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List of abbreviations 

 

CVD: cardiovascular disease 

CL: confidence limits 

BIA: bioelectric impedance 

BMI: body mass index 

BP: blood pressure 

BW: body weight 

BMR: basal metabolic rate 

Diet-Exercise:  6-week low-GI/GL diet and 6-week low-GI/GL diet and lifestyle exercise 

program  

Diet-only: low-GI/GL diet for 12 weeks 

GI: glycemic index 

GL: glycemic load 

Low-GI/GL diet: Low-GL diet where the carbohydrate portion is based on consuming 

mostly low-GI foods. 

HDL-Cholesterol: High Density Lipoprotein Cholesterol 

HOMA-IR: homeostasis model assessment for insulin resistance  

     (insulin · glucose) /22.5 [1] 

T-Cholesterol: Total Cholesterol  

TG: Triglyceride 

LDL-Cholesterol: Low Density Lipoprotein Cholesterol 

WC: waist circumference 

WHR: waist to hip ratio 
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Key terms 

Body mass index (BMI: kg/m2)  

Body mass index is a number classifies individual obesity level, based on body surface 

area. Dividing the body weight in kg by the square of height in meter gives the value of 

BMI. 

     Body mass index is least expensive method, which has been widely used for decades 

both in school health programs and in pediatrician practice. The BMI in children is based 

on age and gender specific percentiles for determining childhood overweight and obesity. 

In order to determine the overweight and obesity status of the children, the present study 

used the internationally standardized cut-off points by Cole and collegaues [2]. 

Overweight was defined as the body mass index (BMI) equal to or greater than age- and 

sex specific cut-off points of ≥85th percentile for overweight and obese is ≥95th percentile 

[2].  

 
Glycemic index 
Glycemic index as described by Jenkins and colleagues [3], reflects the rate of 

carbohydrates absorption and subsequent bloods glucose curve after consuming a 

carbohydrate containing meal. The GI is the indexing of the glycemic response of a fixed 

amount of available carbohydrate (50g) from a test food to the same amount of available 

carbohydrate from a standard food consumed by the same subject. The reference foods 

are glucose or white bread. The blood glucose area under the curve after consumption of 

the test food was expressed as a percentage of the blood glucose area under the curve of 

the standard food [3, 4]. Glycemic Index ranks carbohydrate foods 0-100 units and 

classifies them to 3 basic category [5].  

• High-GI foods 

Foods with fast absorption rate create higher blood glucose response, considered as high-

GI foods have ≥70 or more GI units. 

• Intermediate GI foods 

Foods with intermediate absorption are considered intermediate GI foods with 56-69 GI 

units.  
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• Low-GI foods 

Foods with slow absorption rate are considered as low-GI foods with ≤55 GI units. Since 

the 1980’s the GI of most common foods are tested. The GI list has been published by 

Brand-Miller [6]. In simple terms, the GI serves as a qualitative measure for glycemic 

response. 

 

Glycemic load 

While glycemic index is valid for foods containing 50 g of available carbohydrate, the 

glycemic load assesses the glycemic effect of the actual consumed food in the meal/diet. 

For example, in order to consume 50 g of carbohydrate from carrot, one needs to 

consume more than 500 g of carrot. It is unlikely to eat a half kilogram carrot in one meal 

by most people. Therefore, the GL is calculated from the dietary glycemic index and the 

consumed food and available carbohydrate [7]. The GL can be calculated as follows: 

GL= [(GI/ g of consumed food) · available carbohydrate of the consumed food]. The 

calculations of the GL are demonstrated through the following examples 1) 100 g of 

white bread contains 48 g of carbohydrate and has GI of 70 units. The GL of the 100 g of 

white bread is 34  [(70/100) · 48 = 34]. 2) Consuming 140 g of watermelon –another 

high-GI food (GI 73) –, which has 17 g of available carbohydrate yields a GL of 8.2 

[(73/150) · 17= 8.2]. 3) Consuming 224 g of cooked oatmeal, which is a low-GI food, 

with a 26 g of available carbohydrate, yields a GL of 5.6 [(49/224) · 26= 5.6].  Therefore, 

low-GL diet can be reached by eating small portion of high-GI foods or basing the diet on 

low-GI foods. The following foods have a GL of 11, considered as medium dietary GL: 

30 g of white bread (high-GI food), 150 g of baked sweet potato (low-GI food) or 150 g 

of cooked beans (low-GI food).  It is important to note, that eating high amount of low-GI 

foods will also increase dietary GL. Mixing low- and high-GI foods yields an 

intermediate glycemic response and also allows for consuming mixed GI diet which has a 

controlled and lower GL.  

One meal is considered low-GL when the GL is 10 or less; medium-GL meal is 

GL 11 – 19 and high-GL is when the GL is 20 or more. The GL is also applied for daily 

dietary intake. A daily diet is considered low-GL when the GL is <80, medium-GL when 

the GL is between 80 – 120 and high-GL diet when the GL is >120. 
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GL takes the blood sugar effect of the consumed food and gives a better value to predict 

the blood sugar effect. It is known that small portion of a high-GI food may not cause 

such an elevation in blood sugar level than the same high GI food in large portion and by 

using the GL a more precise blood sugar response may be measured.  In simple terms, the 

GL serves as a quantitative measure for glycemic response. 

 

Available carbohydrate is carbohydrate that is released from a food in digestion and 

which is absorbed as monosaccharide and metabolized by the body.  

Glycemic response is defined as the change in blood glucose concentration induced by 

ingested food.  

Glycemic carbohydrate is the carbohydrate in a food which increases glycemic response 

after ingestion. This blood sugar increase can be measured (mmol/l) during subsequent 2-

hours blood glucose test [8]. 

Glycemic impact is the weight of glucose that would induce a glycemic response 

equivalent to that induced by a given amount of food.  
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1. INTRODUCTION – REVIEW OF LITERATURE 

 

Worldwide, approximately 22 million children, aged under 5 years, are overweight [9, 

10]. Obesity is an independent risk factor for the development of cardiovascular disease 

(CVD) frequently associated with hypertension, dyslipidemia, diabetes, and insulin 

resistance [11-15], which are the cluster of syndromes signifies the metabolic syndrome 

[16]). The metabolic syndrome describes the clustering of central obesity; dyslipidaemia 

(raised triglycerides and/or low HDL cholesterol, hyperinsulinaemia impaired glucose 

tolerance and elevated blood pressure). In addition, obesity is among the most prevalent 

medical conditions leading to degenerative disease. [13] 

 

1.1. Obesity measurements in children 

Obesity is defined as an excess accumulation of body fat, and it is the amount of this 

excess fat that correlates with ill-health. Since the golden standard for body composition 

analysis is cadaver analysis, therefore assessing body fat via different methods has 

different level of accuracy [17].  

     Simple, predictive methods: 

Body mass index (BMI) is the cornerstone of the current classification system for obesity 

and its advantages are widely exploited across disciplines ranging from international 

surveillance to individual patient assessment. There are two problems arising with the use 

of BMI, the first is that like all anthropometric measurements, it is only a surrogate 

measure of body fatness, and the second that, there is no internationally unified standard 

cut-off to compare prevalence [18, 19]. Therefore it has been proposed [18] to pay greater 

attention to the direct measurement of body fat.  

     Waist circumference measurement recently became the focus of attention in assessing 

body fat. Abdominal obesity is highly correlates with the presence of metabolic risk 

factors, both in adults and children, therefore simple measurements such as waist 

circumference could be a valuable tool in assessing overweight and obesity. This 

assessment is useful for cross sectional and longitudinal measurements. Centile charts are 

also available for this measurement [20]. 
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      Traditionally, skinfold thickness measurements have been used to rank individuals in 

terms of relative “fatness” or to assess the size of subcutaneous fat depot. This 

measurement is quick, inexpensive and simple to obtain in most age groups. However in 

obese children the accuracy and precision of the skinfold method is poor. It is suggested 

to use for cross-sectional studies and to assess the distribution of regional fatness in boys.  

      Bioelectric impedance analysis (BIA) measures impedance of the body to a small 

electric current. The theoretical model treats the body as a single cylinder, with 

measurements made between electrodes placed manually on the wrist and ankle. 

Adjustment of bioelectrical data for height allows estimation of total body water (TBW), 

which is converted to fat free mass and fat mass according to empirical equations. BIA 

incorporates various assumptions; however it is a simple model to predict crude values 

for body composition. More sophisticated approaches to BIA have the potential to 

improve accuracy of outcomes. Conventional BIA analysis is unsuited to the prediction 

of body fat mass, given that it measures the properties of the fat free mass (FFM) only. It 

is suggested to indicate the direction of changes rather than quantify their magnitude.  

     Both skinfold fatness and BIA measurement can be used to predict body composition. 

The problem with these models is that the measurements give prediction for a body 

component by using regression equations. Further more, theoretical assumptions are used 

for final body composition data.  

Two-component techniques  

Two-component models (Dual Energy X ray Absorptiometry: DXA; Magnetic 

Resonance Imaging: MRI) divide the body into fat mass (FM) and FFM. They don’t rely 

on regression equations, however they still depend on theoretical assumptions such as the 

constancy of the composition of FFM.  

      Dual Energy X ray Absorptiometry was developed to assess bone mineral mass, 

which is calculated from the differential absorption of x rays of two different energies. 

Because this calculation requires allowance for overlying soft tissue, values of fat and 

FFM are also calculated for the whole body scans.  DXA is a quick, expensive but 

accepted method for children. It uses ionizing radiation but the effective dose equivalents 

are below background levels. It also useful to show the direction of the body composition 
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change, however it fails to quantify the difference accurately. There is also a lack of 

normal reference data for this method.  

     Isotope dilution is another sophisticated technique to measure TBW, and allows the 

estimation of FFM. A dose of water labeled with deuterium is given and following 

equilibration, enrichment of the body water pool measured using samples of saliva, urine 

or blood. This technique is also expensive and invasive, however could provide useful 

clinical tool for individual measurements. 

     MRI is an imaging technique that estimates the volume rather than the mass of 

adipose tissue. The main advantage of MRI over other techniques is its capacity for 

estimation of regional body composition, and it is currently the only accurate viable 

approach for the estimation of intra abdominal adipose tissue. On the other hand MRI has 

relatively high cost and limited availability.  

Table 1. summarizes the advantages and disadvantages, cost and reference data and 

availability of different methods for measuring body composition in children in clinical 

practice [17]. 
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Table 1.: Advantages and disadvantages, cost and reference data and availability of 
different methods for measuring body composition in children in clinical practice [17] 
Technique Advantages Disadvantages Cost Reference 

data 

Availability 

Simple 
measurements 

     

Skinfold 
thickness 

Simple for regional 
fatness 

Poor accuracy and 
precision in obesity, no 
information on lean 
mass 

 
$ 

 
Y 

 
+++ 

BMI Useful as a simple 
baseline and 
longitudinal 
measurement of 
relative weight. Age 
and sex specific 
centile charts available 

Not allow assessment of 
fat and lean masses and 
changes in fat 

 
$ 

 
Y 

 
+++ 

Waist 
circumference 

Simple measure of 
abdominal fat. Centile 
charts available  

Not so accurate to 
measure internal visceral 
fat 

 
$ 

 
Y 

 
+++ 

Predictive 
measurements 

     

Skinfold 
thickness 
equations 
predicting FM 
and FFM 

Simple and quick Its population specific, 
poor accuracy in 
individuals and group 

 
$ 

 
N 

 
+++ 

Whole body 
BIA 

Simple and quick Population specific 
measurements, poor 
accuracy in individuals 
and groups 

 
$$ 

 
N 

 
++ 

Two-
components 

     

DXA Accurate for limb lean 
and fat mass 

Radiation exposure, the 
whole body measure is 
bias. Age, sex and 
fatness are questioned 

 
$$$ 

 
N 

 
++ 

Deuterium 
dilution 

Only technique 
accepted for all age 
groups 

Delayed results, 
inaccurate in disease 
affecting hydration of 
FFM 

 
$$ 

 
N 

 
+ 

MRI Accurate for regional 
adipose tissue 

Expensive, limited 
availability, measures 
adipose tissue and not 
fat 

 
$$$$ 

 
N 

 
+ 

DXA: Dual energy x ray absorptiometry 
BMI: Body mass index 
FM: Fat mass 
FFM: Fat free mass 
Y: yes 
N: no 
Availability: + low; ++ medium; +++ high 
Cost: $ inexpensive; $$ costly; $$$ expensive; $$$$ very expensive 
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As highlighted above, the measurements of body composition in vivo is an imperfect 

process yet the outcome has clinical value. Therefore, the application of the combination 

of these methods may reduce the likelihood of misdiagnosis of high and low lean mass. 

[17]. Furthermore, in our former study we found a relatively good correlation (r=0.6) 

between skinfold thickness and BIA measurement in 75 overweight children. [21] 

Therefore the present study took the cost, the availability and the accuracy to 

consideration and used the BMI, skinfold, BIA and circumference measurements to 

assess body composition. 

 

 1.2. Prevalence of childhood obesity: international and Hungarian data 

There are several problems in estimation of the prevalence in pediatric obesity, which 

makes difficult to compare data between different countries: 1) methodological problems 

in the definition of obesity: there are no clear and unified cut-off points in BMI (different 

for IOTF and WHO; [22]), BIA and body fat % measurements; 2) scarcity of data that 

mirror the demographic, cultural and socioeconomic composition of the European 

population. The available prevalence data show that pediatric obesity is increasing 

throughout Europe; however the patterns vary with gender and geographical region. The 

highest rates of obesity are observed in Eastern and Southern European countries. Even 

within countries there may be marked variability in the rates of obesity. It is unclear 

whether these trends are a simple consequence of an overall increase in fatness in Europe 

or whether there may be sub-groups of children who, at certain ages, are either 

particularly susceptible to environmental challenges or are selectively exposed to such 

challenges. [19, 23] 

     The highest prevalence of childhood obesity is in the United States. Nearly 8% of 

children 4 to 5 years of age in the United States are overweight in 2001. Whereas, in 

general, the increases in prevalence cross the entire pediatric population, girls have been 

more affected than boys. Including all ethnic groups nearly 22% of pre-schoolchildren in 

the United States can be defined as overweight and 10% as obese. [10] 

     A latest systematic review of literature from 1950-2007 compared data from surveys 

on the prevalence of overweight, obesity, and the metabolic syndrome among children 
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living in developing countries. The highest prevalence of childhood overweight was 

found in Eastern Europe and the Middle East, whereas India and Sri Lanka had the lowest 

prevalence. The few studies conducted in developing countries showed a considerably 

high prevalence of the metabolic syndrome among youth. [12]  

      One of the first cross-sectional, nationally representative school-based surveys in 

1997-1998 were conducted in 15 countries showed the highest prevalence of overweight 

in the United States, Ireland, Greece, and Portugal. [24]  

    A larger study recently lead by Lobstein and colleagues [25] summarized the 

prevalence of childhood 7-11 years old overweight/obesity in 21 European countries. 

