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Stellingen behorende bij het proefschrift: 

Effects of a Multidisciplinary Treatment Program 
in Overweight and Obese Preschool Children 

1. lnsuline ongevoeligheid en risicofactoren voor cardiovasculaire aandoeningen 
zijn bij 3- t/m 5-jarige kinderen met overgewicht of obesitas gerelateerd aan 
het vetgehalte. (dit proefschrift) 

2. Een multidisciplinaire behandeling van 3- t/m 5-jarige kinderen met over
gewicht of obesitas geeft betere resultaten dan een standaard aanpak. (dit 
proefsch rift) 

3. lnterventieprogramma's bij 3- t/m 5-jarige kinderen met overgewicht of obesi
tas leiden tot een afname van het lichaamsvet en verbetering van de insuline 
gevoeligheid. (dit proefschrift) 

4. Kwaliteit van leven van 3- t/m 5-jarige kinderen met overgewicht of obesitas 
verbetert na een interventieprogramma. (dit proefschrift) 

5. lnterventieprogramma's voor 3- t/m 5-jarige kinderen met overgewicht of obe
sitas hebben oak 3 jaar na de start een positief effect op de body mass index 
z-score. (dit proefschrift) 

6. Vincere non e importante, e l'unica cosa che conta. Winnen is niet belangrijk, 
het is het enige dat telt. (Giampiero Boniperti, honorary president Juventus FC) 

7. Driving a Porsche is like having children, you only know when you've had one 
yourself. (Porsche commercial) 

8. Als alles tegen lijkt te zitten, bedenk dan dat een vliegtuig opstijgt bij tegen
wind, niet met de wind mee. (Henry Ford) 

9. Bezuinigingen in academische ziekenhuizen zijn eenvoudig te realiseren door 
het verminderen van de bureaucratie. 

10. Meten is weten, als je weet wat je meet. 

11. Fino all a fine! 

Gianlorenzo Bacca, 20 november 2013 
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General Introduction and Outline of the Thesis 





General introduction and outline of the thesis 

Prevalence of obesity 

During the last decades, the prevalence of childhood obesity has increased dramatically, also in 

the Netherlands.1 Multiple factors may contribute to the development of obesity in children. The 

genetic background,2 intra-uterine growth restriction resulting in low birth weight,3 and early 

postnatal catch-up growth,4 have all been identified as risk factors for childhood obesity. An 

unhealthy lifestyle, characterized by inactivity, a high-fat diet and excess caloric intake, is mainly 

responsible for the increase in obesity, also in children.5 The increase in childhood obesity has 

been especially observed in children younger than the age of 8 years.6 Increases in weight and 

body mass index (BMI) between the ages of 2 to 7 years are associated with an increased BMI 

in adolescence,7 and obese children and adolescents have an increased risk to remain so into 

adulthood.8•9 According to the international cut-off values on BMI, 10 defined as weight in kg/ 

(height in m)2, the prevalence of overweight in Dutch boys between the ages of 3 to 5 years is 

7.8 to 12.8% and in Dutch girls 12.8 to 18.1 %. 1 For obesity, the prevalence in Dutch boys and 

girls aged 3 to 5 years is 0.8-2.0% and 1.6-3.3%, respectively.1 

Consequences of obesity 

Childhood obesity imposes severe health risks. A decreased insulin sensitivity, dyslipidemia, 

low-grade systemic inflammation, and hypertension have been demonstrated, potentially 

leading to metabolic syndrome and type 2 diabetes at a later age.11 The tracking from 

childhood to adolescence of cardiovascular risk factors associated with obesity has recently 

been demonstrated.12 According to international consensus guidelines, metabolic syndrome 

cannot be diagnosed in children under the age of 10 years.13 However, separate elevated 

cardiovascular risk factors have been described in obese children aged 7-9 years. 14 At present 

time, it remains unclear whether elevated cardiovascular risk factors can be found in preschool

aged overweight or obese children. Other complications of childhood obesity include non

alcoholic fatty liver disease, 15 obstructive sleep apnea syndrome, 16 and orthopedic disorders.17 

Besides physical complications of obesity, overweight and obese children are at risk to 

obtain psychosocial problems, thereby impairing their quality of life.18• 19 A lower psychosocial 

health has been demonstrated in preschool-aged children.2° Caretakers should therefore also 

assess the quality of life in children with overweight or obesity, and not only focus on weight. 

Since, it has been demonstrated that parents may underestimate the degree of overweight 

or obesity in their children.21 
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Chapter 1 

Treatment of obesity 

Prevention of childhood obesity should have a high priority. When prevention of obesity has 

failed, treatment should already be started at a young age.22 Moreover, younger children 

generally achieve a larger reduction in weight during obesity treatment programs.23 

Multidisciplinary lifestyle intervention programs in 5- to 1 2-year-old children with obesity have 

proven to be able to reduce weight.24 However, little is known on the effect of multidisciplinary 

obesity treatment programs on weight reduction in preschool-aged children. 

It has been demonstrated that multidisciplinary intervention programs in overweight 

or obese children, by inducing weight loss, can improve insulin sensitivity, reduce signs of 

systemic low-grade inflammation, and lower triglyceride concentrations in blood.25 Also, 

these lifestyle intervention programs have shown positive effects on health-related quality of 

life, at least in adolescents.26 However, the effects of multidisciplinary intervention programs 

on cardiovascular risk factors, psychosocial aspects and health-related quality of life in 

overweight or obese preschool-aged children are largely unknown. 

The GECKO-Outpatients Clinic 

Overweight and obese children aged 3-5 years, and their parents were seen at the Groningen 

Expert Center for Kids with Obesity at the Beatrix Children's Hospital, University Medical 

Center Groningen, Groningen, the Netherlands. Between October 2006 and March 2008, 

75 children participated in a randomized controlled clinical trial studying the effect of 

a multidisciplinary obesity treatment program. The effect was compared with a group of 

overweight and obese children receiving a usual-care treatment program. 

The multidisciplinary intervention program lasted 16 weeks and consisted of the following 

elements: 

- Dietary advice. In 6 sessions of 30 minutes each, a dietician gave education and advised on 

improving eating behavior. For example, children and parents were advised to have breakfast 

every morning, abstain from soft drinks and have at most 3 snacks per day. Personal goals 

were set for the children and their parents and, on consecutive sessions, feedback was given 

on these goals. Special diaries were developed to document eating patterns (type and amount 

of food consumed), and they were used during 4 consecutive days, 2 weekdays and 2 

weekend days. A normocaloric diet, based on the required daily intake for this age group, 

was advised. 

- Physical activity. The physical activity sessions consisted of 12 group sessions of 60 minutes 

each and were supervised by a physiotherapist. The exercise program mimicked the type 

and intensity of elementary school exercise, thereby focusing on an active lifestyle. Also, the 
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General introduction and outline of the thesis 

sessions aimed at having fun during exercise and improving the child's well being. Parents 

and children were advised to reduce sedentary activities and to stimulate the children's daily 

physical activity to at least 60 minutes, according to the Dutch Standard of Healthy Activities. 

Physical activity of the children was measured using a pedometer (Yamax Digi-Walker SW-

200, Yamax USA Inc.). The pedometer was worn at least 3 weekdays and 1 weekend day and 

the daily amount of steps was documented in a diary. 

- Behavioral therapy. Behavioral therapy sessions (6 group sessions of 120 minutes each) 

were for parents only and were guided by a psychologist. During these sessions, parents 

learned to be a healthy role model and to change family attitudes toward healthy eating 

and physical activity. They learned ways to remove unhealthy food triggers and know the 

difference between hunger and cravings. Parents were taught to use sticker charts to motivate 

the children and to follow their progress. A schematic overview of the multidisciplinary 

intervention program is provided in Table 1. 

The usual-care program also lasted 16 weeks. During this period, the children and their 

parents were seen by a resident in pediatrics who advised on a healthy lifestyle. In 3 sessions 

of 30-60 minutes each, children and parents received information on healthy eating behavior 

and children were advised to perform physical activity for 1 hour per day, according to the 

Dutch Standard of Healthy Activities. Also, children were advised to minimize their sedentary 

activities (television watching, playing with the computer) to at most 2 hours per day. The 

children and parents in the usual-care group documented their eating patterns and physical 

activity in diaries, in an identical way as the children in the multidisciplinary intervention 

group. A schematic overview of the usual-care program is provided in Table 1. 

Table I. Schematic representation of weekly activities in the multid1�ciplinary intervention and usual-care groups. 

Multidisciplinary intervention group 

Measurements 

Dietary advice by dietician 

Physical activity session by physiotherapist 

Parental behavioral therapy by psychologist 

Usual-care group 

Measurements 

Visit to resident in pediatrics 

Numbers indicate the weeks of the program. 

baseline I 2 3 4 5 6 7 8 9 IO 11 12 13 14 15 16 

V V 

V V \' V V V V V V \' V V  

baseline I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

After the end of both programs, the children were followed-up during a period of 3 years. 
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Chapter 1 

The first aim of this thesis is to determine the effect of a multidisciplinary intervention 

program in 3-year-old to 5-year-old overweight or obese children on anthropometry and 

body composition. We compare the effect with a group of overweight or obese children of 

the same age, receiving a usual-care treatment program. 

The following questions are addressed: 

- What is the effect of a multidisciplinary intervention program in overweight or obese 

children 3-5 years old on anthropometry and body composition, at the end of the 

treatment program and 1 year after the start of the program? (Chapter 3) 

Does a multidisciplinary intervention program in overweight or obese children 3-5 years 

old have positive effects on physical activity and energy intake and do they remain 1 year 

after the start of the program? (Chapter 3) 

- What is the effect of a multidisciplinary intervention program in overweight or obese 

children 3-5 years old on anthropometry and body composition, 1 ½ and 3 years after the 

start of the program? (Chapter 6) 

Does the effect of a multidisciplinary intervention program on physical activity and energy 

intake in overweight or obese children 3-5 years old remain 1 ½ and 3 years after the start 

of the program? (Chapter 6) 

The second aim of this thesis is to determine the prevalence of insulin resistance and 

cardiovascular risk factors in 3-year-old to 5-year-old overweight or obese children and 

to determine the effect of a multidisciplinary intervention program on insulin resistance, 

cardiovascular risk factors, low-grade systemic inflammation, and adipokines. Again, we 

compare the effect with a group of overweight or obese children of the same age, receiving 

a usual-care treatment program. 

The following questions are addressed: 

- What is the prevalence of insulin resistance and cardiovascular risk factors in 3-year-old to 

5-year-old overweight or obese children and are insulin resistance and cardiovascular risk 

factors in these children related to body weight or body composition? (Chapter 2) 

Does a multidisciplinary intervention program in 3-year-old to 5-year-old overweight or 

obese children have positive effects on insulin resistance, lipid profile, markers of low

grade systemic inflammation and adipokines and are these effects related to changes in 

body weight and body composition? (Chapter 4) 

The third aim of this thesis is to determine the effect of a multidisciplinary intervention 

program in 3-year-old to 5-year-old overweight or obese children on health-related quality of 

life and to compare the effect with a group of overweight or obese children aged 3-5 years 

receiving a usual-care treatment program. 
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General introduction and outline of the thesis 

The following questions are addressed: 

- Does a multidisciplinary intervention program in 3-year-old to 5-year-old overweight or 

obese children improve health-related quality of life? (Chapter 5) 

- Are changes in body weight and body composition related to changes in health-related 

quality of life? (Chapter 5) 

In chapter 7 we discuss the main findings of this thesis and provide future perspectives and 

recommendations regarding obesity intervention programs in children. 
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Abstract 

Insulin resistance and cardiovascular risk factors in 3- to 5-year-old 
overweight or obese children 

Background: The increasing rate of overweight and obesity is alarming. The complications 

of overweight and obesity at a young age are largely unknown. We aimed to assess the 

prevalence of insulin resistance (IR) and cardiovascular risk factors among overweight and 

obese children aged 3-5 years. 

Methods: The study population consisted of 75 children (29 overweight, 46 obese). We 

performed anthropometry and bioelectrical impedance analysis as an indicator of body 

composition. IR was determined by the updated Homeostasis Model Assessment of Insulin 

Resistance (HOMA2-IR). Cardiovascular risk factors were defined by the presence of increased 

serum triglycerides, blood pressure, and HOMA2-IR and by a decreased serum HDL-cholesterol. 

Results: An elevated HOMA2-IR was found in 7.7% of the children. HOMA2-IR was correlated 

with body mass index (r = 0.63), waist circumference (r = 0.62) and body fat percentage 

(r = 0.58) (all p < 0.001 ). Cardiovascular risk factors were present in 6.9% (triglycerides) to 

74.3% (hypertension) of the children. 

Conclusions: IR and cardiovascular risk factors are already evident in many 3- to 5-year-old 

overweight and obese children. IR is strongly related to body composition. 
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Chapter 2 

Introduction 

The prevalence of overweight and obesity is growing rapidly worldwide, including the 

Netherlands. 1 Even at a very young age overweight and obesity are a common problem. 

Changes in weight and body mass index (BMI) between the ages of 2 to 7 years are associated 

with an increased BMI in adolescence.2 Obese adolescents have a high risk of becoming obese 

adults. 3 

Obesity often coexists with cardiovascular and metabolic disorders. This can be 

caused by adipocytokines,4 and by the presence of dyslipidemia and insulin resistance (IR). 

Adipocytokines are able to create a state of low grade inflammation, 5 oxidative stress,6 and 

metabolic syndrome (MS). 7 MS is a combination of different metabolic disorders that can 

predict the later development of cardiovascular disease (CVD) and type 2 diabetes (T2 D). 7 

IR plays a central role in the pathophysiology of MS.8·9 Furthermore, IR is a strong predictive 

factor for the development of T2D. 10 

According to the International Diabetes Federation consensus report, MS cannot be 

diagnosed in children under the age of 1 0  years. 1 1  However, cardiovascular risk factors in 

childhood overweight and obesity have been demonstrated. 1 2• 1 3  Pedrosa et al. considered 

16% of on average 8. 7 year-old overweight and obese children to have MS, 1 3 while D'Adamo 

et al. showed that there were already complications in, on average, 8. 5 year-old overweight 

and obese children. 14 It is important to know if there are cardiovascular risk factors at an even 

younger age, since this would indicate the urgent need to prevent overweight and obesity in 

preschool-aged children. 

The aims of this study are to evaluate the prevalence of I R  and cardiovascular risk factors 

in 3 - to 5-year-old overweight and obese children, and to assess the association between 

body composition and IR and cardiovascular risk factors. 

1 8  



Methods 

Insulin resistance and cardiovascular risk factors in 3- to 5-year-old 
overweight or obese children 

Between October 2006 and March 2008, overweight and obese children aged 3 to 5 years 

and their parents were invited to participate in an intervention study to influence lifestyle and 

thereby reduce BMI. Details of the study have been described previously. 15 All children were 

living in the northern part of the Netherlands. The cases were recruited by asking Well Child 

Clinics to refer children to our outpatient clinic if they were overweight or obese. General 

practitioners and pediatricians in the northern parts of the Netherlands were also invited to 

refer 3- to 5-year-old overweight and obese children to our clinic. Overweight and obesity 

were defined by a BMI above the international cut-off points for overweight and obesity. 16  

Children with mental retardation, severe behavioral problems, or other criteria interfering 

with participation were excluded from the study, and children with obesity due to known 

medical causes or eating disorders were also excluded. Written informed consent from the 

parents or legal caretakers was obtained. The study was approved by the Medical Ethics 

Committee of the University Medical Center Groningen. 

In this study we describe the results of measurements done before the intervention 

started. During anthropometric measurements the children wore only their underwear. All 

anthropometric measurements were done in duplo. The average of both measurements was 

calculated. Standard calibrated scales and stadiometers were used to determine height (to the 

nearest 0.1 cm) and weight (to the nearest 0.05 kg). BMI was calculated and standardized 

(BMl-z) using age- and sex-specific data from the Fourth Dutch Growth Study (http://www. 

growthanalyser.org/).17 Waist circumference (WC) (to the nearest 0.1 cm) was measured in 

an orthostatic position at the midpoint between the lateral iliac crest and the lowest rib, 

using a standard measuring tape. WC was standardized (WC-z) as described above. Body 

composition was measured using a 50 kHz fixed-frequency bio-impedance analyzer (BIA-

101, Akern S.r.1./RJL Systems, Florence, Italy). Resistance (Rz) and reactance (Xe) values were 

collected, corresponding to total body water and extra-cellular water content, respectively. On 

the same day, all measurements were performed three times and the average was calculated. 

Body fat percentage (BF%) was determined as described by Horlick and colleagues.18 After 

a resting period of 10 minutes and with the children in a supine position, systolic (SBP) and 

diastolic (DBP) blood pressure were measured in duplo using a Dinamap Critikon 1846SX 

digital sphygmomanometer (Critikon Inc., Tampa, Florida, USA) and an appropriate cuff size. 

The mean of two readings was calculated. The children's blood pressure (BP) was classified 

according to sex, height and age. 1 9  

Blood was drawn after an overnight fast. Total cholesterol (T-C ; lower detection limit 

0.1 mmol/L, intra- and inter-assay coefficient of variation 1.1 and 1.2%, respectively), HDL

cholesterol (HDL-C ; 0.1 mmol/L, 1.2 and 2.1 %, respectively), LDL-cholesterol (LDL-C; 0.1 

mmol/L, 1.1 and 2.3%, respectively) and triglycerides (TG; 0.05 mmol/L, 1.2 and 1.5%, 
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Chapter 2 

respectively) were measured using an enzymatic colorimetric method (Roche Modular, 

Mannheim, Germany) . HbA 1 c (lower limit of detection, intra- and inter-assay coefficient of 

variation in non-diabetic controls 3.5%, 1.05 and 1. 6 1  %, respectively) was determined using 

high-performance liquid chromatography (Bio-Rad Variant, Bio-Rad Laboratories, Veenendaal, 

the Netherlands), insulin (1.3  mU/L, 4. 5-8. 3 and 4. 7-12 .2 %, respectively) by radioimmunoassay 

(Diagnostic Systems Laboratories, Inc., Webster, TX, USA) and glucose (0.11 mmol/L, 1. 0 and 

1. 7%, respectively) by an enzymatic method (hexokinase-mediated reaction, Roche Modular, 

Mannheim, Germany). IR was determined by the updated Homeostasis Model Assessment of 

Insulin Resistance (HOMA2-IR) . 20 

Cardiovascular risk factors included serum TG, HDL-C, HOMA2-IR and blood pressure. 

The cut-off values for TG and HDL-C, as used by Cook and coworkers, 2 1 were used in the 

present study, as it has been shown that the distribution of these values is about the same 

in 5-year-olds from a contemporary cohort of 307 British children.22 For cut-off values for 

HOMA2-I R, we used data from Murphy et al.,22 although the children in this study were 

5-8 years old. To our knowledge, no data on HOMA2-IR are available in younger children, 

so the above mentioned cut-offs were chosen. To diagnose impaired insulin sensitivity, we 

chose the 97. 5th percentile as the cut-off point, a HOMA2-IR for boys of 1.53 and for girls of 

1. 85. Cardiovascular risk factors were diagnosed if one or more of the following criteria were 

present: (1) TG � 1.24 mmol/L; (2) HDL-C ::; 1.03 mmol/L; (3) hypertension (SBP and/or DBP 

� 90th percentile for age, sex and height); (4) impaired glucose tolerance (HOMA2-IR � 97.5th 

percentile) . Besides HOMA2-IR, fasting glucose (� 5.6 mmol/L) and HbA 1 c (� 5. 5%) were 

used to detect impaired glucose tolerance. 23•24 

Statistical analysis was performed using IBM SPSS Statistics version 20. Distribution 

of normality was tested using the 1-sample Kolmogorov-Smirnov test. Pearson correlation 

coefficients were calculated to assess the association between variables. BMl-z was used 

to divide the children into a group with overweight and a group with obesity. We used the 

non-paired t-test to determine the difference between two independent groups, and the 

non-parametric version, Mann-Whitney U test, for variables without a normal distribution. 

The significance level of all tests was 0. 05. Primary outcome parameter of the study was 

the change in BMI in the children receiving a multidisciplinary obesity treatment program, 

compared with the children receiving a usual-care program. To detect a difference in BMI 

between both treatment groups of 2 kg/m2 (approximately 10%), two groups of 63 children 

were required (SD 4, two-sided alpha 0.05, power 80%) .  
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Results 

A total of 75  ch i ldren with a mean age of 4. 7 years were included: 29 ch i ldren with overweight 

and 46 obese. Table 1 g ives the cl i n ica l characteristics of both groups. I n  the ch i ldren with 

overweight and obesity, the mean (SD) BMI  was 1 8. 7  (0 .8) and 22 .7  (2 . 5) kg/m2 , and the 

mean (SD) BM l-z was 1 .8 (0 .3) and 3 .3  (0.8) ,  respectively. 

Table 1 .  Descriptive and anthropometric characteristics of the study population. Data are 

expressed as mean (SD). 

Overweight (n=29) 

Boys, n 5 ( 1 7 .2%) 

Girls ,  n 24 (82.8%) 

Age, years 4.7 (0.7) 

BMI , kg/m2 
1 8 .7 (0.8) 

BMI z-score 1 .8 (0.3) 

Waist circumference, cm 59.2 (3 .9) 

Waist circumference z-score 1 .8 (0.6) 

Body fat % 23 .2 (5 .2) 

Systolic blood pressure, mmHg 1 08 ( 1 4) 

Diastolic blood pressure, mmHg 63 (6) 

BMI: body mass index 

Obesity (n=46) 

1 6  (34.8%) 

30 (65 .2%) 

4.7 (0.9) 

22 .7 (2.5) 

3 .3 (0.8) 

68 .5 (7.0) 

3 .2 (0.7) 

32.3 (5.8) 

1 1 6 ( 1 1 )  

6 5  (7) 

p-value 

0.93 

< 0.00 1 

< 0.00 1 

< 0.00 1 

< 0.00 1 

< 0.00 1 

0.02 

0. 1 1  

The biochemical parameters for the total and for the separate groups with overweight 

or obesity a re shown in tab le 2 .  
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Table 2 .  Biochemical parameters of the total group of children and for the separate groups 

with overweight or obesity. Data are expressed as mean (SD) . 

Total group Overweight Obesity 

Glucose, mmol/L 4.2 (0.3) 4.0 (0.4) 4.3 (0.3)* 

(n=68) (n=26) (n=42) 

HbA l c ,  %
1 

5 .3 (3.3 - 6.0) 5 .3 (3 .3 - 6.0) 5 .4 (3.8 - 5 .9) 

(n=73) (n=29) (n=44) 

Insulin , mU/L 7 .9 (4.0) 6.2 (3 .5) 8 .9 (4.0)** 

(n=65) (n=25) (n=40) 

HOMA2-IR 1 .00 (0.5 1 )  0 .79 (0.45) 1 . 1 4  (0 .50)** 

(n=65) (n=25) (n=40) 

T-C, mmol/L 3 .85 (0.60) 3 .79 (0.53) 3 .89 (0.65) 

(n=73) (n=28) (n=45) 

HDL-C, mmol/L 1 .28 (0.27) 1 .30 (0.30) 1 .27 (0.25) 

(n=73) (n=28) (n=45) 

LDL-C, mmol/L 2 .48 (0.54) 2.4 1  (0.45) 2.52 (0.59) 

(n=72) (n=28) (n=44) 

TG, mmol/L 0 .78 (0.37) 0.70 (0.26) 0 .83 (0.43) 

(n=72) (n=28) (n=44) 

Median (minimum-maximum values) 

* significantly higher in the group with obesity compared with the group with overweight (p = 

0.0 1 )  

** significantly higher i n  the group with obesity compared with the group with overweight (p 

< 0.0 1 )  

T-C: total cholesterol; HDL-C: HDL-cholesterol; LDL-C: LDL-cholesterol; TO: triglycerides 
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In our study, 5/65 children (7.7%) had a HOMA2-IR above the upper limit of the normal 

range. This included one overweight child (4.0%) and 4 (10.0%) obese children. In none 

of the children blood glucose was � 5.6 mmol/L. However, fasting glucose was significantly 

higher in the group children with obesity, compared with the group children with overweight 

(p = 0.01 ). HOMA2-IR and fasting insulin were also significantly higher in the obese than 

in the overweight children (p < 0.01 ). HOMA2-IR was significantly correlated with BMI, 

r =  0.63, WC, r =  0.62 (Figure 1) and BF%, r =  0.58 (all p < 0.001 ). HbA 1 c was � 5.5% in 8/29 

children (27.6%) of the overweight and in 16/44 (36. 4%) of the obese group. The correlation 

between HbA 1 c and BMl-z and BF% reached borderline significance (both p = 0.08). In 5/28 

overweight (17.9%) and 8/45 obese children (17.8%), HDL-C was below the lower limit of 

normal. TG were � 1.24 mmol/L in 1/28 (3.6%) of the overweight and in 4/44 (9.1 % )  of the 

obese children. 

Figure I . Correlation between the updated Homeostasis Model Assessment of Insulin 

Resistance (HOMA2-IR) and waist circumference. 
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Table 3 shows the number of children with the separate cardiovascular risk factors. In 

four of the 75 children, data were missing for one of the parameters. Of the four separate 

cardiovascular risk factors, most of the children had hypertension (7 4.3%). Impaired glucose 

tolerance was observed in 7.7% of the children. HDL-C � 1 .03 mmol/L and TG � 1 .24 mmol/L 

were seen in 17.8% and 6.9% of the children, respectively. 

24 

Table 3 .  Number (%) of children with cardiovascular risk factors . 

Cardiovascular risk factor Number of children 

Hypertension (SBP and/or DBP 2: 90th percentile) 55/74 (74.3%) 

Impaired glucose tolerance (HOMA2-IR 2: 97 .5th percentile) 5/65 (7 .7%) 

HD L-C :S 1 .03 mmol/L 1 3/73 ( 1 7  .8 % ) 

TG 2: 1 .24 mmol/L 5/72 (6.9%) 

SBP: systolic blood pressure; DBP: diastolic blood pressure ; HDL-C: HDL-cholesterol; TG: 

triglycerides 



Discussion 

Insulin resistance and cardiovascular risk factors in 3- to 5-year-old 
overweight or obese children 

Our study shows that cardiovascular risk factors are already evident in overweight and obese 

children with a mean age of 4. 7 years. Furthermore, IR is strongly related to body composition. 

To our knowledge, this is the first study which focuses on the presence of cardiovascular 

risk factors in preschool-aged children only, so we cannot compare our results to other 

studies in children with the same age. Recently it was shown that two third of severely obese 

Dutch children aged 2 to 17 years had cardiovascular risk factors.25 In moderately obese 

13-year-olds, MS was found in 38.7%, compared with 49. 7% in severely obese 1 1 -year

olds.26 In prepubertal Caucasian children, MS was found in 15-42% of children, using various 

definitions for MS.27 Using the definition from Cook et al.,21 Reinehr et al. found a prevalence 

of MS of 21 % in girls and 15% in boys, aged 4-16 years (mean 11.8 years).27 

We described the different cardiovascular risk factors separately, as MS per se cannot 

be diagnosed under the age of 10 years.11 Pedrosa et al. showed approximately the same 

prevalence of the different components of MS in 7- to 9-year-old overweight and obese 

children.13 Elevated blood pressure was found in 63% (74.3% in our study), IR in 8.5% (7.7%), 

low HDL-C in 13% (17.8%) and elevated TG in 11 % (6.9%). They did not find elevated 

fasting glucose concentrations in their study and this was neither found in our children. We 

found a high prevalence of hypertension in our group of overweight and obese children. 

