck A, Van
Hoorenbeeck K. The effect of weight regain on cardiometabolic health in children
with obesity: A systematic review of clinical studies. Nutr Metab Cardiovasc Dis.
2021;31(9):2575-86.

Bliiher M. Metabolically Healthy Obesity. Endocr Rev. 2020;41(3):405-20.

Freedman DS, Mei Z, Srinivasan SR, Berenson GS, Dietz WH. Cardiovascular Risk
Factors and Excess Adiposity Among Overweight Children and Adolescents: The
Bogalusa Heart Study. J Pediatr. 2007;150:12-7.

Eisenmann JC. On the use of a continuous metabolic syndrome score in pediatric
research. Cardiovasc Diabetol. 2008;7:17.

Kelly AS, Steinberger J, Jacobs DR, Hong CP, Moran A, Sinaiko AR. Predicting

228



312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

References

cardiovascular risk in young adulthood from the metabolic syndrome, its
component risk factors, and a cluster score in childhood. Int J Pediatr Obes.
2011;6:283-9.

Ventura EE, Lane CJ, Weigensberg MJ, Toledo-Corral CM, Davis JN, Goran MI.
Persistence of the Metabolic Syndrome Over 3 Annual Visits in Overweight
Hispanic Children: Association with Progressive Risk for Type 2 Diabetes. J Pediatr.
2009;155:535-41.

Fonseca FAH, Izar MC de O. High-sensitivity C-reactive protein and cardiovascular
disease across countries and ethnicities. Clinics. 2016;71:235-41.

Llewellyn A, Simmonds M, Owen CG, Woolacott N. Childhood obesity as a predictor
of morbidity in adulthood: A systematic review and meta-analysis. Obes Rev.
2016;17:56-67.

Woo JG, Zhang N, Fenchel M, Jacobs DR, Hu T, Urbina EM, et al. Prediction of adult
class I1/11l obesity from childhood BMI: the i3C consortium. Int J Obes.
2019;44:1164-72.

Cambhi SM, Katzmarzyk PT. Tracking of cardiometabolic risk factor clustering from
childhood to adulthood. Int J Pediatr Obes. 2010;5:122-9.

Rank M, Wilks DC, Foley L, Jiang Y, Langhof H, Siegrist M, et al. Health-Related
Quality of Life and Physical Activity in Children and Adolescents 2 Years after an
Inpatient Weight-Loss Program. J Pediatr. 2014;165(4):732-737.e2.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, loannidis JPA, et al. The
PRISMA statement for reporting systematic reviews and meta-analyses of studies
that evaluate health care interventions: Explanation and elaboration. Ital J Public
Health. 2009;6(4):354-91.

National Heart Lung and Blood Institute. Quality Assessment Tool for Observational
Cohort and Cross-Sectional Studies. Bethesda, MD Natl Institutes Heal Dep Heal
Hum Serv. 2014;

Kelishadi R, Hashemipour M, Mohammadifard N, Alikhassy H, Adeli K. Short- and
long-term relationships of serum ghrelin with changes in body composition and the
metabolic syndrome in prepubescent obese children following two different weight
loss programmes. Clin Endocrinol (Oxf). 2008 Nov;69(5):721-9.

Shalitin S, Ashkenazi-Hoffnung L, Yackobovitch-Gavan M, Nagelberg N, Karni Y,

229



322.

323.

324.

325.

326.

327.

328.

329.

References

Hershkovitz E, et al. Effects of a Twelve-week randomized intervention of exercise
and/or diet on weight loss and weight maintenance, and other metabolic
parameters in obese preadolescent children. Horm Res. 2009 Oct;72(5):287-301.

Okely AD, Collins CE, Morgan PJ, Jones RA, Warren JM, Cliff DP, et al. Multi-site
randomized controlled trial of a child-centered physical activity program, a parent-
centered dietary-modification program, or both in overweight children: The
HIKCUPS study. J Pediatr. 2010;157:388-94.

Chang C, Liu W, Zhao X, Li S, Yu C. Effect of supervised exercise intervention on
metabolic risk factors and physical fitness in Chinese obese children in early
puberty. Obes Rev. 2008 Mar;9:135-41.

Holm JC, Gamborg M, Neland M, Ward L, Gammeltoft S, Heitmann BL, et al.
Longitudinal changes in blood pressure during weight loss and regain of weight in
obese boys and girls. J Hypertens. 2012 Feb;30(2):368-74.

Lausten-Thomsen U, Gamborg M, Bgjsge C, Hedley PL, Hagen CM, Christiansen M,
et al. Longitudinal changes in C-reactive protein, proform of eosinophil major basic
protein, and pregnancy-associated plasma protein-A during weight changes in
obese children. J Pediatr Endocrinol Metab. 2015 Mar 1;28(3-4):393-8.

Sachdev P, Reece L, Thomson M, Natarajan A, Copeland RJ, Wales JK, et al.
Intragastric balloon as an adjunct to lifestyle programme in severely obese
adolescents: impact on biomedical outcomes and skeletal health. Int J Obes. 2018
Jan;42(1):115-8.

Franco RR, Ybarra M, Cominato L, Mattar L, Steinmetz L, Damiani D, et al.
Laparoscopic sleeve gastrectomy in severely obese adolescents: Effects on
metabolic profile. Arch Endocrinol Metab. 2017 Dec 1;61(6):608-13.

Adamczak M, Wiecek A. Food Products That May Cause an Increase in Blood
Pressure [Internet]. Vol. 22, Current Hypertension Reports. Springer; 2020 [cited
2020 Feb 11]. p. 2. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/31915940

Reisinger C, Nkeh-Chungag BN, Fredriksen PM, Goswami N. The prevalence of
pediatric metabolic syndrome—a critical look on the discrepancies between
definitions and its clinical importance [Internet]. Vol. 45, International Journal of
Obesity. Springer Nature; 2021 [cited 2021 Mar 23]. p. 12—-24. Available from:
https://doi.org/10.1038/s41366-020-00713-1

230



330.