Figure 1. shows the result of the survey, which uses a single internationally accepted 

definition for overweight and obesity. The highest prevalence was found in Italy (36%) 

followed by Malta (35%), Spain (34%) and Greece (33%).  

 

 

Figure 1.: Prevelance (%) of overweight/obese children aged 7-11 years using the cut-off 
point recommended by the International Obesity Task Force [25]  
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      A representative study conducted among school-children in Pecs (Hungary), showed 

that 12% of the children were obese in 1983-84, and the the obesity prevelance 10 years 

later was 16% in [26]. Due to the changes in social-economic system and the sedentary 

lifestyle, the number of obesity cases among school-aged boys significantly increased 

[27]. In the latest survey of 7-14 years old children in Budapest showed, that out of the 

1930 volunteered children 18% of the boys were overweight and 7% were obese. In girls 

20% were overweight and 6% were obese [28]. Hungarian overweight and obesity 

prevalence is similar as observed in Europe by Lobstein and colleagues [25].  

 

1.3. Consequences of childhood obesity 

Childhood obesity is not an easy problem to tackle, because 7-49% of the children, who 

are obese, are also at risk for adulthood obesity [16]. 

     Childhood obesity is risk factor for hyperlipidemia, hyperinsulinemia, hypertension 

and early atherosclerosis [15, 29] in children and also risk factor for cardiovascular 

disease in adulthood. According to previous reviews [16, 30] obese children already have 

one or more components of the metabolic syndrome, such as central obesity, 

hypertension, dyslipidemia (raised triglycerides and/or low HDL cholesterol) and insulin 

resistance. In the USA 1 in 4 children are overweight and 60% exhibits at least one 

modifiable adult risk factor for coronary heart disease (CHD) by the age of 12 years. [14, 

31] 

      Early-onset diabetes mellitus used to be exclusively Type 1 diabetes. Recently, the 

number of type 2. diabetes cases in children increased in developed countries. Young and 

colleagues [32] explained this increased number of type 2. diabetes cases by the increased 

prevalence of obesity. Moreover, excess body fat leads to increased sympathetic activity, 

which frequently results in high blood pressure [13].  

      Furthermore obesity can cause non-alcoholic fatty liver, steatohepatitis and hepatic 

fibrosis even in children. These abnormalities show up as an increased serum 

transaminase level in the effected obese children. Early formation of stone in the bile duct 

is also observed. [33, 34]  
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      Extreme stress on the lower extremities due to the excess body weight of the children 

can cause typical orthopedic problems: „flat feet”, aseptic necrosis in the hip, deformities 

to varus or valgus direction, osteonecrosis aseptica condyli medialis tibiae called Blount’s 

disease. [35] 

      Most frequent psychological consequence is low self-esteem and psychosocial 

discrimination. Obese children can become depressive and may require psychotherapy. 

[35]  

 

1.4. Prevention 
 
Naturally, prevention is the most effective treatment of childhood obesity, which is 

presently gaining more attention. The rationale for targeting children through primary 

prevention is now convincing, however effective obesity prevention remains elusive. 

Prevention of childhood obesity requires complex health promotion interventions based 

on population health principles. Such interventions should have a range of outcome 

indicators of effectiveness, generalisability and sustainability, not just the traditional ones 

focused on individual lifestyle behavior change. [23] 

      The first line of prevention should consider healthy body weight increase compared to 

the child’s age and height. Therefore, it is essential to consume an appropriate age 

specific diet and energy intake. Prevention of obesity begins perinatal. The aim is supply 

good prenatal nutrition and health care, avoid excessive maternal weight increase, control 

diabetes, help mothers lose weight postpartum, and offer nutrition education. During 

infancy encourage increased breast-feeding and exclusive continuous breastfeeding to 6 

months of age, delay introduction of solid foods until after 6 months of age, provide a 

balanced diet and avoid excess high-calorie snacks, and follow weight increase closely. In 

preschool, providing early experiences with foods and flavors, helping to develop healthy 

food preferences, encouraging appropriate parental feeding practices, monitoring the rate 

of weight increases to prevent early adiposity rebound, and providing child and parent 

nutrition education are the main goals. In childhood the important preventatives measures 

are: monitoring weight increase for height (slow down if excessive), avoiding excessive 
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prepubertal adiposity, supplying nutrition education, and encouraging daily physical 

activity. [36]  

    Regular physical activity and exercise are also key factors in the prevention of obesity. 

The suggested daily physical activity for children as prevention was daily 30 minutes in 

the form of playing games in 2000. It is important to establish an environment for the 

child, which promotes activity and healthy lifestyle. Therefore, it is primal that parents 

serve as example and take responsibility over the child lifestyle. Especially overweight 

parents need to pay more attention for creating their own healthy lifestyle at home. It is 

important that nurses and health care professionals point out the problem early and 

discuss the excess body weight gain of the child with the parents. The school-based 

education for healthy lifestyle and nutrition should be another important task. [37] 

      The second line of prevention should aim at the long-term changes in behavior, which 

may be achieved by not only the education of the overweight/obese child, but the parents 

and the entire family. Reducing screen-time (watching TV, computer) and focusing on 

physical activity and playing sports should be the center of recreational activities. Dietary 

goals for a growing/developing child should aim at the maintenance and not the reduction 

of body weight. [36, 38]  

 

1.5. Treatment of childhood obesity  

Meta-analysis by Livingstone and colleagues [23] showed that obesity intervention 

studies in the literature vary considerably on their design, subject selection criteria, 

sample size, adherence rates, intervention components and duration of both the 

intervention and the follow-up phases. However, overall, there is only a limited body of 

consistent, high-quality evidence on which valid and generalisable conclusions can be 

drawn about best practices for the prevention and treatment of childhood obesity. 

According to Epstein and colleagues [36], the main goal of treatment should be reducing 

severity of obesity and reducing/eliminating the comorbidities (e.g., hypertension, 

dyslipidemia, insulin resistance, and type 2 diabetes). The therapy for childhood obesity 

should be focused on a careful modification of energy balance, which improves body 

composition, but still adequate for healthy growth and development. The one side of the 
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changed energy balance is the reduction in calorie intake from food and the other side is 

the increase in calorie expenditure through physical activity. In any case, the treatment 

should target achievable goals and the weight reduction should be slow about 0.5 

kg/week. The treatment should be based on lifestyle changes and medication may be used 

only in serious individual cases and only after 14 years of age.  

 

1.5.1. Exercise treatment 

Specific guidelines for exercise treatment of childhood obesity are rather scares, most 

studies focus on adults. Increasing energy expenditure through physical activity is a 

major part of the treatment. Regarding the exercise modality, duration and intensity 

Hungarian studies [39, 40] suggest that choosing enjoyable physical activity (roller 

skating, cycling, jogging and aerobic dance) is key importance in the adherence. 

Organized physical activity should include dynamic exercises.  

      Characteristics of exercise programs, the intensity, duration, and frequency are other 

important aspects in prescribing exercise program for the treatment of childhood obesity. 

Increasing intensity or duration of aerobic activity needs to be identified. Several other 

important issues need to be empirically studied. For example, can resistance training be 

used safely in a pediatric population to maximize the development of lean body mass and 

increase total energy expenditure? Is it better to focus on one activity or is cross training 

better? Can the combination of aerobic and resistance training enhance the effects of 

aerobic exercise? [41] 

     Depending on the level of obesity, if there is no other possibility for physical activity, 

a daily 4-5 km walk may be also sufficient [41]. The Canadian Obesity Network was the 

first national body to establish physical activity guidelines for obese children in 2006. 

They suggested that for obese children, exercise treatment should include fun recreational 

and lifestyle activities tailored to relative strength. Moreover measures should be taken to 

reduce “screen” time. Furthermore, international guidelines for physical activity for the 

treatment of childhood obesity should be increased to 90 minutes per day [42]. 

      The structure of the program may be important for developing active lifestyles in 

treating obesity. The meta-analysis by Epstein and Goldfield showed that incorporating 
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moderate to intense aerobic exercise with children as school-based exercise interventions 

may be a promising approach to treat childhood obesity. It is important to investigate 

further the efficacy of school-based exercise programs since they provide an opportunity 

to develop healthy, active lifestyles in large numbers of children. In addition, family 

based activity programs may be useful for long-term change, as parent activity level is a 

strong predictor of child’s activity. Inclusion of parents in the physical activity treatment 

may improve long-term outcomes of obesity treatment. [41] 

     Based on the reviewed studies it seems that increasing lifestyle exercise throughout 

the day and including the parent in the exercise is a better alternative than organized 

exercise program due to higher adherence in obese children [9, 43]. 

 

1.5.2. Diet treatment 

      Generally, if the child is young (2-6 years) and not very obese and has not reached 

peak height velocity, then moderate dietary restriction combined with an activity program 

is sufficient to facilitate growth but also altering body composition. Older children, 

adolescents and very obese young children require greater dietary restrictions. A balanced 

diet, meeting nutrient goals, is possible to implement in obese children whose treatment 

began at 8-12 years of age and does not decrease their growth over 5 and10 year intervals 

[41]. In order to design successful diet therapies the following factors should considered 

[23, 36]: 

- The foundation of the diet therapy is the child’s willingness to participate and the 

support of the entire family. In childhood the dietary intake (what and how much) 

depends on the parents.  

- Fasting is contraindicated before full development/maturity reached. A growing 

child’s diet should provide optimal amount of protein intake. Fasting increases 

muscle loss and decreases BMR. Long-term ketosis is inhibiting healthy growth 

in height.  

- Energy restriction should be sensible and energy intake should be under the 

requirement. Daily energy intake should not go below 1200 kcal. The children can 

adhere to diets where the caloric restriction is smaller. In any case, during energy 
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restricted diets the children’s height and weight should be monitored continuously 

for adequate linear growth. 

- Daily protein intake should be 2-3 g/ kg body weight.  

- Sugar and sugary drinks intake should be reduced. The dietary carbohydrate 

should be fiber rich starches, fruits and vegetables. The diet of the children over 3 

years of age should consider reducing fat intake below 30%. 

- Energy intake should be distributed all throughout the day. It is suggested to 

consume three small meals and 2 snack.[44] 

Lifestyle measures should be addressed even in children who may need medication. In 

addition to increasing physical activity, appropriate carbohydrate intake in the form of 

low-GI and fiber rich foods are especially important for children with decreased glucose 

tolerance. The consumption of fruits, vegetables and legumes are important to decrease 

insulin resistance. [36, 44-47] 

  

1.5.2.1. Diet based on glycemic index and glycemic load 

The effect of a low-GI/GL diet as a diet therapy has not been well studied in obese 

children and most meta-analysis has been done on adults [48]. Spieth and colleagues [49] 

compared low-GI/GL diet with a standard reduced fat diet in the treatment of pediatric 

obesity. One hundred and seven obese otherwise healthy children participated in the 

outpatient study. The result of the 4.2- 4.3-month diet with 3.3 mean number of 

nutritional counsel visits, showed significantly lower BMI (at least 3 kg/m2) and 

significantly loss in body weight in the low-GI/GL diet group. The authors concluded that 

low-GI/GL diet seems to be promising alternative to standard dietary treatment for 

obesity in children and suggested long-term randomized controlled trials of a low-GI/GL 

diet in the prevention and treatment of obesity. 

Young and colleagues [50] found low-GI/GL diet feasible to use for obese 

children by primary care physicians. In this randomized 12-week pilot study the authors 

focused on determining whether parents of overweight children can lower the GI of their 

child's diet after receiving brief instructions and a handout from their pediatrician; and the 
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diet's impact on BMI. Thirty four 5-12 year-old children (BMI >95th percentile) enrolled 

in the study. The participants with their parents received a brief description of the low-

GI/GL diet and a handout categorizing foods based on their GI and sample meals. Body 

mass index, 24-hour recall, and food frequency questionnaire (FFQ) were taken at entry; 

3-day food records at 3, 6, and 9 weeks; BMI, FFQ were taken at week 12th. A GI score 

of the 15 participants who completed the study, were significantly lower (14 GI units 

lower). Mean daily carbohydrate (CHO) intake significantly decreased by 73 g over the 

study period and mean daily caloric intake also significantly decreased (by 292 kcal). All 

15 parents described the diet as easy to understand; and generally able to follow the diet. 

BMI Z-score decreased in 12 of 15 children. Based on the result of this study it seems 

that implementing the low-GI/GL diet is feasible in primary care for some patients.  

 

1.5.2.2. Mechanism of action of low-GI foods  

It has been hypothesized, that the mechanism of action of low-GI foods relate to the rate 

at which glucose absorbed from the small intestine. A reduced rate of glucose absorption 

after the consumption of low-GI carbohydrate foods will reduce the prostprandial rise in 

insulin. The prolonged absorption of carbohydrate will result in lower insulin response 

hence lowers the free fatty acids (FFA) mobilization, and achieves lower blood glucose 

concentrations (Figure 2.). Consequently, blood glucose concentrations return to baseline 

despite continued glucose absorption form the small intestine. [4]  
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Figure 2.: Hypothetical effect of consuming low (A) or high (B) glycemic index foods 
on gastrointestinal glucose absorption and postprandial blood glucose [4]  

 
 

The major mechanism by which low-GI/GL diets increase fat loss is explained by the 

low insulin concentrations. Half-maximal effect of insulin occurs at concentration of     

12 pmol/L and maximal effect is on 200-300 pmol/L. Therefore, a small reduction in 

insulin may be permissive to mobilization of fat when consuming a low-GI/GL diet. 