Although comparable with the study of Pedrosa et al., 13 this might be partially explained by 

the cut-offs we chose to define hypertension. Furthermore, the presence of hypertension 

in our group of children should be regarded with caution, as hypertension can only be 

diagnosed definitely after a 24-hour continuous blood pressure measurement. The results 

on the presence of cardiovascular risk factors in our group of 3- to 5-year-old overweight 

or obese children should be interpreted with care. As no reference values are available for 

children in this age category, best suitable cut-offs were chosen from the literature, possibly 

leading to a reference bias. However, the results of our study are supported by a previous 

study on the prevalence of cardiovascular risk factors in obese children aged 7-9 years.1 3  

At present, i t  i s  not fully understood what the best parameter i s  for impaired glucose 

tolerance. We also determined HbA 1 c to evaluate glucose tolerance, as it has a higher 

sensitivity than fasting glucose values.23 Moreover, fasting glucose values only change at a 

later stage of impaired glucose tolerance. Even though the results of HbA 1 c, as an indicator 

of glucose tolerance, still have to be validated in a larger group, HbA 1 c seems to be an 

important parameter.24 One-third of our children (27.6% of the overweight and 36.4% of the 

obese children) had an HbA 1 c 2"'. 5 .5%. We demonstrated a relation between IR and measures 

of body composition by the significant correlation between BMI, WC, and BF% with HOMA2-

IR. The importance of WC to predict IR has been described in children aged 7-1 7 years. 28 
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We cannot compare our data to children with a normal BMI. It was considered unethical 

to withdraw blood from non-overweight or non-obese children in the fasting state for research 

purposes only. We therefore compared the obese children with the overweight children. In the 

obese children, fasting glucose, fasting insulin and HOMA2-I R were significantly higher than 

in the overweight children. Furthermore, our study shows a clear correlation between IR and 

BF% and WC. This shows that glucose tolerance is more severely impaired in children with 

higher fat mass and confirms the results of Calcaterra et al. 1 2  and Weiss et al.26 who stated 

that the risk on metabolic complications increases with increasing obesity and IR. 

The present study shows that IR and cardiovascular risk factors are already evident in 

overweight and obese children with a mean age of 4. 7 years. An association exists between 

IR and BMI, WC and BF%. These results are alarming for the future health of these children, 

as tracking of obesity and cardiovascular risk factors in children and adolescents have been 

demonstrated. 29•30 It can be speculated that the chance of developing CVD and T2D is already 

increased in children who show cardiovascular risk factors at such a young age. It is therefore 

needed to focus on the prevention and treatment of childhood obesity at such a young age. 3 1 

Also, studies are needed to determine if abnormal metabolic indices at young age are related 

to an increased risk for CVD and MS at a later age. 

26 



Insulin resistance and cardiovascular risk factors in 3- to 5-year-old 
overweight or obese children 

References 

1 .  Schonbeck Y, Talma H ,  van Dommelen P, Bakker 
B, Buitendijk SE, Hirasing RA, et al. Increase in 
prevalence of overweight in  Dutch children and 
adolescents: a comparison of nationwide growth 
studies in 1 980, 1 997 and 2009. PLoS One 
201 1 ;6:e27608. 

2. Liem ET, van Buuren S, Sauer PJ, Jaspers M, Stolk 
RP, Reijneveld SA. Growth during infancy and 
childhood, and adiposity at age 16 years: ages 2 to 
7 years are pivotal. J Pediatr 201 3; 1 62:287-292. 

3. Gordon-Larsen P, The NS, Adair LS. Longitudinal 
trends in obesity in the Un ited States from 
adolescence to the third decade of life. Obesity 
(Silver Spring) 201 O; 1 8: 1 801 - 1 804. 

4. Matsuzawa Y, Funahashi T, Nakamura T. Molecular 
mechanism of metabolic syndrome X: contribution 
of adipocytokines adipocyte-denved bioactive 
substances. Ann N Y Acad Sci 1 999;892: 1 46-1 54. 

5. Tamakoshi K, Yatsuya H, Kondo T, Hori Y, Ishikawa 
M, Zhang H, et al. The metabolic syndrome is 
associated with elevated circulating (-reactive 
protein in healthy reference range, a systemic low
grade inflammatory state. Int J Obes Relat Metab 
Disord 2003;27:443-449. 

6. Ceriello A, Motz E .  Is oxidative stress the pathogenic 
mechanism underlying insul in resistance, diabetes, 
and cardiovascular disease? The common soi l 
hypothesis revisited. Arterioscler Thromb Vase Biol 
2004;24:81 6-823. 

7 .  Grundy SM. Metabolic syndrome pandemic. 
Arterioscler Thromb Vase Biol 2008;28:629-636. 

8. Lee JM, Okumura MJ, Davis MM, Herman WH, 
Gurney JG. Prevalence and determinants of insul in 
resistance among U.S. adolescents: a population
based study. Diabetes Care 2006;29:2427-2432. 

9 .  Weiss R, Kaufman FR. Metabolic complications of 
chi ldhood obesity: identifying and mitigating the 
risk. Diabetes Care 2008;3 1 :53 1 0-53 1 6. 

1 0. Li l l ioja S, Mott DM, Sprau l  M, Ferraro R, Foley JE, 
Ravussin E, et a l .  Insul in resistance and insu l in 
secretory dysfunction as precursors of non-insul in
dependent diabetes mellitus. Prospective studies of 
Pima Indians. N Engl J Med 1 993;329: 1 988- 1 992 . 

1 1 .  Zimmet P, Alberti KG, Kaufman F, Taj ima N, Si l ink 
M ,  Arslanian S, et al; IDF Consensus Group. The 
metabolic syndrome in chi ldren and adolescents - an 
IDF consensus report. Pediatr Diabetes 2007;8:299-
306. 

1 2 . Calcaterra V, Klersy C, Muratori T, Tell i S, Caramagna 
C, Scagl ia F, et a l .  Prevalence of metabolic 
syndrome (MS) in children and adolescents with 
varying degrees of obesity. C l in Endocrinol (Oxf) 
2008;68:868-872. 

1 3 . Pedrosa C ,  Oliveira BM, Albuquerque I, Simoes
Pereira C, Vaz-de-Almeida MD, Correia F. Obesity 
and metabolic syndrome in 7-9 years-old Portuguese 
schoolchildren. Diabetol Metab Syndr 201 0;2:40. 

1 4. D'Adamo E, lmp1cciatore M, C apanna R, 
Marcovecchio ML, Masuccio FG, Chiarell i F, et al. 
Liver steatosis i n  obese prepubertal chi ldren: a 
possible role of insulin resistance. Obesity (Silver 
Spring) 2008; 1 6:677-683 . 

1 5. Bocca G, CorpeleiJn E, Stolk RP, Sauer PJ. Results 
of a multidisciplinary treatment program in 3-year
old to 5-year-old overweight or obese chi ldren: a 
randomized controlled cl inical tria l . Arch Pediatr 
Adolesc Med 201 2; 1 66: 1 1 09-1 1 1 5 . 

1 6. Cole TJ, Bell izzi MC, Flegal KM, Dietz WH. 
Establishing a standard definition for chi ld 
overweight and obesity worldwide: i nternational 
survey. BMJ 2000;320: 1 240- 1 243 . 

1 7. Fredriks AM, van Buuren S, Fekkes M, Verloove
Vanhorick SP, Wit JM .  Are age references for waist 
circumference, hip circumference and  waist-hip 
ratio in Dutch chi ldren useful in cl in ical practice? 
Eur J Pediatr 2005; 1 64:2 1 6-222. 

1 8. Horlick M, Arpadi SM, Bethel J, Wang J ,  Moye 
J Jr, Cuff P, et al. Bioelectrical impeda nce analysis 
models for prediction of total body water and fat
free mass in healthy and HIV-infected chi ldren and 
adolescents. Am J C l in Nutr 2002;76:99 1 -999. 

1 9. National H igh Blood Pressure Education Program 
Working Group on High Blood Pressure in C h i ldren 
and Adolescents. The fourth report on the diagnosis, 
evaluation, and treatment of high blood pressure in 
children and adolescents. Pediatrics 2004; 1 1 4: 555-
576. 

20. Wallace TM, Levy JC, Matthews DR. Use and abuse 
of HOMA model ing. Diabetes Care 2004;27 : 1 487-
1 495. 

2 1 . 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 S urvey, 1 988-
1 994. Arch Pediatr Ado Iese Med 2003; 1 57:82 1 -827. 

22 .  Murphy MJ, Hosking J, Metcalf BS, Voss LD, Jeffery 
AN, Sattar N, et a l .  Distribution of adiponectin ,  
leptin, and metabolic correlates of insu l i n  resistance: 
a longitudinal study in British chi ldren; 1 :  Prepuberty 
(EarlyBird 1 5). C l in C hem 2008;54: 1 298-1 306. 

23 .  Genuth S, Alberti KG, Bennett P, Buse J, Defronzo 
R, Kahn R, et al; Expert Committee on the Diagnosis 
and Classification of Diabetes Mell itus. Follow
up report on the diagnosis of diabetes mellitus. 
Diabetes Care 2003;26:3 1 60-3 1 67 .  

24 .  Tsay J, Pomeranz C ,  Hassoun A,  Zandieh SO,  
Rutledge J, Vogiatzi MG, et  a l .  Screening markers 
of impaired glucose tolerance in the obese pediatric 
population. Horm Res Paediatr 20 10;73 : 1 02- 1 07 .  

25 .  Van Emmerik NM, Renders CM, van de Veer M,  
van Buuren S ,  van der  Baan-Slootweg OH, Kist-van 
Holthe JE, et al. H igh cardiovascular risk in severely 
obese young chi ldren and adolescents. Arch Dis 
Child 201 2;97:8 1 8-82 1 .  

27 



Chapter 2 

26. Weiss R, Dziura J, Burgert TS, Tamborlane WV, 
Taksali SE, Yeckel CW, et al. Obesity and the 
metabolic syndrome in children and adolescents. N 
Engl J Med 2004;350:2362-2374. 

27. Reinehr T, de Sousa G, Toschke AM, Andler W. 
Comparison of metabolic syndrome prevalence 
using eight different definitions: a critical approach. 
Arch Dis Child 2007;92:1 067-1 072. 

28. Daniels SR, Khoury PR, Morrison JA. Utility of 
different measures of body fat distribution 

in children and adolescents. Am J Epidemiol 
2000;152: 11 79-1184. 

28 

29. Herman KM, Craig CL, Gauvin L, Katzmarzyk 
PT. Tracking of obesity and physical activity from 
childhood to adulthood: the Physical Activity 
Longitudinal Study. Int J Pediatr Obes 2009;4:281-
288. 

30. Bugge A, EI-Naaman B, McMurray RG, F roberg K, 
Andersen LB. Tracking of clustered cardiovascular 
disease risk factors from childhood to adolescence. 
Pediatr Res 2013;73:245-249. 

31. Baidal JA, Taveras EM. Childhood obesity: shifting 
the focus to early p revention. Arch Pediatr Adolesc 
Med 2012;166:1179-1181. 



3 
Results of a Multidisciplinary Treatment Program 

in 3- to 5-Year-Old Overweight or Obese Children 

A Randomized Controlled Clinical Trial 

Gianni Bocca1 

Eva Corpeleijn2 

Ronald P. Stolk2 

Pieter J.J. Sauer 1 

1 Department of Pediatrics, Beatrix Children's Hospital, University of Groningen, University Medical Center 
Groningen, Groningen, the Netherlands 

2 Department of Epidemiology, University of Groningen, University Medical Center Groningen, Groningen, 
the Netherlands 

Archives of Pediatrics and Adolescent Medicine 2012;166:1 109- 1 1 15 





Abstract 

Results of a multidisciplinary treatment program in 3- to 5-year-old overweight 
or obese children. A randomized controlled clinical trial 

Background: In the Netherlands, as is seen worldwide, the prevalence of ch i ldhood obesity 

has increased, especia l ly under the age of 8 years . Little is known about the results of l ifestyle 

intervention programs in treating obesity in preschool-aged ch i ldren .We assessed the effects 

of a mu ltid iscip l i nary intervention program in 3- to 5-year-old overweight and obese ch i ldren. 

Methods: From October 2006 to March 2008, seventy-five ch i ldren (29 overweight, 46 

obese) aged 3-5 years participated in a randomized control led cl i n ica l  tr ia l at the G ron ingen 

Expert Center for Kids with Obesity, Beatrix Ch i ldren 's Hospita l , Un iversity Medical Center 

Gron ingen . Ch i ldren were randomized to a mu ltid iscip l inary intervention program or to a 

usual-care program.  Anthropometry was performed and body composition was determined 

by b ioelectrical impedance analysis and u ltrasound at the start and at the end of the 1 6-week 

program and 1 2  months after start ing the intervention.  Main outcome measures were the 

actual weight reduction, change in body mass index (BMI), BMI z-score, body fat percentage 

and viscera l fat in  the mu lt id isc ip l inary intervention group, compared with the usual-care 

group.  

Results: At the end of the treatment program, ch i ldren in the mu ltid iscip l inary intervention 

group showed a higher decrease in BMI, BMI z-score and wa ist circumference (WC) z-score, 

compared with the chi ldren in the usua l-care group.  At twelve months, the chi ld ren in the 

i ntervention g roup showed a h igher decrease in  BMI ,  BMI z-score, WC and WC z-score, 

compared with the ch i ldren in the usua l-care group.  Viscera l  fat showed a trend towards a 

h igher decrease. 

Conclusions: A mult id iscip l inary intervention program in 3- to 5-year-old overweight and 

obese chi ldren had beneficial effects on anthropometry and body composition .  The positive 

effects were sti l l  present 1 2  months after the start of the intervention . 

Trial Registration: Dutch Trial Reg istry. Identifier: NTR872 ( ISRCTN47 1 8569 1 )  (http ://www. 

tria lregister. n l/tria l reg/admin/rctview.asp?TC=872) .  
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Introduction 

In the Netherlands, as is seen worldwide, the prevalence of childhood obesity has increased.1 

Between 1980 and 2003, the prevalence of obesity in boys and girls aged 4-16 years has 

increased especially under the age of 8 years. 1 At present time, the prevalence of overweight 

in Dutch boys and girls aged 2-21 years is 13 .3 and 14.9%, respectively, the prevalence of 

obesity is 1.8% and 2.2%.2 A sedentary lifestyle and a high fat and excess caloric intake are 

considered to be, at least partially, responsible for the epidemic rise in child obesity.3 The 

influence of TV viewing and lack of physical activity on body mass index (BMI) in preschool 

children has thereby been demonstrated.4 Childhood obesity has extensive health risks, 

amongst others the development of metabolic syndrome (MS) at a later age. 5 

Treatment of children with overweight or obesity is difficult. A recent meta-analysis on 

different treatment modalities for obesity in children aged 5-12 years, showed that combined 

lifestyle interventions with a behavioral component could achieve an important weight 

reduction.6 However, little is known about the results of lifestyle intervention programs in 

treating obesity in preschool children. Treating obesity at a young age is especially important 

as tracking of obesity exists.7 Obese adolescents are clearly at risk to become obese 

adults.8 Moreover, interventions preventing or reversing obesity in its early stage might be 

more successful than treating obesity which has been present for a longer period of time. 

Kindergarten-based interventions have proven to be useful in the prevention of overweight 

in preschool children.9 

The aim of this study was to evaluate the effect of a multidisciplinary intervention 

program in overweight and obese children aged 3-5 years and their families, compared 

with usual-care. Primary outcome measures were the actual weight reduction, change in 

BMI and BMI z-score (BMl-z), change in body fat percentage (BF%) and visceral fat (VF) in 

the intervention group, compared with a usual-care group. Secondary outcome measures 

were a change in waist circumference (WC) and WC z-score (WC-z), hip circumference (HC) 

and HC z-score (HC-z), upper arm circumference (UAC), fat-free mass (FFM) and abdominal 

subcutaneous fat (SCF). 
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Methods 

Study design 

Results of a multidisciplinary treatment program in 3- to 5-year-old overweight 
or obese children. A randomized controlled clinical trial 

The present study, a randomized control led c l in ical trial and cal led " GEC KO-Outpatients 

C l i n i c " ,  was performed in the Groningen Expert Center for Kids with Obesity (GECKO). 

Ch i ld ren and their fami l ies were randomly ass igned to the mu ltid iscip l inary i ntervention 

program or to a usual-care program.  

Inclusion took place between October 2006 and March 2008, and 78 ch i ld ren aged 3-5 

years were assessed for e l ig ib i l ity for the study. Ch i ldren with overweight or obesity, accord ing 

to the I nternational Obesity Task Force (IOTF) defi n itions, 10 were referred to the Outpatient 

C l i n ic by youth health care physicians, genera l  p ractitioners or ped iatric ians. Ch i ld ren with 

menta l retardation, severe behaviora l  problems, or other criteria interfering with participation 

were excluded. Also, ch i ld ren with overweight or obesity due to known medical conditions or 

eat ing disorders according to the Dutch Eating Behavior Questionna i re, were excl uded from 

the study. Three ch i ldren did not meet the i nclusion criteria for the study because of a B Ml-z 

::; 1 . 1 ,  thus not being overweight. In total ,  75 ch i ld ren were included in the study. 

Study participants were randomly ass igned to the multid iscip l inary intervention or usual

care group by our researcher. Computerized randomization was done i n  groups of twenty, 

matched by gender. Ch i ld ren and parents i n  the mu ltidiscip l inary i ntervention p rogram received 

dietary advice, physical activity sessions and,  for parents on ly, psychologica l  counsel l i ng .  

D ietary advice consisted of s i x  sessions of 30 m inutes each, gu ided by a d ietician .  Du ri ng  

these sessions, a normoca loric d iet was advised based on the requ i red da i ly intake for th is 

age group. I n  addit ion, education and advice to improve eating behavior was given .  Parents 

and ch i ldren were advised to have breakfast every morn ing, to refra in from soft dri n ks and to 

have, at most, three snacks per day. Personal goals regard ing the diet were set for parents and  

ch i ld ren .  On consecutive sessions, feedback was g iven on these goa ls. The physical activity 

sessions consisted of twelve group sessions of 60 minutes each and were supervised by a 

physiotherapist. The exercise program focused on an active l ifestyle and mim icked the type 

and i ntensity of hab itual elementary school exercise (e .g .  ba l l  p laying and dancing on music) .  

Motor sk i l ls were tra ined and sessions a imed at hav ing fun dur ing exercise, thereby improving 

the ch i ld 's wel l-be ing .  Sedentary activities were advised to be reduced. Every week, parents 

were asked to stimulate their ch i ld's physical activity to ach ieve a da i ly physical activity of at 

least 60 minutes, accord ing to the Dutch Standard of Hea lthy Activities. Behaviora l therapy for 

parents comprised six group sessions of 1 20 m inutes each that were gu ided by a psychologist. 

In these sessions, parents learned to be a hea lthy role model and to work with feas ib le goals 

and hea lthy rewards. They a lso learned how to use sticker charts to motivate the ch i ld ren and 

to keep track of the progress. Parents were taught to change fami ly attitudes towards healthy 

eat ing and physica l activity, to learn practical ways to remove unhealthy food triggers and to 

know the d ifference between hunger and cravings. In total ,  the mu ltid iscip l i nary i ntervention 
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program consisted of 25 sessions, together approximately 30 hours in 16 weeks. Children and 

parents in the usual-care group were followed by a pediatrician, also during a period of 16 

weeks. In this period they were seen three times, 30-60 minutes each time. Information was 

given on healthy eating behavior and advice to perform physical activity for one hour per day, 

according to the Dutch Standard of Healthy Activities. Furthermore, children were advised to 

play outside every day, to go to school walking or biking, and to watch television or to play 

with the computer at most two hours per day. 

In both groups, physical activity was measured using a pedometer (Yamax Digi

Walker SW-200, Yamax USA, Inc., San Antonio, TX, USA). The pedometer was worn at 

least three weekdays and one weekend-day. After each day the pedometer was worn, 

parents documented the amount of steps in a diary. The average number of steps per day 

was calculated. To document eating patterns, again for both groups, special diaries were 

developed to document the type and amount of food that was consumed. The diaries were 

used during four consecutive days: two weekdays and two weekend-days. Food records were 

checked by a dietician and the intake of nutrients was calculated with a validated computer 

program (Vodisys Medical Software, IP Health Solutions, Groningen, the Netherlands), using 

the Dutch food composition database (NEVO 2006). The study was approved by the Medical 

Ethics Committee of the University Medical Center Groningen. Written informed consent 

from the parents or legal caretakers was obtained. 

Anthropometry and assessment of body composition, VF and SCF 

Anthropometric measurements were performed at baseline, at the end of the treatment 

period (16 weeks) and 1 2  months after treatment started. All anthropometric measurements 

were done in duplo, with the children only wearing their underwear. The average of both 

measurements was calculated. Standard calibrated scales and stadiometers were used to 

determine height to the nearest 0.1 cm and weight to the nearest 0 .05 kg. Height and weight 

were used to calculate BMI . WC was measured to the nearest 0.1 cm in orthostatic position 

at the midpoint between the lateral iliac crest and the lowest r ib, using a standard measuring 

tape. HC was measured to the nearest 0.1 cm at the level of the greater trochanter of both 

femurs, standing upright. Right UAC was measured to the nearest 0.1 cm at the middle of 

the upper arm. Z-scores for BMI (BMl-z), WC (WC-z) and HC (HC-z) were calculated using the 

web-based program Growth Analyser 3 (http://www.growthanalyser.org/), which contains 

age and sex specific data from the Fourth Dutch Growth Study, obtained in 1996 and 1997.1 1  

Measurements for body composition and V F  and SCF were performed at baseline, 1 6  

weeks and 1 2  months using a 5 0  kHz fixed frequency bio-impedance analyzer (BIA-101, 

Akern S.r.I ./RJL Systems, Florence, Italy) . Resistance (Rz) and reactance (Xe) values were 

collected, corresponding to total body water (TBW) and extracellular water content (ECW), 

respectively. All measurements were performed three times, the average was calculated. FFM 

and BF% were determined as described by Horlick and co-workers.12 
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Abdominal SCF and VF were estimated based on distance measurements by standard 

protocol using a manual ultrasound device (SonoSite Titan, SonoSite, Inc., Bothell, WA, 

USA). 1 3· 1 4  Measurements were performed at the middle of the imaginary line between both 

midpoints between the lateral iliac crest and lowest rib. All measurements were performed 

twice and to the nearest 0.01 cm. The average of both measurements was taken. SCF was 

measured at a depth of 4. 7 cm with the transducer in a transverse position. The distance 

between the skin and abdominal muscles was measured on a " freezed" image, after 

maximum decompression by lifting the transducer and after the child exhaled. VF was 

measured at a depth of 14 cm with the transducer in a longitudinal position. After the aorta 

and lumbar spine were visualized, the distance between the peritoneum and the lumbar spine 

was measured, on a " freezed" image after maximal decompression and exhalation. 

Statistical methods and data analysis 

Statistical analysis was performed using PASW Statistics version 18.0. Distribution of normality 

was tested using the one-sample Kolmogorov-Smirnov test. For within-group differences, a 

paired sample Students T-test was used. For differences between groups, the independent 

Students T-test was used. Repeated measures ANOVA, taking into account baseline, 16 weeks 

and 12 months, was used to determine the difference between groups at 12 months. The 

significance level of all tests was 0.05. 

Seventy-five children should 
Figure I. Flow diagram of study group assignment and follow-up. 

have been in the analysis (Figure 

1 ). Due to discontinuation of the 

intervention or loss to follow

up, data on 62 (82.7%) children 

were analyzed at the end of the 

treatment period. Drop-outs at 

16 weeks had a slightly lower 

BMI compared with children who 

continued the study, however 

not statistically significant. 

Data on 57 (76.0%) children 

were analyzed at 12 months 

after start of the intervention, 

32 out of 40 (80.0%) from the 

multidisciplinary intervention 

program and 25 out of 35 

(71. 4%) from the usual-care 

group. 

Assessed for eligibility (n=78) 

Excluded (n=3) 
• Not meeting inclusion 

criteria (n=3) 

Randomized (n=75) 

TO. Allocated to multidisciplinary 
intervention program (n=40) 

• Received allocated 
intervention (n=40) 

T l .  16 weeks. 
Lost to follow-up 

• not specified (n=4) 
Discontinued intervention 

• too time-consuming (n=3) 

T2. 12 months. 
Lost to follow-up 

• not specified (n= I )  

Analyzed (Tl )  (n=33) 
Analyzed (T2) (n=32) 

TO. Allocated to usual -care 
program (n=35) 

• Received allocated 
intervention (n=35) 

T l .  1 6  weeks. 
Lost to follow-up 

• not specified (n=3) 
Discontinued intervention 

• program too stressful (n=3) 

T2. 12 months. 
Lost to follow-up 

• not specified (n=2) 
Discontinued intervention 

• too time-consuming (n= I )  
• unsatisfied with program 

(n= I )  

Analyzed (T I )  (n=29) 
Analyzed (T2) (n=25) 
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Results 

Of the 75 children, with a mean age of 4.7 years, included in the study, 29 had overweight 

and 46 were obese. For the whole group, BMI ranged from 1 7.2 to 32. 5 kg/m2 and BMl-z 

from 1 . 1 1  to 6.3. Table 1 shows the descriptive and anthropometric characteristics of the 

study population. Mean BMI for the intervention group and usual-care group was 21.2 kg/m2 

and 21.0 kg/m2 , respectively. Mean BMl -z for both the intervention and the usual-care group 

was 2.7. 
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Table 1. Descriptive and anthropometric characteristics of the study population at baseline. 

Mean (SD) . 

Multidisciplinary Intervention Group Usual-care Group 

n = 40 n = 35 

Boys, No. (%)  1 2  (30.0) 9 (25.7) 

Girls, No. (%) 28 (70.0) 26 (74.3) 

Age, y 4.6 (0.8) 4.7 (0.8) 

Overweight, No. ( % ) 14 (35 .0) 1 5  (42.9) 

Obese, No. (%)  26 (65.0) 20 (57 . 1 )  

Weight, kg 28 .4 (6.3) 28 . 1  (6.8) 

Body mass index, kg/m2 2 1 .2 (2.9) 2 1 .0 (2.7) 

Body mass index z-score 2.7 ( 1 .0) 2.7 ( 1 .0) 

Waist circumference, cm 64.6 (7 . 1 )  65.2 (8 .0) 

Waist circumference z-score 2.7 ( 1 .0) 2 .7 ( 1 .0) 

Hip circumference, cm 69.0 (7 .9) 68.6 (7.2) 

Hip circumference z-score 2.5 ( 1 .3) 2.4 ( I . I )  

Upper arm circumference, cm 22.6 (2.3)  22.4 (2.4) 

Body fat % 29.0 (7.8) 28 .6 (6.3) 

Fat-free mass, kg 1 9 .7 (2.4) 1 9.7 (3.6) 

Visceral fat, cm 4.4 ( 1 .4) 4.3 (0.8) 

Subcutaneous fat, cm 1 .8 (0.7) 1 .7 (0.7) 

Steps, n/d 1 1 998 (303 1 9862 (2729)" 

Energy intake, kcal/d 1 434 (252) 1 504 (3 1 6) 

" Statistically significant lower number of steps compared with the multidisciplinary 

intervention group (independent t test, p < 0.0 l ) .  
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Figure 1 provides details about inclusion and dropout from the study. In the intervention 

group, 7 (17.5%) children were lost to follow-up or discontinued the program during the 

initial treatment period, compared with 6 (17.1 %) children in the usual-care group. During 

the follow-up period after the treatment period, one (2.5%) child in the intervention group 

and 4 (11.4%) children in the usual-care group, were lost to follow-up or discontinued the 

program. Main known reasons for discontinuation of the program were the time-consuming 

aspect and the stressfulness of the intervention. 