331.

332.

333.

334.

335.

336.

337.

338.

339.

References

Miller JM, Kaylor MB, Johannsson M, Bay C, Churilla JR. Prevalence of metabolic
syndrome and individual criterion in US adolescents: 2001-2010 national health
and nutrition examination survey [Internet]. Vol. 12, Metabolic Syndrome and
Related Disorders. Mary Ann Liebert Inc.; 2014 [cited 2021 Mar 23]. p. 527-32.
Available from: https://pubmed.ncbi.nlm.nih.gov/25247821/

Gaston SA, Tulve NS, Ferguson TF. Abdominal obesity, metabolic dysfunction, and
metabolic syndrome in U.S. adolescents: National Health and Nutrition
Examination Survey 2011-2016. Ann Epidemiol [Internet]. 2019 Feb 1 [cited 2021
Mar 23];30:30-6. Available from: /pmc/articles/PMC6459599/

Yatsuya H, Jeffery RW, Langer SL, Mitchell N, Flood AP, Welsh EM, et al. Changes in
C-reactive protein during weight loss and the association with changes in
anthropometric variables in men and women: LIFE Study. Int J Obes. 2011;35:684—
91.

De Ferranti S, Mozaffarian D. The perfect storm: Obesity, adipocyte dysfunction,
and metabolic consequences. Clin Chem. 2008;54:945-55.

Zhang T, Chen J, Tang X, Luo Q, Xu D, Yu B. Interaction between adipocytes and
high-density lipoprotein:new insights into the mechanism of obesity-induced
dyslipidemia and atherosclerosis [Internet]. Vol. 18, Lipids in Health and Disease.
BioMed Central Ltd.; 2019 [cited 2021 Mar 23]. p. 1-11. Available from:
https://doi.org/10.1186/s12944-019-1170-9

Zhou J, Qin G. Adipocyte dysfunction and hypertension. Am J Cardiovasc Dis
[Internet]. 2012 [cited 2021 Mar 23];2(2):143-9. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22720204

Li Z, Hong K, Wong E, Maxwell M, Heber D. Weight cycling in a very low-calorie diet
programme has no effect on weight loss velocity, blood pressure and serum lipid
profile. Diabetes, Obes Metab. 2007 May;9(3):379-85.

Graci S, 1zzo G, Savino S, Cattani L, Lezzi G, Berselli ME, et al. Weight cycling and
cardiovascular risk factors in obesity. Int J Obes. 2004 Jan;28(1):65-71.

Wing RR, Jeffery RW, Hellerstedt WL. A prospective study of effects of weight
cycling on cardiovascular risk factors. Arch Intern Med. 1995 Jul;155(13):1416-22.

Cutter G, Jeor SS, Brunner R, Wolfe P, Foreyt J, Dyer A, et al. Methodological issues
in weight cycling. Ann Behav Med. 1996;18:280-9.

231



340.

341.

342.

343.

344,

345.

346.

347.

348.

349.

350.

References

Woo JG. Using body mass index Z-score among severely obese adolescents: A
cautionary note. Int J Pediatr Obes [Internet]. 2009 [cited 2021 May 12];4(4):405—
10. Available from: https://pubmed.ncbi.nlm.nih.gov/19922058/

Berkey CS, Colditz GA. Adiposity in Adolescents: Change in Actual BMI Works Better
Than Change in BMI z Score for Longitudinal Studies. Ann Epidemiol. 2007
Jan;17(1):44-50.

Funtikova A, Navarro E, Bawaked R, Fito M, Schréder H. Impact of diet on
cardiometabolic health in children and adolescents. Nutr J. 2015;14:118.

Whooten R, Kerem L, Stanley TL. Physical activity in adolescents and children and
relationship to metabolic health. Curr Opin Endocrinol Diabetes Obes. 2019;26:25—
31.

Verhulst SL, Schrauwen N, Haentjens D, Rooman RP, Van Gaal L, De Backer WA, et
al. Sleep-Disordered Breathing and the Metabolic Syndrome in Overweight and
Obese Children and Adolescents. J Pediatr [Internet]. 2007 Jun [cited 2021 Mar
23];150(6):608-12. Available from: https://pubmed.ncbi.nlm.nih.gov/17517244/

Pacifico L, Nobili V, Anania C, Verdecchia P, Chiesa C. Pediatric nonalcoholic fatty
liver disease, metabolic syndrome and cardiovascular risk. World J Gastroenterol
[Internet]. 2011 Jul 14 [cited 2021 Mar 23];17(26):3082—91. Available from:
/pmc/articles/PMC3158407/

Wing RR, Espeland MA, Clark JM, Hazuda HP, Knowler WC, Pownall HJ, et al.
Association of weight loss maintenance and weight regain on 4-year changes in
CVD risk factors: The action for health in diabetes (Look AHEAD) clinical trial.
Diabetes Care. 2016;39:1345-55.

Lissner L, Andres R, Muller DC, Shimokata H. Body weight variability in men:
Metabolic rate, health and longevity. Int J Obes. 1990;14(4):373-83.

Stevens VL, Jacobs EJ, Sun J, Patel A V., McCullough ML, Teras LR, et al. Weight
Cycling and Mortality in a Large Prospective US Study. Am J Epidemiol. 2012
Apr;175(8):785-92.

Jeffery RW. Does weight cycling present a health risk? Am J Clin Nutr. 1996
Mar;63(3):452S-455S.

Jeffery RW, Wing RR, French SA. Weight cycling and cardiovascular risk factors in
obese men and women. Am J Clin Nutr. 1992 Mar;55(3):641-4.

232



351.

352.

353.

354.

355.

356.

357.

358.

359.

360.