Lower glycemic and insulinemic response after low-GI/GL meal (<10 GL) was found to 

coincide with lower FFA concentrations, which may be the result of sustained tissue 

insulinization, and suppression of FFA release [51]; and the absence of a counter-

regulatory endocrine response [52].  

There are intrinsic and extrinsic factors that affect glycemic index such as 

gastrointestinal motility, digestion, absorption and the nature of starch (amylase to 

amylopectin ratio) cooking method, particle size, the presence of fiber fat, acidity and 

proteins [4]. Since the GI of carbohydrate averages out when consumed in combination 

the concept of GI is also relevant in mixed meals [53]. 
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Glycemic index is a simple tool calling attention to new starchy foods (legumes, 

whole meal grains) which may not otherwise considered to be consumed. A certain 

amount of dietary understanding is necessary. 

Increased food frequency, is also a model for mimicking the slow digestion of low-

GI foods has been shown to reduce glycemic and insulinemic response over the course of 

a day in diabetic subjects [54].  

The GI of the first meal affects the glycemic response to the subsequent meals. This 

has been known as the “second-meal effect” of consuming low-GI/GL meal, where the 

first meal improves the glucose tolerance of the second meal. As a result of the improved 

postprandial glycemia of the second meal lowers the FFA concentrations. [55]. 

It is clear, that low-GI/GL diets have a metabolic advantage, concluded Volek and 

colleagues [56], which is not a violation of the First Law of Thermodynamics. Besides 

the energy content, the macronutrient distribution and the GI and GL of a meal is a 

determining factor for weight loss. Low-GI/GL diets utilize different chemical pathways 

that vary in efficiency; therefore weigh loss can vary, when compared with an 

isoenergetic low-fat diet. There may be differences in energy expenditure associated with 

the metabolism of different macronutrients, which could explain some differences in 

weight loss on diets of different macronutrient distribution with the same energy content. 

Very low carbohydrate (<10%) or low-GL (<80 GL) diet results in powerful metabolic 

adaptations to enhance mobilization and utilization of lipids while sparing carbohydrate 

fuel sources.  

   Manipulating the rate of carbohydrate absorption is the principle that lies behind 

many strategies aimed at improving carbohydrate and lipid metabolism. Brand-Miller and 

colleagues [48, 57, 58] recommends high carbohydrate intakes from low-GI source for 

individuals with diabetes and hyperlipidemia. Increasing carbohydrate intake from high 

GI foods may increase blood glucose, insulin and triglyceride concentrations. 

     Postprandial hyperglycemia and hyperinsulinemia are consequences of typical 

Western diets that are not seen in rural societies, where low-GI/GL diets are typically 

consumed. Increasing carbohydrate intake from low-GI starchy foods may allow 

carbohydrate intake to be increased without these unwanted effects. Low-GI/GL diets 

result in modest improvements in overall blood glucose control in patients with insulin-
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dependent and NIDDM. Low-GI/GL diet has been great importance to reduce insulin 

secretion and lower lipid concentrations in patients with hyperlipidemia-problems. Low-

GI/GL diets in the treatment and prevention of obesity are justifiable on scientific 

grounds [58]. 

     The positive effects of low-GI/GL diet has been shown to normalize blood lipid levels 

and reduce glucose intolerance and insulin sensitivity in obese and type 2 diabetic adults 

and adolescent [48, 49, 58] and reduced fat mass in adolescent obese children with type 2 

diabetes mellitus [59, 60]. 

 

1.5.3. Psychological and psychosocial factors 

Besides changes in the diet, psychological factors play major role in the successful long-

term treatment of childhood obesity. Support from the primary care physician or 

nutritionist [61] and parents have been shown to be significantly powerful to induce 

eating behavioral changes and adherence in children [50, 62].  

      Behavior modification needs to build a mindset, which focuses away from excess 

eating, uses food to aid physical and mental performance [63]. Parent’s behavior and 

lifestyle preferences are key importance. An obese child needs to learn the difference 

between hunger and appetite. It is important to pre set the time and portions for the 

regular meals and snack. Obese children don’t have regular meals and they tend to snack 

all day long. Parents need to promote activities for the children which takes her/his 

attention off from food and eating. Setting positive and achievable goals for the obese 

child is another important factor for the child to regain healthy self-esteem and self-value. 

Clearing up interpersonal emotional problems within the family is another key point in 

success. It is necessary for the child to be psychologically supported in the family and 

among his/her friends. Therefore, individual nutrition consultations should be extended to 

group education programs, where the child can meet others working for the same goals. 

Rehabilitation can be only achieved by long-term adherence to the therapy. [39]  
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2. PURPOSE AND QUESTIONS 

 

Even though the prevalence of childhood obesity is increasing, there have been no 

effective and long-term treatments available yet. Further intervention studies needed to 

identify the successful treatment which could be accepted by children and easily adapted 

in to their daily practice and extended for the general public. There have been relatively 

few studies in the literature, which focuses on the relationship of lifestyle activity, low-

GI/GL diet and risk factors of metabolic syndrome in overweight/obese non-diabetic 

children. There have been only a few dietary intervention studies dealing with obese 

children in Hungary and no studies using the low-GI/GL diet at all. 

    Therefore, the purpose of the present study was to examine the effects of two 

interventions (1) low-GI/GL Diet-only and (2) a low-GI/GL diet including lifestyle 

exercise program on body composition, metabolic risk factors and satiety of 

overweight/obese school children.  

 

The following three questions were studied: 

1.  How does a 12-week low-GI/GL diet intervention affect body    composition and 

metabolic risk factors, dietary and physical activity habits and hunger score in pre-

pubertal overweight/obese children? 

2.  Are there any changes in body    composition and metabolic risk factors, dietary and 

physical activity habits and hunger score due to a 12-week low-GI/GL diet combined 

with 6-week life style exercise intervention in pre-pubertal overweight/obese children? 

3.  Is it possible to sustain the interventional dietary and lifestyle changes after 3 years? 
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3. SUBJECTS AND METHODS 
 
 
3.1. Participants 

Twenty one healthy, free-living, average age 11 year old, Caucasian, pre-pubertal 

overweight/obese (BMI= 26.98±5.49 kg/m2) children (10 girls and 11 boys) and their 

parents were recruited and volunteered for the study.  

      The participants were included in the study when their BMI equal or higher than the 

age and gender specific cut-off point [2]. It is important to note that there were not one 

cut off points in the present study because the participants were between 8-12 years of 

age, girls and boys. The cut off points therefore are different by age and gender (Table 

2.). The participating children were free from drug or hormonal therapy. All participants 

were willing and able to understand and adhere to the requirements of the study. Both 

child and parent had access to kitchen and signed an informed consent form. 

 
Table 2.: Age-specific cut off point for BMI [2] 

 

Age  "Overweight" BMI (kg/m2)   "Obese" BMI (kg/m2) 

(years)  Boys                      Girls  Boys               Girls 

 

8 18.44 18.35  21.60 21.57 
8.5 18.76 18.69  22.17 22.18 
9 19.10 19.07  22.77 22.81 
9.5 19.46 19.45  23.39 23.46 
10 19.84 19.86  24.00 24.11 
10.5 20.20 20.29  24.57 24.77 
11 20.55 20.74  25.10 25.42 
11.5 20.89 21.20  25.58 26.05 
12 21.22 21.68  26.02 26.67 
12.5 21.56 22.14  26.43 27.24 
 

 

Participants were excluded from the study if there was acute and chronic disease, which 

are contraindicated with the participation in the study, and was confirmed by pediatrician. 

Inclusion was terminated when both parent and child failure to attend <90% of all 

nutritional counseling sessions and failed to adhere to lifestyle exercise program <90%. 
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3.1.1. Ethical approval 

The study was conducted by the approval of the Semmelweis University Regional and 

Institutional Committee of Science and Research Ethics. There was a coordination 

meeting prior to all testing for all children and their parents. The children and their 

parents read the detailed explanation of the study and signed the Informed Consent form.  

     The parents were asked to fill out a medical history form. Then the children were 

asked to participate in a physical examination by pediatrician.  

 

 
3.2. Study design  

The children were distributed to one of the two intervention groups by availability. In the 

Diet-only group (12-week low-GI/GL diet-only) 13 children with their parents were 

recruited. In the Diet-Exercise group (12-week low-GI/GL diet combined with 6 weeks 

lifestyle walking program) 8 children with their parents were involved.  

 

3.2.1.  Diet-only study  

Anthropometric measurements (BIA, circumference, skinfold), hunger scores were taken 

at baseline at week 6 and 12. The lifestyle questionnaire including physical activity 

screen time, and hunger scale was taken at baseline and at the end of the study. 

(Appendix 1.) 

     Blood tests were taken at baseline and at week 12. The low-GI/GL diet consultations 

(weekly group and individualized nutritional counseling) interventions were carried out 

from the first weeks until the end of the study.  

     To evaluate walking distance the children wore a pedometer for two times for 7 days 

on week 3 and week 10. The children were asked to record the walking distance (km) 

measured by the pedometer every day. The walking distance records were handed in at 

the nutrition consultation at the end of week 3 and 10. The daily average walking distance 

was calculated from the 7-day data. 
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     Four-day food diary was kept every week for 12 weeks and the records were handed 

in at the time of weekly nutrition consultations. 

     Post treatment data was collected on the following week of the completed 12-week 

trials, while still maintaining previous intervention criteria.  

     Follow-up questionnaire was conducted via telephone after 2 years of the end of the 

study in 2007. The questions focused on the child’s maintenance of the learnt diet, daily 

hunger level; the child’s motivation to participate in physical activity and the child’s time 

spent with physical activity per week, daily TV watching and playing with computer as 

well as the parent’s satisfaction with the program. 

 

3.2.2. Diet-Exercise Study 

The blood and anthropometric measurements (BIA, circumference, skinfold) and lifestyle 

questionnaire were taken at baseline and were repeated at week 6 and 12. The low-GI/GL 

diet consultation (weekly group and individualized nutritional counseling) interventions 

were carried out from the first week of the study and were kept until the end of the study.  

     To evaluate walking distance the children wore a pedometer for 7 days on week 3. 

The children were asked to log the walking distance (km) measured by the pedometer 

every day.  The records were handed in at the end of week 3. The daily average walking 

distance was calculated from the 7-day data. 

     Following the 6th week blood and anthropometric measurements the children started a 

self-initiated and self-controlled lifestyle exercise program for the next 6 weeks. In 

addition to the low-GI/GL diet, as part of this program the children were asked to walk 

45 minutes a day and wore the pedometer every day from the time of awake till going 

sleep. It was suggested to walk 15 minutes on the way to school and walk 30 minutes 

after the school program ended (on the way home). In order to maintain walking 

program, the parents were asked to take the child to a park or on rainy days to a shopping 

mall. The walking distance from the pedometer was recorded every day and the records 

were handed in every week on the nutrition consultation.  

     Four-day food diary was kept every week for 12 weeks and the exercise log 

(containing the walking distance km) was recorded every day during the second 6 week 

of the study. Both records were handed in at the time of weekly nutrition consultations. 
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      Follow-up questionnaire was conducted via telephone in 2007, which was 3 years 

after the end of this study. The questions were identical with those used in Diet-only 

study.  

The summary of the study design is shown in Figure 3. 

 

 
F: male 

FM: female 

 
Figure 3.: Study design 

 

 
 
3.3. Methods  

3.3.1. Anthropometric measurements 

Height was measured using a calibrated wall-mounted stadiometer (Dilmed kft, Hungary) 

Body mass, total body fat and muscle mass were estimated by using multi-frequency 

bioelectrical impedance analysis (BIA; InBody 3.0, BioSpace, Korea). Body mass index 

(kg/m²) was obtained from BIA measurements. Measurements were taken after an 

overnight fast and children were asked to avoid pursuing any vigorous physical activity 

INTERVENTION

Low-GI/GL diet 
6 weeks

Food diary

INTERVENTION

Low-GI/GL diet 

Food diary + 

lifestyle exercise
6 weeks:

45 min walk

Post- test 1.

6th week 

-blood and body 

composition

-Hunger score
- Lifestyle 

questionnaire

Pre-test

Baseline

- Pediatrician

-blood and body 

composition 
- Hunger score

- Lifestyle 

questionnaire

INTERVENTION

Low-GI/GL diet 

6 weeks
Food diary

INTERVENTION

Low-GI/GL diet 

6 weeks

Food diary

Post-test 2.

12th week 

-blood and 

body 

composition 
- Hunger score

-Lifestyle 

questionnaire

Diet-only: 12-week low-GI/GL diet

(7 FM, 6 M) age 11.5±1.94 y  BMI: 28.4±5.86 kg/m2

Diet-Exercise: 12-week low-GI/GL diet including 6-week lifestyles exercise 

(3 FM, 5 M)  Age  10.9±0.88 years BMI 24.7±4.70 kg/m2

Telephone
follow-up 

in 2007

2 years 
after 

Telephone 

follow-up 
in 2007

3 years 

after 

Post-test 2.

12th week 

-blood and 

body 

composition 
- Hunger score

-Lifestyle 

questionnaire

Post- test 1.

6th week 

- body 

composition

-Hunger score

Pre-test

Baseline

- Pediatrician

-blood and body 

composition 
- Hunger score

- Lifestyle 

questionnaire



 

 28  
 

 

on the previous two days. Circumference and skin-fold measurement were taken on the 

right side of the body according to the ISAK guidelines  [64]. Percent of body fat from 

sum of skinfold thickness measurements were estimated by the tables Deurenberg and 

colleagues [65]. Circumference measurements were taken at the waist at L4 to measure 

corresponding visceral fat [66]; the hip and thigh. Participants wore light underwear for 

these measurements.  