To assess the direct effects of the two different treatment modalities, we determined 

the changes in anthropometry and body composition between baseline and 16 weeks for the 

intervention group and the usual-care group (Table 2). 

Table 2. Changes in anthropometry and body composition between baseline and end of the 16-weeks treatment program. 

Multidisciplinary inten·ention group (n=33) Usual-cure group (n=29) Difference between groups 

Mean difference (SD) 95% Cl Mean difference (SD) 95% Cl Meun (SD) 95% CI 

Weight, kg -0.2 ( 1 .4) -0.69 to 0.29 0.4 ( 1 .4) -0. 1 5  to 0.93 0.6(0.4) -0. 1 2  to 1 30 

Bod) muss index, kg/m2 - 1 .2 ( 1 .0) 1 .50 to -0.8 1  -0.6 ( 1 . 1 )  - 1 .04 t o  -0.1 9  0.5 (0.3) 0.0 1 to 1 .07" 

Bod) muss index z-score -0.5 (0.4) -0.66 to -0.39 -0.3 (0.4) -0.47 to-0 1 4  0 2 (0. 1 )  0 0 2  to 0.42" 

Waist circumfcrcncc, cm -0.9 (3.2) -2.05 to 0.25 0.9 (5.2) - 1 . 1 0  to 2.89 1 .8 ( I . I )  - 0  39  to 3.98 

Waist circumference z.-scorc -0.3 (0.5) -0.52 to -0. 1 6  0,0 (0.6) -0.24 to 0.2 1 0 3  (0. 1 )  0.04 to 0.60' 

Hip circumference, cm -2.2 (3.9) -3.60 to -0 86 -0.8 (3.7) -2.2 1  to 057 1 .4 ( 1 .0) -0.50 to 3 33 

Hip circumference z.scorc -0.6(0.7) -0.83 to -0.37 -0.3 (0.6) -0.57 to -0.08 0.3 (0.2) -0.06 to 0.60 

Upper arm circumrcrencc, cm -0.4 (0.9) -0.70 to -0.02 0.0 ( 1 .0) -0.42 to 0.35 0.3 (0.2) -0. 1 7  to 0.82 

Bod) rut % - 1 .5 (3.4) -2.73 to -0.29 -0.3 (4.0) - 1 .8 1  to 1 .26 1 .2 (0.9) -0 .66 to 3 . 1 3  

Fut-rree muss, kg 0.3 (0.8) 0.02 to 0.56 0.4(0.9) 0.01 to 0.73 0.1 (0.2) -0 36 to 0.5 1 

Visceral rut, cm -0 5  (I 5) - 1 .02 to0.06 -0.2 ( 1 .0) -0.59 to 0. 14 0.3 (0.3) -0 .4 1  to0.9 1 

Subcutaneous rut, cm -0 2 (0.3) -0.26 to -0.05 -0.1 (0.3) -0.22 to 0.02 0.1 (0. 1 )  -0.1 0  to 0.2 1 

Positive numbers indicate an increase over time; Cl: confidence interval. 

• Statistically significant higher decrease in the multidisciplinary intervention group compared to the usual care group. 

In the intervention group, a significant decrease was observed for BMI, BMl-z, WC-z, HC, 

HC-z, UAC, BF% and SCF. There was a significant increase in FFM. In the usual-care group, 

during the treatment period, a significant decrease was only observed for BMI, BMl-z and HC

z. A significant increase in FFM was also found. Comparing the effect of the two treatment 

programs between baseline and 16 weeks, a significant higher decrease in BMI (0.5 (0.3) kg/ 

m2 (mean (SD)); p = 0.05; Cl 0.01; 1.07), BMl-z (0.2 (0.1); p = 0.03; Cl 0.02;0.42) and WC-z 

(0.3 (0.1 ); p = 0.02; Cl 0.04;0.60) was demonstrated for the intervention group. 

To assess the long-term effects of the two different treatment modalities, we determined 

the changes in anthropometry and body composition between baseline and 12 months for 

the intervention group and the usual-care group (Table 3). 
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Table 3. Changes in anthropometry and body composition from baseline to 1 2  months after start of the intervention. 

Multidisciplinary intervention group (n=32) Usual-care group (n=25) Group x Time 

Menn difference (SD) 95% CI Menn difference (SD) 95% CI P value" 

Weight, kg 1 .9 (2.6) 1 .00 to 2.85 3.1 (2.2) 2.20 104.01 0 . 1 2  

Body mass index, kg/m2 - 1 .0 ( 1 .4) - 1 .52 to -0.47 0.0 ( 1 .6) -0.67 to 0.62 0.03 

Body mass index z-score -0.6 (0.5) -0.82 to -0.44 -0.3 (0.5) -0.49 to -0.05 a.oz· 

Waist circumference, cm 0.9(4.6) -0.73 to 2,59 0.3 (5.0) - 1 .73 to 2.37 a.oz· 

Waist circumference z-score -0.4 (0.6) -0.57 to -0. 1 4  -0.3 (0.7) -0.6 I to -0.0 I 0.0 1 ·  

Hip circumference, cm 0.4 (4.5) - 1  .20 to 2.07 2.3 (4.9) 0.29 to 4.37 0.26 

Hip circumference z-score 0.5 (0.7) -0.78 to -0.25 -0.2 (0.9) -0.52 to 0.20 0 . 19  

Upper arm circumference, cm -0.3 ( 1 .3) -0.7 1 to 0.22 0.5 ( 1 .5) -0. 1 6  to I . I O  0 . 16  

Body fat % 1 .7 (4.5) -3.33 to -0. 1 2  0.3 (4.9) - 1 .75 to 2.27 0.25 

Fat-free mass, kg 1 .8 ( 1 .3) 1 .33 to 2.25 2.1 ( 1 .0) 1 .69 to 2.55 0.59 

Visceral fat, cm -0.7 ( 1 .5) - 1 .2 1  to -0. 14 0.1 ( 1 .2) 0.40 to 0.62 0 08 

Subcutaneous fat, cm -0.2 (0.4) -0.30 to -0.02 0.0 (0.4) -0 . 1 7  to 0 . 1 2  0 40 

Positive numbers indicate an increase over time; Cl :  confidence interval. 

" P values are based on time x group effect from repeated measures ANOVA taking into account baseline, 16 weeks and 12 months. 

• Statislically significant higher decrease in  the multidisciplinary intervention group compared to the usual care group. 

In the intervention group, 12 months after the initial treatment started , a significant decrease 

was shown in BMI, BMl-z, WC-z, HC-z, BF%,  VF and SCF. FFM had increased significantly. 

In the usual-care group, a significant decrease was only shown for BMl-z, WC-z and HC. 

A significant increase in FFM had occurred. Comparing the effect of the two treatment 

modalities between baseline and 12 months, a significant higher decrease in BMI (p = 0.03), 

BMl-z (p = 0.02), WC (p = 0.02) and WC-z (p = 0.01) was shown for the multidisciplinary 

treatment program, compared with the usual-care program (Figure 2). VF reached borderline 

significance (p = 0.08). 
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Figure 2. Body mass index (BMI) z-score, waist circumference (WC) z-score and visceral fat 

in the multidisciplinary intervention group and usual-care group from baseline to 12 months 

after start of the intervention . 
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Table 4 shows the results on physical activity and energy intake. 

Table 4. Changes in physical activity and energy intake from baseline to end of the 16-weeks treatment program and to 12 months after start of 

the intervention. 

Multidisciplinary intervention group Usual-care group Group x Time 

Baseline, 16 weeks, 12 months, Baseline, 16 weeks, 12 months, P value' P valuch 

mean (SD) mean (SD) mean(SD) mean (SD) mean (SD) mean (SD) 

Steps, n/day 1 1998 (303 I )  13823 (27 1 1 )  1 2455 (31 85) 9862 (2729) 1 2039 (2329) 10308 (2404) 0.50 0.39 

Energy intake, kCal/day 1434 (252) 1323 (200) 1 369 (244) 1504 (3 1 6) 1 327 (220) 1429 (265) 0.8 1 0.87 

Fat energy% 27.7 (3.9) 26.5 (5.0) 30.2 (6.2) 27.7 (3.8) 26.9 (4. 1 )  29.6 (4.0) 0.59 0.87 

Saturated fat energy% 1 1 .0 (2.2) ID . I  (2.2) 1 1 .3 (2.7) 10.6 ( 1 .7) 10.5 ( 1 .7) 10 .9 ( 1 .6) 0.22 0.7 1 

Unsaturated fat energy% 1 3.8 (2.0) 13 .0 (3.0) 1 5 .5 (3.2) 14.4(2.5) 1 3 .5 (2.8) 1 5.5 (2.7) 0.98 0.53 

Carbohydrate energy% 57.3 (4.7) 57 . 1 (5 2) 53.8 (6.4) 58.6 (4.3) 58 . 1  (5 .6) 54.8 (4.0) 0.68 0.92 

Mono-/disaccharide energy% 32.8 (6.3) 3 1 .6 (6.3) 28.4 (6.9) 35.1 (5.5) 33.0 (7.4) 29. 1 (5.0) 0.67 0.69 

Protein energy% 1 5 .0 (2.6) 16.4 (2.6) 16 . I  (2.7) 1 3 .8 (2.0) 1 5 .0 (2.8) 1 5 .7 ( 1 .9) 0.89 0.96 

Fibers, g/day 1 3 .3 (3.4) 14.7 (3.7) 14.9 (3.9) 14.4 (3.4) 1 3 . 1  (2.7)" 1 5 .2 (2.5) 0.02 0 . 10  

• P values are based on time x group effect from repeated measures ANOVA taking into account baseline and 16 weeks. 

• P values are based on time x group effect from repeated measures ANOVA takmg into account baseline, 16 weeks and 12 months. 

• Statistically significant increase compared to baseline (p = 0.00 1 ) .  

Between baseline and end of the treatment program, a statistically significant increase in 

the daily number of steps was found for the usual-care group. For the multidisciplinary 

intervention group, there was a trend towards a statistical significance increase (p = 0.09). 

There was no difference between the groups. With regard to the nutrition data, in both 

groups a decrease in energy intake was observed. Only the change in daily intake of fibers 

between baseline and 1 6  weeks showed a statistically significant difference between both 

groups, in favor of the multidisciplinary intervention group. Between baseline and 12 months 

after start of the treatment program, neither group demonstrated a significant change over 

time in the daily number of steps and energy intake, despite the expected trends in nutrient 

intake, such as a decrease in the intake of mono- and disaccharides, a small relative increase 

in energy percent in total fat intake (due to reduced saccharide intake) and an increase in fiber 

intake. There was neither a difference between the groups. 
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Results of a multidisciplinary treatment program in 3- to 5-year-old overweight 
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The aim of this study was to evaluate the effects of a multidisciplinary intervention program 

in overweight and obese children aged 3-5 years, and their families. We show that this 

multidisciplinary treatment program for overweight and obese preschool children has better 

results on changes in anthropometry and body composition, than a usual-care treatment 

program. The positive effect of the multidisciplinary treatment program is present directly 

after the intervention has finished, and is still present 1 2  months after start of the treatment 

program. At the end of the intervention period, the children in the multidisciplinary treatment 

group showed a higher decrease in BMI, BMl-z and WC-z, compared with the children in the 

usual-care group. Twelve months after start of the intervention, a higher reduction in BMI, 

BMl-z, WC and WC-z was observed for the intervention group, compared with the usual-care 

group. The reduction in VF showed a trend towards statistical significance. 

With the exception of the daily intake of fibers, no significant differences in daily number 

of steps and energy intake were found between both groups, neither at the end of the 

treatment period, nor 12 months after start of the intervention. It would be expected that 

these parameters had improved more in the multidisciplinary treatment group, compared 

with the usual-care group. Especially, as the changes in anthropometry showed better results 

for the multidisciplinary treatment group. It can be hypothesized that the documentation or 

measurement of diet and physical activity has not been sensitive enough to detect differences, 

as has been described in literature. 15• 1 6  

A successful treatment program for reversing overweight and obesity in  young children 

is important as tracking of obesity has been demonstrated.7 Consequently, an elevated BMI 

in adolescence is a clear risk factor for obesity-related disorders in midlife. 1 7  Besides possible 

health risks at a later age, obese and overweight children may have health problems already 

at a young age. MS has been described in childhood, 1 8  and complications of obesity in obese 

prepubertal children have been demonstrated. 19 

Long-lasting positive effects of treatment programs for overweight and obese children 

are difficult to realize. It has been demonstrated that younger children generally achieve larger 

reductions in BMI SDS in weight management programs.20 However, little is known about 

the effects of multidisciplinary intervention programs in overweight and obese preschool 

children.2 1  A randomized, controlled trial in 18 obese children aged 2-5 years, showed a 

decrease in BMl-z in the intervention group, compared with an increase in the control group, 

at post-treatment and 12 months follow-up. 22 For children aged 5-12 years, the best results 

have been achieved in multidisciplinary programs aimed at changing lifestyle.6 Hughes et al. 

demonstrated in 5- to 11-year-old overweight children that family-centered counselling and 

behavioral strategies to modify diet, physical activity and sedentary behavior, had modest 

benefits on physical activity and sedentary behavior, but did not have a significant effect on 

BMl-z, compared with a standard care program.23 A 12-month randomized, controlled trial 
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in 6-9 year old overweight children involving parenting-skills training, showed a reduction 

in BMl-z and WC-z, particularly in boys.24 The present study clearly shows that a combined 

lifestyle intervention program can result in an important improvement in anthropometry and 

body composition, already in overweight and obese preschool children. Furthermore, the 

results of this multidisciplinary treatment program are more pronounced, compared with the 

usual-care program. Still, it has to be shown if this positive effect remains in the years after 

the treatment program has ended. 

An important result of the present study is the positive effect on the reduction of abdominal 

fat mass in the intervention group, shown by a decrease in WC-z and VF. The reduction of 

WC-z is of importance, as this better demonstrates abdominal obesity than BMl.25 One year 

after start of the treatment program, a reduction in WC-z and VF was shown for children 

in the intervention group, whereas children in the usual-care group only demonstrated a 

reduction in WC-z. Comparing both treatment modalities, the decrease in WC and WC-z was 

thereby more distinct in the group which received the multidisciplinary treatment program. VF 

showed a trend towards a higher decrease in the children who received the multidisciplinary 

treatment program .  Reduction of abdominal fat mass is important as visceral adipocytes are 

responsible for the production of adipokines. Adipokines can induce a state of low-grade 

inflammation,26 oxidative stress,27 and MS.28 Furthermore, visceral obesity is responsible for 

the development of insulin resistance ( IR) and eventually type 2 diabetes.29 Besides a reduction 

in VF, children in the multidisciplinary intervention group also had a reduction in abdominal 

SCF, 16 weeks and 1 2  months after start of the intervention. The importance of abdominal 

SCF in oxidative stress, IR and MS has been demonstrated.30 

In conclusion, we show that a multidisciplinary intervention program for 3- to 5-year-old 

overweight and obese children has beneficial effects on anthropometry and body composition, 

compared with a usual-care program. The positive effects of the intervention program remain 

1 2  months after start of the treatment. Especially the effect on parameters for abdominal 

adipose tissues is important, as this may imply a decreased risk for the development of insulin 

resistance and metabolic syndrome at a later age. However, additional studies in overweight 

and obese preschool children and long term follow-up are needed to further elucidate if the 

positive effects of multidisciplinary treatment programs remain over a longer period of time. 
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Effect of obesity intervention programs on adipokines, insulin resistance, lipid profile 
and /ow-grade inflammation in 3- to 5-year-old children 

Abstract 

Background: Childhood obesity can cause the development of cardiovascular risk factors. 

We assessed the effect of a multidisciplinary intervention program on cardiovascular risk 

factors and compared this effect with a usual-care program in 3- to 5-year-old overweight or 

obese children. 

Methods: Seventy-five children were randomly assigned to a multidisciplinary intervention or 

a usual-care program. Anthropometry, body composition and abdominal adipose tissue were 

assessed at the start and end of a 16-week program. Concurrently, fasting concentrations 

of serum lipids, glucose, insulin, HbA 1 c, leptin, adiponectin, hsCRP, TNFa and IL-6 were 

determined. 

Results: In both groups insulin sensitivity improved, demonstrated by decreased insulin 

concentrations and a decreased HOMA2-IR. In the multidisciplinary intervention group, there 

was also a decrease of HbA 1 c and TN Fa. In the usual-care group, an increase in glucose 

concentrations was found. Comparing both groups, changes over time were not different, 

besides trends in the decrease in total cholesterol and TNFa, in favor of the multidisciplinary 

intervention group. Combining the results of both groups, a correlation was found between the 

decrease in body fat percentage (BF%), and both HOMA2-IR and triglyceride concentrations. 

Conclusions: In 3- to 5-year-old children, both obesity intervention programs improved 

insulin sensitivity, in parallel with a reduced BF%. 
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Introduction 

Recent data have shown that the prevalence of childhood overweight and obesity in the 

Netherlands is still increasing. 1 Childhood obesity is a risk factor for the development of insulin 

resistance (IR), dyslipidemia and hypertension at a later age, together described as metabolic 

syndrome (MS).2 MS cannot be diagnosed in children under the age of 10 years.3 However, 

increased concentrations of the separate components of MS have already been demonstrated 

in children 6 to 9 years old.4 

Systemic low-grade inflammation may be an underlying cause of MS, induced by the 

release of inflammatory cytokines from adipose tissue, and even more so from visceral adipose 

tissue.5·6 Increased concentrations of TNFa, high-sensitive c-reactive protein (hsCRP) and I L-6 

have been found in obese children aged 9-13 years.7·8 The adipose tissue hormone adiponectin 

has anti-inflammatory properties, demonstrated by the significant inverse correlation with 

markers of inflammation in obese children.8 Whether these deleterious processes related to 

obesity are already present in overweight and obesity at a very young age is unknown, and no 

data on systemic low-grade inflammation are available in very young obese children. 

Multidisciplinary lifestyle intervention programs for obese children have proven to be 

successful in reducing weight.9 Recent studies demonstrated that weight loss in obese children 

aged 6-11 years also reduced low-grade inflam mation and IR.4·8 In obese children, 9-13 years 

old, weight loss over a 1 -year period led to a significant decrease in triglyceride concentrations 

and an improvement of an indicator of insulin sensitivity (HOMA-IR).7 This study did not show 

a significant correlation between changes in inflammatory parameters and changes in lipids 

and HOMA-IR. Significant weight loss can lead to increased concentrations of adiponectin, as 

has been demonstrated in obese children 6-15 years old. 1 0  

Little i s  known about the effects of  a successful treatment program for obesity on markers 

of low-grade inflammation, lipid profile, IR and adipokines in preschool-aged children. We 

assessed the effects of a 16-week m ultidisciplinary intervention program, aimed at reducing 

BMI, on inflammatory parameters, lipid profile, IR and adipokines, in 3-year-old to 5-year-old 

overweight or obese children, and compared the results with a group of overweight or obese 

children receiving a usual-care program. 

48 



Effect of obesity intervention programs on adipokines, insulin resistance, lipid profile 
and /ow-grade inflammation in 3- to 5-year-old children 

Methods 

Ch i ld ren and parents participated in a randomized control led cl i n ica l  tria l ,  ca l led " G ron ingen 

Expert Center for Kids with Obesity (GECKO)-Outpatient C l i n ic " .  Deta i ls on this study have 

been described previously. 1 1  In b rief, ch i ldren aged 3-5 years were referred to the outpatient 

cl i n ic by youth hea lth care physicians, genera l practit ioners or other physicians if they had a 

BM I  z-score > 1 . 1 .  Ch i ldren with med ica l conditions causing obesity, eating d isorders, menta l 

retardation or behavioral problems were excl uded from the study. Enro l lment took p lace from 

October 2006 to March 2008, and a total of 75 ch i ldren were included. 

Ch i ldren and thei r  parents were randomly assigned to a mu lt id iscip l inary intervention or 

a usual-care program.  The outl ine of both prog rams is g iven in  tab le 1 .  

Table I. Schematic representation of weekly activities in the multidisciplinary intervention and usual-care groups. 

Multidisciplinary intervention group 

Measurements 

Dietary advice by dietician 

Physical activity session by physiotherapist 

Parental behavioral therapy by psychologist 

Usual-care group 

Measurements 

Visit to resident in pediatrics 

Numbers indicate the weeks of the program. 

baseline I 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 

V V 

V V \" V V V V V V V V V  

baseline I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

The mu ltid iscip l i nary intervention program consisted of dietary advice, phys ica l activity 

sessions and psychologica l  counse l l ing for parents. Dietary advice, 6 sessions of 30 m inutes 

each, was g iven by a d ietician and focused on improving eating behavior by setting  persona l  

goals for parents and chi ldren .  Feedback was g iven on these goa ls us ing food dia ries. Physica l  

activity, 1 2  sessions of 60 m inutes each, were supervised by a physiotherapist and resembled 

elementary school exercise, i ncl uding ba l l  playing and dancing to music. An active l ifestyle 

was propagated duri ng these activity sessions. Psychologica l  counsel l ing for parents, 6 

sessions of 1 20 minutes each, was g iven by a psychologist and a imed at teach ing parents 

to be a hea lthy role model, thereby demonstrating a healthy l ifestyle to their ch i l d ren .  In the 

usual-care program, ch i ld ren and parents were seen by a resident in pediatrics (3 sessions 

of 30-60 minutes each) who advised on hea lthy eating and physical activity. In  tota l ,  both 

programs lasted 1 6  weeks. Written informed consent was obta ined from the parents or 

legal caretakers. The study was approved by the Medica l  Eth ics Committee of the U niversity 

Med ica l Center Groningen. 
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At the start and at the end of the treatment period, anthropometry and assessment 

of body composition were performed. Height and weight were measured using standard 

calibrated stadiometers and scales and used to calculate BMI. Waist circumference (WC) was 

measured using a standard measuring tape, at the midpoint between the lateral iliac crest and 

the lowest rib. The web-based program Growth Analyser 3 (Growth Analyser B.V. ,  Rotterdam, 

the Netherlands) was used to calculate age- and gender-specific z-scores for BMI (BMl-z) and 

WC (WC-z). Body composition, i.e. fat-free mass (FFM) and body fat percentage (BF%), was 

assessed by bio-impedance analysis (BIA) (BIA- 1 01 ,  Akern S.r. I ./RJ L Systems, Florence, Italy) 

and measurements of visceral fat (VF) and abdominal subcutaneous fat (SCF) were performed 

using ultrasound (SonoSite Titan, SonoSite, Inc. ,  Bothell, WA). 1 2 

Blood was drawn after an overnight fast, at the start and end of the treatment period. An 

enzymatic colorimetric method (Roche Modular, Mannheim, Germany) was used to determine 

total cholesterol (T (C)), HDL (C), LDL (C) and triglycerides (TG). HbA 1 c was determined using 

a high-performance liquid chromatography method (Bio-Rad Variant, Bio-Rad Laboratories, 

Veenendaal, the Netherlands), insulin by radioimmunoassay (Diagnostic Systems Laboratories, 

Inc. , Webster, TX) and glucose by an enzymatic method (hexokinase-mediated reaction, 

Roche Modular, Mannheim, Germany). The updated homeostasis model assessment of IR 

(HOMA2-IR) was used to calculate IR.13 For markers of low-grade systemic inflammation, 

high -sensitive c-reactive protein (hsCRP) was determined by a nephelometric method (BN II 

system, Siemens Healthcare Diagnostics B.V.,  Breda, the Netherlands). Serum concentrations 

of leptin, I L-6 and TNFa were simultaneously measured by a combination ELISA (Milliplex Map 

Human Adipokine Panel B, Millipore, St. Charles, MN). Serum concentrations of adiponectin 

were quantified by ELISA (Millipore). 

Statistical analysis was performed using PASW Statistics version 18.0 (SPSS Inc. ,  Chicago, 

IL). Distribution of normality was tested using the one-sample Kolmogorov-Smirnov test. For 

within-group differences, a paired sample Students T-test was used for normally distributed 

variables. For variables not normally distributed, a related-samples Wilcoxon Signed Rank test 

was used. For differences between groups, the independent Students T-test was used for 

variables with a normal distribution and the Mann-Whitney test for not normally distributed 

variables. To assess the association between changes over time of various variables, the 

difference over time was calculated as variable at baseline minus variable at 1 6  weeks. All 

differences over time were normally distributed. Then, Pearson correlation coefficients were 

calculated. The significance level of all tests was 0.05. To further explore the underlying 

structure of the correlation in changes in cardiovascular risk factors after the obesity 

intervention, we performed exploratory factor analysis. Factors were attributed to variables 

with correlation > 0.55, and variables with correlation > 0. 3 are mentioned. 
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Results 

During the treatment period 13 children were lost to follow-up, 7 children in the multi

disciplinary intervention group and 6 children in the usual-care group. Children who were 

either lost to follow-up or stopped the study had a slightly lower BMI compared with children 

who continued the study. However, this difference was not statistically significant. At the 

end of the treatment period, children in the multidisciplinary intervention group showed a 

larger decrease in BMI (-1.2  (1.0) kg/m2, mean (SD) vs. -0.6 (1.1 )), BMl-z (-0. 5 (0.4) vs. -0. 3 

(0.4)) and WC-z (-0. 3 (0. 5) vs. 0.0 (0.6)) compared with children in the usual-care group, as 

previously described. 1 1  Also, children in the multidisciplinary intervention group showed a 

statistically significant decrease in BF% (-1. 5 (3.4)), in contrast to no statistically significant 

decrease observed in the usual-care group (-0. 3 (4. 0)). However, the mean difference in the 

change in BF% between both groups was not statistically significant. 1 1  Table 2 shows the 

details at baseline on serum lipids, parameters for glucose metabolism, markers for low-grade 

systemic inflammation and adipokines, for the multidisciplinary intervention group and usual

care group. At baseline, there were no significant differences for these parameters between 

the two groups. 
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Table 2. Descriptive and anthropometric characteristics, serum l ipids , adipokines and markers 

for low-grade inflammation and insul in resistance of the study population at baseline. 