References

Hamdy O, Mottalib A, Morsi A, El-Sayed N, Goebel-Fabbri A, Arathuzik G, et al.
Long-term effect of intensive lifestyle intervention on cardiovascular risk factors in
patients with diabetes in real-world clinical practice: A 5-year longitudinal study.
BMJ Open Diabetes Res Care. 2017,

Lausten-Thomsen U, Gamborg M, Bgjsge C, Hedley PL, Hagen CM, Christiansen M,
et al. Longitudinal changes in C-reactive protein, proform of eosinophil major basic
protein, and pregnancy-associated plasma protein-A during weight changes in
obese children. J Pediatr Endocrinol Metab. 2015 Jan;28(3-4).

Arrebola-Moreno AL, Laclaustra M, Kaski JC. Noninvasive assessment of endothelial
function in clinical practice. Revista Espanola de Cardiologia. 2012.

Sharma AK, Metzeger DL, Rodd CJ. Prevalence and severity of high blood pressure
among children based on the 2017 American Academy of Pediatrics Guidelines.
JAMA Pediatr. 2018;172(6):557-65.

Weiss R, Shaw M, Savoye M, Caprio S. Obesity dynamics and cardiovascular risk
factor stability in obese adolescents. Pediatr Diabetes. 2009 Sep;10(6):360-7.

Lee J, Kawakubo K, Kobayashi Y, Mori K, Kasihara H, Tamura M. Effects of ten year
body weight variability on cardiovascular risk factors in Japanese middle-aged men
and women. Int J Obes. 2001;25:1063-7.

Taylor CB, Jatulis DE, Fortmann SP, Kraemer HC. Weight Variability Effects: a
prospective analysis from the Standorf Five-city project. Am J Epidemiol.
1995;141(5):461-5.

Jeong S, Choi S, Chang J, Kim K, Kim SM, Hwang SY, et al. Association of weight
fluctuation with cardiovascular disease risk among initially obese adults. Sci Rep
[Internet]. 2021 Dec 1 [cited 2021 Nov 23];11(1). Available from:
https://pubmed.ncbi.nlm.nih.gov/33980955/

Mackie GM, Samocha-Bonet D, Tam CS. Does weight cycling promote obesity and
metabolic risk factors? Obes Res Clin Pract. 2017;11(2):131-9.

Buscot MJ, Thomson RJ, Juonala M, Sabin MA, Burgner DP, Lehtiméki T, et al.
Distinct child-to-adult body mass index trajectories are associated with different
levels of adult cardiometabolic risk. Eur Heart J [Internet]. 2018 Jun 21 [cited 2021
Nov 26];39(24):2263-70. Available from:
https://academic.oup.com/eurheartj/article/39/24/2263/4960894

233



361.

362.

363.

364.

365.

366.

367.

368.

369.

370.

References

Norris T, Mansukoski L, Gilthorpe MS, Hamer M, Hardy R, Howe LD, et al. Distinct
Body Mass Index Trajectories to Young-Adulthood Obesity and Their Different
Cardiometabolic Consequences. Arterioscler Thromb Vasc Biol. 2021;41:1580-93.

Zhang T, Xu J, Li S, Bazzano LA, He J, Whelton PK, et al. Trajectories of childhood
BMI and adult diabetes: the Bogalusa Heart Study. Diabetologia [Internet]. 2019
Jan 1 [cited 2020 Mar 30];62(1):70-7. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/30343393

Li S, Chen W, Sun D, Fernandez C, Li J, Kelly T, et al. Variability and rapid increase in
body mass index during childhood are associated with adult obesity. Int J Epidemiol
[Internet]. 2015 Dec 1 [cited 2021 Nov 26];44(6):1943-50. Available from:
https://academic.oup.com/ije/article/44/6/1943/2572606

Freedman DS, Butte NF, Taveras EM, Goodman AB, Ogden CL, Blanck HM. The
limitations of transforming very high body maxx indexed into z-scores among 8.7
million 2- to 4-year old children. J Pediatr. 2017;188(5_-6):e1.

Kelly AS, Barlow SE, Rao G, Inge TH, Hayman LL, Steinberger J, et al. Severe obesity
in children and adolescents: Identification, associated health risks, and treatment
approaches: A scientific statement from the American Heart Association.
Circulation. 2013 Oct 8;128(15):1689-712.

Orsso CE, Silva MIB, Gonzalez MC, Rubin DA, Heymsfield SB, Prado CM, et al.
Assessment of body composition in pediatric overweight and obesity: A systematic
review of the reliability and validity of common techniques. Obes Rev. 2020 Aug
1;21(8).

Simoni P, Guglielmi R, Pilar Aparisi Gomez M. Imaging of body composition in
children. Quant Imaging Med Surg. 2020;10(8):1661-71.

Verney J, Metz L, Chaplais E, Cardenoux C, Pereira B, Thivel D. Bioelectrical
impedance is an accurate method to assess body composition in obese but not
severely obese adolescents. Nutr Res. 2016;36(7):663-70.

Gutiérrez-Marin D, Escribano J, Closa-Monasterolo R, Ferré N, Venables M, Singh P,
et al. Validation of bioelectrical impedance analysis for body composition
assessment in children with obesity aged 8-14y. Clin Nutr. 2021;40(6):4132-9.

Dias KA, Green DJ, Ingul CB, Pavey TG, Coombes JS. Exercise and vascular function
in child obesity: a meta-analysis. Pediatrics. 2015;136(3):e648-59.

234



References

371. FongTs, Urbina EM, Howden EJ, Wallace I, Park C, Gall S, et al. Youth Vascular
Consortium (YVC) Protocol: establishing reference intervals for vascular ageing in
children, adolescents and young adults. Hear Lung Circ. 2021;30(11):1710-5.