    The body weight and height of the parents were reported by themselves the time of 

pediatrician physical examination 

 

 

3.3.2. Physical exam 

Resting blood pressure was taken (Sphygmanometer) three times while seated and the 

average of the last two was calculated. According to the Hungarian Pediatric Guidelines 

the threshold for hypertension is 95th percentile of the age and sex matched values. The 

threshold for hypertension value of 8-11 years old children is 125/80 mmHg [67].  

 

3.3.3. Biochemical measurements: fasting plasma glucose, insulin and 

lipid profile 

All biochemical measurements were taken at fasting state. Fasting state was achieved 

overnight, while the participants abstained from food and drinks for 12 hours. The 

participants were asked to consume 200-300 ml plain water after the body composition 

test, to achieve easier blood drawing. 

     Fasting blood was obtained to determine plasma glucose and insulin concentration. 

Plasma glucose was measured by hexokinase method (GLUCOSE liquiUVmono, Human 

GmbH, Germany), and insulin concentration was determined by radioimmunoassay 

(Elecsys 1010, Roche Diagnostics GmbH, Germany). To characterize insulin sensitivity 

the homeostasis model assessment (HOMA) was also calculated according to the 

equation of glucose · insulin / 22.5 [1]. Total Cholesterol, HDL-Cholesterol (Boehringer 

enzymatic method) and triglyceride (Enzymatic Colorimetric PAP Diagnosticum Rt, 

Hungary) were measured by direct laboratory analysis, and LDL-Cholesterol was 

calculated using by the Friedewald Formula described elsewhere [68].  
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3.3.4. Assessment of food intake and hunger level 

The children and their parents were asked to specify details of children’s food intake 

before, and after the study for 4 days (2 week-days and both day of the weekend). The 

same 4-day food records were continuously collected at the end of each week at the 

nutritional consultations. Only the 3 complete days from the records were used for 

analysis and data were analyzed by NutriComp® software (Hungary). The food diary was 

discussed with the child and the parent during the individual consultations. Suggestions 

were made and difficulties were discussed. The food diary check on the individual 

consultation was the tool for controlling the diet. 

     The children were asked to rank their daily hunger level. To rank hunger level a scale 

between 0 and 5 was used, which was the modified version of the MIT medical hunger 

scale [69]. The number zero meant “feeling no hunger at all” and 5 “very hungry”. The 

hunger scale numbers were based on the school grading system, which was very well 

known by all children. The daily overall feeling of hunger level was recorded at baseline, 

at week 6 and week 12 of the study. (Figure 4.) 

 

 
 
 
 
 
 
 
 
 
 

Figure 4.: Hunger level scale (modified MIT medical hunger scale [69]) 
 

3.3.5. Assessment of daily physical activity  

The parent’s were asked to report the time their children spent with physical activity, 

watching TV and playing computer games or internet for one week at the beginning and 

the end of the study. The children participated in regular physical education classes and 

some of them attended extra curricular exercise such as swimming, tennis, karate, folk- 

Hunger score Description 

0 Full, not hungry at all 

1 Feel nut hungry yet 

2 Little hungry 

3 Little more hungry 

4 Hungry, stomach rumbling 

5 Very hungry, can’t concentrate 
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and aerobic dance. The time spent with physical activity in the lifestyle questionnaire 

included only the extra curricular exercise in hour per week and was reported by the 

parents. 

     To assess daily walking distance the children in the Diet-only study wore pedometer 

(HJ-112-E, Omron, Japan). The pedometer was fixed on the waist of the child’s pants at 

awaking and taken off before going to bed. The data (distance, km) was recorded by the 

parent at the end of each day. The walking distance records were handed in at the end of 

each week when the daily average walking distance was calculated from the 7-day data. 

The daily average walking distance during the walking program was calculated from 6-

week data (from the daily average of each week of the 6 week program).  

 

3.3.6. Intervention 

Each participant with his/her parents attended on weekly nutritional consultations. The 

nutritional consultations included a 20-minute group nutrition class followed by a 20-

minute individual consultation. The group consultation included a simple lecture for 

nutritional education (Appendix 2.), how to alter traditional Hungarian foods for a 

favorable GI and tasting of high fiber low-GI baking goods.  During the individual 

consultation the 4-day food record and the possible difficulties were discussed, directives 

were made to exchange high-GI to low-GI foods. 

3.3.6.1. Low-GI/GL diet 

The low-GI/GL diet in the present study was based on the consuming more low-GI foods 

and alternating meals and snack every 3 hours [70]. It was previously shown that GI 

averages out in mixed meals [6, 44, 53], therefore it was suggested to exchange at least 

50% of the high-GI foods to low-GI foods [6, 71]. Our eating guideline (Appendix 3.) 

encouraged the addition of fiber (exchanging white bread to whole meal bread) legumes 

(lentil, peas, beans) and focused on designing meals using low-GI carbohydrate foods. By 

choosing foods with low GI the GL of the meal is reduced [71]. 

     The present study used portion control to reduce the overall GL of the diet [71]. 

Combining small amount of high-GI carbohydrate food (no more than half of the 

carbohydrate intake in that meal) with low-GI carbohydrate food (at least half of the 
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carbohydrate intake in that meal) can create at least an intermediate glycemic response. 

Eating very large amount of low-GI carbohydrate rich foods however can also increase 

dietary GL.  Therefore, as an indirect control of GL and calorie intake, it was suggested 

to use a smaller plate (22 cm diameter) with only two handfuls of food served during 

main meals. The handful size of a food meant: the amount of food able to fit in one hand 

with closed fingers, and was used as portion size measure due to its practicality. (See 

Appendix 3 for Guidelines for daily meal-intake and the sample plate for balanced meal 

design.) The suggested size of the snack was one handful. It was encouraged to parboil 

pasta and rice and include animal protein in the main meals. [6, 44] 

     It has been shown that acidity reduces the GI [6, 44, 72]. Therefore, the addition of 

acidic foods (lemon juice in drinking water, and lemon or vinegar for salad dressing) was 

used when subjects consumed high-GI foods (potato, rice) especially while eating in the 

school cafeteria. Those children who ate in the school cafeteria were asked to drink     

250 ml water premixed with 2 table spoons of fresh lemon juice during lunch.  

     The total amount of sucrose and sucrose containing foods (jam, chocolate, candy) was 

suggested to be no more than 2-3 teaspoon per day. Fructose was in moderation was also 

a suggested sweetener. The consumption of glucose and glucose syrup sweetened foods 

were discourages. Instead of drinking commercial juices, it was recommended to 

consume fresh fruit and mineral water. [6, 44] 

     Written educational material was provided for each participant, included handout 

description of the rationale for the low-GI/GL diet written in lay language, sample menu 

plans, specific recipes and a GI table [57] of the most commonly consumed foods labeled 

Low- and High-GI foods. (See Appendix 3.) 

     As part of the parental support, the parents consumed the same diet, and were asked 

to design and prepare meals with their children. The parents were also asked to teach 

their children basic cooking techniques and prepare the special recipes handed out during 

the consultations. Sampling of the foods made from the special recipes (high fiber 

pastries using the addition of yellow split peas; was done during the nutritional 

consultation.  

     Physical activity during the first 6 weeks of Diet-Exercise and during the entire 12 

weeks of the Diet-only Study has not been changed. The children participated in regular 
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physical education lessons 2-3 times a week. Some of the children participated in extra 

curricular physical activities 1-2 times a week such as swimming, karate, folk- and 

aerobic dance. 

3.3.6.2. Lifestyle exercise program  

The children in the Diet-Exercise study were asked to participate in lifestyle exercise 

program from week 7 until the end of the study. The exercise program consisted of taking 

a 15-minute walk before school begins (e.g. walking to school or walk in the hallway of 

the school) and 30 minutes walking after school program ended, or walking home from 

school.  

    Parent support for lifestyle exercise: The parents were asked to support the child’s 

walking program and oversee the reading of the step counter and recording of the data 

each day. The parents were asked to accompany the child one day of the weekend for a 

45-minute hike outdoors in a park if weather-permits. Otherwise the walk was suggested 

to be performed in town or in a shopping mall. 

     Monitoring lifestyle exercise: The participants were instructed to operate the 

pedometer for monitoring the walking distance. The participants wore the pedometer 

form the time of awaking till the end of the day when going to bed. They were asked to 

record the distance (km) of their daily walks each day. The exercise records were 

collected at the time of weekly nutritional consultation. 

 

3.3.7. Follow-up telephone interview 

The follow-up questionnaire was conducted via telephone in 2007, which was 2 years 

after the Diet-only and 3 years after the Diet-Exercise study. The interview contained 

questions about the child’s maintenance of the learnt diet, his/her, daily hunger level; the 

child’s motivation to participate in physical activity and the child’s time spent with 

physical activity per week, daily TV watching and playing with computer. The parents 

were asked for their satisfaction with the intervention program; the level how the learnt 

intervention made changes in the life of the family. Questions were asked for the opinion 

and choice of the parents regarding the continual participation in similar programs and 
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the importance of parental support for the success of the program. (See Appendix 4. for 

the detailed follow-up questionnaire). 

 

3.4. Statistical analysis 

Statistical analyses were performed by Microsoft Office/Excell (Microsoft, USA 2003). 

Values were reported as mean and standard deviation (±SD). Significance was set at 

p<0.05 for all the data analysis. All parameters were tested for normal distribution and 

failing that logarithmic transformation was performed. Student’s t-tests for dependent 

samples were used to evaluate whether the changes according to the program were 

significantly different from zero. Pearson’s product-moment correlation coefficient was 

used to determine significant relationships between the outcome changes.  
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4. RESULTS 

 
4.1. Diet-only study 
 

Thirteen children, 7 girls and 6 boys, (age 11.5±1.94 y, BMI 28.4±5.86 kg/m2) enrolled 

and completed the 12-week Diet-only study. The mean BMI of the parents (mothers’ and 

fathers’ 26.6±4.65 and 27.5±4.49 kg/m2, respectively) showed the presence of 

overweight status [73]. 

 
4.1.1. Anthropometric data  

The results of the anthropometric measurements are presented in as baseline- 6th  week, 

6th  – 12th week, and baseline – 12th  week. (Table 3.) 

Baseline – 6th week 

There were significant (p<0.05) reductions in body weight, BMI, fat mass, % of body fat, 

waist-, hip-, thigh circumference and there was no change in muscle mass and WHR 

measures between the measurement at baseline and week 6.  

6th – 12th week 

Analyzing the data between week 6th and 12th ,– during the second 6 week of the low- 

GI/GL diet –showed no change in body weight, % body fat, muscle mass and WHR 

measures. Significant (p<0.05) reductions were found in BMI, fat mass, waist-, hip- and 

thigh circumference measurements. 

Baseline -12th  week 

Analyzing the anthropometric data of the entire 12 weeks of low-GI/GL diet showed no 

changes in muscle mass and WHR measures. There were significant (p<0.05) reductions 

in body weight, BMI, fat mass, % of body fat, waist-, hip- and thigh circumference. 

(Table 3.) 
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Table 3.: Anthropometric data in Diet-only group at baseline, 6th and 12th week (n=13; 
age 11.5±1.94 years) 

           

  Baseline   6th week                                            12th week 
  Mean±SD  Mean±SD   Mean±SD  
           

Height (cm)                       152.8±13.00                  153.3±12.92                                      153.8±13.00  cc    **  

BBooddyy  WWeeiigghhtt  ((kkgg))  68.1±22.03  66.5±22.07  aa    **  65.5±22.12 cc    **  

BBMMII  ((kkgg//mm22))   28.4±5.86  27.6±6.18  a  *  27.1± 6.21 bb cc    **  

  
BBIIAA            

  BBooddyy  FFaatt  ((%%))    36.8±6.11  34.5±7.35 aa    **   33.8±7.41 cc      **  

  FFaatt  MMaassss  ((kkgg))  26.0±12.80  24.45±12.99 aa    **   23.6±12.81 bb  cc      **  

  MMuussccllee  MMaassss  ((kkgg))  39.02±9.57  39.15±9.50   39.16±10.01  
            
Circumference          

WWaaiisstt  ((ccmm))   95.7±14.01  92.8±14.16    aa    **  90.8±14.26 bb cc  **  

HHiipp  ((ccmm))   97.2±13.37  95.04±13.00 aa    **  93.3±18.82 bb  cc      **  

TThhiigghh  ((ccmm))   59.1±7.90  57.7±7.71 aa    **  56.8±8.10 bb  cc      **  

  

WWHHRR    0.98±0.03  0.98±0.04   0.97±0.05  
  

 

 

 

 
 
 
 
The differences in the changes between the anthropometric data during the first and 

second 6-weeks of the Diet-only intervention showed that the losses of body fat 

percentage was  significantly higher during the first 6 weeks (p<0.05). There were no 

significant differences in the magnitude of changes of other anthropometric 

measurements between the first and second 6 weeks. (Figure 5.)    

aa
  bbeettwweeeenn  bbaasseelliinnee  aanndd  66tthh    wweeeekk,,    

bb between 6th week and 12th week,  c
c
  between baseline and 12th  week,    *p<0.05 
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Figure 5.: Differences in changes in body fat percent during the first and second 6 weeks 
of Diet-only study  

 
 
 
 

4.1.2. Laboratory parameters 

Baseline – 12th  week 

There were significant changes in the carbohydrate metabolic measurements between 

baseline and the end of the Diet-only study. Even though the mean fasting glucose were 

in normal range, it significantly (p<0.05) decreased. Serum insulin and HOMA-IR also 

significantly decreased at the end of 12th week (p<0.05; p<0.01, respectively). There was 

a favorable trend in Total-, HDL- and LDL-Cholesterol and TG levels.  (Table 4.) 
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Table 4.: Biochemical and blood pressure parameters in Diet-only group at baseline and 
12th week (n=13) 

  Baseline   12th week  
       Mean±SD                            Mean±SD     
 

Glucose (mmol/l)         4.9±0.25        4.5±0.31  **  
Insulin (mU/ml)         18.5±7.80                  12.3±6.44 **  
HOMA-IR           4.0±1.76       2.5± 1.41 **  
TT--CC  ((mmmmooll//ll))                            4.0± 0.52       3.8 ± 1.02   
HHDDLL--CC  ((mmmmooll//ll))                0.99 ± 0.22       1.00 ± 0.32  
LLDDLL--CC  ((mmmmooll//ll))                1.8±0.44      1.6±0.6   
TTGG  ((mmmmooll//ll))                    1.28±0.77      1.01±0.38  

BBlloooodd  PPrreessssuurree  ((mmmmHHgg))  

SBP 113.7± 5.14  
DBP 74.4±5.68  

 

** p < 0.05, 
** p<0.01,  T-C: Total Cholesterol,  HDL-C: High Density Lipoprotein Cholesterol,  LDL-C: Low Density Lipoprotein 

Cholesterol,  TG: Triglyceride ,  SB: Systolic blood pressure, DBP: Diastolic blood pressure 

 

 

4.1.3. Prevalence of metabolic risk factors 

The present study considered the following levels of laboratory parameters as risk 

factors: fasting glucose >5.5 mmol/l; serum insulin >20 mU/ml; HOMA-IR >4; HDL-

Cholesterol <1.1 mmol/l; LDL-Cholesterol >2.5 mmol/l; TG >1.1 mmol/l [74]. (The 

blood pressure considered to be part of the metabolic risk factors, however in the present 

study it was measured only at baseline for screening purpose.) There is no risk factor 

range available for WHR for children. 