--- --
Age (years) 

Boys / Girls (n) 

Adiposity O 0 

Body mass index z-score 

Waist circumference z-score 

Body fat percentage 

Fat-free mass (kg) 

Visceral fat (cm) 

Subcutaneous fat (cm) 

Lipids 

T (C) (mg/dL) 

HDL (C) (mg/dL) 

LDL (C) (mg/dL) 

TG (mg/dL) 

Glucose metabolism 

Glucose (mg/dL) 

Insulin (mU/L) 

HOMA2-IR 

HbA l c  (%) 

Inflammation / adipokines 

Adiponectin (ng/mL) 

Leptin (ng/mL) 

hsCRP (mg/L) 

TNFa (pg/mL) 

IL-6 (pg/mL) 

Multidisciplinary Usual care group (n = 35) P-value 

intervention group (n = 40) 

4.6 (0.8) 4.7 (0.8) 0.47 

12  (30.0%) I 28 (70.0%) 9 (25.7%) / 26 (74.3%) 

2 .7 ( 1 .0) 2.7 ( 1 .0) 0 .77 

2 .7 ( 1 .0) 2.7 ( 1 .0) 0.95 

29.0 (7 .8) 28.6 (6.3) 0 .80 

1 9 .7 (2.4) 1 9 .7 (3 .6) 0 .97 

4 .4 ( 1 .4) 4.3 (0.8) 0.65 

1 .8 (0.7) 1 .7 (0 .7) 0.64 

1 50.8 (23. 1 )  1 46.7 (23.9) 0.46 

5 1 . 1 (8 .9) 47.5 ( 1 1 .8) 0. 1 3  

96.7 (2 1 .6) 94.7 (20.2) 0.69 

63 .6 (23 .4) 75 .3 (4 1 .3) 0. 1 3  

75.6 (5 . 1 )  74.9 (7.5) 0 .67 

8 . 1  (4.3) 7 .6 (3 .8) 0.67 

1 .0 (0.5) 1 .0 (0.5) 0 .68 

5 .3 (3.3 - 6.0) 5 .3 (4.5 - 5 .8) 0 .78 

1 8 .9 (5 .0) 1 7 .6 (4.3) 0.26 

5 .7 ( 1 .5 - 40.8) 8 .4 (0.9 - 47.4) 0.43 

1 .0 (0 . 1 - 8 .7) 0 .9 (0 . 1  - 8 .7) 0.54 

3 .0 ( I .  I - 26. I ) 2.8 ( 1 .2 - 7 .9) 0.60 

1 .3 (0.3 - 4.3) 0.6 (0.3 - 7 . 1 )  0 .23 

Normal distributed variables are expressed as mean (±SD); not normally distributed variables 

are expressed as median (minimum - maximum). For differences between groups, the 

independent Students T-test was used for variables with a normal distribution and the Mann

Whitney test for not normally distributed variables . 
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Table 3 shows the changes in parameters for glucose metabolism, markers for low-grade 

systemic inflammation, adipokines and serum lipids for both groups, between baseline and 

end of the 16-week treatment program, and the difference in the change in these parameters 

between the groups. In the multidisciplinary intervention group, a statistically significant 

decrease in insulin, HOMA2-IR, HbA 1 c and TNFa was found. IL-6 showed a trend towards 

a statistically significant decrease (p = 0.09). In the usual-care group, decreases were only 

found for insulin and HOMA2-IR, in parallel with a small but statistically significant increase in 

serum glucose (4. 4 mg/dl). Comparing both groups, changes over time were not significantly 

different apart for trends in the decrease in T (C) (p = 0.07) and TNFa (p = 0.06) which almost 

reached statistical significance in favor of the multidisciplinary intervention group. 

Table 3 .  Changes in  lipids, adipokines and markers for  low-grade inllammat1on and insulin resistance, between baseline and end of  the 16-week treatment 
program. 

Multidisciplina11 intenention group Usual care group DiITcrencc hclWL'Cn groups 
Mean difference (SD) P-mlue Mean diITcrencc (SD) P-,·aluc Mean (SD) P-,·aluc 

T (C) (mg/dL) -25 ( 1 62) 0.38 6.4 (20.3) 0.1 1 8.9 (4.7) 0,07 

HDL (C) (mg/dL) -0.2 (9.6) 0.89 0.7 (9.5) 0.'70 0.9 (2.5) 0.'71 
LDL (C) (mg/dL) -3 6 ( 1 5 3) 0 . 1 9  3 ,0 ( 17 . 1 )  0.36 6,7 (4.2) 0.1 2 
TG (mg/dL) - 1 ,8 ( 1 95) 0,60 -4.8 (355) 0.48 3.0 (7.3) 0.68 
Glucose (mg/dL) 1 .9 (7 . 1 )  0.2 1 4.4 (8.9) 0.03 2.5 (2.3) 0.29 

Insulin (mU/L) -2.2 (4.0) 0.01 -2.9 (4 8) 0.DI 0.6 ( 1 .3) 0.63 
HOMA2-IR -0.3 (05) 0.02 -0,4 (0.6) 0.DI 0.1 (0.2) 0.65 
HhAlc (%) -0.3 (05) 0.DI -0. 1  (05) 0.42 0.2 (0, 1 )  0. 1 2  
Adiponectin (ng/mL) -0,9 (3.9) 0.22 - 1 .3 (4.0) 0.08 0.5 ( 1 .0) 0.64 
Lcptin (ng/mL) - 1 .4 (6,8) 0.25 - 1 .3 (9,6) 0.46 0. 1  (2. 1 )  0.98 
hsCRP (mg/L) -0.2 (2.7) 0.73 -0.3 (3.0) 0.63 0.1 (0.8) 0.87 
TNFu (pg/mL) -25 (4.9) 0.01 -0,4 (3. 1 )  0.48 2. 1  ( I . I )  0.06 

IL-6 (pg/mL) -0.4 ( 1 .3) 0.09 0.0 ( 1 ,0) 0.83 0.4(0,3) 0.23 

Positive numbers indicate an increase over time. For within-group differences, a paired sample Students T-test was used for normally distributed 
variables. For variables not normally distributed, a related-samples Wilcoxon Signed Rank test was used. 

We investigated in an observational manner whether the changes over time in measures of 

adiposity were related to improvements in cardiovascular risk factors. These analyses were 

performed in children from both treatment groups together, since children lost weight in 

both programs. Moreover, there were no differences between these variables at baseline. 

Regarding parameters for glucose metabolism, statistically significant correlations were found 

between the decrease in BF% and decrease in insulin (r = 0. 352; p = 0.02) and between the 

decrease in BF% and improvement in HOMA2-IR (r = 0.365; p = 0.02) (Figure 1 a) . There 

were no statistically significant correlations between changes in VF and changes in insulin 

concentrations (r = 0.011; p = 0.94) and HOMA2-IR (r = 0.026; p = 0.87). 
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Figure 1 a  
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P = 0 . 02 ;  r2 = 0 . 1 33 .  

Concern ing the l i p id  profi le, a decrease in  BF% correlated with a decrease i n  serum TG 

(r = 0 .290; p = 0 .02) (F igure 1 b), ma in ly d ue to a correlation between changes in SCF and TG 

(r = 0 .273; p = 0.04) . 
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the cha nge in body fat percentage and 

the change i n  serum trig lycerides (mg/ 

dl), between base l i ne  and end of the 

treatment period . P = 0 .02;  r2 = 0 .084 . 

No statistica l ly sign ificant corre lations were present between a decrease in VF and a decrease 

in T (C) (r = 0. 1 87; p = 0 . 1 5) and TG (r = 0 .085; p = 0 . 52) .  Statistica l ly s ign ificant correlations 

were found between changes in lept in concentrations and changes in BMl-z (r = 0. 535;  p < 

0 .001  ), WC-z (r = 0 .323;  p = 0 . 0 1  ), VF and BF% (both r = 0 .345; p = 0 .0 1  ). No correlation 

was found between changes in B F% and changes in ad iponecti n  concentrations (r = -0. 1 8 1 ;  

p = 0 . 1 6) .  

Regard ing associations between parameters for g lucose metabol ism and markers 

for i nflammation and adipokines, statist ica l ly sig n ificant correlations were found between 

changes in leptin concentrations and changes in insu l i n  concentrations (r = 0 .367; p = 0 .0 1 ) 
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and HOMA2-IR (r = 0. 372; p = 0. 01 ). Also, a decrease in hsCRP concentrations showed a 

correlation with a decrease in HOMA2-IR (r = 0. 359; p = 0.03) and with a decrease in insulin 

concentrations (r = 0.360; p = 0.02). For associations between serum lipids and markers for 

low-grade systemic inflammation, an inverse correlation was found between changes in IL-6 

and changes in serum HDL (C) (r = -0. 311; p = 0.02) and between the change in IL-6 and 

change in T (C) (r = -0. 346; p = 0.01 ). 

In the factors analysis, we included changes in BMl-z, leptin, adiponectin, _HOMA2-IR, . 

HDL (C), T (C) and TG, TNFa, IL-6 and hsCRP. LDL (C) was excluded because it inhibited the 

elimination process. The factor analysis was performed several times with in- and excluding 

several factors, to check for stability of the analysis. The final model included all variables but 

LDL (C), and resulted in 4 factors with eigenvalue > 1 that together explained 53 % of the 

variance, i .e. a leptin/BMI factor (17%), a T (C) factor (13%) that also included HDL (C) and 

TNFa, a TG factor (13%) with HDL (C) and HOMA2-IR, and a IL-6/hsCRP factor ( 10%) that 

also included HOMA2-IR. 
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Discussion 

This study shows that both obesity treatment programs in 3-year-old to 5-year-old children 

resulted in improved insulin sensitivity. In the children receiving the multidisciplinary 

intervention program TNFa, an indicator of low-grade systemic inflammation, decreased. 

When combining both groups, strong correlations were found between improvements in 

parameters for glucose metabolism and lipid profile, with improvements in body composition. 

Also, correlations were found between a decrease in inflammatory markers, and improvements 

in lipid profile and glucose metabolism. 

The importance of reducing IR in lowering metabolic risk factors in children has 

been demonstrated in a previous study. 14 A decrease in HOMA-IR correlated with a decrease 

in TG, independently of changes in weight status, thereby emphasizing the role of IR in 

the development of cardiovascular risk factors. The association between reduced body fat 

and decreased insulin resistance was further illustrated by a prospective cohort study in 

obese children, 9 to 17 years old. 15 In obese Hispanic adolescents participating in an exercise 

program, a decrease in visceral fat also decreased IR. 16 Our data confirm these findings and 

show that this association is already present in very young children. 

Obesity related dyslipidemia, already described in childhood, increases the risk on the 

development of atherosclerosis. 17 Lifestyle intervention programs are recommended to treat 

child and adolescent overweight and obesity. 18 To date, little is known about the effect 

of lifestyle intervention programs on lipid profiles in preschool-aged children. Recently, it 

was shown that a 13-week multicomponent wellness intervention program in, on average 

16-year-olds, led to a 15% increase in HDL (C) concentrations, despite a lack of decrease 

in BMl. 1 9  In 9-year-old to 13-year-old obese children, weight loss over a one-year period 

was associated with a significant decrease of TG concentrations.7 Our study in 3-year-old to 

5-year-old overweight and obese children shows that a reduction in abdominal SCF and BF% 

is associated with a decrease in TG concentrations. These results may imply that treatment 

programs in preschool-aged overweight and obese children can prevent a cumulative lifetime 

exposure to increased risk factors for CVD. 

The present study also shows that a multidisciplinary intervention program in 

preschool-aged overweight and obese children has positive effects on one of the markers of 

low-grade systemic inflammation, TNFa. Positive effects of a reduction in BMI on TNFa have 

been described in obese children with a mean age of 10.7 years.8 In contrast, no effect on TNFa 

concentrations was observed in 9-year-old to 13-year-old obese children who experienced a 

decrease in BMI-SDS of � 0. 5 over a 1-year period.7 For comparison, in the present study the 

decrease in the multidisciplinary treatment group was 0.5 SD over 16 weeks, and 0. 3 SD in the 

usual-care group. A significant decrease in CRP and I L-6 concentrations was demonstrated 

in 24 obese children, 6 to 9 years old, who obtained a decrease in BMI-SDS of � 0.5 over a 
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period of 9 months.4 This could not be confirmed by our data, although the decrease in IL-6 

concentrations in the multidisciplinary intervention group showed a trend towards statistical 

significance. 

Obesity can have effects on cardiovascular risk profile and IR through several mechanisms. 

The two most well-known pathways are adipocyte dysfunction/inflammation and lipotoxicity/ 

ectopic fat disposition.20 Inflammatory factors have been shown to induce IR in several 

tissues by interacting with the insulin signaling pathway.2 1
•
22 An obesity-related profile of 

inflammation and adipocyte dysfunction is often found in parallel with impairments in lipid 

metabolism.23 Elevated FFA are thought to play an important role, since higher circulating fatty 

acids may induce intramyocellular lipid accumulation, directly inducing IR in skeletal muscle 

and impairing substrate utilization.24 All of these processes are well-described in adults. It is 

surprising to see that even at a very young age these processes are ongoing. 

Since it can be hypothesized that the pathophysiological pathways could still be different 

at this young age, we explored the data using factor analysis. The finding that 43% of the 

variance was explained by a factor dominated by changes in leptin/BMI, T (C) and TG suggests 

that changes in lipotoxicity concomitant with a reduction in leptin are the most important 

changes with weight loss in 3 to 5-year-olds. The remaining factor was dominated by changes 

in IL-6 and hsCRP (10%) suggesting that also inflammation plays a role, but to a lesser extent, 

and that it is not strongly intertwined with the lipotoxicity pathway. Of course, these factors 

are exploratory in nature and should only be interpreted as hypothesis-generating. 

Strong points of this study are the young age of the children and the range in degree 

of obesity of the study participants. Until present time, no data were available on the effect 

of obesity intervention programs on cardiovascular risk factors in preschool-aged children. 

Our data may imply that children with overweight or obesity at this young age will benefit 

from obesity intervention programs with respect to reducing the risk of developing MS in 

adulthood. Furthermore, since children in our study were either overweight or obese, the 

results on adipokines, IR, lipid profile and low-grade inflammation can be generalized to a 

larger extent, in contrast to studies only reporting on children with extremes in obesity. 

A weak point of the study was the limited power to detect more differences between 

baseline and the end of the treatment program. Due to low power for changes in leptin, 

adiponectin, HDL (C), IL-6 and hsCRP, the lack of significant effects should be interpreted 

with care. Nevertheless, we feel that our data clearly show beneficial effects of both obesity 

treatment programs in preschool-aged children. Also, the present study did not include a 

control group of non-overweight children to determine if the results of the parameters are 

different from a normal population or to evaluate if there is a change over time in children 

without overweight. It was our intention to evaluate the effect of an intervention program 

in overweight or obese children. Therefore we did not include children without overweight. 

In addition, the use of BIA to estimate BF% and the use of ultrasound to measure 
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abdomina l  fat have some l im itations, a lthough d iscrim i natory power for repeated 

measurements is good . Moreover, it has been demonstrated in 6-year-old ch i ldren that B IA 

is re l iable in  assessing fat mass.25 Furthermore, the use of u ltrasound  to measure abdomina l  

adiposity has  been val idated i n  adu lts, 1 2 and proven its rel iab i l ity i n  assessing subcutaneous 

abdomina l  fat i n  6-year-old to 7-year-old ch i ld ren . 26 

In conclusion, the present study shows that obesity treatment p rograms in 3-year-old to 

5-year-old ch i ldren have beneficial effects on insu l in sensitivity and  that, a l ready in  very young 

chi ldren, a reduction in  body fat improves i nsu l in  sensitivity. In  the m u ltid iscip l inary i ntervention 

group, next to improved insu l i n  sens itivity, we a lso fou nd a red uction  i n  TNFa concentrations. 

It can be hypothesized that the improvement in  these parameters may d im in ish the increased 

cumulative l ifet ime exposu re to risk factors related to ch i ldhood obesity, thereby reduci ng MS 

and CVD r isk i n  adu lthood . Prospective stud ies are needed to further explore the effects of 

d ifferent treatment programs for overweight and obesity in preschool chi ldren, on para meters 

leading to MS later in l ife . 
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Abstract 

Quality of life in 3- to 5-year-old overweight or obese children participqting 
in a multidisciplinary treatment program 

Background: Childhood obesity is rising and may affect health-related quality of life (HRQoL). 

Effects of obesity treatment in preschool-aged children remain unknown. 

Objective: To evaluate the effect of a multidisciplinary intervention program on H RQoL in 

3- to 5-year-old overweight or obese children and to assess the association between changes 

in adiposity and changes in H RQoL. 

Methods: Seventyfive children (28% boys, age 4.7±0. 8 years, BMI z-score 2.7±1.0) were 

randomized to a multidisciplinary intervention or to a usual-care program, both lasting 16 

weeks. The multidisciplinary intervention consisted of dietary advice (6 times), 12 exercise 

sessions and, for parents only, 6 psychological counseling sessions. Participants in the usual

care program visited a pediatrician 3 times, who advised on a healthy lifestyle. At baseline, 

after 16 weeks and 12 months, anthropometry was performed and parents completed DUX-

25 and CHQ-PF50 questionnaires. Non-parametric statistical tests were used. 

Results: At 12 months follow-up, children in the multidisciplinary intervention group showed 

a positive change in HRQoL, compared with the usual-care group (median 5.0 vs. -4.5, 

respectively, p = 0.04), especially for the physical domain (8. 3  vs. -4.2, respectively, p = 0.03). 

For both groups combined, a decreased BMI z-score over 12 months was associated with 

increased " global health" (r = -0.36, p = 0.03). Reduced visceral fat was correlated with 

increased "global health" (r = -0. 37, p = 0.03), "general behavior " (r = -0.41, p = 0.01 ), and 

"general health" (r = -0.43, p = 0.01). 

Conclusions: A multidisciplinary intervention program in 3- to 5-year-old overweight or obese 

children had beneficial effects on H RQoL. A reduction in obesity parameters was associated 

with an increase in several H RQoL aspects. 
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Introduction 

In the Netherlands, as is seen worldwide, childhood obesity is still becoming more prevalent. 1 

At present, the prevalence of overweight in Dutch boys between the ages of 3 to 5 years is 

7. 8 to 12 . 8% and in Dutch girls 12 . 8  to 18. 1 %. 1 For obesity, the prevalence in Dutch boys 

and girls aged 3 to 5 years is 0. 8-2.0% and 1.6-3. 3%, respectively. 1 A high -fat diet and excess 

caloric intake contribute to the increase in childhood obesity.2 Children with overweight 

or obesity are at risk to develop physical and psychological health problems.3 Moreover, 

childhood obesity and its complications tend to persist into adolescence and adulthood,4• 5 

demonstrating the urgent need to treat obesity at a young age. 

Literature on the consequences of obesity or its treatment on the physical, emotional, 

and social well-being of obese children is emerging.6•7 Lower general health scores have 

been reported in obese children 5-13 years old.8 In obese children 8-1 1 years old, lower 

psychosocial health has been described compared with non-obese children.9 Severely obese 

children aged 5-18 years were shown to report a lower health-related quality of life (H RQoL) 

compared with healthy children, and even as low as those in children diagnosed with cancer. 1 0  

Data on HRQoL in preschool-aged obese children are, however, scarce. 1 1  

A Cochrane review showed that a multidisciplinary approach in the treatment of 

obese children 5- 1 2 years old can result in an important weight reduction. 1 2  Although the 

association between obesity and quality of life is clearly recognized in children, the effect 

of obesity treatment on quality of life outcomes has not been extensively studied. Positive 

effects of a multidisciplinary cognitive behavioral treatment program on HRQoL were 

demonstrated by a randomized controlled study in 79 obese children with a mean age of 1 3  

years. 1 3  After a 12 -month follow-up period, an improved HRQoL was shown in the children 

receiving the multidisciplinary intervention program, while H RQoL remained unchanged in 

the control group. 1 3 Another study demonstrated positive effects of an outpatient training 

program on HRQoL in 74 overweight children with a mean (SD) age of 11.6 (1.7) years, 

during the 6-month treatment program as well as during a 1 2 -month follow-up period. 1 4  

However, consistent associations between weight reduction and improved HRQoL were not 

present in this study. 1 4  Focusing on a healthy lifestyle may also have negative psychological 

effects, as health programs in elementary school have been shown to increase anxieties about 

body weight. 1 5  At present, it remains largely unknown what the effects of a multidisciplinary 

obesity treatment program are on HRQoL in preschool-aged children. 

The aim of our study was to assess the effect of a multidisciplinary intervention program 

in 3- to 5-year-old overweight or obese children on HRQoL and to compare the effect with a 

group of overweight or obese children receiving a usual-care treatment program. Furthermore, 

associations between changes in anthropometric parameters of obesity and changes in 

HRQoL were assessed. We hypothesized that children receiving the multidisciplinary program 

would demonstrate a greater improvement in HRQoL, compared with the children receiving 
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the usual-care program. Also, we expected that a decrease in the anthropometric parameters 

of obesity would be associated with an increase in H RQoL. In addition, we compared the 

H RQoL in obese children with other populations, i.e. healthy Dutch children, children with 

asthma, and children with attention deficit hyperactivity disorder (ADHD). 
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Methods 

Details of the study have been described previously. 16 In short, children and their parents were 

participating in a randomized controlled clinical trial studying the effect of a multidisciplinary 

lifestyle intervention program on anthropometry and body composition in overweight and 

obese children 3-5 years old. Children were included in the study if they had a body mass 

index (BMI) z-score > 1.1. Children with obesity caused by medical problems, and with mental 

retardation or behavioral problems, were excluded from the study. 

In total, 75 children were enrolled in the study and they were randomly assigned to a 

multidisciplinary intervention or a usual-care program. Both programs lasted 16 weeks. In 

6 sessions of 30 minutes, children and parents in the multidisciplinary intervention group 

received dietary advice by a dietician. Dietary advice consisted of education to improve eating 

behavior and setting personal goals for children and parents regarding the diet. Feedback 

was given on these goals on consecutive sessions. Physical activity group sessions (12 times 

60 minutes), conducted by a physiotherapist, mimicked elementary school exercise and aimed 

at improving the child's well-being. Furthermore, parents in the multidisciplinary intervention 

group received psychological counseling in 6 sessions of 120 minutes each. These sessions 

were given by a psychologist and aimed at teaching the parents to be a healthy role model and 

to change family attitudes toward healthy eating and physical activity. Children and parents in 

the usual-care group were followed up by a resident in pediatrics who, in 3 sessions of 30-60 

minutes each, advised on a healthy lifestyle. All measurements were performed at the start 

and the end of the treatment period, and 12 months after the study started. Anthropometry 

was performed, body composition was assessed, and parents completed the questionnaires. 

The study was approved by the Medical Ethics Committee of the University Medical Center 

Groningen and informed consent was obtained from the parents or legal caretakers. 

HRQoL was assessed using the Dutch -Child-AZL-TNO-Quality-of-Life (DUX-25) 

questionnaire and the Dutch edition of the Child Health Questionnaire-Parent Form (CHQ

PF50). The DUX-25 measures daily activities and contains 25 questions regarding physical, 

emotional, home, and social items. Possible responses on each question are expressed in 5 

abstract faces from happy (score 5) to sad (score 1 ), thereby constructing a 5-point Likert 

scale. Domain scores were calculated by adding all single item scores. Then, the total score 

for that domain was transformed to a O to 100 scale, with a higher score indicating a higher 

quality of life. Originally, the DUX-25 questionnaire was developed to be filled out by parents 

and by children from the age of 5 years. As our study also contained children under the age 

of 5 years, all questionnaires were completed by one of the parents. It has been shown that 

both parent and child reports are valid in HRQoL questionnaires, although children generally 

report lower scores on physical and motor functioning than their parents do. 1 7 However, in 

obese children and adolescents, parents are reported to perceive worse HRQoL than children 

do about themselves. 1 8  

66 



Quality of life in 3- to 5-year-old overweight or obese children participating 
in a multidisciplinary treatment program 

The Dutch CHQ-PF50 measures hea lth perception and conta ins 50 items, d iv ided over 

1 1  multi-sca les and 4 s ing le-items questions and addresses the chi ld 's physica l ,  emotional and  

socia l  wel l-be ing . 1 9 Each CHQ sca le has  3 to  6 items with 4 to  6 possib le responses pe r  item .  

Total scores for each sca le were transformed i nto a score rang ing from 0 to 1 00 ,  a h igher 

score ind icat ing a h igher qual ity of l ife . 

In order to assess basel ine HRQoL of the overweight or obese preschool-aged ch i ldren i n  

ou r  study, we compared the results with outcomes on DUX-25 a nd  CHQ-PF50 questionna i res 

in hea lthy Dutch ch i ldren, 1 7• 19 ch i ldren with asthma, 1 9•20 and chi ldren with ADHD. 1 9•2 1  

Statistical ana lysis was performed us ing I BM SPSS Statistics version 20 .  Distr ibution of 

normal ity was tested us ing descriptive analyses and the 1 -sample Kolmogorov-Sm i rnov test. 

The ana lysis showed non-normal ly distributed variables . Therefore non-parametr ic statistical 

tests were chosen .  To determ ine with in-group d ifferences, the Friedman test was used . 

Wilcoxon Rank tests were used to fol low-up s ign ificant main-effects. A Bonferron i  correction 

was appl ied . To determ ine d ifferences between g roups over time, a Mann-Wh itney test 

was used on the differences between basel ine and 1 6  weeks and between basel ine and  

12  months. Associations between the  changes in parameters of obesity and the changes 

i n  HRQoL domains over t ime were assessed ca lcu lating the Spearman 's rank correlation 

coefficient. The level of s ign ificance for al l main ana lyses was 0.05, for post-hoc analyses 

0 .025 .  
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Results 

A total of 75 children with a mean (SD) age of 4.7 (0. 8) years were included in the study 

and 40 and 35 children were allocated to the multidisciplinary intervention and usual-care 

programs, respectively. Children in the multidisciplinary intervention group had a mean (SD) 

BMI z-score of 2.7 (1.0), a mean waist circumference (WC) z-score of 2.7 ( 1 . 0), and a mean 

body fat percentage (BF%) of 29.0 (7. 8). For children in the usual-care group, mean (SD) BMI 

z-score, WC z-score and BF% were 2.7 ( 1 .0), 2.7 (1.0), and 28.6 (6.3), respectively. 1 6  

During the intervention period, 7 children in  the multidisciplinary intervention group and 

6 children in the usual-care group were lost to follow-up. Drop-outs had lower total scores 

for the DUX-25 questionnaires than the children who continued the study (median (25th ;75th 

percentile) 70.0 (72.0;77.0) vs. 87.0 (79.0;94.3), respectively (p < 0.01)). Between the end 

of the treatment period and 1 2  months after starting both programs, another child in the 

multidisciplinary intervention group and 4 children in the usual-care group were either lost to 

follow-up or discontinued the study. The main results of both treatment programs on obesity 

and body composition have been described previously. 1 6  At the end of the treatment program 

and at 1 2  months from baseline, a statistically larger reduction in mean BMI z-score in the 

multidisciplinary intervention group, compared with the usual-care group, was demonstrated 

(0. 5 ± 0.4 vs. 0. 3 ± 0.4 and 0. 6 ± 0. 5 vs. 0. 3 ± 0.5, at the end of the program and at 1 2  

months follow-up, respectively). 

Tables 1 a (DUX-25) and 1 b (CHQ-PF50) show HRQol scores in different study populations. 

According to the DUX-25 scores, the overweight and obese children from our study did not 

show a lower HRQoL compared with healthy Dutch children, and even reported higher scores. 