372. Vermeiren E, Naets T, Van Eyck A, Vervoort L, Ysebaert M, Baeck N, et al. Improving
treatment outcome in children with obesity by an online self-control training: a
randomized controlled trial. Front Pediatr. 2021;

373. Naets T. Het Duaal Procesmodel in gewichtsproblemen: uitdagingen bij het
verbetren van de behandeling voor kinderen en jongeren met obesitas. Universiteit
Gent; 2021.

374. Browne S, Kechadi MT, O’Donnell S, Dow M, Tully L, Doyle G, et al. Mobile health
apps in pediatric obesity treatment: Process outcomes from a feasibility study of a
multicomponent intervention. JMIR mHealth uHealth [Internet]. 2020 Jul 1 [cited
2021 May 4];8(7). Available from: https://pubmed.ncbi.nIm.nih.gov/32673267/

375. Liverpool S, Pinheiro Mota C, Sales CMD, Cus A, Carletto S, Hancheva C, et al.
Engaging Children and Young People in Digital Mental Health Interventions:
Systematic Review of Modes of Delivery, Facilitators, and Barriers. ] Med internet
Res. 2020;22(6):e16317.

376. Tate EB, Spruijt-Metz D, Gillian O, Jordan-Marsh M, Gotsis M, Pentz MA, et al.
mHealth approaches to child prevention: successes, unique challenges and next
directions. Transl Behav Med. 2013;3:406-15.

377. Arthurs N, Tully L, O’'Malley G, Browne S. Usability and engagement testing of
mHealth apps in paediatric obesity: a narrative review of current literature. Int
Jouranl Environ Res Public Heal. 2022;19(3):1453.

378. O’Malley G, Dowdall G, Burls A, Perry 1J, Curran N. Exploring the usability of a
mobile app for adolescent obesity management. JMIR mHealth uHealth.
2014;(e29).

379. Gabrielli S, Dianti M, Maimone R, Betta M, Filippi L, Ghezzi M, et al. Deisgn of a
mobile app for nutrition education (TreC-Lifestyle) and formative evaluation with
families of overweight children. JMIR mHealth uHealth. 2017;5:e48.

380. Rahman A, Jahan Y, Fahad H. Impact of Mhealth service: an understanding of
TreCLifeStyle mobile app in Trentino province, Italy. Int J Healthc Manag.
2020;13:480-7.

235



381.

382.

383.

384.

385.

386.

387.

388.

References

LeRouge C, Durneva P, Sangameswaran S, Gloster A-M. Design guidelines for a
technology-enabled nutrition education program to support overweight and obese
adolescents: qualitative user-centered design study. J] Med internet Res.
2019;21:e14430.

Cueto V, Wang CJ, Sanders LM. Impact of a mobile app-base health coaching and
behavior change program on participant engagement and weight status of
voerweight and obese children: retrospective cohort study. JMIR mHealth uHealth.
2016;4:e102.

DeSilva S, Vaidya SS. The application of telemedicine to pediatric obesity: lessons
from the past decade. Telemed e-Health. 2021;27(2):159-66.

Whitley A, Yahia N. Efficacy of clinic-base telehealth vs. face-to-face interventions
for obesity treatment in children and adolescents in the united states and canada:
a systematic review. Child Obesity2. 21AD;17(5):299-310.

Bornhorst C, Russo P, Veidebaum T, Tornaritis MJ, Molnar D, Lissner L, et al.
Metabolic status in children and its transitions during childhood and adolescence -
the IDEFIX/I.Family study. Int J Epidemiol. 2019;48(5):1673-83.

Hoare JK, Jebeile H, Garnett SP, Lister NB. Novel dietary inteventions for
adolescents with obesity: a narrative review. Pediatr Obes. 2021;16(9):e12798.

Inge TH, Courcoulas A, Jenkins TM, Michalsky MP. Five-year outcomes of gastric
bypass in adolescents as compared with adults. N Engl J Med. 2019;380:2136-45.

Lange SJ, Kompaniyets L, Freedman DS, Kraus EM, Porter R, Blanck, Heide M,
Goodman AB. Longitudinal Trends in Body Mass Index Before and During the
COVID-19 Pandemic Among Persons Aged 2—19 Years — United States, 2018-2020.
Morb Mortal Wkly Rep. 2021;70(37):1278-83.

236



Curriculum vitae

Curriculum vitae

237



Curriculum vitae

Personalia
Name: Eline Vermeiren
Date of birth: 23/08/1994
Place of birth: Wilrijk
Contact: eline.vermeiren@uantwerpen.be
Nationality: Belgian
Education

2018 — 2025: Master of Medicine in Specialist Medicine: Pediatrics - Faculty of Medicine
and Health Sciences, University of Antwerp, Belgium

2015 — 2018 Master in Medicine, Great distinction - Faculty of Medicine and Health
Sciences, University of Antwerp, Belgium

2012 — 2015 Bachelor in Medicine, Great distinction - Faculty of Medicine and Health
Sciences, University of Antwerp, Belgium

2006 — 2012 Secondary school: Latin & Mathematics - Sint-Ritacollege Kontich

Research Experience

2018 — 2021 PhD student - Laboratory of Experimental Medicine and Pediatrics,
University of Antwerp, Belgium

2015 — 2018 Master’s thesis project - Patent foramen ovale closure in divers and patients
with young stroke: evaluation of risks and outcome. Promotor: prof. Dr. An Van
Berendoncks

238



Curriculum vitae

Publications related to the dissertation

Vermeiren E, Ysebaert M, Van Hoorenbeeck K, Bruyndonckx L, Van Dessel K, Van Helvoirt
M, De Guchtenaere A, De Winter B, Verhulst S, Van Eyck A

Comparison of bicimpedance spectroscopy and dual energy X-ray absorptiometry for
assessing body composition changes in obese children during weight loss.

Eur J Clin Nutr. 2021 Jan;75(1):73-84.