       The abnormal levels of the laboratory measurements were observed as follow: 

fasting insulin for five children, HOMA-IR for seven children, T-Cholesterol for three 

children, HDL-Cholesterol for ten children, LDL-Cholesterol for four children and TG 

for two children. There was a meaningful decrease in the number of total risk factors after 

the study (26 vs. 10). None of the children had risk factor of high fasting glucose level. 

Four of the five children with abnormal high insulin level at baseline had normalized 

levels after the study. Three out of the ten children with abnormal low HDL-Cholesterol 

had normal level at the end of Diet-only study. One out of two children with abnormal 

LDL-Cholesterol level had normal value at the end of study. The abnormal TG levels 

found in two children, which normalized by the end of the study.  

     The number of metabolic risk factors per child decreased to the end of the 12th week: 

one child had 4 risk factors, three children had 3 risk factors, six children had 2 risk 
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factors, and one child had 1 risk factor at baseline. The child who had 4 risk factors had 

only 1 risk factor at the end the study. There was only one child with 3 risk factors, 

another child with 2 risk factors and five children with 1 risk factor at the end of the 

study. No risk factors were found in 6 children at the end of the study. (Table 5.) 

 
Table 5.: Total number of metabolic risk factors per child in Diet-only group at baseline 
and at week 12 (n=13) 

 

Child 

Total number of 
risk factors per 

child  

 Baseline 

Total number 
of risk factors 

per child 

12th week 

1. 0 0 

2. 2 0 

3. 4 1 

4. 3 1 

5. 2 1 

6. 0 0 

7. 2 1 

8. 2 2 

9. 3 3 

10. 3 0 

11. 1 0 

12. 2 0 

13 2 1 

Total: 26 10 
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4.1.4. Diet analysis and hunger score 

Baseline- 6th week 
The result of the dietary analysis showed significant (p<0.01) reduction in daily caloric 

intake from baseline to 6th week in the Diet-only study. There was no change in protein 

intake, however decrease in fat (<0.01) and carbohydrate intakes (p<0.05) were 

significantly lower between baseline and week 6th. There was significant increase in fiber 

intake (p<0.05).  The macronutrient distributions as part of total caloric intake at baseline 

and after 6-weeks in Diet-only study were as follows: protein 14.7% vs. 17.0%; fat 36.3% 

vs. 34.7% and carbohydrate 49.0% vs. 48.3%. There was a significant decrease in self-

reported daily hunger score as well (3.46±1.51 vs. 0.92±1.11, p<0.05). (Table 6.) 

6th – 12th week 
The result of the dietary analysis showed no changes in daily caloric intake, protein, fat, 

carbohydrate and fiber intakes between 6th to 12th weeks in the Diet-only study. The 

macronutrient distributions as part of total caloric intake from 6th week to 12th week in 

Diet-only study showed favorable changes: in fat 34.7% vs. 32.8%; carbohydrate intake 

48.3% vs. 50.9%) protein 17.0% vs. 16.3%. The self-reported daily hunger score 

remained the same (0.92±1.11 vs. 0.92±1.11). (Table 6.) 

Baseline - 12th week 
There was a 265 kcal significant (p<0.01) reduction in the mean daily caloric intake as 

compared to the baseline. There was no change in protein intake, however the fat and 

carbohydrate intakes decrease significantly at the end of the 12th week as compared to 

baseline (p<0.01 and p<0.05, respectively). There was a significant (p<0.05) increase in 

fiber intake. The overall changes in the macronutrient distributions –as part of total 

caloric intake – were also favorable between baseline and after 12-weeks. The changes 

were as follows: protein 14.7% vs. 16.3%; fat 36.3% vs. 32.8% and carbohydrate 49.0% 

vs. 50.9%. There was a significant decrease in self-reported daily hunger score as well 

(3.46±1.51 vs. 0.92±1.11, p<0.05). (Table 6.) 
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Table 6.: Diet composition and hunger score in the Diet-only group at baseline, 6th and 
12th week (n=13)  
 

  Baseline   6th week                                    12th week  
  Mean±SD  Mean±SD                                 Mean±SD 
           
Energy intake (kcal)          2376±244.6                     2147±202.7 a   **                            2110±141.8 c   **  
Protein intake (g) 87.28±12.51  91.22±11.82                                  85.9±25.05 
Carbohydrate intake (g)   291.31±31.46                      259.41±24.97 

a   *                        254.62±18.26 c   * 
Fat  intake (g)  93.1±13.10  80.54±17.05 a   *                               77.0±10.25  c   **   
Fiber intake (g) 21.5±4.50   28.9±8.66  a   *                                   30.6±7.78  c   *    
Percent (%)  of total intake         
Protein 14.7  17.0   16.3 
Carbohydrate 49.0  48.3   50.9 
Fat 36.3  34.7   32.8 
 

Hunger score  3.46±1.51  0.92±1.11  
a ∗  0.92±1.11 

c ∗    

   

aa
  bbeettwweeeenn  bbaasseelliinnee  aanndd  66tthh  wweeeekk,,  

cc
  bbeettwweeeenn  bbaasseelliinnee  aanndd  1122tthh  wweeeekk,,  ** p < 0.05 , 

** p<0.01 

 

 
4.1.5. Physical activity and screen time   

Baseline – 12th week 
Based on the report of the parents, there was no change in the time of physical activity 

and time spend on playing with computer, however the children spent significantly less 

time watching TV at the end of the Diet-only study. There was no change in the daily 

walking distance at the beginning and at the end of the study (4.3±0.86 km/d vs. 4.2±1.21 

km/d.) (Table 7.) 

 
Table 7.: Physical activity and screen time in Diet-only study at baseline and 12th week 
(n=13) 
 

   Baseline                                         12th week  
   Mean±SD                    Mean ±SD   
           
Physical activity (hour/week)          1.7±2.18                     2.2±1.86  
TV (minute/day)                152±90.38                   111±62.91 * 
Computer game / internet 
(minute/day)                  78.46±69.86                      67±74.68 
 
Pedometer               (mean of 7 days of the 3rd week)              (mean of 7 days of 10th week) 
Walk distance (km/day)                 4.3±0.86                      4.2±1.21     

 

* 
p<0.05 
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4.1.6. Relationships between anthropometric measurements and metabolic 

risk factors 

The summary of the significant correlations are presented in Table 8. There was a strong 

positive correlation between BW and WC at baseline, at week 6 and week 12 in the Diet-

only study. There was moderate positive correlation between all three measurements of 

BW, BIA fat mass, BMI and fasting insulin measured week 12th. There was a moderate 

negative correlation between BW, BIA fat mass and BMI and HDL-Cholesterol at 12th 

week.  

 

Table 8.: Summary of the significant correlations in the Diet-only study (Pearson r; p 
<0.05;  n=13)  
 

 
Waist 

circumference 
Baseline 

Waist 
circumference 

6th week 

Waist 
circumference 

12th week 

Insulin 
12th week  

HDL- 
Cholesterol 

Baseline 

HDL- 
Cholesterol 
12th week  

BW 
Baseline 0.98  

-- -- -0.63 -- 

BW 
6th week  0.97  -- -- -- 

BW 
12th week  -- 

0.97 0.62 -- -0.65 

BIA fat mass 
12th week 

   
0.66  -0.63 

BMI 
12th week 

   
0.69  -0.66 

BW: Body weight, BIA: Bioelectric Impedance, BMI: Body mass index 
--:  not meaningful 
 
 

4.2. Diet-Exercise study 
 
      Nine children enrolled and 8 completed (3 girls and 5 boys) the 12-week Diet-

Exercise study. The mean age of the children was 10.9±0.88 years with a BMI of 

24.7±4.70 kg/m2. The mean BMI of the mothers’ and fathers’ (27.0±5.34 and 29.8±2.87 

kg/m2, respectively) showed the presence of overweight status [73] among the parents. 
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4.2.1. Anthropometric data  

Baseline – 6th week 

The first 6 weeks of the Diet-Exercise study consisted of low–GI/GL diet only. The 

results showed no changes in body weight, BMI and WHR measurements during this diet 

only phase. There was a significant (p<0.05) reduction in % body fat, in fat mass and an 

increase (p<0.05) muscle mass at the end of the 6th week. There were no changes in all of 

the circumference measurements at the end of 6th week. 

6th -12th  week 

The second 6 weeks of the Diet-Exercise study contained an added 6 week walking 

program to the low-GI/GL diet. The result of the addition walking program showed no 

changes in body weight, BMI, % body fat, muscle mass, fat mass, waist- and hip 

circumference, however, the decrease in thigh circumference was a significant (p<0.05).  

Baseline-12th week 

Analyzing the entire 12 week Diet-Exercise program showed no changes in body weight, 

BMI, fat mass and WHR measures between the baseline and the end of 12th week. There 

was however a significant increase in muscle mass and significant decrease in body fat 

percent, waist-, hip and thigh circumference (p<0.05). (Table 9.) 

 

Table 9.: Anthropometric data in Diet-Exercise group at baseline, week 6th and 12th (n=8; 
age 10.9±0.88 year) 
 

  Baseline   6th week                                                 12th week     
  Mean±SD  Mean±SD                                          Mean ±SD  
           

Height (cm)                       153.4±9.63                       153.7±11.56  154.2±11.62  
BBooddyy  WWeeiigghhtt  ((kkgg))  59.4±13.92  59.2±14.66   60.1±13.59  

BBMMII  ((kkgg//mm22))   24.7±4.70  24.5±3.56   24.8±3.58  
           

BBIIAA            

BBooddyy  FFaatt  ((%%))    29.4±4.18  25.4±4.40 a  *  25.4±4.50 c  * 

    FFaatt  MMaassss  ((kkgg))  18.2±6.16  16.1±5.95 a   *  16.1±6.40 
MMuussccllee  MMaassss  ((kkgg))  38.8±9.13  40.2±9.67    40.9±11.9 c  *

  
Circumference          

WWaaiisstt  ((ccmm))   83.7±10.50  82.9±10.64   81.6±10.28 c  * 

HHiipp  ((ccmm))   91.6±11.39  90.7±11.30   89.5±10.55 c  * 

TThhiigghh  ((ccmm))   56.2±6.25  55.7±7.09   54.7±7.32 b c   * 

  

WWHHRR   0.915±0.05  0.914±0.06   0.911±0.06  

           

 a     between baseline and 6th week      
b   between 6th and 12th week 
c    between baseline and 12th week 
* p<0.05 
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The differences in the changes in anthropometric measurements showed that, the losses 

of body fat mass and body fat percentages were significantly higher during the first 6 

weeks of the Diet-Exercise study (p<0.01)– where the low GI/GL diet was the 

intervention alone –, as compared to the diet and walking program intervention in the 

second 6 weeks. There were no significant differences in the magnitude of changes of 

other anthropometric measurements between the first and second 6 weeks of the studies. 

(Figure 6.A. and B.)      

 
 

 

 

 Figure 6.A.: Differences in changes in body fat % during the first and second 6 
weeks of Diet-Exercise study 
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* p<0.05, ** p<0.01 
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Figure 6.B.: Differences in changes in body fat % during the first and second 6 weeks of 

Diet-Exercise study 
 

 
 

4.2.2. Laboratory parameters 

Baseline -6th week 

There were favorable trends in the measurements of lipid and carbohydrate metabolism: 

such as in fasting glucose, insulin, HOMA-IR, HDL-Cholesterol and TG levels after the 

first 6-weeks. There were no changes in Total- and LDL-Cholesterol either.  

6th – 12th week 

There were also favorable trends in fasting glucose, insulin levels and HOMA-IR and 

LDL-Cholesterol. There were no changes in HDL-Cholesterol and TG at all.  

Baseline – 12th week 

There were favorable trends in the measurements of fasting glucose; insulin; HOMA-IR; 

HDL-Cholesterol; LDL-Cholesterol and TG levels at the end of 12 weeks of Diet-

Exercise intervention. (Table 10.) 
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Table 10.: Biochemical and blood pressure parameters in Diet-Exercise group at 
baseline, 6th and 12th week (n=8) 

 
4.2.3. Prevalence of metabolic risk factors  

The same levels of laboratory parameters were considered as risk factors as it was 

mentioned at the Diet-only study. The blood pressure was measured for screening 

purpose only at baseline. Baseline systolic blood pressure of the children was 

115.0±12.24 mmHg and diastolic blood pressure was 69.4±8.21 mmHg.  There were 3 

children with elevated blood pressure.  