Using the CHQ-PF50 questionnaires, different HRQoL scores between the children in our 

study and healthy Dutch children were not observed, except for lower "general behavior " 

and higher " family cohesion" in the overweight or obese children. Compared with children 

with asthma or behavioral problems, parents of the children in our study generally reported a 

higher HRQoL, both on the DUX-25 and CHQ-PF50 questionnaires. There were no statistically 

significant correlations between baseline anthropometric parameters of obesity and baseline 

HRQoL items in the children participating in our study. 
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Table la. Health-related quality of l ife in different study populations measured by DUX-25 questionnaires. 

Obese children Healthy Dutch children" Children with asthma'" 

(present study, n = 75) (n = 86) 

Total 85 ( 1 0) 75 ( 1 5) 

Physical 79 ( 1 6) 70 ( 1 8) 

Home 89 ( 1 1 )  8 0  ( 1 7) 

Emotional 85 ( 1 1 ) 7 1  ( 1 7) 

Social 86 ( 1 0) 78 ( 14) 

For comparison, data of the present study are expressed as mean (SD). 

ADHD, attention deficit hyperactivity disorder. 

(n = 71) 

76 ( 1 1 ) 

73 ( 1 6) 

86 ( 1 4) 

71 ( 1 4) 

75 ( 14) 

Children with ADHD'' 

(n = 23) 

74 (9) 

50 ( 1 6) 

67 ( 1 6) 

70 ( 1 2) 

75 (9) 

Table lb. Health-related quality of life in different study populations measured by CHQ-PF50 questionnaires. 

Obese children Dutch schoolchildren Children with asthma Children with ADHD 

(present study, n = 75) (n = 353) (n = 178) (n = 83) 

Global health 85 (60 ; 85) n.a. n.a. n.a. 

Physical functioning 1 00 (89 ; 100) 1 00 ( 100 ; 100) 89 (78 ; 94) 100 ( 1 00 ; 100) 

Role functioning-

emotional/behavior 100 ( 1 00 ; 100) 100 ( 1 00 ;  100) 100 (89 ; 100) 78 (44 ; 95) 

physical 100 ( 1 00 ; 100) 100 ( 100 ;  100) 100 (67 ; 100) 100 ( 1 00 ; 100) 

Bodily pain 90 (80 ; 100) 90 (80 ; 1 00) 80 (60 ; 100) 100 (70 ; 1 00) 

General behavior 60 (60 ; 85) 80 (70 ; 90) 75 (65 ; 85) 56 (45 ; 65) 

Behavior 77 (68 ; 85) n.a. n.a. n.a. 

Mental health 85 (75 ; 90) 85 (75 ; 90) 80 (75 ; 85) 65 (55 ; 80) 

Self-esteem 79 (75 ; 93) 75 (75 ; 88) 83 (75 ; 96) 63 (50 ; 79) 

General health 77 (64 ; 85) 85 (73 ; 93) 56 (44 ; 68) 84 (71 ; 1 00) 

Change in health 50 (50 ; 50) n.a. n.a. n.a. 

Parental impact-

emotional 92 (75 ; 100) 92 (83 ; 100) 75 (58 ; 88) 58 (42 ; 75) 

time 100 (89 ; 100) 100 (89 ; 1 00) 78 (61 ; 92) 95 (90 ; 1 00) 

Family activities 92 (79 ; 100) 95 (90 ; 100) n.a. 67 (50 ; 80) 

Family cohesion 85 (60 ; 100) 60 (60 ; 85) n.a. n.a. 

Numbers are expressed as median (25'";75'" percentiles). ADHD, attention deficit hyperactivity disorder. N.a., not available. 
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Table 2 shows for both groups the baseline scores of the DUX-25 questionnaires and the 

changes in the scores from baseline to 12 months after the start of the treatment programs. 

Table 2. Baseline DUX-25 scores and the changes from baseline to the end of the 1 6-week treatment program and to 12 months 

after the start of the intervention. 

Multidisciplinary intervention group Usual-care group 

Baseline 16 weeks0 12 months0 Baseline 16 weeks0 12 months0 

(n = 37) (n = 31) (n = 20) (n = 32) (n = 28) (n= 20) 

Total 85.0 (74.0 ; 92.5) -1.0 (-3.0 ; 10.0) 5.0 (- 1 .8 ; 6.5)6 84.5 (77.5 ; 97.0) - 1 .0 (-8.5 ; 4.0) -4.5 (-15.3 ; 4.0) 

Physical 8 1 .3 (62.5 ; 94.8) 4.2 (-6.3 ; 12.5) 8.3 (-6.3 ; 16.7)° 79.2 (66.7 ; 95.8) -4.2 (-8.3 ; 8.3) -4.2 (- 12.5 ; 4.7) 
Home 90.0 (80.0 ; 95.0) 0.0 (-5.0 ; 10.0) 0.0 (-5.0 ; 5.0) 85.0 (80.0 ; 100) 0.0 (-5.0 ; 0.0) 0.0 (-15.0 ; 10.0) 

Emotional 85.7 (78.6 ; 92.9) 1 .8 (-8.0 ; 8.0) 0.0 (-3.6 ; 3.6) 85.7 (75.0 ; 96.4) 0.0 (-10.7 ; 3.6) -3.6 (-17.9 ; 10.7) 

Social 87.5 (75.9 ; 92.9) 0.0(-7. 1 ; 7. I )  1 .8 (-9.8 ; 7.1) 87.5 (8 1.3 ; 97.3) 0.0 (-7.1 ; 3.6) -8.9 (- 14.3 ; 1 .8) 

Numbers are expressed as median (25th;75th percentiles) at baseline, and as median change (25th;75th percentiles) at 16 weeks and 

12 months. 

" Positive numbers indicate an increase over time. 

h Statistically significant higher increase in the multidisciplinary intervention group compared with the usual-care group (p = 0.04). 

< Statistically significant higher increase in the multidisciplinary intervention group compared with the usual-care group (p = 0.03). 

At baseline, 16 weeks and 12 months, 69 (92.0% of the children), 59 (95.2%), and 40 

(70.2%) questionnaires were available for evaluation. Compared with the children in the 

usual-care group, children in the multidisciplinary intervention group showed a statistically 

significant increase (medians 5.0 vs. -4.5, p = 0.04) in the total DUX-25 score at 12 months 

after the start of the treatment program, indicating an increase in H RQoL. This increase in 

overall H RQoL was expressed in the physical subscale (medians 8. 3 vs. -4.2, p = 0.03, for the 

multidisciplinary intervention and usual-care groups, respectively). Changes over time for the 

other subscales of the DUX-25 did not differ between the groups. 

Regarding the CHQ-PF50, 71 (94.7% of the children), 59 (95.2%), and 40 (70.2%) 

questionnaires were available for evaluation at the start and the end of the treatment 

programs, and after 12 months follow-up. Table 3 shows the baseline scores for the CHQ

PF50 questionnaires and the changes over time, for the multidisciplinary intervention and 

usual-care groups. At the end of the treatment period, a decrease (median -5.0) in the score 

for the scale " bodily pain" was found in the multidisciplinary intervention group indicating 

more pain or limitations because of pain, whereas in the usual-care group the score for 

" bodily pain" remained unchanged (median 0.0). This difference was statistically significant 

(p = 0.03). Also, between both groups a statistically significant (p = 0. 02) change in the scale 

" mental health " was present at the end of the treatment programs. In the multidisciplinary 

intervention group, the score for " mental health" had decreased (median -5. 0), whereas in 

the usual-care group the score had increased (median 5.0), indicating less feelings of anxiety 

and depression in the last group. There were no differences between the groups for changes 

over time in the other CHQ-PF50 scales between the start and the end of the treatment 

programs or at 12 months follow-up. 
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Table 3. Baseline CHQ-PF50 scores and the changes from baseline to the end of the 1 6-week treatment program and to 12 months after the start of the intervention. 

Multidisciplinary inten·ention group Usual-cure group 

Baseline 16 weeks' 12 months11 Baseline 16 weeks' 

(n = 34) (n = 31) (n = 20) (n = 37) (n = 28) 

Global health 85.0 (60.0 : 85.0) 0.0 (-3.8 : 17.5) 0.0 (- 1 25 : 20.0) 85.0 (60.0 : 85.0) 0.0 (-25.0 : 0.0) 

Physical functioning 100 (9 1 .7 : 100) 0.0 (-4.2 : 4.2) 0.0 (- 1 .4 :  125) 100 (88.9 ; 100) 0.0 (0.0 ; 9.7) 

Role functioning-

emotional/beha, ior 1 00 ( 100 : 100) 0.0 (0.0 ; 0.0) 0.0 (0.0 ; 0.0) 1 00 ( 1 00 ;  100) 0.0 (0.0 ; 0.0) 

ph)sicul 1 00 ( 1 00 ; 100) 0.0 (0.0 ; 0.0) 0.0 (0.0 ; 0.0) 1 00 ( 1 00 ; 100) 0.0 (0.0 ; 0.0) 

Bodily pain 100 (80.0 ; 100) -5.0 (-20.0 ; O.O)' 0.0 (-5.0 ; 20.0) I 00 (70.0 ; I 00) 0.0 (0.0 : 20.0) 

General beha,·ior 60.0 (60.0 ; 85.0) 0.0 (0.0 ; 25.0) 0.0 (0.0 ; 25.0) 60.0 (60.0 ; 85.0) 0.0 (- 1 1 .3 : 25.0) 

Beha,ior 76 7 (66 3 • 76.7) 0.0(-7.7 ; 16.7) 4.2 (-9.4 : 1 83) 80.8 (67.3 ; 89.2) 5.4 (-7.3 ; 17.3) 

Mental health 85.0 (75.0 . 9 1 .3) -5.0 (-5.0 : 3.8)' 0.0(-5.0 : I 0.0) 85.0 (75.0 - 90.0) 5.0 (0.0 ; 15.0) 

Self-esteem 79.2 (72.9 ; 89.6) 8.3 (-8.3 ; 18.8) 12.5 (-5.2 ; 29.2) 79.2 (75.0 ; 9 1 .7) 8.3 (-8.3 : 16.7) 

General health 76 7 (67 5 , 85 0) 33 (- 1 1 .9 ; 12.5) 0.0 (-3.3 ; 15 .4) 76.7 (60.0 ; 85.0) 0.0 (- 16.7 ; 16.7) 

Change in health 50.0 (50.0 ; 625) 0.0 (0.0 : 25.0) 25.0 (0.0 ; 3 1 .3) 50.0 (50.0 ; 50.0) 0.0 (0.0 ; 25.0) 

Parental impact-

emotional 9 1 .7 (75.0 ; 100) 0.0 (-8.3 ; 8.3) 0.0 (-8.3 : 8.3) 9 1 .7 (75.0 ; 9 1 .7) 0.0 (-8.3 : 16.7) 

time 100 (88.9 : 100) 0.0 (0.0 ; 0.0) 0.0 (- 1 1 . 1 ; I I . I )  1 00  ( 100 ; 100) 0.0 (-SJ ; 0.0) 

Family acthities 95.8 (79.2 , 100) 0.0 (-4.2 : 8.3) -4.2 (- 13.5 : 8.3) 89.6 (82.3 ; 100) 0.0 (-3.1 ; 8.3) 

Family cohesion 85.0 (60.0 : 92.5) 0.0 (- 15.0 ; 15.0) 0.0 (- 15.0 : 25.0) 85.0 (60.0 ; 100) 0.0 (-5.0 : 225) 

Numbers are expressed as median (25'".75,. percentiles) at baseline. and as median change (25,.;75,. percentiles) at 16 weeks and 12 months. 
11 

Positive numbers indicate an increase over time. 

• Statistically significant higher decrease in the multidisciplinary intervention group compared with the usual-care group (p = 0.03). 

' Statistically significant lugher decrease in the mul11d1sc1plinary intervention group compared with the usual-care group (p = 0.02). 

12 months" 

(n = 20) 

0.0 (-25.0 : 0.0) 

0 0 (0.0 : 9.7) 

0 0 (0.0 ; 0.0) 

0.0 (0.0 ; 0.0) 

0.0_(- 17.5 ; 275) 

0.0 (-22.5 ; 25.0) 

-9.6 (- 1 6.7 : 6.3) 

-5.0 (-15.0 ; 10.0) 

4.2 (-8.3 ; 12.5) 

4.2 (- 16.0 ; 17 .9) 

1 25 (0.0 : 25.0) 

-4.2 (-14.6 : 8.3) 

0.0 (- 1 1 . 1 ; 0.0) 

0.0 ( ·8.3 : 12.5) 

0.0 (-25.0 ; 225) 

Associations between the changes over t ime in the parameters of obesity and the changes i n  

HRQoL were studied for both groups together. Statistica l ly s ign ificant correlations were found 

between a decrease in  BMI  z-score and an i ncrease i n  the  physical qual ity of l ife from the 

DUX-25, at the end of the treatment period (r = -0 .38, p = 0.01 ) .  At 1 2  months fol low-up, 

the correlation between a decrease in  BM I  z-score and an  increase in  the physica l qua l ity of 

l ife a lmost reached statistical s ign ificance (r = -0.3 1 ,  p = 0.07). Furthermore, correlations were 

found between a decrease in BF% and an i ncrease in the total DUX-25 score, at the end of 

the treatment program (r = -0.3 1 ,  p = 0.03), and between a decrease in viscera l fat and  an  

increase i n  the  physica l  qua l ity of  l ife, a t  12  months fol low-up ( r  = -0.33,  p = 0.046). 

With respect to the CHQ-PFS0 questionna i res for the total group of ch i ldren, corre lat ions 

were found between a decrease i n  BMI z-score and an  increase i n  "g lobal health " (r = 

-0. 36, p = 0.03), between basel ine and 1 2  months fol low-up .  Furthermore, statist ica l ly 

s ign ificant associations were present between a decrease in  BF% and an increase i n  " physica l 

function ing " (r = -0.29, p = 0 .03) at the end of both treatment programs. At 1 2  months 

fol low-up, strong associations were found between decreases in  visceral fat and i ncreases i n  

"g lobal hea lth " (r = -0 .37,  p = 0.03), "general behavior" (r = -0.4 1 , p = 0.0 1  ) ,  a nd  " genera l  

health " (r = -0.43, p = 0.0 1 ) . 
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Discussion 

The aim of this study was to assess whether a multidisciplinary intervention program, besides 

having positive effects on parameters of obesity, also had positive effects on HRQoL in 3- to 

5-year-old overweight or obese children. We demonstrated that HRQoL, especially for the 

physical domain, had improved from baseline to 12 months follow-up in the children in the 

multidisciplinary intervention group. Surprisingly, significant differences between the groups 

in the scales for "bodily pain" and "mental health" were found at the end of the treatment 

period, in favor of the children from the usual-care group. For both groups together, a decrease 

in various parameters of obesity was associated with an increase in several HRQoL domains. 

The baseline data on HRQoL in the total group of overweight and obese children from 

our study did not confirm previous reports that overweight and obese children generally 

have a lower HRQoL compared with healthy or non-obese children.8- 1 0  This difference could 

be explained by the younger age of the children in our study. The effects of overweight and 

obesity on the different aspects of HRQoL may not have been fully present yet. Also, parents 

of 4- to 5-year-old children living in the same region of the Netherlands from which the 

children in our study were included, generally considered their overweight children to have a 

normal weight and even their obese children having either a normal weight or being a little 

too heavy.22 As the parents completed the questionnaires, this might be an explanation for 

the absence of a decreased HRQoL in our preschool-aged overweight and obese children. 

Childhood obesity treatment programs should, besides losing weight, also focus on 

improving HRQoL as obese children have been shown to report significant reductions in 

quality of life.6 Impaired HRQoL in preschool-aged children has been reported especially in 

those children in who parents seek treatment.1 1  In our study, children in the multidisciplinary 

intervention group received physical activity sessions aimed at teaching motor skills and having 

fun during exercise, thereby improving the child's well-being. Indeed, our study demonstrated 

that children receiving the multidisciplinary intervention program, perceived a greater 

improvement of HRQoL at 12 months follow-up, compared with the children in the usual

care group. Improvements were seen despite relatively normal HRQoL scores at the start of 

the study. The improvement in HRQoL was found for the physical subscale, emphasizing the 

positive effect of the multidisciplinary treatment program on the physical well-being of these 

children. Also, the associations between improvements over time in various parameters of 

obesity and several aspects of HRQoL demonstrate the beneficial effects of obesity treatment 

programs on the children's well-being. Positive effects of multidisciplinary obesity intervention 

programs on HRQoL at 12 months follow-up have been described previously in overweight 

and obese adolescents.13 • 1 4  However, data on the effect of obesity treatment programs on 

HRQoL in preschool-aged children are still scarce. 

Surprisingly, during the treatment period there was a statistically significant difference 

in the changes for the CHQ-PFSO scales "bodily pain" and " mental health" ,  in favor of the 
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children in the usual-care group. In the children in the multidisciplinary intervention group, 

HRQoL on these scales had decreased, in contrast to an unchanged score in " bodily pain" 

and an increased score in " mental health" observed in the usual-care group. However, at 12 

months follow-up, these differences were no longer present, nor for any other scale of the 

CHQ-PF50 questionnaire. We expected the children in the multidisciplinary intervention group 

to have increased scores in the different HRQoL scales at the end of the treatment program, 

as the physical activity sessions focused on improving the child's well-being. However, it could 

be hypothesized that the intensive multidisciplinary treatment program had emphasized the 

physical and psychological consequences of the children's overweight or obesity too much.23 

Strong points of our study are the young age of the children and the presence of 

both overweight and obese children participating in the study. Behavioral treatment in 

obese children 6-9 years old has proven to be successful in contrast to almost no effect in 

adolescents.24 Until now, data on the effects of lifestyle intervention programs on HRQoL in 

preschool-aged children were scarce. This study fu rther demonstrates that, besides improving 

anthropometry and body composition, a multidisciplinary intervention program in 3- to 5-year

old overweight or obese children also has positive effects on HRQoL. It has been suggested 

that discussion of impaired HRQoL in preschool-aged children with obesity might be a more 

effective strategy for health care professionals in broaching the topic of weight with parents. 1 1 

Indeed, it has been demonstrated that parents underestimate the degree of overweight or 

obesity in their preschool-aged children.22 

A weak point of our study was the use of HRQoL questionnaires which have not been 

specifically developed for children with overweight or obesity. The DUX-25 questionnaire has 

been used mostly to assess HRQoL in children with various chronic diseases. 2 1 .25 In 2009, the 

development and initial validation of an obesity-specific quality of life measure for children 

aged 5-13 years was described.26 The reliability and validity of this questionnaire still has to 

be determined.27 The DUX-25 is a more general questionnaire and aims to assess HRQoL 

in children 5 years or older. The children in our study were 3-5 years old and too young to 

self-report. Therefore, parents completed the DUX-25 questionnaires. As mentioned above, 

parent reports are described to be valid in HRQoL questionnaires. 1 7 For future studies in 

preschool-aged overweight or obese children, the use of a HRQoL questionnaire for 1- to 

5-year-olds could be considered. 28 

In conclusion, we showed that a multidisciplinary intervention program in 3- to 5-year

old overweight or obese children had beneficial effects on HRQoL, 1 2  months after the start 

of the intervention, compared with a usual-care program. Associations were present between 

a reduction in parameters of obesity and an increase in various aspects of HRQoL. At present 

time, it remains unclear whether the improvement in HRQoL remains over a longer period of 

time. Additional studies in preschool-aged overweight or obese children are needed to further 

investigate the effects of multidisciplinary intervention programs on HRQoL. 
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Abstract 

Three-year follow-up of 3- to 5-year-old children after participation 
in a multidisciplinary or a usual-care obesity treatment program 

Background: Little is known on the long-term effects of obesity i ntervention p rograms i n  

preschool-aged ch i ld ren .  We compared the long-term effects of a mu ltid iscip l inary treatment 

program with a usua l-care program in  seventy-five 3- to 5-yea r-old overweight or obese 

ch i ld ren who had partici pated in a randomized control led cl i n ica l  tria l .  

Methods: A fol low-up study collecting data at 1 8  and 36 months after starting both 

programs. The mult id iscip l inary program consisted of d iet cou nse l i ng,  supervised exercise and 

psycho-education for parents. Outcome measures were changes i n  anthropometry and body 

composition , determined by bioelectrical impedance ana lysis and u ltrasound.  

Results: At the end of the 1 6-week treatment program, the mu ltid iscip l i nary i ntervention 

showed a greater decrease in body mass i ndex (BMI), BMI z-score (BMl-z), and wa ist 

ci rcumference z-score (WC-z) than usual-care. At 1 8  months follow-up, BM l-z, WC-z and 

h ip ci rcumference z-score (HC-z) had decreased and fat-free mass (FFM) had i ncreased in 

both groups. The decrease i n  WC-z was more pronounced in  the mu ltid iscip l inary treatment 

program compared with the usual-care program.  I n  the mu lt id iscip l i nary i ntervention g roup 

BMI and body fat percentage had decreased .  I n  both groups, at 36 months follow-u p, B M l-z 

had decreased and FFM had i ncreased. There were no differences over time between the 

groups. 

Conclusions: Both p rograms i n  3- to 5-year-old overweight or obese ch i ldren show susta i ned 

benefic ia l effects on BMl-z and FFM.  Although absolute differences were ma inta i ned, it 

cannot be concluded if a mu ltid iscip l inary l ifestyle i ntervention program has addit ional long

term benefits on top of a usual-care program due to the small n umber of ch i ld ren .  
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Introduction 

In the Netherlands, it has been recently demonstrated that the prevalence of childhood 

obesity is increasing. 1 In obese children, a decreased insulin sensitivity and dyslipidemia have 

been described at a young age.2•3 Childhood obesity may persist into adulthood,4 potentially 

leading to the development of cardiovascular disease (CVD) and type 2 diabetes (T2D). 5·6 

Prevention of childhood obesity should have a high priority. 7 When despite prevention 

efforts obesity develops at a young age, it is important to intervene. Systematic reviews have 

shown that family-based, multidisciplinary lifestyle intervention programs for children under 

the age of 12 years with overweight or obesity can be successful in reducing weight. 8 Literature 

reporting on long-term effects of lifestyle intervention programs is limited. These long-term 

effects are important since maintenance of beneficial effects of obesity intervention programs 

would indicate persistence of a reduced life-time risk on CVD and T2D. 

At present, the longest follow-up period of obesity treatment programs was published 

in 1994.9 Epstein and colleagues reported 1 0-year outcomes of 4 randomized studies in 1 85 

children aged 6 to 1 2  years.9 The authors concluded that the results obtained in the first 5 

years of treatment were predictive for the outcome at 1 0  years. The importance of positive 

results during the intervention period on maintaining these effects on the long-term was also 

emphasized by an obesity intervention study in 663 children with a mean age of 10.6 years. 10 

Little is known about the long-term outcome of obesity intervention programs in 

preschool-aged children. The aim of this study was to evaluate the long-term effects of a 

multidisciplinary intervention program in overweight or obese children aged 3 to 5 years 

and in children receiving usual-care. Primary outcome measures were the actual weight 

reduction, changes in body mass index (BMI) and BMI z-score (BMl -z), and changes in body fat 

percentage (BF%) and visceral fat (VF) at 18 and 36 months after the start of the intervention. 

Secondary outcome measures were changes in waist circumference (WC) and WC z-score 

(WC-z), hip circumference (HC) and HC z-score (HC-z), upper arm circumference (UAC), fat

free mass (FFM) and abdominal subcutaneous fat (SCF). 
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Methods 

Three-year follow-up of 3- to 5-year-old children after participation 
in a multidisciplinary or a usual-care obesity treatment program 

Deta i ls of the p rograms and effects u nti l  1 2  months after the start of both programs have 

been described previously. 1 1  In short, ch i ldren a nd parents participated in a randomized, 

contro l led cl i n ica l  tria l at the " G ron ingen Expert Center for Kids with Obesity (GEC KO)

Outpatient C l i n ic " .  Ch i ld ren aged 3 to 5 years were referred to the outpatient cl i n ic if they 

had a BMl-z > 1 . 1 .  After exclusion of medica l  causes for obesity, eati ng d isorders, menta l  

retardation and behavioral problems, ch i ldren were randomly assigned to the mu lt id iscip l i nary 

l ifestyle i ntervention or usual-care programs. Enro l lment took place from October 2006 to 

March 2008. A total of 75 ch i ldren started with the study. They a l l  were Dutch, except for five 

ch i ldren from former Dutch colon ies (two Sur iname and three Dutch Anti l lean ch i ld ren) a nd 

one ch i ld from Morocco. Ch i ldren l ived in rura l  as wel l  as in u rban reg ions. 

The mu lt id iscip l inary l ifestyle i ntervention program incl uded dietary advice for ch i ldren 

and parents (6 sessions of 30 m inutes each), physical activity sessions for ch i ld ren ( 1 2 sessions 

of 60 m inutes each) and psycholog ica l  counsel l i ng for parents only (6 sessions of 1 20 m i nutes 

each). Dietary advice, g iven by a d ietician,  a imed at improving eating behavior usin g  personal  

goa ls. Physica l activity sessions under guidance by a physiotherapist m im icked elementary 

school exercise. Psychologica l  counse l l ing was g iven by a psycholog ist teaching parents to 

be a healthy ro le model for their ch i ldren.  In the usual-care group, ch i ldren and parents were 

fol lowed up by a ped iatric ian (3 sessions of 30-60 m inutes each) who advised on healthy 

eating  and an  active l ifestyle. Both programs lasted 1 6  weeks. Written i nformed consent was 

obta i ned from the parents or legal caretakers. The study was approved by the Medica l  Eth ics 

Committee of the Un iversity Med ica l  Center Gron ingen.  

Between the anthropometric measurements and assessment of body composition at 1 2  

months after the start of the intervention and visits at 1 8  and 36 months from basel i ne, no 

fol low-up visits or interventions were done.  Height and weight were measured in duplo us ing 

standard ca l ib rated stadiometers and sca les. BMI  was ca lculated and age- and gender-specific 

z-scores were determ ined using the web-based program G rowth Ana lyser 3 (http://www. 

growthanalyser.org/). WC, HC  and UAC were measured in duplo using a standard measur ing 

tape. WC-z and HC-z were calcu lated as described for BMI .  B io-impedance ana lysis (B IA- 1 0 1 ,  

Akern S . r. 1 ./RJL Systems) was used to assess BF% and FFM, 1 2  and u ltrasound (SonoSite Titan ,  

SonoSite, I nc) to  measure VF and SCF. 1 3  

Pedometers (Yamax D ig i-Wa lker SW-200, Yamax USA, Inc) were used to assess the 

ch i ldren 's physical activity and were worn, at a m in imum,  three weekdays and one weekend

day. The average n umber of steps was ca lcu lated . During two weekdays and two weekend

days, specia l ly developed d iaries were used to document the type and amount of food 

consumed. The diaries were analyzed by a d ietic ian us ing a va l idated computer progra m  

(Vodisys Medica l Software, I P  Health Solutions) conta in ing the 2006 Dutch food composition 

database, and the i ntake of nutrients was ca lcu lated . 
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Statistical analysis was done using PASW Statistics version 18.0. Distribution of normality 

was tested using the 1 -sample Kolmogorov-Smirnov test. A paired sample t test was used 

for within-group differences and the independent t test for differences between groups. 