Vermeiren E, Bruyndonckx L, De Winter B, Verhulst S, Van Eyck A, Van Hoorenbeeck K

The effect of weight regain on cardiometabolic health in children with obesity: a
systematic review of clinical studies.

Nutr Metab Cardiovasc Dis. 2021 Aug 26; 31 (9):2575-2586.

Vermeiren E, Naets T, Van Eyck A, Vervoort L, Ysebaert M, Baeck N, De Guchtenaere A,
Van Helvoirt M, Tanghe A, Bruyndonckx L, De Winter B, Verhulst S, Van Hoorenbeeck K,
Braet C

Improving treatment outcome in children with obesity by an online self-control training: a
randomized controlled trial
Front. Pediatr. 2021 Dec 23; 9: 794256 doi: 10.3389/fped.2021.794256

Vermeiren E, Van Eyck A, Van De Maele K, Ysebaert M, Makhout S, De Guchtenaere A,
Van Helvoirt M, Tanghe A, Naets T, Vervoort L, Braet C, Bruyndonckx L, De Winter B,
Verhulst S, Van Hoorenbeeck K

The predictive value of adipokines and metabolic risk factors for drop-out and treatment
outcome in children with obesity treated in a pediatric rehabilitation center.

Front. Endocrinol. 2022 Jun 13; 13: 822962 doi: 10.3389/fendo.2022.822962

Vermeiren E, Van De Maele K, Ysebaert M, Makhout S, De Guchtenaere A, Van Helvoirt
M, Bruyndonckx L, De Winter B, Verhulst S, Van Hoorenbeeck K, Van Eyck A

The influence of BMI fluctuations in children during obesity treatment on cardiovascular
risk factors and endothelial function. — In preparation.

239



Curriculum vitae

Publications unrelated to the dissertation

Jacobs S, Mylemans E, Ysebaert M, Vermeiren E, De Guchtenaere A, Heuten H,
Bruyndonckx L, De Winter BY, Van Hoorenbeeck K, Verhulst SL, Van Eyck A

The impact of obstructive sleep apnea on endothelial function during weight loss in an
obese pediatric population.

Sleep Med. 2021 Oct; 86: 48-55.

Makhout S, Vermeiren E, Van De Maele K, Bruyndonckx L, De Winter B, Van Hoorenbeeck
K, Verhulst S, Van Eyck A.

The role of brain-derived neurotrophic factor in obstructive sleep apnea and endothelial
function in a pediatric population with obesity.

Front. Med. 2022 Jan; 8: 835515

Naets T, Vermeiren E, Vervoort L, Van Eyck A, Ysebaert M, Verhulst S, De Winter B, Van
Hoorenbeeck K, Bruyndonckx L, Tanghe A, De Guchtenaere A, Verbeken S, Braet C

Self-control training supplementing inpatient multidisciplinary obesity treatment in
children and adolescents. — Accepted for publication in Behaviour Research and Therapy

Van Camp L, Hoste L, Vermeiren E, Moniotte S, Bael A
Paediatric subspecialties in Belgium: past, present and future
Belgian Journal of Pediatrics. 2022 Jan; 24 (4): 265-69

Ledeganck K, Van Eyck A, Wouters K, Vermeiren E, De Winter B, Verhulst S, Van
Hoorenbeeck K, France A, Dotremont H, den Brinker M, Trouet D

Urinary epidermal growth factor reflects vascular health in boys with either obesity or
type 1 diabetes. A role for renin, or beyond?

PLoS One. 2023 Mar 30; 18 (3): e0283716

Van Eyck A, Ledeganck K, Vermeiren E, Wouters K, De Lamper A, Eysackers M, Mortier J,
Van Vliet M, Boere P, Roebersen M, France A, Dotremont H, Van Hoorenbeeck K, Verhulst
S, Den Brinker M, Trouet D

Body composition helps to elucidate the different origin of low serum magnesium in
children with obesity compared to children with type 1 diabetes — accepted for
publication in the European Journal of Pediatrics

240



Curriculum vitae

Conference proceedings

Vermeiren E, Van Eyck A, Naets T, Vervoort L, Braet C, De Guchtenaere A, Van Helvoirt M,
Bruyndonckx L, De Winter B, Van Hoorenbeeck K, Verhulst S

The effect of weight loss on endothelial function in childhood obesity and the potential
association with blood pressure and inflammation. The 26" European and International
Congress on Obesity, Glasgow, 2019.

Vermeiren E, Van Hoorenbeeck K, Naets T, Vervoort L, Braet C, De Guchtenaere A, Van
Helvoirt M, Bruyndonckx L, De Winter B, Verhulst S, Van Eyck A

Longitudinal changes in endothelial function and blood pressure after weight loss and
subsequent weight regain in children and adolescents with obesity. The 29" Annual
Congress of the European Childhood Obesity Group, Katowice, 2019.

Vermeiren E

Nieuw onderzoek naar co-morbiditeiten bij kinderen met obesitas: rol van het endotheel
als een reflectie van de algemene (cardiovasculaire) gezondheid. Symposium Krachten
bundelen in de zorg voor jongeren met overgewicht en obesitas, online, 2020.

Vermeiren E, Van Eyck A, Naets T, Vervoort L, Baeck N, Degroote W, De Guchtenaere A,
Van Helvoirt M, Bruyndonckx L, De Winter B, Verhulst S, Van Hoorenbeeck K, Braet C

Can executive function training improve short- and long-term weight control in children
with obesity: a randomized controlled trial (RCT).

Vermeiren E, Van Hoorenbeeck K, Van De Maele K

The 16p11.2 deletion syndrome: an underrecognized etiology of excessive weight? The
30™ Annual Congress of the European Childhood Obesity Group, online, 2021.

Naets T, Vervoort, L, Vermeiren E, Van Eyck A, Verhulst S, De Winter B, Van Hoorenbeeck
K, Bruyndonckx L, Tanghe A, De Guchtenaere A, Verbeken S, De Schryver M, Braet C.