 
Baseline – 6th week 

There was a meaningful decrease in the number of total risk factors after 6 weeks of the 

Diet-Exercise study (19 vs. 11). Out of the three children with abnormal high blood sugar 

level at baseline two had a normalized level after the 6-week low-GI/GL diet. The two 

children with abnormal high insulin level one normalized at the end of the 6th week. Out 

of the four children, two had normal HDL-Cholesterol level at the end of the 6th week. 

Out of the three children one had normal triglyceride level at the end of the 6th week.  

    The number of children who had metabolic values of reaching abnormal levels 

decreased to the end of the 6th week. At baseline one child had 6 risks factors – reduced 

Glucose (mmol/l) 5.3 ± 0.74  4.9± 0.33  4.9±0.32   
Insulin (mU/ml) 15.7± 9.44  13.1± 5.74  12.2±4.32  

HOMA-IR  3.9± 3.34  2.9± 1.36  2.7±1.07  
T-C (mmol/l) 4.5± 0.74  4.5± 0.34  4.5±0.96  
HDL-C (mmol/L) 1.1± 0.30  1.4± 0.47  1.2±0.30  
LDL-C (mmol/l) 2.5± 0.30  2.5± 0.46  2.2±0.30  
TG (mmol/l) 1.1± 0.47  0.9±0.48   0.96±0.62  
BBlloooodd  PPrreessssuurree  
((mmmmHHgg))  

SSBBPP    111155..00±±  1122..2244    
DDBBPP    6699..44  ±±  88..2211    

 
 
T-C: Total Cholesterol, HDL-C: High Density Cholesterol, LDL-C: Low Density Cholesterol, TG: Triglyceride,  
SBP: Systolic Blood Pressure, DBP: Diastolic Blood Pressure 

                  Baseline           6th week    12th week  
Mean±±±±±±±±SSDD          Mean±±±±±±±±SSDD             Mean±±±±±±±±SSDD  
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to 5 risk factors; two children had 3 risks, which reduced to 1 and zero risk factors; three 

children had 2 risk factors, out one child increased back to 3, but two children’s risk 

factors reduced to 1 risk factor. Another two children had one risk factor, which 

normalized at the end of the 6th week.  

6th – 12th  week 

The number of risk factors reaching abnormal levels further decreased (11 vs. 6) from 6th 

week to the end of the Diet-Exercise study. One child with 5 risks factors had only 4 

risks; one child with 3 risk factors had only 1 risk from 6th to 12th week. Out of three 

children with one risk factor, two children’s parameters’ normalized at the end of this 6-

week period. 

Baseline – 12th week 

All the children with abnormal high blood sugar and insulin level at baseline had 

normalized levels after the Diet-Exercise study. Out of the four children, two had normal 

HDL-Cholesterol level at the end of the study. Out of the three children with abnormal 

high triglyceride level, two had normalized value at the end of the study. The result of 

examining the total risk factors during the entire 12 week of the Diet-Exercise study 

showed meaningful decrease (19 vs. 6). The risk factors reduced in child as follows: at 

baseline one child had 6 risks factors, which reduced to 4 risks, two children had 3 risks, 

which reduced to zero and 1 risk; three children had 2 risks factors, out of which two 

children’s risks normalized at the end of the study. The one child with only 1 risk factor, 

had normal values at the end of the study. (Table 11.) 
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Table 11.: Number of metabolic risk factors per child in the Diet-Exercise group at 
baseline, at week 6 and 12.  
 

 

Child 

Number of 
risk factors 

per child  

 Baseline 

Number of 
risk factors 

per child  

6th week 

Number of risk 
factors per 

child 

12th week 

1. 2 3 1 

2. 3 0 0 

3. 0 0 0 

4. 2 1 0 

5. 2 1 0 

6. 1 0 0 

7. 3 1 1 

8. 6 5 4 

Total risk 
factors:  

19 11 6 

 

 
4.2.4. Diet analysis and hunger score 

Baseline-6th week 

The result of the dietary analysis of the first 6 weeks of the Diet-Exercise study (Table 

12.) showed no change in daily total caloric intake, daily macronutrient and fiber intakes 

either. The macronutrient distributions as percentage of total calories at baseline and after 

the first 6th week of the Diet-Exercise study were as follows: protein 15.2% vs. 17.5%; fat 

37.3% vs. 36.1% and carbohydrate 47.5% vs. 46.4%. The self-reported hunger score 

significantly decreased by the 6th week of the study (4.37±0.74 vs. 1.75±0.75, p<0.01).  

6th -12th week 

There were no further changes in daily dietary intake. The macronutrient distributions as 

part of the total caloric intake after the second 6th week of the Diet-Exercise study 

showed no change: protein 17.5% vs. 17.5%; fat 36.1% vs. 36.1% and carbohydrate 
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46.4% vs. 46.4%.There were also no changes in the daily fiber intake. There were no 

changes in daily hunger score (1.75±0.75 vs. 1.75±0.75). (Table 12.) 

Baseline – 12th week 
The overall dietary analysis between baseline and week 12 showed no change in daily 

energy-, protein-, fat-, carbohydrate- and fiber intakes. There was significant decrease in 

daily hunger score (4.37±0.74 vs. 1.75±0.75, p<0.01). (Table 12.) 

 

Table 12.: Diet composition and hunger score in Diet-Exercise group at baseline, week 
6th and 12th (n=8) 
 

  Baseline   6th week                             12th week 
  Mean±SD  Mean±SD                       Mean ±SD  
 

Energy intake (kcal)                  2171±486.4                    2021±284.1                        1996± 266.2 

Protein intake (g) 82.5±24.00   88.5±19.08                       87.5± 15.41 

Carbohydrate intake (g)             257.8±75.10                   234.5±28.14                          228.0±47.4 

Fat  intake (g)   89.9±28.30  81.2±17.23                         80.1±10.89 

Fiber intake (g)  18.8±6.77   24.7±11.74                         24.2±7.34 
Percent (%)  of total intake   
Protein 15.2  17.5                               17.5 

Carbohydrate 47.5  46.4                               46.4 
Fat 37.3  36.1                               36.1 
 
Hunger score 4.37±0.74  1.75±0.75 

a ∗∗
                        1.75±0.75  

c∗∗ 

 

**p<0.01 
a: between baseline and 6th week 
c: between baseline and 12th week 

 
 

4.2.5. Physical activity and screen time  

 Baseline- 6th  week 

Based on the report of the parents, there was no change in the time with extra curricular 

physical activity, watching TV and playing with the computer between baseline and the 

end of the first 6 weeks. Based upon the 1-week measurement by the pedometer at week 

three, the participants walked 3.88±0.84 km per day. (Table 13.) 

6th -12th  week 

Analyzing the physical activity and screen time, there was no change in the amount of 

time spent with extra curricular physical activity, watching TV and playing with the 

computer. (There was no difference in the walking distance per day between the 7-12th 

week. Therefore mean of the 6-week walking distance was calculated and used to 



 

 49  
 

 

represent the walking distance during the walking program.) As a result of the walking 

program the daily walking distance of the children were significantly higher (3.88±0.84 

vs. 5.00±0.73 km, p<0.01). (Table 13.) 

Baseline -12th week 

Analyzing the result of the physical activity and screen time data reported by the parents, 

showed no change in the amount of time spent with extra curricular physical activity, 

watching TV and playing with computer at the end of Diet-Exercise study. There was 

significant increase in the distance the children walked each day between baseline and 

during the walking program (3.88±0.84 vs. 5.00±0.73 km, p<0.01) as it was shown 

between the 6th and 12th week analysis. (Table 13.) 

 

Table 13.: Physical activity and screen time in Diet-Exercise group at baseline 6th and 
12th week (n=8) 
 

  Baseline   6th week                            12th week  
  Mean±SD  Mean±SD                    Mean ±SD   
           
Physical activity (hour/week)          2.8±2.17                          3.1±2.05                          3.0±2.04 

TTVV  ((mmiinnuuttee//ddaayy))  95±67.00   114±55.51                           84±67.00 
CCoommppuutteerr  ggaammee  //  iinntteerrnneett 

((mmiinnuuttee//ddaayy))      5522..55±37.61  61.9±41.22                           62.0±41.22 
 
Pedometer  (mean of 7 days of the 3rd week)                                (mean of  7-12 weeks) 
Walk per day (km)  3.88±0.84                              5.00±0.73 ** 
            
   

** p<0.01 

 

 
4.2.6. Relationships between anthropometric measurements and metabolic 

risk factors 

There were strong negative correlations among fasting glucose and insulin levels at 

baseline and in the magnitude of changes at week 6 (r =-0.93; p=0.0008 and r=-0.85; 

p=0.008; respectively). The higher was the baseline glucose and insulin values the more 

they decreased to the end of the 6th week. There was a moderate positive correlation 

between WHR and TG at 6th week (r=0.66; p<0.05). There was a moderate positive 

correlation between WC and insulin (r=0.66) at week 6th (p<0.05).  
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6th – 12th week 

There was a moderate negative correlation between BIA fat % and HDL-Cholesterol 

level (r=-0.67, p<0.05) and between insulin and HDL-Cholesterol level (r=-0.67, p<0.05) 

and a strong negative correlation between the HOMA-IR and HDL-Cholesterol level (r=-

0.81, p<0.05) at week 12th. There were strong negative correlation among fasting glucose 

and insulin levels at baseline and in the magnitude of changes after the 12-week study (r 

=-0.93 and r=-0.94, p<0.05; respectively). There was a moderate positive correlation 

between WHR and TG at 6th week (r=0.66, <0.05) and at 12th week (r=0.67). Waist 

circumference had a moderate positive correlation (r=0.67) with TG measured at the end 

of 12th week. (Table 14.) 

 

Table 14.: Summary of significant correlations in the Diet-Exercise study (Pearson r; p 
<0.05, n=8) 

 

 

Magnitude 
of change 
in glucose 
between  
0-6week 

Magnitude 
of change 
in insulin 
between  
0-6week 

Magnitude 
of change 
in glucose 
between  
0-12week 

Magnitude 
of change 
in insulin 
between  
0-12week 

HDL-
Cholesterol  
12th  week 

 

 
Insulin 

6th  
week 

TG 
6th 

week 

TG 
12th 

week 

Glucose 
Baseline 

-0.93  -0.93   
 

  

Insulin 
Baseline 

 -0.85  -0.94  
 

  

WHR 
6th week  

     
 

0.66 0.67 

Waist 
circumference  
6th week 

     
 

0.63 0.63  

BIA fat % 
12th  week 

    -0.67 
 

  

Insulin 
12th  week 

    -0.67 
 

  

HOMA-IR 
12th  week 

    -0.81 
 

  

WHR 
12th week 

     
 

 0.67 

TG: Triglyceride,    WHR: Waist to Hip Ratio,   BIA  fat %:: Body fat percent measured by Bioelectric Impedance Analysis 
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4.3. Follow-up 

There were 16 parents available out of the 21 for the follow-up telephone interview in 

2007, which was 2 years after Diet-only and 3 years after Diet-Exercise study. All 

previously presented data were recalculated for only these children.  

     During the telephone interview questions were asked about the age, height and weight 

of the child. Further questions were designated toward the child’s maintenance of the 

learnt diet, his/her, daily hunger level; the child’s motivation to participate in physical 

activity and the child’s time spent with physical activity per week, daily TV watching and 

playing with computer. The parents were asked for their satisfaction with the intervention 

programs and the level how the learnt intervention made changes in the life of the family. 

Questions were asked for the opinion and choice of the parents regarding the continual 

participation in similar programs and the importance of parental support for the success 

of the program. (See Appendix 4. for the detailed follow-up questionnaire). 

 

4.3.1. Anthropometric measurements  
 

4.3.1.1. Diet-only study 

There were 10 participants (age 14.1±1.57 y) available for the follow-up interview after 

the Diet-only program in 2007. The result of the 2-year follow-up showed a significantly 

increase in body weight (65.0±18.7 vs. 75.9±18.98 kg, p<0.05) from the end of 12th 

week. As it was expected, the children were significant taller 155.7±12.12 cm vs. 

167.2±10.98 cm, (p<0.01) as well. There were no changes in the BMI measures. (Table 

15.) 
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Table 15.: BMI measurements at baseline in the Diet-only study at baseline week 
12th and at the 2-year follow-up. (n=10) 

Participants 

BMI 
(kg/m2) 
Baseline 

BMI 
(kg/m2) 
12th 
week 

BMI (kg/m2) 
2y follow-up 

1. M 23.4 22.7 22 

2. F 23.8 22.2 27 

3. F       

4. M 33.2 31.9 27.8 

5. M 24.1 22.0 21.1 

6. M       

7. F 33.2 30.8 30.8 

8. F 34.0 34.1 33.8 

9. F       

10. F 28.1 27.9 25.9 

11. M 23.9 19.7 23.5 

12. F 25.3 24.7 25 

13. M 29.1 27.3 30.8 

Mean 27.8 26.3 26.8 

SD 4.33 4.83 4.12 
  F: Female 
  M: Male 
  Empty cell: un able to reach for follow-up 

 

4.3.1.2. Diet-Exercise study 

There were 6 participants (age 14.2±1.29 y) in the 3-year follow-up interview after Diet-

Exercise study. The result showed no change in BMI. As it was expected, the participants 

were significantly taller after the 3-year follow-up compared to baseline and the height 

measured at 12th week (154.3±12.29, 155.3±12.29, 172.3±6.28 cm, respectively; p<0.01). 