Repeated-measures analysis of variance, including baseline, 1 6  weeks, 12, 1 8  and 36 months 

was used to determine the difference between groups at 18 and 36 months, respectively. The 

significance level of all tests was p < 0.05. 

Due to loss to follow-up, data on anthropometry and body composition from 48 (64.0%) 

children were analyzed 18 months after the start of the intervention, 25 of 40 (62.5%) children 

from the multidisciplinary intervention group and 23 of 35 (65. 7%) children from the usual

care group. At 36 months after starting the intervention, anthropometric data and data on 

body composition from 29 (38.7%) children were analyzed, 17 of 40 (42.5%) children from 

the multidisciplinary intervention group and 12 of 35 (34.3%) children from the usual-care 

group. Not all children and parents used the pedometers and diaries to assess physical activity 

and food consumption. At 18 and 36 months from baseline respectively, in children from the 

multidisciplinary intervention group, data from 12 and 12 pedometers and 16 and 14 diaries 

were analyzed respectively. In children from the usual-care group, this was 1 0  and 5 and 8 

and 6, at 1 8  and 36 months from baseline. Because of the low number of data collected from 

pedometers and diaries at 36 months after the intervention started, we analyzed these data 

for both groups together. 
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Three-year follow-up of 3- to 5-year-old children after participation 
in a multidisciplinary or a usual-care obesity treatment program 

Results 

Table 1 shows the descriptive and anthropometric characteristics of the study popu lation at 

basel ine .  

Table 1.  Descriptive and anthropometric characteristics of the study population at baseline. 

Mean (SD) .
1 1  

Multidisciplinary Intervention Group Usual-Care Group 

n = 40 n = 35 

Boys, No. (%) 1 2  (30 .0) 9 (25 .7) 

Girls, No. (%) 28 (70.0) 26 (74.3) 

Age, y 4.6 (0.8) 4.7 (0.8) 

Overweight, No. (%) 14 (35 .0) 1 5  (42.9) 

Obese, No. (%) 26 (65 .0) 20 (57 . 1 )  

Weight, kg 28 .4 (6 .3) 28 . 1  (6.8) 

Body mass index, kg/m2 2 1 .2 (2.9) 2 1 .0 (2 .7) 

Body mass index z-score 2.7 ( 1 .0) 2.7 ( 1 .0) 

Waist circumference, cm 64.6 (7 . 1 )  65.2 (8 .0) 

Waist circumference z-score 2.7 ( 1 .0) 2 .7 ( 1 .0) 

Hip circumference, cm 69.0 (7 .9) 68.6 (7 .2) 

Hip circumference z-score 2.5 ( I  .3) 2 .4 ( 1 . l)  

Upper arm circumference, cm 22.6 (2.3) 22.4 (2 .4) 

Body fat % 29.0 (7 .8) 28 .6 (6 .3) 

Fat-free mass, kg 19 .7 (2 .4) 19 .7 (3 .6) 

Visceral fat, cm 4.4 ( 1 .4) 4 .3 (0 .8) 

Subcutaneous fat, cm 1 .8 (0.7) 1 .7 (0.7) 

Steps, n/d 1 1 998 (303 1 )  9862 (2729t 

Energy intake, kcaVd 1434 (252) 1 504 (3 1 6) 

a Statistically significant lower number of steps compared with the multidisciplinary 

intervention group (independent t test, p < 0.0 l ) .  
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Figure 1 provides details about inclusion and dropout from the study. 

Figure 1. Flow diagram of study group assignment and follow-up. 

I Assessed for eligibi l ity (n=78) I 
Excluded (n=3) 

- . Not meeting inclusion 
criteria (n=3) 

I Randomized (n=75) 

----

TO. Allocated to multidisciplinary TO. Allocated to usual-care program 
intervention program (n=4O) (n=35) 

. Received allocated . Received allocated 
intervention (n=4O) intervention (n=35) 

I I 

T I . 1 6  weeks T l .  16 weeks 
Lost to follow-up Lost to follow-up 

. not specified (n=4) . not specified (n=3) 
Discontinued intervention Discontinued intervention 

. too time-consuming (n=3) . program too stressful (n=3) 

I I 

T2. I 2 months T2. I 2 months 
Lost to follow-up Lost to follow-up 

. not specified (n= I )  . not specified (n=2) 
Discontinued intervention 

. too time-consuming (n= I )  

. unsatisfied with program 
(n= I )  

I I 

T3 . 1 8  months T3. I 8 months 
Lost to follow-up Lost to follow-up 

. not specified (n=6) . not specified (n= I )  
Discontinued intervention Discontinued intervention 

. goals too difficult to achieve . receiving treatment elsewhere 
(n= I )  (n= I )  

I I 

T4. 36 months T4. 36 months 
Lost to follow-up Lost to follow-up 

. not specified (n=6) . not specified (n=5) 
Discontinued intervention Discontinued intervention 

. not wanting to participate . not wanting to participate 
anymore (n=2) anymore (n=3) 

. too time-consuming (n= I )  

. moved elsewhere (n= I )  

. receiving treatment elsewhere 

(n= I )  

I I 

Analyzed ( 1 6  wk) (n=33) Analyzed ( 16 wk) (n=29) 
Analyzed ( 1 2  mo) (n=32) Analyzed ( 1 2  mo) (n=25) 
Analyzed ( 1 8  mo) ( n=25) Analyzed ( 1 8  mo) (n=23) 
Analyzed (36 mo) (n= l 7) Analyzed (36 mo) (n= l 2) 
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Three-year follow-up of 3- to 5-year-old children after participation 
in a multidisciplinary or a usual-care obesity treatment program 

In the multidisciplinary intervention group, 7 children were not available for follow-up 

between 12 and 18 months after the start of the intervention. In the same period, 2 children 

in the usual-care group were not available for follow-up. Between 1 8  and 36 months, 8 

children in the multidisciplinary intervention group were unavailable for follow-up. During 

the same period, the number of children in the usual-care group unavailable for follow-up 

was 11. Mean (SD) age of the children in the multidisciplinary intervention group 18 months 

after the start of the intervention was 6.0 (0.8) years and 7.3 (1.1) years at 36 months. In the 

usual-care group, mean (SD) ages at 18 and 36 months from baseline were 6.2 (0.9) years 

and 7.4 (1.3) years, respectively. 

Table 2 shows, for both groups, the changes in anthropometry and body composition 

from baseline to 18 and 36 months after the start of the intervention. 

Table 2. Changes in anthropometry and body composition from baseline to 18 and 36 months after the start of the intervention. 

Multidisciplinary lntcn·cntion Group Usual-Cure Group Group x Time 

18 months 36 months 18 months 36 months p-,alue• p-rnlue" 

n = 25 n =  17 n = 23 n =  12 

Weight, kg 3.4 (3.3J 1 1 .9 (6.3) 4.3 (2.6J 1 3 .5 (5.5J 0.47 0.59 

Body mass index, kg!m' - I . I ( l .7J 0.4 (2.5J -0.5 ( 1 .7J 1 .2 (2. 1 )  0.28 0.47 

Body muss index z-score -0 8 (0.6) -0.9 (0.8) -0.6 (0.6) -0.6(0.8) 0.2 1 0.24 

Waist circumference, cm 0.1 (4.4J 7.4 (7. 1 )  0.5 (4.7) 7.2 (5.5) 0.06 0.28 

Waist circumference z-score -0.6(0.6) 0.4(0.8) -0.5 (0.6J -0.5 (0.6) 0.05 0. 17 

Hip circumference, cm 3.3 (7.6J 6.2 (9.3J 2.6 (4.6J 9.5 (6.0) 0.51 0.24 

Hip circumference z-score -0.4 ( 1 .0J - I . I  ( 1 .2) -0.5 (0.8) -0.4 ( 1 .0J 0.45 0.22 

Upper arm circumference, cm -0.1 ( l .7J 2.6 (2.4) 0.7 ( l .5J 3.6 ( I .SJ 0.22 0.48 

Bod) fut '7o -2.7 (5 .4) 2.6 (5.9J 0.1 (5.7) 4.8 (4.8J 0.38 0.78 

Fat-free mass, kg 3.1 (2. 1 )  7.0 (2.4J 3.0 ( 1 .4) 7.1 (2.2) 0.97 0.97 

Visccr.il fut, cm -0.8 ( l .8J 0.6 ( 1 .8J -0.3 ( I  .JJ 1 .7 ( I .OJ 0.28 0.59 

Subcutaneous fat, cm -0.1 (0.5) 0.4 (0.7J -0.1 (0.6) l .0 (0.6J 0.82 0. 17 

Numbers are presented as mean differences (SD), negative numbers reflect a decrease over time. 

• p-values are based on time x group effect from repeated-measures analysis of variance, including baseline, 16  weeks, 12 and 18 months. 

• p-values are based on time x group effect from repeated-measures analysis of variance, including baseline, 16 weeks, 1 2 ,  18 and 36 months. 

At 18 months from baseline, a significant decrease for BMI (p < 0.01 ), BMl-z (p < 0 .001 ), 

WC-z (p < 0.001 ), HC-z (p = 0.046), BF% (p = 0.02) and VF (p = 0.05) was found in the 

multidisciplinary intervention group. FFM (p < 0.00 1 )  had increased significantly. In the usual

care group, only BMl-z (p < 0.001), WC-z (p = 0.00 1 )  and HC-z (p = 0.01) had decreased 

significantly, whereas FFM (p < 0.001) had increased. Comparing both groups over time, the 

decrease in WC-z (p = 0.05) was more pronounced in the multidisciplinary intervention group 

than in the usual-care group. The difference between both groups over time in WC (p = 0.06) 

reached borderline significance, in favor of the multidisciplinary intervention group. 
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Concerning the changes in anthropometry and body composition from baseline to 36 

months after the start of the intervention, children in the multidisciplinary intervention group 

showed a statistica l ly signifi cant decrease in BMl-z (p < 0.001) and H C-z (p < 0.01 ), whereas 

the decrease in WC-z (p = 0.07) reached borderline significance. There was a significant 

increase in FFM (p < 0.001 ). In the usual-care group, BMl-z (p = 0.02) and WC-z (p = 0. 03) 

had decreased significantly, and FFM (p < 0.001 ) had increased significantly. Over time, there 

were no differences between the groups (Figure 2). Body fatness tended to increase in both 

groups 1 8  months after the start of the intervention. There were no differences between the 

groups. 
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Figure 2. Body mass index (BMI) z-score and waist circumference (WC) z-score in the 

multidisciplinary intervention group (open dots) and usual-care group (closed dots) from 

baseline to 36 months after the start of the intervention. 
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Three-year follow-up of 3- to 5-year-old children after participation 
in a multidisciplinary or a usual-care obesity treatment program 

Table 3 shows the changes in physical activity and energy intake from baseline to 18 and 

36 months after the start of the intervention. A statistically significant decrease in mono-/ 

disaccharide intake was found in the multidisciplinary intervention group at 18 months (-3.3 

[5.1] (mean [SD]) energy %; 95% Cl, -6.0 to -0.6; p = 0.02). This decrease was no longer 

present at 36 months. In the usual-care group, at 18 months, a statistically significant increase 

in the average number of steps per day was found (3381 [2043] steps per day; 95% Cl, 

1919 to 4842; p < 0.01 ). At 36 months, this increase was no longer present. However, at 36 

months there was a statistically significant decrease in carbohydrate intake (-5.2 _[3.6] energy_ 

%; 95% Cl, -9.0 to -1.4; p = 0.02) and mono-/disaccharide intake (-10.2 [6.7] energy %; 

95% Cl -17.2 to -3.1; p = 0.01) in the usual-care group. In contrast, fat intake had increased 

significantly (4.3 [3.4] energy %; 95% Cl, 0.8 to 7.8; p = 0.03). There were no statistical 

significant differences over time between the two treatment groups. Therefore, for further 

analysis data from both groups were combined. When total energy intake, and energy intake 

for fat, carbohydrates and proteins, was calculated per kg body weight, a significant decrease 

in carbohydrate intake (p = 0.02) was found at 18 months. Significant decreases in total 

energy, fat, carbohydrate (all p's <  0.001) and protein intake (p < 0.01) were observed at 36 

months after the start of the intervention. There was no significant increase over time for the 

number of steps (p = 0.10). 

Table 3. Changes in physical activity and energy intake from baseline to 18 and 36 months after the start of the intervention. 

Multidisciplinary Intervention Group Usual-Care Group Group x Time 

Baseline 18 months 36 months Baseline 18 months 36 months p-value' p-\lllue" 

Pedometers n = 33 n = 12 n =  12 n = 32 n =  10 n = S  

Steps, n/d 1 1 998 (303 1 )  14541 (272 1 )  12745 (2199) 9862 (2729) 12622 (2226) 1 1652 (2019) 0.26 0.41 

Food diaries n = 38 n =  1 6  n = 1 4  n = 32 n = 8  n = 6  

Energy intake, kCaUd 1434 (252) 1460 (2 13) 1438 (263) 1504 (3 16) 1 330 (33 1 )  1445 (443) 0.29 0.87 

Fat energy <;1, 27 .7 (3.9) 29.6 (5. 1 )  28.2 (5.8) 27.7 (3.8) 29.4 (3.8) 31 2 (3 . 1 )  0.68 0. 1 0  

Saturated fa t  energy % 1 1 .0 (2.2) 1 1 .3 ( 1 .8) 1 1 .0 (2.8) 10.6 ( 1 .7) 1 1 .7 (2.3) 1 1 .6 ( 1 . 1 )  0.62 0.58 

Unsaturated fat energy % 13.8 (2.0) 15.2 (3.5) 14.3 (3.0) 14.4 (2.5) 14.8 (2.7) 16.3 (2.3) 0.74 0.38 

Carbohydrate energy % 57.3 (4.7) 54.8 (4.9) 56.7 (6.9) 58.6 (4.3) 55 . 1  (2.4) 55.0(4.3) 0.91 0.33 

Mono-/disaccharide energy % 32.8 (6.3) 30.4 (6. 1 )  30.7 (8.2) 35.1 (5.5) 29.5 (2.2) 27.7 (6.8) 0.77 0 . 1 9  

Protein energy % 15.0 (2.6) 15.6 (2.9) 15.2 ( 1 .9) 1 3 .8 (2,0) 15.5 (22) 1 3.8 (2.2) 0.91 0.06 

Fiber intake, g/d 1 3.3 (3.4) 14. 1 (2.7) 13 .5 (2.9) 14.4 (3.4) 14.0 (3.3) 1 2.2 (3.3) 0.45 0.79 

Numbers are presented as mean (SD). 

• p-values are based on time x group effect from repeated-measures analysis of variance, including baseline, 16 weeks, 12 and 18 months. 

hp-values are based on time x group effect from repeated-measures analysis of variance, including baseline, 16 weeks, 12, 18 and 36 months. 
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Discussion 

The aim of this study was to assess the 3-year outcome in a multidisciplinary and a usual-care 

obesity intervention program in 3-year-old to 5-year-old children. At 1 2  months after the 

start of both programs, children in the multidisciplinary intervention group showed greater 

decreases in BMI, BMl-z, WC and WC-z compared with children in the usual-care group. 1 1  At 

36 months from baseline, a significant decrease in BMl-z and HC-z and increase in FFM was 

present in the multidisciplinary intervention group. The decrease in WC-z reached borderline 

significance. In the usual-care group a decrease in BMl-z and an increase in FFM were also 

found. However, in contrast to the multidisciplinary intervention group, there was no decrease 

in H C-z. The decrease in WC-z at 36 months from baseline was statistically significant in the 

usual-care group. Despite a stable BMl-z, body fatness tended to increase again 1 8  months 

after the start of the intervention. This may be due to a natural increase in body fatness at 

ages 5 to 6 years. However, it may also indicate that measures of adiposity may provide useful 

information on when to intensify the caloric restriction to sustain progressive normalization 

of BMl-z. 

Regarding energy intake and physical activity at 36 months, no significant changes 

from baseline were found in the multidisciplinary intervention group. In the usual-care group 

a significant decrease in carbohydrate and mono-/disaccharide intake was found, with a 

significant increase in fat intake. However, it should be noted that the total number of food 

diaries analysed was small. Combining the dietary data from both groups and expressed per 

kg body weight, there was a significant decrease in total energy intake and intake of fat, 

carbohydrates and proteins at 36 months after the start of the intervention. 

Maintenance of weight reducing effects of childhood obesity intervention programs 

is important as this may imply persistence of a decreased risk on the development of adult 

CVD.6 Indeed, sustained beneficial effects of obesity treatment programs on lipid profile and 

markers for insulin sensitivity have been demonstrated in obese 8- to 1 6-year-old children. 14 

Literature on the long-term outcome of lifestyle intervention programs for childhood obesity 

is scarce and different long-term results have been reported. A 5-year follow-up study in 31 

obese children with a mean age of 8. 4 years, in which eight follow-up visits were included, 

showed a persistent decrease in BMl-5D5 and WC, together with improved family habits 

towards a healthy lifestyle and decreased total energy intake. 1 5  The 2-year outcome of a 

family-based group program in 27 obese children 7 to 1 3  years old demonstrated a mean 

change in BMl -z of -0.23, however, without an improvement in WC-z. 16 The decrease in BMl-z 

reported by Robertson and colleagues 1 6  is lower than in our study in which at 36 months 

from baseline a mean decrease in BMl-z of 0.9 and 0. 6 was found in the multidisciplinary 

intervention and usual-care groups, respectively. 
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Multidisciplinary lifestyle intervention programs for overweight and obese children aim 

at sustaining the positive effects of improved eating habits and increased physical activity. No 

study evaluated if a multidisciplinary program is more beneficial on the long term than only 

advices given by a paediatrician, what is considered usual-care in our country. In our study, 

at 3 years after the start of the intervention, there were no statistically significant differences 

over time between both groups regarding the number of steps and energy intake. However, 

for both groups together, there was a sustained decrease over time in energy intake per kg 

body weight. Positive long-term effects of lifestyle intervention programs in obese children 

have been described in studies with older children. Dietary data of overweight 5- to 9-year

old children who participated in an intervention program showed a sustained decrease of the 

consumption of energy-dense, nutrient-poor foods and an increased consumption of core 

foods at 2 years follow-up.17 Persistent reductions of exposure to unhealthy foods with an 

improved eating style and reduction in sedentary behavior at 2-year follow-up have also been 

reported in 7- to 1 3-year-old obese children.1 6 

Mechanisms leading to weight regain after obesity intervention programs are important 

to understand, as this may give the opportunity to prevent their occurrence. Children may 

show the tendency to relapse into unhealthy behavior, as was shown in a prospective, 

randomized study comparing two weight-reducing diets in obese 1 1 - to 1 6-year-olds.18 In this 

study, energy intake increased and physical activity decreased between the first and second 

year after treatment, together with a regain in weight. The importance of maintaining a 

healthy lifestyle in preventing weight regain was also shown in a study in adolescents who 

during follow-up had lower total energy intake, more energy at breakfast and less snacking 

and television watching.1 9  These adolescents were more successful in weight maintenance 

after an obesity treatment program than children who had a higher energy intake, specifically 

at 2-year follow-up. 

The addition of maintenance interventions to prevent weight regain after the end of 

obesity treatment programs has been studied by Wilfley and colleagues.20 This randomized 

controlled trial studied the 2-year outcome of 2 different maintenance interventions after a 

5-month weight loss program in 204 obese children, 7 to 1 2  years old. The authors conclude 

that maintenance-targeted programs improve short-term results of weight loss treatment but 

question whether this effect is caused by the content of the maintenance program, or by the 

increased frequency and duration of contact with parents and children. Unfortunately, this 

study also demonstrated that the positive effects wane off during follow-up. Our study did 

not provide maintenance sessions after the intervention period, nor were there contacts with 

parents and children between the follow-up moments. Nevertheless, a sustained decrease in 

BMl-z was observed for both treatment groups. 

In conclusion, our study shows that, at 36 months after the start of the intervention, 

the usual-care and multidisciplinary treatment programs demonstrate a sustained decrease 

in BMl-z and an increase in FFM. Because of the small number of children at 36 months 
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of follow-up, it cannot be concluded if a multidisciplinary obesity treatment program in 3-

to 5-year-old children has additional effects on improving weight and body composition, 

compared with a usual-care program. However, the results show a clear trend that the 

multidisciplinary intervention program has a persistent greater effect than the usual-care 

program. If maintenance programs might have additional effects to prevent the relapse of 

positive lifestyle changes and regain in weight has to be studied further. 
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Summary 

As childhood obesity is worldwide becoming increasingly prevalent, effective strategies 

to treat overweight and obese children are needed. Multidisciplinary lifestyle intervention 

programs in obese children aged 5-12 years, including a behavioral component, have been 

shown to be effective in reducing weight. 1 However, obesity starts already before the age 

of 5 years. Obesity treatment programs must therefore focus on even younger children as 

young obese children are at high risk to remain obese into adolescence and adulthood.2-4 

Childhood obesity has extensive health risks, both physical and psychological. To assess the 

effects of a multidisciplinary lifestyle intervention program in 3- to 5-year-old overweight or 

obese children, a randomized controlled clinical trial was performed at the Groningen Expert 

Center for Kids with Obesity (GECKO). Overweight and obesity were defined according to 

international cut-off values, as a body mass index (BMI) > 1.1 SOS and > 2. 3 SOS, respectively. 5 

Between October 2006 and March 2008, 75 children were allocated to a multidisciplinary 

intervention program or to a usual-care program . Both treatment programs lasted 16 weeks. 

The multidisciplinary intervention program for children and their parents contained 6 sessions 

of dietary advice by a dietician (30 minutes each), 12 physical activity group sessions of 60 

minutes each supervised by a physiotherapist and, for parents only, 6 group sessions (120 

minutes each) with behavioral therapy and guided by a psychologist. Children and parents 

in the usual-care group received advice on a healthy lifestyle by a resident in pediatrics, 3 

sessions of 30-60 minutes each. 

Height and weight of the children were measured using standard calibrated scales 

and stadiometers. BMI was calculated and standardized using age- and sex-specific data 

from the Fourth Dutch Growth Study.6 Waist circumference (WC) was measured using a 

standard measuring tape at the midpoint between the lateral iliac crest and the lowest rib, 

and standardized as described above. Body composition was assessed by bio-impedance 

analysis (BIA-101, Akern S.r. I./RJL Systems, Florence, Italy) and body fat percentage (BF%) 

and fat-free mass (FFM) were calculated as  previously described.7 Abdominal subcutaneous 

fat (SCF) and visceral fat (VF) were measured by ultrasound (SonoSite Titan, SonoSite, Inc., 

Bothell, WA, USA).8 Systolic (SBP) and diastolic (DBP) blood pressure were measured with a 

Dinamap Critikon 1846SX digital sphygmomanometer (Critikon Inc., Tampa, Florida, USA). 

The children's blood pressure was classified according to sex, height, and age.9 

After an overnight fast, blood was drawn for determination of serum l ipids (total 

cholesterol (T-C), HDL- and LDL-cholesterol (HDL-C and LDL-C), and triglycerides (TG)) and 

parameters of glucose metabolism (HbA 1 c, insulin, and glucose). Insulin sensitivity was 

assessed by the updated Homeostasis Model Assessment of Insulin Resistance (HOMA2-IR). 1 0 

Furthermore, markers of low-grade systemic inflammation (high-sensitive c-reactive protein 

(hsCRP), tumor necrosis factor a (TNFa), and interleukin-6 (IL-6)), and the adipokines leptin 

and adiponectin were determined. 
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During both treatment programs, the eating pattern of the children was documented 

using specially developed diaries in which the type and amount of food consumed was 

written down by the parents. The diaries were used during 4 consecutive days: 2 weekdays 

and 2 weekend days. The food diaries were evaluated by a dietician and the intake of 

nutrients was calculated with a validated computer program (Vodisys Medical Software, I P  

Health Solutions, Groningen, the Netherlands), using the Dutch food composition database 

(NEVO 2006). Physical activity of the children was measured using a pedometer (Yamax Digi

Walker SW-200, Yamax USA, Inc., San Antonio, TX, USA). The pedometer was worn at least 3 

weekdays and 1 weekend day. Parents documented the amount of steps in a diary, each day 

the pedometer was worn. The average number of steps per day was calculated. 

Health-related quality of life (HRQoL) was assessed using two questionnaires, which 

were completed by one of the parents. The Dutch-Child-AZL-TNO-Quality-of-Life (DUX-

25) questionnaire measures daily activities and contains 25 questions regarding physical, 

emotional, home, and social items. Possible responses on each question are expressed in 

5 abstract faces from happy (score 5) to sad (score 1 ), thereby constructing a 5-point Likert 

scale. The Dutch edition of the Child Health Questionnaire-Parent Form (C HQ-PF50) measures 

health perception and contains 50 items, divided over 11 multi-scales and 4 single-items 

questions and addresses the child's physical, emotional and social well being. A higher score 

on each of the questionnaires indicated a higher quality of life. 

In chapter 2, we describe the prevalence of insulin resistance and cardiovascular risk 

factors in the overweight and obese children at the start of both treatment programs. Of the 

75 children, 29 children were overweight and 46 were obese. The presence of cardiovascular 

risk factors was confirmed if one or more of the following criteria were present: (1) TG � 1.24 

mmol/L; (2) HDL-C ::; 1.03 mmol/L; (3) hypertension (SBP and/or DBP � 90th percentile for age, 

sex and height); (4) impaired glucose tolerance (HOMA2-IR � 97.5th percentile) . 

We found that cardiovascular risk factors were present in 6.9% (elevated triglycerides) 

to 74.3% (hypertension) of the children. In 5 of 65 children (7. 7%), a HOMA2- IR above the 

upper limit of the normal range was found. This included one overweight child (4.0%) and 4 

(10.0%) obese children. HOMA2- IR and fasting insulin were significantly higher in the obese 

children than in the overweight children (both p < 0.01 ), as was fasting glucose (p = 0.01 ). 

HOMA2-IR was strongly correlated with BMI (r = 0.63), WC (r = 0.62), and BF% (r = 0.58) 

(all p < 0.001 ).  

In chapter 3,  we present the results of the multidisciplinary intervention program in 

our 3- to 5-year-old overweight or obese children on anthropometric parameters of obesity 

and body composition, at the end of the treatment period and at 1 year of follow-up. We 

compared the results with a group of overweight and obese children receiving the usual-care 

program. 

During the 1 6-week treatment period, 7 children in the multidisciplinary intervention 

group either discontinued the study or were lost to follow-up. In 3 of these children, parents 
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commented that the study was too time-consuming. In the other children, no specific reason 

was given by the parents. In the usual-care group, 6 children were lost to follow-up. For 

3 children, parents mentioned that the program was too stressfu l, in the other 3 children 

no reason was given. Between the end of both treatment programs and 1 year follow-up, 

another child in the multidisciplinary intervention group and another 4 children in the usual

care group were lost to follow-up. At the end of the intervention period, data on 62 children 

(82.7%) were analyzed and data on 57 children (76.0%) were analyzed at 1 year of follow

up. 