Self-control training as an adjunct to inpatient treatment for youth with obesity: an
exploratory analysis. 35th Annual Conference of the European Health Psychology Society
online, 2021.

241



Curriculum vitae

Basstanie R, Vandenbroucke SA, Viskens AS, Vermeiren E, Bruyndonckx L, De Winter B,
Verhulst S, Van Hoorenbeeck K, Van Eyck A.

Obstructive sleep apnea syndrome and non-alcoholic fatty liver disease in an obese
paediatric population. The 49t Congress of the BVK-SBP, online, 2021.

Mylemans E, Jacobs S, Vermeiren E, Van Hoorenbeeck K, De Guchtenaere A, Van Eyck A,
Verhulst S

Impact of obstructive sleep apnea and obesity on endothelial dysfunction in children with
obesity. ERS Virtual Congress 2020 — Respiratory physiology and sleep: from neonates to
adults.

Plaeke P, Vermeiren E, Breugelmans T, Smet A, De Man JG, Beunis A, Ruppert M, De
Winter BY, Hubens G

Association of preoperative Helicobacter pylori status with comorbidities and outcome
parameters in bariatric surgery candidates — a retrospective study. The 26" European and
International Congress on Obesity, Glasgow, 2019.

Grants and scientific awards

e Flemish Fund for Scientific Research (FWQO) — TBM (Applied Biomedical Research
with a Primary Social finality) project number 150179

e Ir. Jozef and Maria de Swerts grant of the Royal Academy for Medicine Belgium
(KAGB)

Educational activities

e Supervisor of master thesis of master in Biomedical Sciences of Makhout S in
period 2020-2021

The role of brain-derived neurotrophic factor in obstructive sleep apnea and
endothelial function in an obese pediatric population

242



Curriculum vitae

e Supervisor of master thesis of master in Medicine of Basstanie R, Vandenbroucke
SA and Viskens AS in period 2018-2021

The relation between OSAS and NAFLD in an obese pediatric population: a prospective
cohort study

e Supervisor of master thesis of master in Medicine of Willaert L and Mattheesen A
in period 2020-2023

The use of the Apnealink Air as a screening device for the diagnosis of obstructive
Iseep apnea in a pediatric population with obesity

Certificates

e C(Certificate ‘Advanced pediatric life support’ provided by the Advanced Life
Support Group in 2022

e Course ‘ICH-GCP certificate EBR2’ + certificate provided by the Antwerp University
Hospital, Edegem, Belgium in 2018 with renewal in 2020

e C(Certificate ‘Statistics in Medicine’. Online course provided by Stanford University,
California, USA in 2018

e Course ‘linear mixed models’ provided by StatUA, University of Antwerp, Antwerp,
Belgium 2019.

e Course ‘Writing Academic Papers’ provided by the Antwerp Doctoral School,
University of Antwerp, Antwerp, Belgium in 2019

e Course ‘Snellezen’ provided by the Antwerp Doctoral School, University of
Antwerp, Antwerp, Belgium in 2019

o Certificate ‘Neonatal life support’ provided by the European Reanimation Council
(ERC) in 2018

Memberships

e Vlaamse Vereniging voor Kindergeneeskunde - bestuurslid jong VVK: 2020 — 2024

243



Curriculum vitae

244



Dankwoord

Dankwoord

245



Dankwoord

Tenslotte neem ik graag nog even de tijd om iedereen te bedanken die mij de afgelopen
jaren met woord en daad heeft bijgestaan tijdens het voltooien van mijn
doctoraatstraject. De afgelopen jaren waren absoluut een boeiende uitdaging met zowel
vele feestelijke momenten, maar ook momenten waarop ik mezelf ben tegengekomen.
Gelukkig kon ik terugvallen op een hele groep mensen die me zowel tijdens als naast het

werk hebben bijgestaan.

Allereerst wens ik mijn promotoren en begeleiders te bedanken. Een beetje onervaren en
groen achter de oren begon ik enkele jaren geleden aan dit project. Kim, je nam me vanaf
het begin mee naar de consultatie met de obesitaspatiéntjes, leerde me bij over zaken
waar ik voordien nog niet van had gehoord zoals insulineresistentie en leerde me hoe ik
met de juiste woordkeuze patiéntjes kon motiveren om het traject aan te gaan. Tevens
zorgde je ook mee voor de klinische toets in de papers. Stijn, ondanks je drukke
bezigheden als diensthoofd pediatrie bleef je toch steeds heel laagdrempelig bereikbaar.
Je hielp me met het nalezen van manuscripten of onderzoeksvoorstellen. Daarnaast heeft
jouw statistische kennis dit doctoraat ook echt naar een hoger niveau getild. Benedicte,
ondanks jouw onwijs drukke agenda bleef je altijd enthousiast om de vergaderingen ter
opvolging van het project bij te wonen, steeds elke wetenschappelijke output tot in detail
na te kijken en hiernaast mij ook blijvend te motiveren als doctoraatstudent. Dankzij jouw
konden wij ook mee les geven in de vaardighedentrainingen van de faculteit
geneeskunde, iets waar ik telkens weer naar uit keek en dit zorgde voor een mooie
afwisseling in het werk dat we deden. Luc, ondanks dat we elkaar niet steeds fysiek
zagen, voelde ik tijdens heel mijn doctoraat wel jouw steunen betrokkenheid onder
andere via de fijne mailtjes die ik kreeg wanneer we opnieuw een publicatie voorbereid
hadden of wanneer deze aanvaard werd. Jouw inzichten op vlak van het cardiovasculaire
stukje gaven extra diepgang aan de wetenschappelijke inhoud van deze papers, als ook je
suggesties om steeds het socio-economische belang van de gewichtsproblematiek te