(Table 16.) 
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Table 16.: BMI measurements in the Diet-Exercise study at baseline, 12th week and  at 
the 2-year follow-up. (n=6) 
 

Participants 

BMI 
(kg/m2) 
Baseline 

BMI (kg/m2) 
12th  week 

BMI 
(kg/m2) 3-
year 
follow-up 

1. F 20.3 19.4 19.8 

2. M 27.4 27.4 25.6 

3. M 33 32.7 26.8 

4. F       

5. M 27.9 28.0 25.9 

6. M       

7. F 19.1 19.9 22.1 

8. M 25.7 25.1 26.7 

Mean 25.6 25.4 24.5 

SD 5.17 5.12 2.87 

 
F; Female 
M: Male 
Empty cell :unable to reach for follow-up 

 
 

4.3.2. Physical activity and screen time 
 

4.3.2.1. Diet-only study 

Analyzing the physical activity follow-up questionnaire after 2 years, showed no 

difference in the time spent with extra curricular physical activity and playing with 

computer/internet per day as compared to baseline and after 12th week of the Diet-only 

study. There was significant (p<0.05) decrease in the amount of time spent watching TV 

between baseline and after 2-year follow up. (Table 17.) 
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Table 17.: Physical activity and screen time at baseline, 12th week and at the 2-year 
follow-up in the Diet-only study (n=10) 
 

  Baseline                 12-week                                             2-year follow-up 
  Mean±SD  Mean±SD     Mean ±SD   
           

Physical activity  
(hour/week)           2.0±2.43                          2.4±2.07  1.4±0.39 
 

TV (minute/day) 138.0±89.67  99.0±56.66 c *  85.5±52.55 e * 

Computer game / internet 
(minute/day)   81.0±77.52   66±50.60   90.5±78.54 
      

c significant difference between baseline  and 12th week 

e significant difference between baseline and 2-year follow-up 

* p<0.05 

 

4.3.2.2. Diet-Exercise study 

Analyzing the physical activity follow-up questionnaire after 3 years of the Diet-Exercise 

program showed no difference in the time spend with physical activity, playing with the 

computer/internet per day compared to baseline and after the study. There was significant 

(p<0.05) decrease in the amount of time spent watching TV between at the 3-year follow 

up. (Table 18.) 

 

Table 18.: Physical activity and screen time at baseline in the Diet-Exercise study at 
baseline, week 12 and at the 3-year follow-up. (n=6) 
 

  Baseline  12 week                                            3-year follow-up 
  Mean±SD  Mean±SD     Mean ±SD   
           

Physical activity 
 (hour/week)   2.4±0.81                     3.5±2.12   1.6±0.71 
 

TV (minute/day) 90.5±10.61    102.5±42.43  52.5±10.61 f* 

Computer game / internet 
(minute/day)   47.5±27.52  72.5±38.446  65.0±10.61  

 
      

f significant decrease between 12th week and 2-year follow-up 

* p<0.05 
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4.3.3. Diet maintenance, hunger level, lifestyle and parental satisfaction 
 

The results of the follow-up questions are presented in Table 19. Result of the follow-up 

questionnaire showed that 13 of the 16 children still practice the learned dietary changes 

on moderately or more frequently level (score 3 and 4). 

      The daily hunger score remained number 3, for 11 of the 16 of the children. 

The self-reported hunger score of the participants of Diet-only study at 2-year follow-up 

was 3.3±0.96, which significant higher (p<0.01) than the hunger score at 12th week 

(0.92±1.11) program. The 2-year follow-up daily hunger score however was similar 

compared to the hunger score at baseline (3.46±1.51). 

 The self-reported daily hunger score of the participants in Diet-Exercise study at 3-year 

follow-up was 3.2±0.41, which was significantly (p<0.05) higher than the hunger score at 

12th week of the study (1.75±0.75). The 3-year follow-up daily hunger score however 

was still favorable compared to the hunger score at baseline (4.37±0.74).  

      All parents were highly satisfied (score 4 and 5) with the program. 12 of the 16 

families had further lifestyle changes in their family lifestyle due to the program.  

The program motivated most the children (13/16) for practicing regular physical activity 

(score 3, 4 and 5). (Table 19.) 
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Table 19.:  Summary of the answers of the 2-3 year follow-up questionnaire 
 (D: n=10; DE: n=6)   

 
 
Questions 
regarding Diet 

0: not 
applicable, 

never 
 
 

1: one time few 
times, little 

 
 

2: several times 
 

 

3: sometimes 
 

 

4: most of the time 
 
 

5: always, large 
 

 

D: 1 / 10 D: 1 / 10 D: 2 / 10 D: 4 / 10 D: 2 / 10  
 
Maintenance of 
learnt diet? 

DE: 1/ 6  DE: 1/ 6 DE: 3/ 6 DE: 1/ 6  

  D: 1 / 10 D: 5 / 10 D: 4 / 10  Child’s daily 
average hunger 
level     DE: 5/ 6 DE: 1/ 6  

 
 
Questions 
regarding 
child’s lifestyle  
and physical 
activity 

      

D: 1 / 10   D: 2 / 10 D: 2 / 10 D: 5 / 10 Motivation for 
physical activity  

    DE: 4/ 6 DE: 2/ 6 

 
 
Questions 
regarding 
parents 
satisfaction and 
benefits for 
family 

      

    D: 6 / 10 D: 4 / 10  
Satisfaction with 
intervention      DE: 2/ 6  DE: 4/ 6  

D: 2 / 10  D: 2 / 10 D: 6 / 10   Benefits for 
family lifestyle 
change  DE: 2/ 6  DE: 2/ 6  DE: 1/ 6 DE: 1/ 6   

 

 

Yes No 

D: 10/ 10  
Necessity for 
parent’s support 
for child success 

DE: 6 / 6  

D: 10/ 10  

DE: 6 / 6  

Would continue 
same program 

DE: Diet-Exercise study 

D: Diet-only study 
e.g. 2/10: 2 parents out of 10 
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5. DISCUSSION  

 

The present study examined the effects of two interventions, (a) 12-week low-GI/GL 

Diet-only and (b) 12-week low-GI/GL diet with a 6-week lifestyle exercise program on 

body composition, metabolic risk factors and satiety of children with an average age of 

11 years. The studies were carried out from February 2004 to September 2005, with a 

follow-up taken place in August of 2007. 

     This program was the first intervention study in Hungary, which used low-GI/GL diet 

method for the treatment of childhood obesity. Low-GI/GL-diet is an internationally 

recognized method, which is based on balancing physiological processes induced by the 

structural change of the diet [4, 45, 46, 57]. Without focusing on caloric restriction, low-

GI/GL diets are known to provide satiety [75, 76]. The use of GI is a major and objective 

tool in designing diet plans today to control blood sugar and insulin level, reduce and 

optimize body fat as well as to avoid starvation [4, 45, 46].  

    When interpreting the results from this study the following limitations need 

consideration. First, the present study contained a limited number of participants. The 

numbers of participants were 21. Secondly, the group selection was based on availability 

and was not randomly selected. Based on former findings [23] however, the voluntary 

participation in the program increased the adherence. Thirdly, the diet intervention did 

not provide controlled meals and the food consumption and the lifestyle exercise was not 

supervised. Finally, the extra curricular organized physical activity and lifestyle data (TV 

watching and playing with computer) and all follow-up information was based on 

parents’ report. 

     Despite the limitations of the study, the key results clearly identified, that structural 

changes to the diet, resulted in small but maintained positive changes in the body weight, 

as well as significant improvement in body composition. Thereby healthy 

growth/development can be achieved short and long-term.  

     The modest decrease (-2.4 kg) in BW during the 12-week Diet-only intervention of 

the present study supports the benefits of slow weight loss found in previous studies [36] 

It is important to note that the body weight change at 15-month follow-up of an initial 10-

week severe caloric restricted diet (900 kcal, 1.5-2.5 g protein per kg BW per day), was 
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similar to the body weight loss observed in interventions using less (1000-1200 kcal/day) 

restriction in obese children [77].  

    Calorie restricted diets have been also identified as counterproductive in pre-pubertal 

obese/overweigh children [78, 79]. On one hand the adherence rate to calorie restricted 

diets are low and the changes can not be kept for long term [80, 81]. On the other hand 

calorie restricted diets reduce BMR through muscle loss and inhibits linear growth of the 

pre-pubertal obese children [79]. Low-GI/GL diets even when lower in calories, cause 

significantly less reduction in muscle mass and BMR compared to calorie-restricted but 

high-GI/GL diet [78]. In line with previous findings [78], the present interventions had no 

negative effect on the participants’ muscle mass. The muscle mass was not effected even 

when the caloric intakes were unintentionally significantly lower in the Diet-only group. 

This finding is important, because it is generally accepted that muscle mass positively 

correlates with improvement in insulin sensitivity [9].  

     Body mass index has limitations for predicting accurate body composition changes, 

however it is still accepted tool for measuring the magnitude of obesity [18]. The BMI in 

the present Diet-Exercise study, did not change, however a significant decrease in body 

fat and significant increase in muscle mass was observed. The unchanged BMI at the 

time of follow-up in the present study is also an important finding and showed that the 

children had no further increase in their obesity measure. This suggests that the present 

low-GI/GL diet was useful in long-term weight management in children and proved to be 

a practical method for prevention. 

     Analyzing the anthropometric data it is important to note, that the present the use of 

skinfold measurement to estimate body composition is children is controversial. 

According to our observations the skinfold data did not reflect the changes in body fat as 

measured by BIA, the data was not reported in the present study. Even though there was 

an increased fat loss in the present study (as measured by BIA), the skinfold-thickness 

increased. A possible explanation for this phenomenon is the “looser” fat tissue when fat 

is lost. Due to the tight skin and fat tissue it is difficult to take accurate skinfolds in obese 

children. The accuracy of skinfold technique to measure fat loss in obese children has 

been questioned. It is useful tool for cross-sectional studies, but not as a tool to follow-up 

changes in overweight/obese children [82]. 
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      The significant reduction in hunger level is one of the most important findings of the 

present study. Low–GI/GL diets have been shown to reduce daily overall hunger, hunger 

between meals, the amount of food eaten in the subsequent meal and voluntary food 

intake [75, 76, 83-85]. In contrast the result of a meta-analysis of low-GI/GL studies by 

Raben in 2000 [86] showed a reduction in hunger level only in 50% of the 31 available 

studies in different age groups [86]. The present study however, showed significant 

reduction in hunger levels at the end of the interventions. The daily overall hunger score 

remained in intermediate level and did not get worse at the time of follow-up compared 

to the baseline data. Reducing hunger level is another contributing factor to increase the 

probability of high adherence [75].  

      The high drop-out rate is one of the most serious observation in diet and lifestyle 

studies in any age group [36]. The short and long term high adherence is one of the major 

strengths of the present study. There was only one child who dropped out of the 

intervention phase, due to the parents’ lack of involvement. Besides the parental support, 

another contributing factor for the high adherence may have been the frequent and 

regular education program and supervision of the intervention phase, as it has been 

supported in the literature. A review of previous diet studies in obese children [87] 

showed that effective interventions include: a) nutrition education classes built in to 

school education curriculum program [88]; b) general nutrition education sessions twice a 

week for 8 weeks [89]; c) education-based intervention discouraging the use of 

carbonated (sweetened and unsweetened drink), encouraging fruit intake and 

consumption of water [90]; d) nutrition education based on nutrition messages 

transmitted to parents through homework [91]. The highest adherence rate was found in 

one study, which included nutrition lectures and offered a single individual counseling by 

trained instructors for children and their parents [92]. Diet studies lacking regular 

education, communication and active involvement of the participants were found 

ineffective [87]. Our intervention programs ran in small groups and allowed for intensive 

individual diet-consultation treatment for the children and their parents. In addition to 

group lectures, weekly personal follow-up consultations were used as part of the 

intervention. Food–diary, food sampling, recipes and 24-hour telephone hot-line were 
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used to support the children and their parents during the intervention phase. It is 

important to note that the dietary changes were self-induced and all meals were self-

prepared at home in the present study. At the time of the follow-up 86% of the children 

followed the dietary changes made in the intervention phase, (which is another key point 

of the study), supporting that low-GI/GL diet can be kept long-term. A meta-analysis by 

Epstein and colleagues suggests, that low-GI/GL diets have beneficial changes extending 

5-10 years after the initiation of the treatment, when it is combined with exercise and 

family support [36]. 

     According to Muller and colleagues [93] at present there are no comprehensive 

population-wide strategies to specifically tackle the problem of obesity. Interventions 

through mass media education, worksite and school based programs are able to positively 

modify heart disease risk however they have no effect on the BMI. Most authors in the 

literature consider that selective prevention to be the number one prevention program in 

children. It has been shown that the weight management interventions were most 

effective when children were treated together with their parents. The family-based and 

lifestyle intervention programs have been shown to be most effective to reduce the 

prevalence of obesity and induce real changes in lifestyle. Hence the present study was 

complex and included the combination of a new intervention of a low-GI/GL diet with a 

traditional physical activity program such as walking. The present program therefore may 

be considered as a targeted and selected prevention program directed at overweight/obese 

individuals and their families to prevent further weight gain and/or reduce body weight. 

The participants during the intervention phase succeeded to lower dietary GL by making 

moderate structural changes to their diet, such as keeping regular meal times, controlling 

the consumed food portion, exchanging at least half of the high-GI foods to low-GI 

foods, and adding acidity (lemon juice) to high GI foods. All parents described the diet, 

as easy to understand and practical to implement. Both parents and children, – who 

formerly lived on traditional Hungarian cuisine (high fat and high-GI foods) –, accepted 

and practiced the suggestions.  

      Adhering to the present low-GI/GL dietary changes is important for changing 

carbohydrate and lipid metabolic factors [9]. The favorable metabolic changes in the 

present study were observed with or without body weight loss, which has been shown in 
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previous low-GL studies [50, 58, 60]. Low-GI/GL diet has also a stronger normalizing 

effect especially when the initial metabolic values are in high risk range [4, 48, 57, 58, 

94]. Similar effects were observed in the changes in fasting glucose and insulin 

measurements in the present Diet-Exercise group. The favorable changes in carbohydrate 

metabolic measurements can be seen as short as 6-12 week of consuming low-GI/GL 

diet, as it has been also shown by Jimenez-Cruz and colleagues [95]. In addition, there 

was also a favorable trend in the lipid metabolic measurement (reductions in LDL-

Cholesterol and increase in HDL-Cholesterol) in the present study, which is in agreement 

with most low-GI/GL diet studies [47, 71, 96]. It is know that increasing HDL-

Cholesterol is an important factor in any studies designed to have positive effect on 

metabolic risk factors and it is often difficult to achieve. Besides exercise [97], low-

GI/GL diets have the capacity to increase HDL- and decrease LDL-Cholesterol as it has 

been shown in adults previously [47, 49, 96]. 