Comparing the effect of both treatment programs between baseline and the end of the 

16-week programs, we demonstrated in the multidisciplinary intervention group a statistically 

significant greater decrease in BMI (mean (standard deviation (SD)) difference 0.5 (0. 3) kg/m2, 

p = 0.05), BMI z-score (mean (SD) difference 0.2 (0.1 ), p = 0.03), and WC z-score (mean (SD) 

difference 0. 3 (0.1 ), p = 0.02), compared with the children in the usual-care group. At 1 year 

of follow-up, the multidisciplinary treatment program obtained significantly greater decreases 

in BMI (p = 0.03), BMI z-score (p = 0.02), WC (p = 0.02) and WC z-score (p = 0.01 ), compared 

with the usual-care program. The decrease in VF reached borderline significance, in favor of 

the multidisciplinary intervention group (p = 0.08). 

With regard to physical activity and nutrient intake, only the daily intake of fiber between 

baseline and 16 weeks showed a statistically significant difference between both groups, in 

favor of the multidisciplinary intervention group (p = 0.02). Between baseline and 12 months 

follow-up, no statistically significant differences were present between the groups. 

In chapter 4, the effect of both treatment programs on adipokines, insulin resistance, lipid 

profile, and low-grade systemic inflammation is described. In both groups, insulin sensitivity 

had improved at the end of the 16-week treatment period, as shown by decreased insulin 

concentrations and a decreased HOMA2-IR. Furthermore, in the multidisciplinary intervention 

group, HbA 1 c and TNFa had significantly decreased (both p = 0.01 ). Comparing both groups 

over time, no statistically significant differences were present between the groups. However, 

the decrease in T-C (p = 0.07) and TN Fa (p = 0.06) concentrations reached borderline statistical 

significance, in favor of the multidisciplinary intervention group. Combining the results of 

both groups, we demonstrated a statistically significant correlation between the decrease in 

BF% and decreases in HOMA2-IR (r = 0. 37, p = 0.02) and TG concentrations (r = 0.29, p = 

0.02). 

In chapter 5, the effect of the multidisciplinary intervention program on H RQoL is 

described. The results are compared with the effects observed in the usual-care group. H RQoL 

was measured at the start, at the end, and 12 months after the start of both treatment 

programs. At baseline, 1 6  weeks and 12 months, 69 (92.0% of the children), 59 (95.2 %), and 

40 (70.2%) DUX-25 questionnaires were available for evaluation. For the CHQ-PF50, these 

were 71 (94.7% of the chi ldren), 59 (95.2%), and 40 (70.2%) questionnaires, respectively. 

The baseline data from the DUX-25 questionnaires of both treatment groups together did not 
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demonstrate a lower HRQoL, compared with healthy Dutch children. Even higher scores were 

reported. In general, this difference in HRQoL could not be concluded from the CHQ-PF50 

questionnaires. Compared with children with asthma or behavioral problems, parents of our 

overweight or obese 3- to 5-year-olds generally reported a higher HRQoL, both on the DUX-

25 and CHQ-PF50 questionnaires. 

At 1 2  months follow-up, children in the multidisciplinary intervention group 

demonstrated a statistically significant increase in the total DUX-25 score, compared with 

the children in the usual-care group (medians 5 .0  vs. -4.5, p = 0.04). This increase in HRQoL 

in the children from the multidisciplinary intervention group was also demonstrated for the 

physical subscale of the DUX-25 questionnaire (medians 8.3 vs. -4.2, p = 0.03). Regarding 

the CHQ-PF50 questionnaires, at the end of the treatment period the score for the scale 

"bodily pain" had decreased in the multidisciplinary intervention group indicating more pain 

or limitations because of pain, whereas in the usual-care group the score for "bodily pain" 

remained unchanged (medians -5.0 vs. 0.0, p = 0.03). For the scale " mental health" ,  children 

in the multidisciplinary intervention group demonstrated increased feelings of anxiety and 

depression at the end of the 1 6-week program, compared with the children in the usual-care 

group who reported less feelings of anxiety and depression (medians -5.0 vs. 5.0, p = 0.02). 

At 12 months follow-up, no statistically significant different changes between the groups 

were present. 

For both groups combined, a decrease in BMI z-score between baseline and 12 months 

of follow-up was associated with increased "global health" (r = -0.36, p = 0.03). At 12 

months from baseline, a decrease in VF was correlated with increases in the CHQ-PF50 scales 

"global health" (r = -0.37, p = 0.03), " general behavior " (r = -0 . 41, p = 0.01), and "general 

health" (r = -0. 43, p = 0.01 ) .  

In chapter 6, we describe the long-term effects of the multidisciplinary intervention 

program on anthropometric parameters of obesity and body composition, compared with 

the results in the children in the usual-care group. Data were collected at 1 .5 and 3 years 

after the start of the treatment program. At 1.5 years from baseline, data from 48 children 

(64.0%) were available for evaluation. Mean (SD) age of the children in the multidisciplinary 

intervention group was 6.0 (0.8) years and 6.2 (0.9) years in the usual-care group. At 3 years 

from baseline, data from 29 children (38.7%) were available for evaluation. Mean (SD) ages 

of the children in the multidisciplinary intervention and usual-care groups were 7 .3 (1 .1) and 

7.4 (1.3) years, respectively. 

At 1 8  months of follow-up, children in the multidisciplinary intervention group still 

demonstrated significant decreases in BMI z-score (mean (SD) -0.8 (0.6), p < 0.001 ), WC z

score (mean (SD) -0.6 (0.6), p < 0.001 ), BF% (mean (SD) -2.7 (5 . 4), p = 0.02), and VF (mean 

(SD) -0.8 (1.8) cm, p = 0.05). FFM had increased significantly (mean (SD) 3.1 (2.1 ) kg, p < 

0.001 ). Also, in the usual-care group, BMI z-score (mean (SD) -0.6 (0.6), p < 0.001) and WC 

z-score (mean (SD) -0.5 (0.6), p = 0.001) had decreased, and FFM had increased (mean (SD) 
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3 .0  ( 1 .4) kg, p < 0 .00 1  ). Comparing the changes in both groups, from basel ine to 1 8  months 

after the start of the i ntervention ,  the decrease i n  WC z-score was more pronounced in the 

mu ltidisci pl inary i ntervention group, compared with the usual-care group (p = 0 .05) .  

At  36 months of  fol low-up, ch i ldren in  the mu ltid iscip l inary i nterventio n  g roup 

demonstrated a susta ined decrease in  BMI  z-score (mean (SD)  -0.9 (0.8), p < 0 .001  ) ,  and 

an i ncrease i n  FFM (mean (SD)  7 .0  (2 .4) kg ,  p < 0 .001  ) .  The decrease i n  WC z-score reached 

borderl ine statistical s ign ificance (mean (SD) -0.4 (0.8), p = 0 .07) .  In the usual-care g roup,  

the decrease i n  BMI z-score was a lso sti l l  present (mean (SD)  -0.6 (0.8), p = 0 .02), as  was the 

decrease in  WC z-score (mean (SD)  -0 . 5  (0.6), p = 0 .03). An i ncrease i n  FFM could a lso sti l l  be 

demonstrated (mean (SD) 7 . 1  (2 .2) kg, p < 0 .00 1  ) .  Comparing the results i n  both groups,  from 

the start to 3 years after the start of the treatment, no d ifferent changes i n  anthropometry or 

body composition were present. Concern ing physica l activity and energy intake, there were 

no statistica l ly s ign ificant d ifferences over time between the two treatment groups. 

Because both programs showed susta ined benefic ia l  effects on BMI z-score and FFM, it 

cannot be concluded whether a mu ltid iscip l inary intervention program had additiona l  long

term effects over a usua l-care program, due to the sma l l  nu mber of ch i ldren ava i la b le for 

eva luation. 
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General discussion 

The first objective of this thesis was to determine the effect of a multidisciplinary intervention 

program in 3- to 5-year-old overweight or obese children on anthropometry and body 

composition. We showed that, at the end of the treatment program, children in the 

multidisciplinary intervention group achieved greater decreases in BMI, BMI z-score, and 

WC z-score, compared to children receiving the usual-care program and that this difference 

was still present at 12 months follow-up. Eighteen months after the start of the treatment 

program, the greater decrease in WC z-score in the children from the multidisciplinary 

intervention group had persisted .  At 3 years from baseline, no significant differences were 

present between the groups, although both groups demonstrated sustained positive effects 

over time on BMI z-score and FFM. 

Positive effects of multidisciplinary lifestyle intervention programs on reducing weight 

have been demonstrated in obese children 5- 1 2  years old. 1 However, little is known on the 

effect of obesity intervention programs in preschool-aged children. An effective treatment of 

childhood obesity at a young age is important, as tracking of obesity has been demonstrated.4 

This implies that young children with overweight or obesity are at high risk to remain so into 

adolescence and adulthood, unless treatment is offered. Furthermore, obesity intervention 

programs in young children have been shown to be more effective than in older children. 1 1  

Our study shows that a multidisciplinary treatment program is already effective in preschool

aged overweight or obese children, and emphasizes that treatment programs for childhood 

obesity should aim at early intervention.3 The positive results from our study are supported 

by a pilot study in 18 obese children aged 2-5 years, in which the children in the intervention 

group showed a decrease in BMI z-score, in contrast to an increase in BMI z-score in the 

children from the control group. 12 

Due to the small number of children participating at long-term follow-up, it could not 

be concluded if the multidisciplinary treatment program had additional benefits compared 

to a usual-care program. However, both programs did show sustained positive effects on 

parameters of obesity over time. Literature reporting on the long-term effects of childhood 

obesity programs is limited, but do show that the effects obtained during the intervention 

period are predictive for the long-term outcome. 13 The presence of positive long-term effects 

could imply a reduced risk on the tracking of obesity and the development of obesity related 

disorders later in life. It is of importance for the development of future childhood obesity 

treatment programs to study what content and what frequency of lifestyle interventions in 

children with overweight or obesity show the best long-term results. 

In that perspective, it is important to identify the factors that lead to the persistence 

of the positive effects of obesity treatment programs, achieved at short-term follow-up, as 

this could further improve treatment programs for childhood obesity. Preventing a regain 

in weight by maintenance of a healthy lifestyle during follow-up has been demonstrated in 
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obese adolescents. 1 4 However, obese children aged 11-16 years may relapse into unhealthy 

behavior, characterized by increased energy intake and decreased physical activity, after 

participating in a dietary intervention program.15 Literature on the long-term effects of lifestyle 

intervention programs in overweight and obese preschool-aged children is scarce, and data 

on interventions aimed at sustaining the positive results achieved during the intervention 

period are lacking. In obese children 7 to 12 years old, maintenance interventions after a 

weight loss treatment program have been shown to improve short-term results. 16 However, it 

remains unclear if this positive effect is caused by the content of the program or by the more 

frequent contact with the children and their parents. 

The second objective of this thesis was to determine the prevalence of insulin resistance 

and cardiovascular risk factors in overweight or obese children 3-5 years old and to determine 

the effect of a multidisciplinary intervention program on insulin resistance, lipid profile, low

grade systemic inflammation, and adipokines. We demonstrated that insulin resistance and 

cardiovascular risk factors were already evident in many overweight or obese preschool-aged 

children and that insulin resistance was strongly related to body composition. Furthermore, 

a multidisciplinary intervention program, as well as a usual-care program, improved insulin 

sensitivity in 3- to 5-year-old overweight or obese children, in parallel with a reduction in BF%. 

Although it still has to be determined whether the presence of insulin resistance and 

cardiovascular risk factors in preschool-aged overweight or obese children is related to an 

increased risk on cardiovascular disease or metabolic syndrome at a later age, the results of 

our study are alarming. Since, the tracking from childhood to adolescence of cardiovascular 

risk factors associated with obesity has been demonstrated.17 According to international 

guidelines, metabolic syndrome cannot be diagnosed in children under the age of 1 O years. 1 8  

Therefore, i t  is  not possible to compare the results of our study with other studies describing 

the prevalence of metabolic syndrome in overweight or obese children aged 10 years or older. 

For example, in moderately obese 13-year-olds, metabolic syndrome was found in 38.7% of 

the children, compared to 49.7% in severely obese 11-year-olds. 1 9  

We chose to describe the cardiovascular risk factors separately and defined the presence 

of each risk factor according to the best available cut-off levels in literature. With the exception 

of reference values for blood pressure,9 it should be noted that normal values for the separate 

cardiovascular risk factors in children aged 3-5 years do not exist. Therefore, reference bias 

may have played a role in the prevalence of insulin resistance and cardiovascular risk factors 

in our overweight and obese preschool-aged children. However, the results from our study 

are supported by a study in 7- to 9-year-old overweight or obese Portuguese children, which 

showed approximately the same prevalence of the different cardiovascular risk factors as we 

have reported. 20 

Our study also demonstrated that insulin sensitivity was strongly related to anthropometric 

parameters of obesity in overweight or obese 3- to 5-year-old children. Significant higher 

HOMA2-IR values were found in the obese children than in the overweight children, and a 
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reduction in BF% induced by the obesity treatment programs led to an improvement in insulin 

sensitivity. Also, an improvement in body composition induced improvements in lipid profile. 

The role of body fat mass involved in the pathogenesis of insulin resistance in obese 

children has been demonstrated in other studies. 1 9
•
2 1  Improving insulin sensitivity by red ucing 

fat mass should therefore be one of the objectives in obesity treatment programs. Decreasing 

body fat has been shown to decrease insulin resistance in obese children, 9 to 17 years old. 22 

With our study we show that an improvement in insulin sensitivity by reducing BF% can already 

be achieved in preschool-aged children. Furthermore, the decrease in TG concentrations 

associated with improvements in body composition (decreased BF% and abdominal SCF) in 

our overweight and obese preschool-aged children are important observations, as obesity 

related dyslipidemia increases the risk of atherosclerosis.23 Previously, it was demonstrated in 

9- to 1 3-year-old obese children that weight loss over a one-year period was associated with 

decreased TG concentrations. 24 The results of our study may imply that obesity treatment 

programs in preschool-aged children diminish the cumulative lifetime exposure to increased 

cardiovascular risk factors later in life. 

The third objective of this thesis was to determine the effect of a multidisciplinary 

intervention program on HRQoL in 3- to 5-year-old overweight and obese children. Also, we 

studied whether improvements in body weight and body composition in these children had 

led to improvements in H RQoL. At baseline, the preschool-aged children in our study did not 

show a lower HRQoL compared with healthy Dutch children. Compared with children with 

asthma or behavioral problems, HRQoL was generally reported to be higher. We demonstrated 

at 12 months of follow-up that a multidisciplinary intervention program induced a greater 

increase in H RQoL, compared with a usual-care program. The improvement in H RQoL 

was especially present for the physical domain. When we combined the results from both 

treatment programs, a decrease in BMI z-score and VF was associated with improvements in 

several HRQoL domains. 

In contrast to other studies, the overweight or obese children in our study did not show a 

decreased HRQoL, compared with healthy or non-obese children.25·26 This might be explained 

by the younger age of the children in our study or by the fact that parents filled in the 

questionnaires. Due to the children's you ng age, the negative effects on H RQoL of being 

overweight or obese may not be present yet. However, in preschool-aged obese children 

H RQoL has been shown to be impaired, especially in those children in who parents seek 

treatment.27 A possible explanation for this discrepancy may be the fact that parents of 4- to 

5-year-old children living in the northern parts of the Netherlands, generally consider their 

overweight and obese children to have a normal weight.28 The children in our study lived in 

the same region of the Netherlands and, as parents completed the H RQoL questionnaires, a 

possible decreased H RQoL could therefore not have been detected . 

Data on the effects of obesity treatment programs on H RQoL in preschool-aged 

overweight and obese children are lacking. Positive effects of multidisciplinary obesity 
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intervention programs on HRQoL at 12 months follow-up have been described previously in 

overweight and obese adolescents.29•30 Our study shows that a multidisciplinary treatment 

program containing physical activity sessions aimed at improving the child's well being, can 

lead to an improvement in HRQoL in 3- to 5-year-old overweight or obese children, especially 

on the physical domain. Furthermore, the strong associations between improvements 

over time in various parameters of obesity and several aspects of HRQoL demonstrate the 

beneficial effects of obesity treatment programs on HRQoL in preschool-aged chil�ren. This is 

an important finding concerning treatment strategies for overweight or obese preschool-aged 

children. Since, it has been suggested that focusing on HRQoL in preschool-aged children 

with obesity might be a more effective strategy for health care professionals in broaching the 

topic of weight with parents. 27 

Our study does have some limitations. At first, during the intervention period and three

year follow-up, several children and parents were lost to follow-up. It could be hypothesized 

that loss to follow-up was present in the children and parents who were less motivated to 

participate in the study. Therefore, it can be assumed that while mainly the motivated families 

continued the treatment programs, the outcome of our study has been positively influenced. 

In general, participation in obesity treatment programs requires a high level of motivation, 

especially in children and parents receiving an intensive multidisciplinary intervention 

program. However, we showed in our study that during both 16-week treatment programs, 

loss to follow-up was almost equal in the multidisciplinary intervention and usual-care groups 

(17.5% and 17.1 %, respectively). 

At the end of the 1 6-week treatment period, 82.7% of the children who were initially 

enrolled in the study were still participating. At 1 year, 1.5 and 3 years after the start of the 

study, 76.0%, 64.0% and 38.7% of the children were available for evaluation, respectively. 

As a result of this loss to follow-up, the power to detect statistical significant differences 

between both treatment groups had become low. Therefore, especially after a 3-year follow

up period, no statistically significant differences in anthropometry and body composition could 

be detected between the groups. However, both treatment programs did show sustained 

beneficial effects over time on anthropometric parameters of obesity. 

It should be noted that a large loss to follow-up is frequently observed in treatment 

programs for childhood obesity. In a randomized controlled trial in 209 obese children aged 

8-16 years studying the effect of a lifestyle intervention program, 36.4% of the children 

were still participating in the study after 2 years of follow-up.31 A longitudinal observational 

study in 643 obese children 6-1 6 years old reported an overall loss to follow-up of 56% 

after a 3-year follow-up period.32 For the age group of 6-9 years in this study, approximately 

32 % of the children were reported to be lost to follow-up, in contrast to a loss to follow-up 

percentage of 78 for the age group 14-16 years.32 

The lack of a maintenance program in our study after the active intervention period could 

be the main reason for the large number of loss to follow-up we encountered and therefore 
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be considered as a further limitation of our study. The importance of maintaining a healthy 

lifestyle in preventing a regain in weight has been demonstrated in obese adolescents.14 

In obese children 7-12 years old, the efficacy of a maintenance program after a 5-month 

weight loss treatment period was studied in a randomized controlled trial. 1 6  It was shown 

that maintenance programs improved the short-term results of the initial treatment program. 

However, it was unclear if this positive effect was achieved by the content of the maintenance 

program or by the increased frequency and duration of the contact with the children and 

their parents. Unfortunately, this study did also show that the positive effects wane off during 

follow-up. To our knowledge, no data exist on the efficacy of maintenance programs after 

multidisciplinary treatment programs in overweight or obese preschool-aged children and 

this research subject should have a high priority in future studies. 

As a final limitation of our study, the results on HRQoL may be considered to be influenced 

by the parental point of view regarding the physical and psychological consequences of the 

child's overweight or obesity. Since, due to the young age of the children in our study, parents 

filled in the DUX-25 and CHQ-PFSO questionnaires. Literature reports contrasting results on 

the influence of the parental perception in assessing HRQoL in young children with a chronic 

disease. In general, children report lower scores on physical and motor functioning than their 

parents do. 33 In obese children and adolescents, the parents are reported to perceive a worse 

HRQoL than the children do about themselves.34 Similar changes in self-reported and parent

reported HRQoL have been described in overweight children participating in a 6-month 

obesity treatment program, until 1 2  months after the start of the intervention.29 This should 

imply that the results on the changes in HRQoL obtained in our study are valid. For future 

research on HRQoL in preschool-aged obese children, the use of a HRQoL questionnaire for 

1- to 5-year-olds could be considered.3 5  
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Future perspectives 

Several research questions should be addressed in future studies. In the first place, it 

should be studied how to improve the short-term effects of multidisciplinary intervention 

programs for children with overweight or obesity. Factors that lead to a better adherence 

to lifestyle intervention programs should be identified. In this way, the frequently observed 

high numbers of loss to follow-up during the intervention period may be diminished. Als� ---

factors that lead to the maintenance of the positive effects achieved during the intervention 

period should be clarified, thereby potentially improving the long-term outcome of obesity 

intervention programs. It will be of interest for the development of future treatment programs 

to elucidate whether the content and/or the frequency of maintenance programs can lead 

to improvements in multidisciplinary intervention programs for children with overweight or 

obesity. For example, it should be studied what type of lifestyle intervention program will 

be most effective in obtaining the best long-term results: an intensive intervention period 

succeeded by less frequent follow-up sessions, or a less intensive intervention program 

followed by frequent follow-up moments. Improvement of the positive long-term results of 

intervention programs for young children with overweight or obesity may further diminish 

the increased cumulative lifetime exposure to cardiovascular risk factors related to obesity, 

thereby decreasing the risk of the development of cardiovascular disease and type 2 diabetes 

at a later age. 

Secondly, reference values for lipid profile and markers for insulin sensitivity should 

be developed for preschool-aged children. At present, no reference values are present for 

children in this age category, hindering the interpretation of the measured values for lipid 

profile and insulin sensitivity in preschool-aged overweight or obese children. Also, it should 

be investigated whether elevated cardiovascular risk factors in preschool-aged overweight or 

obese children may already predict the development of metabolic syndrome at a later age. In 

the future, results from these studies will render it possible to diagnose metabolic syndrome 

even in children under the age of 1 0  years, which is not possible at present time according to 

international guidelines. 

Thirdly, discussion on the future development of national intervention programs 

targeting children with overweight or obesity should also regard whether to focus on treating 

children in the youngest age categories. Multidisciplinary intervention programs in young 

children are more effective in decreasing weight and show better long-term results, compared 

to treatment programs for adolescents with overweight or obesity. However, preventing the 

development of overweight and obesity in children should have the highest priority. 
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Omdat obesitas b ij k inderen over de hele wereld nag steeds toeneemt, zijn effectieve 

strategieen voor de behandel ing van overgewicht en obesitas bij k inderen noodzakel ij k .  

Gebleken is dat programma's met mu lt id iscip l ina i re interventies gericht op de leefstij l i n  

de leeftijd van 5- 1 2  jaar, met inbegrip van  een gedragscomponent, effectief zijn voor 

gewichtsverm inderi ng .  Obesitas beg int echter al voor het vijfde levensjaar. Daarom moeten 

programma's voor het behandelen van obesitas gericht zijn op jongere k inderen, omdat jonge 

kinderen met obesitas een g roat risico hebben om tijdens de puberteit en het volwassen leven 

obees te b l ijven .  Obesitas tijdens de k inderjaren brengt aanzien l ij ke gezondheidsrisico's met 

zich mee, zowel l ichamel ij k  a ls geeste l ijk .  Om de effecten van een multid iscip l i na i r  leefstij l 

interventieprogramma b ij 3- tot en met 5-jarige kinderen met overgewicht of obesitas te 

onderzoeken werd een gerandomiseerde, gecontroleerde k l in ische trial u itgevoerd door het 

Gron ingen Expertise Centrum voor Kinderen met Overgewicht (GECKO). Overgewicht en 

obesitas werden gedefin ieerd volgens internationale afkapwaarden, a ls een BMI  (Body Mass 

I ndex) van respectievel ijk > 1 ,  1 standaarddeviatiescore (SDS) en > 2 ,3 SDS. Tussen oktober 2006 

en maart 2008 werden 75  kinderen ingedeeld bij een multid iscip l ina i r  i nterventieprogramma 

of bij een programma met conventionele zorg . Beide behandelprogramma's duu rden 1 6  

weken.  Het mu ltid iscip l ina i re i nterventieprogramma voor k inderen en hun ouders bestond  

uit 6 sessies met voedingsadvies van een d ietist (30 minuten e lk), 1 2  groepssessies van el k 60  

minuten onder begeleid ing van een fysiotherapeut en ,  a l leen voor de  ouders, 6 groepssessies 

(van elk 1 20 m inuten) met gedragstherapie onder begeleid ing van een psycholoog . Kinderen 

en ouders u it de groep met conventionele zorg kregen advies over een gezonde leefstijl door 

een kinderarts in opleid ing, 3 sessies van e lk 30-60 m inuten .  

De lengte en het gewicht van  de kinderen werden gemeten met een standaard geijkte 

weegschaal en een stadiometer. De BM I  werd berekend en gecorrigeerd voor leeftijds- en 

geslachtsspecifieke gegevens u it het Vierde Nederlandse G roeionderzoek .  De middelomtrek 

werd gemeten met een standaard meet l int m idden tussen de latera le crista i l iaca en de 

onderste rib en gestandaardiseerd zoals h ierboven is beschreven .  De l ichaamssamenste l l i ng 

werd bepaald v ia  b io-impedantie-analyse (B IA-1 0 1 , Akern S . r. I ./RJL Systems, Florence, lta l ie) 

en het percentage l ichaamsvet (BF%,  body fat) en de vetvrije massa (FFM, fat-free mass) 

werden berekend zoa ls eerder is beschreven .  Subcutaan  buikvet werd via echografie bepaa ld 

(SonoSite Titan ,  SonoSite, Inc . ,  Bothe l l ,  WA, USA). De systol ische en d iastol ische b loedd ru k  

werden bepaald met een d ig ita le sfygmomanometer D inamap Critikon 1 846SX (C rit ikon Inc . ,  

Tampa, Florida, USA) . De b loeddruk van de k inderen werd geclassificeerd aan de hand van 

geslacht, lengte en leeftijd .  

Na een vastenperiode van een nacht werd bloed afgenomen voor de bepal ing van 

seruml ip iden (totaa l  cholesterol (TC), HDL- en LDL-cholesterol (HDL-C en LDL-C) en trig lyceriden 

(TG)) en van parameters voor het g lucosemetabol isme (HbA 1 c, insu l i ne, en g lucose) . De 

insu l inegevoel igheid werd bepaald via het geactual iseerde Homeostasis Model Assessment 

of Insu l i n  Resistance (homeostase model voor de insu l i ne resistentie (HOMA2-I R)) . Bovendien 
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werden markers voor systemische lagegraadontsteking (high-sensitive c-reactive protein 

(hsCRP), tumornecrosefactor a (TNFa), en interleukine-6 ( IL-6)), en werden de adipokinen 

leptine en adiponectine bepaald. 

Tijdens beide behandelprogramma's werd het eetpatroon van de kinderen gedocumen

teerd met behulp van speciaal ontwikkelde dagboeken, waarin het soort en de hoeveelheid 

genuttigd voedsel door de ouders werden genoteerd. De dagboeken werden tijdens 4 

achtereenvolgende dagen gebruikt: 2 weekdagen en 2 weekenddagen. De voedseldagboeken 

werden door een dietist geevalueerd en de inname van nutrienten werd met een gevalideerd 

computerprogramma berekend (Vodisys Medical Software, IP Health Solutions, Groningen, 

Nederland), aan de hand van het Nederlands voedingsstoffenbestand (NEVO 2006). De 

lichamelijke activiteit van de kinderen werd met een pedometer bepaald (Yamax Digi-Walker 

SW-200, Yamax USA, Inc., San Antonio, TX, USA). De pedometer werd gedurende ten 

minste 3 weekdagen en 1 weekenddag gedragen. Voor elke dag waarop de pedometer werd 

gedragen, noteerden de ouders het aantal stappen in een dagboekje. Het gemiddelde aantal 

stappen per dag werd berekend. 