benadrukken.
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Tot slot nog een apart woordje voor, Annelies, de persoon die mij de afgelopen jaren het
nauwst heeft begeleid. Vanaf dag 1 nam je me onder je hoede. Aangezien mijn ervaring in
wetenschappelijk onderzoek eerder beperkt was, durf ik met zekerheid zeggen dat ik
bijna alles van jou geleerd heb: van metingen, tot organisatie van wetenschappelijk
onderzoek en vooral het wetenschappelijke schrijven. Je probeerde steeds heel
gedetailleerd mijn papers na te lezen, mee na te denken over problemen die zich stelden,
statistische analyses mee uit te werken en labotechnisch alles mee te co6érdineren. Maar
ook naast het puur wetenschappelijke werk was je er voor me. Je hielp me door mijn ups
en downs, je leerde me relativeren als een paper toch niet aanvaard werd en wanneer
ikzelf zowel professioneel als persoonlijk ergens vastliep, kon ik steeds bij jou terecht. De

afgelopen jaren zouden niet hetzelfde zijn geweest zonder jouw fantastische begeleiding.

Verder zou ik graag de leden van de jury bedanken, namelijk prof. Dr. Niels Komen, Prof.
Dr. Roy Remmen, Prof. Dr. Inge Gies en Prof. Dr. David Thivel. Zonder jullie inzet en
aanwezigheid zou deze verdediging niet mogelijk zijn. Alvast dank voor jullie interesse in

mijn onderzoek en jullie waardevolle opmerkingen op het proefschrift.

Hiernaast wil ik het even hebben over LEMP, het labo van experimentele geneeskunde en
pediatrie, waar ik een groot deel van mijn uren heb doorgebracht en dit in het gezelschap
van de allerfijnste collega’s. Allereerst wil ik hier beginnen bij mijn medebewoners van
lokaal T3.35 doorheen de jaren. Het werd vanaf het begin duidelijk dat ik niet eenzaam
zou zijn, niet alleen door mijn vele naamgenootjes (go Team Eline!), maar ook door de
andere prachtige mensen die mij omringden in onze bureau. Ik heb aan jullie veelvuldig
een luisterend oor gehad en onze gesprekken gaven me ook telkens opnieuw motivatie
om door te zetten. Meer dan iemand anders begrepen we elkaars hoogte- en
dieptepunten en toonden jullie me wat goede collega’s waard zijn. Dankuwel Kristien,

Tom, Baptiste, Wout, Cedric, Eline S, (de) Jan en (de) Lau.
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Hiernaast op LEMP moet ik ook zeker alle laboranten bedanken voor alle hulp met de
vele, vele, vele stalen die bij mijn project kwamen kijken. Van pipeteren tot ELISA’s, jullie
kunnen het allemaal en jullie laten moeilijk werk, eenvoudig lijken! En tot slot nog Jessy,
jij bent een beetje de administratieve duizendpoot van LEMP (vergaderingen inplannen
met verschillende profs — een bijna onmogelijke taak), maar hiernaast was je voor mij ook
gewoon iemand waarbij ik terecht kon voor een fijn gesprek, iemand die steeds luisterde

en ervoor zorgde dat iedereen zich goed bleef voelen in zijn vel.

Dit enorme onderzoeksproject werd uiteraard niet alleen gedragen door ons
onderzoeksteam. Allereerst werkten we samen met een team van de vakgroep voor
Ontwikkelings-, persoonlijkheids- en sociale psychologie van de UGent. Caroline, Leentje
en Tiffany samen begonnen we aan een stevige wetenschappelijke reis met zeker de
nodige uitdagingen. We verenigden onze medische en psychologische kennis om het
project zo goed mogelijk te sturen. Dankjulliewel voor de fijne samenwerking en hopelijk
geeft dit project aanleiding tot nog verdere onderzoeksprojecten en samenwerkingen.
Ten tweede werkten we samen met het Zeepreventorium. Ik zou ook graag het hele team
van het Zeepreventorium bedanken want dankzij hen konden we een grote groep
kinderen met obesitas includeren die behandeld werden in een residentiéle setting. Door
deze vergelijking van de residentiéle met de ambulante data konden we ons project nog
verder uitdiepen en deze mooie dataset bekomen. Ik zou graag nog in het bijzonder Eddy
Basslé bedanken. Eddy, op jou konden we steeds rekenen voor de planningen van de
onderzoeken, het voorzien van de nodige ruimte om de onderzoeken uit te voeren, als
ook de labotechnische ondersteuning. Hiernaast bleef je ook steeds je hartelijke en
goedlachse zelf. Ten derde speelde ook het Jan Palfijn Ziekenhuis in Gent een heel
belangrijke rol voor inclusie van patiéntjes binnen ons project. Hierbij wil ik graag Dr. Nele
Baeck en mevrouw Wendy Degroote bedanken voor hun betrokkenheid bij het project als
ook de prachtige zorg die zij leveren voor hun obesitaspatiéntjes. Jullie vormen een

topteam met een hart voor goede zorg!
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Hierna kom ik toe aan het bedanken van het team in het UZA. Ik begin graag bij het team
van het slaapcentrum. Ik leerde jullie als eersten kennen en dit werd het begin van een
absolute topsamenwerking. Wekelijks kwam ik bij jullie langs voor het ophalen van stalen
en includeren van patiéntjes en jullie lieten me direct thuis voelen. Dankuwel Els, Ticha,
Astrid, Katleen, Nadia, Eline, Regine, Christa, Annick, Martine, Evelyn (en alle andere die ik
vergeten ben)! Ook op de consultatie heb ik tig van stalen verzameld, die steeds met een
glimlach werden afgenomen door de verpleging op E2. Ik bedank hier graag Sandra,
Wendy, Els, Kimi, Liesbet en Ann. Ook Iris, het hoofd van het secretariaat, bedank ik graag
voor alle hulp met administratieve zaken zoals mijn opleidingsplan dat 3 keer veranderd
is, het regelen van vergaderingen, maar ook om een luisterend oor te zijn op momenten
dat ik dit nodig had. Ook mijn collega research ASO’s op de dienst pediatrie zorgden voor
leuke, deugddoende babbels tijdens de examensupervisies die we deden of de klinische

lessen die we mee ondersteundend.

Vervolgens bedank ik graag mijn collega’s binnen het kinderobesitasteam. Dorien, met
jou maakte ik het eerst kennis en het klikte meteen. Onze wekelijkse napraatjes na de
raadpleging waren dan ook iets waar ik standaard naar uitkeek. Een beetje later leerde ik
ook de andere leden van het kinderobesitasteam kennen, An en Katrien, en werd het
team nog uitgebreid met Jade en Ulrike. Stuk voor stuk zijn jullie allemaal prachtige
personen die met de juiste motivatie en deskundige kennis onze patiéntjes bijstaan. Het
laatste halfjaar werd ons team nog uitgebreid met Karolien en Julie. Karolien, in het begin
vonden we het een beetje spannend, iemand nieuw die erbij kwam, maar zodra we je
leerde kennen, maakte deze spanning plaats voor blijdschap. Jouw klinische,
wetenschappelijke en ook creatieve input tilt het obesitasteam naar een nog hoger
niveau. Toen ik vertrok, wist ik dan ook dat de goede zorg voor mijn patiéntjes
gegarandeerd was. Julie, jij kwam er als laatste bij, als nieuwe studieverpleegkundige
werden direct heel wat studies aan jou toevertrouwd. Dit schrok je niet af en gedreven
verdiepte je je in alle metingen. Ik merkte ook nog nadat ik weg was je passie voor de
studie en de patiéntjes en weet dan ook dat mijn project na mijn vertrek bij jou in goede

handen was.
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Gedurende een half jaar mocht ik ook samenwerken met Sanae, een
masterproefstudente biomedische wetenschappen. Een tijd waar ik met veel plezier nog
aan terugdenk. Sanae, je kwam op eigen initiatief masterproefstudent bij ons terecht. Je
begon je direct te verdiepen in de metingen en schreef alsof het niets was je
onderzoeksvoorstel uit. Niet alleen wetenschappelijk blonk je uit, maar ook in de omgang
met je patiéntjes was het onmiddellijk duidelijk dat je in je element zat. Dankjewel voor
de fijne samenwerking en zowel ikzelf als de patiéntjes hebben je na je vertrek enorm

gemist. We kijken dan ook volop uit naar je terugkeer over enkele maanden.

Ik wil ook graag mijn voorganger, Marijke, bedanken. Marijke, jij gaf het eerste anderhalf
jaar vorm aan dit project. Dankzij jouw werk, kon ik al beginnen met een hele verzameling
aan data, waardoor die eerste publicatie relatief snel een feit was. Ik kon ook bij jou
terecht met vragen over het project maar eveneens voor een fijne babbel en enkele jaren

later kon ik als assistent onder jouw supervisie verder groeien in mijn rol als kinderarts.

Graag bedank ik ook alle pediatrische obesitaspatiéntjes en hun ouders voor deelname in
het project. Zonder hun engagement en toestemming om mee te werken aan het project,

zou ik hier vandaag niet gestaan hebben.

Tot slot ook nog een bedanking aan alle vrienden en familie die mij de voorbije jaren
hebben bijgestaan. Bij jullie kon ik steeds terecht voor een praatje of op de turnkring om
op een sportieve manier mijn stress eruit te springen. Ook speciale dank aan Larissa om
delen van mijn thesis grammaticaal na te lezen op de Engelse taal. Tevens bedank ik ook
graag mijn huidige en voorgaande supervisoren in de ziekenhuizen waar ik de afgelopen
jaren mijn opleiding volgde. Ik ben steeds in een warme, motiverende omgeving terecht
gekomen waarbij ik echt een luisterend oor kon vinden wanneer de combinatie
wetenschap-kliniek soms even onmogelijk begon te lijken. Ook bedankt voor de
waardevolle tips die ik afgelopen maanden nog kreeg van enkele supervisoren naar

aanleiding van de verdediging.
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Mama en papa, ondanks dat onderzoek voor jullie iets compleets onbekends was,
steunden jullie me toch toen ik aan dit traject begon en zijn jullie me ook blijven steunen
naarmate dat dit traject op zijn einde liep. Mama, van jou heb ik zeker de eigenschap
overgekregen om voor anderen te willen zorgen en mensen te willen helpen. Papa, van

jou heb ik het doorzettingsvermogen overgeérfd, de eigenschap om nooit op te geven.

Zus, jij begreep uit het gezin het best wat wetenschappelijk onderzoek inhoudt en ik kon
met jou dan ook het best mijn stressjes bespreken. Je luisterde steeds en kon dan met

een gevatte opmerking me weer doen lachen. Dankjewel allemaal daarvoor!

En nog een laatste woordje van dank richt ik graag aan mijn lief, Michiel. Ik leerde je
kennen halverwege tijdens mijn doctoraat. Na 3 maanden brak COVID-19 uit, waardoor jij
ineens de rol van mijn bureaugenootjes mocht overnemen en werd meegenomen in al
mijn ups en downs. Je begreep mijn statistische frustraties, dacht mee na over analyses,
maar bood mij vooral naast mijn werk een vorm van rust. Dankzij jou had ik tijdens mijn
klinisch assistentschap de tijd om nog verder te schrijven aan mijn thesis, aangezien jij
met veel plezier enkele taakjes in het huishouden op jou nam. Je kon me geruststellen op
momenten van paniek en stress, maar me ook net aansporen tot doorzetten op
momenten dat ik het wat liet hangen. Kortom, je bleef doorheen alles mijn grote steun en

ik hoop dat we deze trend kunnen blijven verderzetten in onze verdere toekomst samen.
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