De gezondheidsgerelateerde kwaliteit van leven (H RQoL, Health-related Quality of 

Life) werd bepaald met behulp van twee vragenlijsten die door een van de ouders werden 

ingevuld. De vragenlijst Dutch-Child-AZL-TNO-Quality-of-Life (DUX-25) meet de dagelijkse 

activiteiten en omvat 25 vragen met betrekking tot aspecten van de lichamelijke en de 

emotionele situatie, de thuissituatie en sociale onderwerpen. Antwoorden die bij elke vraag 

kunnen warden gegeven, warden uitgedrukt in 5 abstracte gezichten vanaf gelukkig (score 

5) tot bedroefd (score 1 ), zodat een Likert-schaal van 5 punten ontstaat. De Nederlandse 

uitgave van de Child Health Questionnaire-Parent Form (CHQ-PF50) meet de perceptie van 

de gezondheid en omvat 50 vragen, verdeeld over 1 1  meervoudige schalen en 4 vragen met 

enkelvoudig onderwerp en richten zich op het lichamelijke, emotionele en sociale welzijn van 

het kind. Op beide schalen duidt een hogere score op een betere kwaliteit van leven. 

In hoofdstuk 2 beschrijven we de prevalentie van insulineresistentie en cardiovasculaire 

risicofactoren bij de kinderen met overgewicht en obesitas aan het begin van beide 

behandelprogramma's. Van de 75 kinderen hadden 29 kinderen overgewicht en 46 obesitas. 

Er werd bepaald dat sprake was van cardiovasculaire risicofactoren wanneer van een of meer 

van de volgende criteria sprake was ( 1 ) TG 2:: 1 ,24 mmol/I; (2) HDL-C � 1 ,03 mmol/I; (3) 

hypertensie (systolische en/of diastolische bloeddruk 2:: 90ste percentiel voor leeftijd, geslacht 

en lengte); (4) gestoorde glucosetolerantie (HOMA2-IR ;?: 97,5ste percentiel). 

We vonden dat bij 6,9% (verhoogde triglyceridenspiegel) tot 74,3% (hypertensie) 

van de kinderen cardiovasculaire risicofactoren aanwezig waren. Bij 5 van de 65 kinderen 

(7, 7%) werd een HOMA2-I R boven de bovengrens van de normale spreiding aangetroffen. 

Dit betrof een kind met overgewicht (4,0%) en 4 kinderen met obesitas (10,0%). HOMA2-I R 

en nuchtere insuline waren significant hoger bij de kinderen met obesitas dan bij de kinderen 

met overgewicht (beide p < 0,01  ); hetzelfde gold voor de nuchtere glucosewaarde (p = 0,01 ). 
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HOMA2-IR vertoonde een sterke correlatie met de BMI (r = 0,63), middelomtrek (r = 0,62), en 

% lichaamsvet (r = 0, 58) (p < 0,001 in alle gevallen). 

In hoofdstuk 3 presenteren we de resultaten van het multidisciplinaire interventie

programma bij onze 3- tot en met 5-jarige kinderen met overgewicht of obesitas voor de 

antropometrische parameters voor obesitas en voor de lichaamssamenstelling, aan het einde 

van de behandelperiode en na 1 jaar follow-up. We vergeleken de resultaten met een groep 

kinderen met overgewicht en obesitas in het programma met conventionele zorg. 

Tijdens de behandelperiode van 16 weken stopten 7 kinderen uit de multidisciplinaire 

interventiegroep met het onderzoek of deden niet mee aan de follow-up. Bij 3 van deze 

kinderen gaven de ouders als verklaring dat het onderzoek te tijdrovend was. Bij de andere 

kinderen gaven de ouders geen specifieke reden. Bij de groep met conventionele zorg deden 6 

kinderen niet aan de follow-up mee. Bij 3 kinderen merkten de ouders op dat het programma 

te veel stress opleverde, bij de andere 3 kinderen werd geen reden opgegeven. Tussen het 

einde van beide behandelprogramma's en de follow-up na 1 jaar, ging nog een kind uit de 

multidisciplinaire interventiegroep en nog eens 4 kinderen uit de groep met conventionele 

zorg voor de follow-up verloren. Aan het einde van de interventieperiode werden gegevens 

van 62 kinderen (82, 7%) geanalyseerd en op het moment van de follow-up na een jaar 

werden gegevens van 5 7  kinderen (76,0%) geanalyseerd. 

Bij vergelijking van het effect van beide behandelprogramma's tussen het begin en het 

einde van de interventie van 16 weken, toonden we bij de multidisciplinaire interventiegroep 

een statistisch grotere afname van de BMI aan (gemiddeld verschil 0,5 kg/m2 met 

standaarddeviatie (SD) 0,3, p = 0,05); bij de z-score voor de BMI (gemiddeld verschil (SD) 0,2 

(O, 1 ), p = 0,03), en bij de z-score van de middelomtrek (gemiddeld verschil (SD) 0,3 (0, 1 ) ,  p = 

0,02), in vergelijking met de kinderen uit de groep met conventionele zorg. Na 1 jaar follow

up hadden de kinderen in de multidisciplinaire interventiegroep een statistisch significante 

grotere afname van de BMI (p = 0,03), z-score voor de BMI (p = 0,02), middelomtrek (p = 

0,02), en voor de z-score voor de middelomtrek (p = 0,01 ), vergeleken met de kinderen uit de 

groep met conventionele zorg. De afname van het viscerale vet was bijna statistisch significant 

ten gunste van de multidisciplinaire interventiegroep (p = 0,08). 

Met betrekking tot lichamelijke activiteit en inname van nutrienten vertoonde alleen de 

dagelijkse inname van vezels tussen het begin en 16 weken een statistisch significant verschil 

tussen beide groepen, ten gunste van de multidisciplinaire interventiegroep (p = 0,02). Tussen 

het begin en de follow-up na 12 maanden waren er geen statistisch significante verschillen 

tussen beide groepen aantoonbaar. 

In hoofdstuk 4 wordt het effect van beide behandelprogramma's op adipokinen, 

insulineresistentie, lipidenprofiel en systemische lagegraadontsteking beschreven. In beide 

groepen was de insulinegevoeligheid aan het einde van de behandelperiode verbeterd, zoals 

bleek uit een daling van de insulineconcentratie en een afname van HOMA2-IR. Bovendien 

waren bij de multidisciplinaire interventiegroep HbA,c en TNFa significant afgenomen (beide 
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p = 0,0 1  ). Bij vergelijking van beide groepen in de loop van de tijd bleken er geen statistisch 

significante verschillen tussen de groepen te bestaan. De afname van de concentraties 

van T-C (p = 0,07) en TNFa (p = 0,06) was bijna statistisch significant ten gunste van de 

multidisciplinaire interventiegroep. Wanneer het resultaat van beide groepen werd samen 

genomen, werd een statistisch significante correlatie aangetoond tussen de afname van het 

percentage lichaamsvet en een afname van de concentraties van HOMA2-I R (r = 0,37, p = 

0,02) en van TG (r = 0,29, p = 0,02). 

In hoofdstuk 5 warden de effecten van het multidisciplinaire interventieprogramma 

op de gezondheidsgerelateerde kwaliteit van leven beschreven. De resultaten warden 

vergeleken met de effecten die in de groep met conventionele zorg zijn waargenomen. 

De gezondheidsgerelateerde kwaliteit van leven werd bij het begin en het einde van beide 

behandelprogramma's gemeten en na 12 maanden opnieuw. Bij het begin, na 16 weken 

en na 12 maanden waren 69 (92,0% van de kinderen), 59 (95,2%) en 40 (70,2%) van de 

DUX-25 vragenlijsten beschikbaar voar evaluatie. Voar de CHQ-PF50 waren dit respectievelijk 

71 (94,7%), 59 (95,2%) en 40 (70,2%) vragenlijsten. Uit de gegevens bij het begin van 

de DUX-25 vragenlijsten van beide behandelgroepen bleek dat de gezondheidsgerelateerde 

kwaliteit van leven niet lager was dan die van gezonde Nederlandse kinderen. Zelfs hogere 

scores werden gemeld . In het algemeen kon dit verschil in gezondheidsgerelateerde kwaliteit 

van leven niet uit de CHQ-PF50 vragenlijsten warden geconcludeerd. In vergelijking met 

kinderen met astma of gedragsproblemen meldden ouders van onze 3- tot en met 5-jarigen 

met overgewicht of obesitas meestal een hogere gezondheidsgerelateerde kwaliteit van leven 

zowel op de DUX-25 als op de CHQ-PF50 vragenlijst. 

Bij de follow-up na 12 maanden vertoonden kinderen uit de multidisciplinaire 

interventiegroep een statistisch significante toename van de totale DUX-25 score ten 

opzichte van de kinderen uit de groep met conventionele zarg (mediaan 5,0 vs. -4,5, p = 

0,04). Deze toename van de gezondheidsgerelateerde kwaliteit van leven bij de kinderen uit 

de multidisciplinaire interventiegroep werd oak aangetoond voar de subschaal lichamelijke 

gezondheid van de DUX-25 vragenlijst (mediaan 8, 3 vs. -4,2, p = 0,03). Met betrekking tot de 

CHQ-PF50 vragenlijsten was de score voar de schaal 'lichamelijke pijn' uit de multidisciplinaire 

interventiegroep afgenomen; deze score wees op meer pijn of meer beperkingen als gevolg van 

pijn, tervvijl de score in de groep met conventionele zarg voar 'lichamelijke pijn' onveranderd 

was gebleven (mediaan -5,0 vs. 0,0, p = 0,03). Voar de schaal 'geestelijke gezondheid ' gaven 

kinderen uit de multidisciplinaire interventiegroep meer blijk van gevoelens van angst en 

depressie aan het einde van het programma van 16 weken in vergelijking met de kinderen uit 

de groep met conventionele zarg die minder melding maakten van gevoelens van angst en 

depressie (mediaan -5,0 vs. 5,0, p = 0,02). Bij de follow-up na 12 maanden waren tussen de 

groepen geen statistisch significante veranderingen aantoonbaar. 

Voar beide groepen gezamenlijk ging een afname van de z-score van de BMI tussen 

het begin en 12 maanden follow-up gepaard met een toegenomen 'globale gezondheid ' (r 
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= -0,36, p = 0,03). B ij 1 2  maanden na het beg in was een afname van het visceraa l vet op de 

CHQ-PF50 gecorreleerd met een toename van de scha len 'g lobale gezondheid' (r = -0,37, p 

= 0,03), 'a lgemeen gedrag' (r = -0,4 1 , p = 0,01 ), en 'a lgemene gezondheid' (r = -0,43, p = 

0,01 ) .  

I n  hoofdstuk 6 beschrijven we de effecten op lange termijn van het mu ltid isc ip l ina i re 

interventieprogramma op antropometrische parameters voor obesitas en voor 

l ichaamssamenste l l ing in vergel ijk ing met de resultaten van de k inderen u it de g roep met 

conventionele zorg . De gegevenswerden 1 , 5 en 3 jaar na het beg in van het behandelprogramma 

verzameld .  Na 1 , 5 jaar na het beg in waren gegevens van 48 kinderen (64,0%) besch ikbaar 

voor eva luatie. De gemiddelde (SD) leeftijd van de k inderen u it de mu ltid isc ip l ina i re 

interventiegroep was 6,0 (0,8) jaar; in de groep met conventionele zorg was d it 6,2 (0,9) jaar. 

Na 3 jaar na het beg in  waren gegevens van 29 kinderen (38, 7 %) besch i kbaar voor evaluatie. 

De gemiddelde (SD) leeftijd van de kinderen u it de mu ltidiscip l ina i re interventiegroep en de 

groep met conventionele zorg was respectievel ij k  7,3 ( 1 , 1) en 7,4 ( 1 ,3) jaar. 

B ij de fol low-up na 1 8  maanden vertoonden de k inderen u it de mu ltidisc ip l ina i re 

interventiegroep nog a ltijd een s ign ificante afname van de z-score van de BMI (gem iddelde 

(SD) -0,8 (0,6), p < 0,00 1 ) ; van de z-score van de middelomtrek (gemiddelde (SD) -0, 6 (0,6), p 

< 0,00 1 ), van het % l ichaamsvet (gemiddelde (SD) -2, 7 (5,4), p = 0,02), en van het v isceraal 

vet (gemiddelde (SD) -0,8 ( 1 ,8) cm, p = 0,05). De vetvrije massa was s ign ificant toegenomen 

(gemiddelde (SD) 3, 1 (2 , 1 )  kg, p < 0,00 1 ) .  Daarnaast was ook de z-score van de BM I  in  de 

groep met conventionele zorg afgenomen (gemiddelde (SD) -0,6 (0,6), p < 0,00 1 )  evenals de 

z-score voor middelomtrek (gemiddelde (SD) -0, 5 (0,6), p = 0,00 1 ) en was de vetvrije massa 

toegenomen (gemiddelde (SD) 3,0 ( 1 ,4) kg, p < 0,00 1  ) . Als we de veranderingen in beide 

groepen vanaf basel ine tot 1 8  maanden na het beg in  van de interventie vergel ijken, was de 

afname van de z-score van de middelomtrek in de mu ltidiscip l ina i re groep meer uitgesproken 

in vergel ijk ing met de groep met conventionele zorg (p = 0,05) . 

B ij de fol low-up na 36 maanden vertoonden de k inderen u it de mu ltidisc ip l ina i re 

interventiegroep een b l ijvende afname van de z-score van de BMI  (gemiddelde (SD) -0,9 (0,8), 

p < 0,00 1 ) , en een toename van de vetvrije massa (gemiddelde (SD) 7,0 (2 ,4) kg, p < 0,001 ). 

De afname van de z-score van de middelomtrek was bijna statistisch s ign ificant (gem iddelde 

(SD) -0,4 (0,8), p = 0,07). In de groep met conventionele zorg was de afname van de z-score 

van de BMI eveneens nog steeds aantoonbaar (gemiddelde (SD) -0,6 (0,8), p = 0,02), evenals 

de afname van de z-score van de middelomtrek (gemiddelde (SD) -0, 5 (0,6), p = 0,03). Ook 

kon nog steeds een toename van de vetvrije massa worden aangetoond (gemiddelde (SD) 

7, 1 (2,2) kg, p < 0,00 1 ) . Als we de resultaten van beide groepen vanaf het begin tot 3 jaar 

na het beg in  van de behandel ing vergel ij ken, waren er geen versch i l lende veranderingen van 

antropometrie of l ichaamssamenste l l ing .  Wat betreft de l ichamel ij ke activiteit en de energ ie

inname waren er geen statistisch s ign ificante versch i l len tussen de twee behandelgroepen in  

de loop van de tijd .  
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Omdat beide programma's langdurige gunstige effecten op de z-score van de BMI en 

de vetvrije massa bleken te hebben, kon niet warden geconcludeerd of een multidisciplinair 

interventieprogramma aanvullende positieve langetermijneffecten had ten opzichte van een 

programma voor conventionele zorg, mede doordat slechts een klein aantal kinderen voor 

evaluatie beschikbaar was. 
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Dankwoord 

Missch ien wel het belangrijkste hoofdstuk van d it proefschrift ! E indel ijk de ge legenheid 

om iedereen in  woord te bedanken voor hun bijdrage, op welke manier dan ook, aan mijn  

promotieonderzoek .  

Al lereerst de k inderen en ouders d ie aan het onderzoek hebben meegedaan .  Fantastisch dat 

ju l l ie  bereid waren om dee! te nemen aan a l le behandelsessies, meti ngen, bloed afnamen en 

invul len van vragenl ijsten en dagboekjes. Mede dankzij ju l l i e  hebben we meer gegevens om 

te komen tot een betere behandel ing van kinderen met overgewicht. 

Prof. dr. P.J . J .  Sauer, beste Pieter. Al lereerst heel veel dank voor de mogel ijkheid die je me hebt 

geboden om d it onderzoek te kunnen doen binnen het Groningen Expertise Centrum voor 

Kinderen met Overgewicht, u iteindel ij k  resu lterend in deze promotie. De manier waarop je 

me begeleid hebt, a ltijd besch ikbaar, je immer positieve b l ik  en enthousiasme, z ij n  voor m ij 

een enorme stimu lans geweest om dit onderzoek tot een mooi resultaat te brengen .  lk vond 

het a ltijd erg p lezierig om naar je toe te komen, om te praten over het onderzoek, maar 

ook over andere d ingen die b innen en bu iten het Beatrix Kinderziekenhu is speelden .  En  dan 

te bedenken dat i k  bijna n iet naar G roningen was gekomen ! Gelukkig heb je me destijds 

een tweede kans geboden .  lk hoop dat ik ook de komende tijd af en toe nog eens van je 

enthousiasme voor het onderzoek gebru ik  mag maken. 

Prof. dr. R . P. Stal k, beste Ronald .  Ook j ij heel veel dank voor de kans die je me hebt geboden om 

d it onderzoek te kunnen doen. Het began destijds met je u itnod ig ing om een overzichtsarti kel 

te schrijven over n iet-a lcohol ische leververvetting bij k inderen met overgewicht, gepub l iceerd 

in het Nederlands Tijdschrift voor Geneeskunde. In de loop van het onderzoek heb je de 

dagel ij kse begeleid ing over gedaan aan Eva Corpeleijn ,  maar je was a ltijd zeer ge'fnteresseerd 

in m ijn vorderingen in het onderzoek .  Dank je voor je a ltijd kritische b l ik  op de resultaten 

en de manuscri pten.  De stukken werden er a ltijd weer beter van .  lk hoop dat we ook in de 

toekomst kunnen b l ijven samenwerken b innen het onderzoek op het gebied van kinderen 

met overgewicht. 

Dr. i r. E. Corpeleijn, beste Eva . J ij nam vanuit de afdel ing ep idemiologie de dagel ij kse begele id ing 

van mijn promotieonderzoek van Ronald over. lk  ben je zeer erkentel ij k  voor je k ritische b l i k  

op de geta l len (waren deze k inderen echt wel nuchter toen ze geprikt werden?), hu lp  b ij 

de ana lyses (d ichotome u itkomsten bestaan niet ! )  en je wijze lessen over epidemiolog ie en 

statist iek. Er  g ing voor mij regelmatig een nieuwe wereld open. Fijn dat we de komende tijd 

contact b l ijven houden b innen het G EC KO. 

Prof. dr. H .A. Delemarre-van de Waal (beste Henriette), prof. dr. S .A. Reijneveld (beste Menno), 

en prof. dr. B .H . R . Wolffenbuttel (beste Bruce), heel veel dank voor ju l l i e  bereid heid en tijd 

om mijn  manuscript te lezen en te beoordelen . Het is bijzonder voor mij dat j u ist ju l l ie i n  
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de beoordelingscommissie zitten. Henriette, als mijn opleider tot kinderarts-endocrinoloog; 

Menno, als promotor van Inger; en Bruce, als hoofd van de afdeling Endocrinologie van het 

UMCG, waarmee de kinderendocrinologie een zeer prettige samenwerking heeft. 

Karin Kremer-Veldman, in het begin van mijn promotieonderzoek heb jij me geholpen met 

mijn eerste stappen in de wereld van de statistiek. Heel erg bedankt voor het doen van de 

eerste analyses en de geduldige uitleg waarom je juist weer voor die statistische test koos. Fijn 

dat ik altijd bij je terecht kon als ik weer een statistisch probleem had. 

Eefje Ongering, je was de eerste student geneeskunde die mij heeft geholpen met het 

onderzoek. Je deed dat binnen je wetenschapsstage en je analyseerde de data over het 

voorkomen van cardiovasculaire risicofactoren bij kinderen met overgewicht en obesitas. We 

hadden elkaar al eerder ontmoet in een tutorgroep waarbij ik onder de indruk was van je 

kennis en inzet. Toen je me enige tijd later mailde dat je graag onderzoek wilde doen, wist 

ik dat je hiervoor zeer geschikt zou zijn. Je hebt dat zeker bewezen ! Je nauwkeurigheid en 

snelheid van werken hebben geresulteerd in het mede-auteurschap van het artikel dat in 

Hormone Research in Paediatrics is gepubliceerd. Eefje, nogmaals veel dank voor je hulp en ik 

wens je veel succes in je verdere loopbaan, nu in Amsterdam. 

Mirije Kuitert, jij hebt mij binnen je wetenschapsstage geholpen met het analyseren van de 

vragenlijsten over de kwaliteit van !even bij kinderen met overgewicht en obesitas. Dat was een 

flink karwei. lk was altijd erg onder de indruk van je kennis over statistiek en hoe snel je weer 

gegevens had geanalyseerd en uitgewerkt (zijn de data nu wel of niet normaal verdeeld?). 

Oak het uitzoeken van relevante medische literatuur kon ik goed aan jou overlaten. lnmiddels 

moet je een expert zijn op het gebied van kwaliteit van leven ! lk weet zeker dat het stuk 

waarvan je mede-auteur bent, gepubliceerd gaat warden. Mirije, ook jij veel dank voor je hulp 

en veel succes met je verdere loopbaan. 

Alma Linde van Ommen, Marije Seves, Annelies Zwerver, Annette Velthuis, Saskia Muller en 

Jannie Postma. Vanuit de opleiding Voeding en Dietetiek van de Hanzehogeschool Groningen 

hebben jullie je afstudeerspecialisatie binnen dit promotieonderzoek gedaan. Jullie hebben 

met veel inzet geholpen bij de planning van de polibezoeken en het analyseren van de dieet

en beweegdagboeken. Jullie inbreng is zeer waardevol geweest. Heel veel dank hiervoor. 

Dr. B.T. C. Flapper, beste Boudien. Je hulp bij het interpreteren van de uitkomsten van de 

vragenlijsten over de kwaliteit van !even was onmisbaar. Ook wil ik je hierbij bedanken voor 

je inbreng bij het schrijven van het manuscript over de kwaliteit van !even bij de kinderen die 

aan het onderzoek meededen. Mede dankzij jou heeft het stuk meer focus gekregen. 

Alie mensen van het lab, en Henk Breukelman in het bijzonder. Heel veel dank voor jullie hulp 
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bij de afname en verwerking van de bloedmonsters. J ullie waren altijd bereid mee te denken 

en mee te helpen als er praktische problemen waren. lk kon altijd bij jullie terecht, heel veel 

dank hiervoor. 

Bettine Haandrikman, veel dank voor het verrichten van de ELISA analyse van de adipokines 

en obesitas gerelateerde ontstekingsparameters. Mede dankzij jouw hulp is hieruit een mooie 

publicatie gekomen. 

Mijn paranimfen Nynke Doornebal-Pietersen en Bas Zegers. Fantastisch dat jullie me willen 

bijstaan tijdens de verdediging van mijn proefschrift. Nynke (dokter Zaakje), onze gezamenlijke 

diensten vroeger waren altijd erg gezellig, wat hebben we veel gelachen ! Fijn dat we inmiddels 

zulke goede vrienden en elkaars (bijna) buren zijn. Bas (Zegers, wat mot je?), we kennen 

elkaar al sinds de opleiding tot kinderarts. Ondanks het feit dat we ver van elkaar wonen 

en elkaar niet zo vaak zien, blijft onze vriendschap sterk. En, binnenkort is het jouw feestje ! 

Dr. Bart Rottier, beste Bart. Dank je voor je steun en grappen over ltalianen tijdens mijn 

promotieonderzoek. Het was altijd erg prettig om mijn hart bij je te luchten als het onderzoek 

even tegen zat. Je relativeringsvermogen en humor gaven me altijd weer de nodige energie 

om verder te gaan. lk hoop de komende tijd weer veel te kunnen lachen met je ! 

Mijn collega's kinderartsen van de sectie kinderendocrinologie, dr. Willie Bakker-van Waarde, 

dr. Annemieke Boot en dr. Mirjam van Albada. Wat hebben we een leuke club samen. Mede 

dankzij jullie kon dit onderzoek warden afgerond tot een promotie. lk hoop dat onze endo

club zo nag lang blijft bestaan. 

Alie collega's van het kinderdiabetesteam en endo-team: Annette Geluk, Liesbeth Breedland, 

Esther Gerrits, Nathalie Vandeursen, Gineke Venema, Jet van der H ulst, Kim van der Schoot, 

Janet Cuperus, Elsbeth Noordbeek, Peter Koster en Renee Staal. Dank voor jullie interesse, 

ondersteuning, inspringen als ik het weer te druk had, en luisterend oar tijdens mijn 

promotieonderzoek. 

Michel Verstraelen, beste Michel. We kennen elkaar sinds onze studententijd in Nijmegen. 

Ondanks dat we ver van elkaar wonen en elkaar daardoor niet zo veel zien, blijft onze 

vriendschap sterk. Dank je voor de lange gesprekken over voetbal en over "het leven" .  Het 

was voor mij erg fijn om het zo nu en dan eens niet over wetenschap te hebben. Nu deze 

promotie is afgerond, hoop ik dat we elkaar de komende tijd vaker zullen zien ! 

Linda en Michiel, Elke en Joris, dank voor jullie belangstelling en steun tijdens mijn 
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promotieonderzoek, maar vooral ook voor de a ltijd gezel l ige momenten samen ! 

Cara tante Lu, Paolo e Giorgio. Per me s ign ifica molto la vostra presenza ogg i a l la cerimonia 

del mio dottorato. Vi r ingrazio per tutti i bei r icord i  del le vacanze e dei bei momenti passati 

i nsieme. Un grande abbraccio !  

E ls en Bert Tjeertes, m ijn l ieve schoonouders. Op de eerste p laats hee l  veel dank voor ju l l ie 

mooie dochter !  Oak veel dank voor ju l l ie  hu lp  (nog steeds) bij het opvangen van zieke 

k inderen, oppassen tijdens congressen en a l  die d ingen meer. Mede dankzij j u l l ie  kon het 

dagel ij kse leven " gewoon"  doorgaan en konden Inger en ik onze a mbities waarmaken . 

Lieve pap en mam, l ief zusje, ik voel me een gelukkig mens dat i k  i n  zo'n warm nest heb 

mogen opgroeien ! Door ju l l ie  is ooit de basis gelegd om tot d it proefsch rift te komen . lk  hoop 

ju l l i e  nag heel lang bij me te hebben. 

Lieve Anne, Mei nke en Isabel le. Het is een voorrecht om ju l l ie pappa te mogen zijn .  Wat 

ma ken ju l l ie  me gelukkig ! Na een dag in het z iekenhu is is het a ltijd weer een feest om thuis 

te komen en ju l l ie te knuffelen . Wordt a lsjebl ieft n iet te snel groot. 

Lieve Inger, l ieve schat. lk kan het n iet vaak genoeg zeggen: je bent de l ief de van mijn leven ! 

Wat bijzonder dat we vandaag al lebei ons proefschrift mogen verdedigen en wat ben ik trots 

op je .  Dankzij jou heb ik m ijn  ambities in G roningen kunnen waa rmaken .  Je hebt daar destijds 

zelfs je opleid ing tot kinderarts voor afgebroken .  Nu,  na het afronden van mijn promotie, kan 

i k  h ier eindel ijk iets voor terug doen. Dank je voor wie je bent. Ti amo ! 
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