      The more than 50% decrease in the number of risk factors observed in the present 

study suggests successful treatment. In agreement with previous studies [46, 48, 58, 59, 

98] weight loss and normalized metabolic risk factors through dietary change may be 

reached when satiety is provided. 

       Examining the metabolic risk factors, it is important to highlight the observed 

association between waist circumference and insulin level. The present study found that a 

smaller waist circumference is associated with lower insulin levels. This finding is in 

agreement with previous study by Pouliot and colleagues [99].  The study by Pouliot also 

found positive association between waist circumference and fasting glucose. Waist 

circumference therefore is an important and easy to use predictor for visceral obesity, 

elevated fasting glucose and insulin level even in children [100]. High insulin levels are 

an immediate consequence of is insulin resistance, which is a factor for metabolic 

syndrome. Insulin resistance has been linked to many important consequences including 

type 2 diabetes, hypertension, dyslipidemia, acanthosis nigricans and polycystic ovarian 

syndrome [16, 101]. More recently Roth and colleagues [102] has proposed that the 

confirmation of insulin resistance alone is more important than the more-component 

metabolic syndrome. Insulin resistance has been shown to be a dominant and independent 

predictor of age-related cardiovascular disease [16, 102]. 
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      Although there are some genetic causes for insulin resistance, the most common 

cause is overeating and obesity. Both excess dietary glucose and fat [103] can cause 

insulin resistance in muscle and fat tissues. Excess dietary fat can cause insulin resistance 

in the liver [101]. Therefore weight management programs have been suggested to target 

glucose and insulin control by increasing physical activity, and diet treatments focused on 

glycemic control [46, 48, 58, 59, 98].  

        Additional physical activity has been known to induce further positive modification 

in body composition and metabolic risk factors [9, 97]. In order to analyze the effect of 

the additional lifestyle exercise, the present study compared the first and second 6 weeks 

low-GI/GL diet low-GI/GL diet and lifestyle exercise. In contrast to our expectation, 

there was no additional effect of the lifestyle exercise. The explanation for this finding 

might be the inadequate duration, intensity and volume of the lifestyle physical activity 

(walk) [42]. The daily 45-minute walk included in the present study seemed a practical 

long term strategy to increase habitual physical activity in children and prevent further 

weight gain [104], however it did not affect weight and fat loss during the 6-weeks. At 

the time of the present study (in 2004-2005) there were no specific guidelines given 

regarding physical activity treatment for obese children. Therefore, the present study used 

the guidelines for the duration of the exercise for adults and the type of exercise 

suggested for children, which is 45-60 minutes low intensity exercise every day [105] and 

the preference for lifestyle activity over organized physical activity session [43, 106]. 

      A recent systematic review and meta-analysis of randomized trials in children [107] 

provided answer for the lack of further weight and fat loss after the inclusion of lifestyle 

exercise in the present study. Atlantis and colleagues suggested that aerobic exercise 

[155-180 min/week) at moderate intensity is necessary for effective reduction of body fat 

in overweight children. The Canadian Obesity Network was the first national body to 

establish physical activity guidelines for obese children in 2006. They suggested that for 

obese children, exercise treatment should include fun recreational and lifestyle activities 

tailored to relative strength. Moreover measures should be taken to reduce “screen” time 

[108]. Furthermore, international guidelines for physical activity for children as 

prevention of obesity should be increased to 90 minutes per day, according to the results 

from a cross-sectional study [109].  
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      The 45-minute lifestyle-walk included in the Diet-Exercise program resulted in an 

average 1.7 km (68%) longer walks each day compared to the Diet-only group. However, 

it did not induce further weight loss. The lifestyle activity in the present study involved 

315 minutes a week, which is almost double of the previously suggested [107], however 

the intensity was only low opposed to the suggested moderate level. An increased 

intensity seems to be an important factor for inducing fat loss in obese/overweigh 

children, oppose to physical activity for reducing fat in obese adults [105].  

      In addition, the duration of the present lifestyle exercise was short, only six weeks. 

This duration may not be long enough to significantly affect the rate of weight loss [110].  

     Another explanation for the lack of further reduction in body weight associated in the 

present walking program may have been due to the individual differences in the influence 

of physical activity in pediatric obesity [41].  

      In overall, the lack of changes in body weight in the Diet-Exercise group, when 

compared to the Diet-only group, may be explained by several factors: The children in 

the Diet-only group had a trend for higher body weight and consumed 205 kcal more 

(non-significant) a day at baseline. In addition there were no changes in the diet 

composition in the Diet-Exercise group, whereas the mean daily energy intake was 

significantly lower (-265 kcal), resulting from lower carbohydrate and fat intake, in the 

Diet-only group after the study. The children in the Diet-only group had trend to watch 

more TV (+57 min) and spend less time (-1.1 h/week) with extracurricular activity at 

baseline. 

     It is important however, to combat the epidemic of obesity and to improve 

cardiovascular health at the population level by developing strategies to increase habitual 

physical activity for the prevention of overweight and obesity [111]. The majority of the 

exercise programs focus on aerobic exercise and there is little research on the best way to 

implement exercise programs to maximize weight loss and adherence. The present study 

is in agreement with previous, that in obese children it is important to investigate the 

influence of exercise intensity and the safe use of resistance training to maximize muscle 

development and increase total energy expenditure, as well as to develop an active 

lifestyle [41]. Most of the children in the present study were motivated to participate in 
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regular physical activity; however it did not show up in the amount as a significant 

increase time spent with exercise.  

      Pubertal children, especially boys in general tend to spend more time watching TV 

and playing with the computer [112]. As per the parental interview, the present study 

showed that the children spent less time watching TV at the time of follow-up, which 

may be the consequences of longer study times required for completing home work while 

attending in high school programs. However, reduction in television watching alone is an 

important factor to prevent obesity suggested Robinson [112] and the present study.   

       The follow-up questionnaire asked the parents for their opinion on the perceived 

effectiveness and the maintenance of these types of intervention program for the future. 

All parents were satisfied with the program, asked for an extension of the program and 

suggested this type of programs to be included in school curriculum. All parents agreed 

that success depends largely on the support of the parents and the family. The parents 

found that it is important for the children to participate in group nutrition education, with 

other children working for similar goals. 

       Preventing childhood obesity is the target in many health promotion programs today 

and should be the first line of obesity treatment [29]. Education of children to manage 

food choices is a key component of prevention strategies. However, education of parents 

is even more important, since parental behavior toward food, nutrition and physical 

activity determines lifestyle of the entire family [14, 36]. The present study agrees with 

the previous cross-sectional studies [93], that there is an inverse social gradient in 

childhood overweight as well as health-related behaviors. Parental fatness does have a 

strong association with the obesity status of the child. The average BMI of the parents in 

the present study was also in the overweight category. It is important to note that the 

parental involvement and their positive changes in health-related behavior were still 

observed after 2-3 years of the follow up. However the parents’ unfavorable 

psychological problems can influence the outcome of the any weight management 

intervention program [77]. In the present study two parents were going through divorce 

and re-marriage. Based on the parent’s interview at the time of follow-up these children 

were eating more and used food as a psychological aid.  
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     Based on the results of the present study, in agreement with previous findings [36, 45], 

low-GI/GL diets are suggested for the treatment of overweight/obese children for long-

term. Regarding the exercise treatment, it seems that more intensive and longer exercise 

programs are necessary than the daily 45 min walk. 
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6. CONCLUSIONS 
 

Based on the result of the present study the following conclusions can be drawn:  

1. The applied diet intervention was successful, the parents and children learned the 

low GI/GL diet in theory and in practice as well. All the dietary changes were 

self-induced and most meals were self-prepared at home. 

2. The adherence rate (both parents and children) was high. 

3. The decrease in daily overall hunger level contributed to the high dietary 

compliance of the participants. 

4. The 12-week low-GI/GL diet favorably affected the anthropometric parameters 

(including body composition) of the children.  

5. The magnitude of changes in the anthropometric parameters was more 

pronounced in the first phase (0-6th weeks) than the second phase (6th -12th week) 

of the program. 

6. We found multiple cardiovascular risk factors among the children even in this 

early age. The prescribed diet significantly decreased the prevalence of metabolic 

risk factors. 

7. The addition of lifestyle exercise did not result in further positive changes. Longer 

and more intensive exercise program needed than the 45 minute-long daily 

walking. 

8. Most of the children still applied the learned dietary changes on moderate level 

after 3 years of the intervention. 

9. The participants maintained their BMI after 3 years of the study. 

10. The parents were highly satisfied with the program and would like the program to 

be continued as part of the school curriculum. 
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7. NOVELTY AND PRACTICALITY 
 

1. This was the first study which targeted structural changes in diet by reducing 

glycemic load without reducing energy intake in overweight/obese children. 

2. The intervention had unique design, which included nutrition education both in 

theory and in practice. A standard education material was also prepared for the 

participating children and their parents. 

3. The study combined a new dietary approach (low-GI/GL diet) with a traditional 

physical activity program. Both the overweight/obese children and their parents 

applied the new method successfully. 

4. The study markedly improved the nutritional knowledge of the participants. They 

learned to categorize foods by their dominating macronutrient and GI. As a result 

of the intervention they are able to apply nutritional principles to their own 

situation and can make informed and critical decisions about food and eating 

habits. 

5. Children and their parents also adhered to lifestyle exercise. Increasing habitual 

physical activity is a key point of the present study, while children served positive 

examples for their entire family.  

6. This complex novel approach is a very good practice to promote and educate 

healthy diet and lifestyle for children and their family. The program seemed to be 

relevant to combat the increasing nutrition-related public health problems. 

 

The practicality of the present interventions could be summarized as follows: 

• The intervention could be useful for changing food choices and lifestyle of the 

children and their family, while the program induced acceptable lifestyle 

changes. 

• Our results supported that a simple approach aiming to change only one behavior 

can also succeed. 

• We reinforced that nutrition counseling should be individualized. 

• We concluded that group sessions are motivating factor for obese children to 

share their problems and successes. 



 

 68  
 

 

• Our education material could be served as an example for an educational package 

which can induce sustainable changes in the lifestyle among a vulnerable group, 

such as obese children. 

• Our results could be a useful scientific database for reforming school meals. 

• Our education material could be served as an example for developing nutritional 

education in school curriculum. 

• Our results reinforce the new guidelines, that more intensive and longer daily 

physical activity is needed than the 45-minute walk for the prevention and 

treatment of childhood obesity. 
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8. SUMMARY  
 
The aim of the present study was to examine the effects of a 12-week low-glycemic index/low 

glycemic load (low-GI/GL) diet alone and combined with a 6-week lifestyle exercise on 

anthropometric and metabolic measures in overweight/obese children. The long-term effects of 

the initial treatment were followed up 2 and 3 years after the program.  

Following a pediatric examination, 21 overweight/obese children (10 girls, 11 boys; BMI= 

26.98±5.49 kg/m2) participated in the study. The children were divided into 2 groups: (1) dietary 

changes alone and (2) dietary changes combined with lifestyle exercise. The diet intervention 

consisted of (1) replacement of at least 50% of the high-GI foods with low-GI foods and (2) 

weekly nutrition consultations. Lifestyle exercise included a daily 45-minute self-monitored 

walking program for 6 weeks. The daily walking distance was regularly monitored by a 

pedometer (OMRON, Japan). Body composition, fasting glucose, insulin, total cholesterol and its 

subfractions, and serum triglyceride were measured before and after the study in both groups. 

Dietary changes were assessed weekly by food diaries. For more accurate assessment, 3-day food 

records were analyzed three times (at baseline, at week 6th and 12th) during the study period. 

Children also filled out questionnaires about their activity pattern and sense of hunger at baseline 

and at week 6th and 12th. Hunger level was ranked by a 5-point-scale (modified MIT medical 

hunger scale). Children were followed up by a telephone interview with the available parents 2 

and 3 years after the two studies. 

In line with our hypothesis, the 12-week-long low-GI/GL intervention significantly reduced daily 

hunger score, body fat, circumference measures and the number of cardiovascular risk factors in 

both groups. Surprisingly, the additional lifestyle exercise did not increase the beneficial effects 

of the program. The results of the follow-up showed that the children were able to continue the 

formerly learned lifestyle changes at least in moderate levels. In addition, the BMI of the children 

were maintained after 2-3 years following the initial intervention. This means that the effect of 

initial treatment was still apparent in the children’s lifestyle and in their food selection.  

Based on the results of the present study, low-GI/GL diet seems to be a useful tool both for the 

prevention and treatment of overweight/obesity in pre-pubertal children. Exercise program, 

however, needs to be higher in intensity and longer in duration than the 45 minutes of daily walk. 

It seems that making changes in school meals, providing appropriate nutrition education for the 

children, parents and school staff combined with promoting daily physical activity may induce 

favorable changes in the obesity rate among Hungarian children.  
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ÖSSZEFOGLALÁS 

Jelen vizsgálatunkban arra voltunk kíváncsiak, hogy hogyan hat a túlsúlyos gyermekek egyes 

antropometriai illetve laboratóriumi paramétereire az általunk összeállított 12 hetes alacsony 

glikémiás indexű / glikémiás terhelésű (GI/GL) étrend önmagában, illetve 6-hetes gyalogló 

programmal kiegészítve. A programunk hosszútávú eredményességét 2 illetve 3 éves 

utánkövetéssel ellenőriztük. 

Gyermekorvosi vizsgálatot követően 21 túlsúlyos vagy elhízott gyermeket (10 lány, 11 fiú; BMI= 

26.98±5.49 kg/m2) vontunk be a programba. A résztvevőket két csoportba osztottuk: (1) csak 

étrendi változtatás, (2) étrendi változtatás és gyalogló program. Az étrendi változtatás egyrészt a 

magas-GI ételek legalább felének alacsony-GI ételekkel való helyettesítéséből, másrészt heti 

egyszeri diétás oktatásból (gyermek és szülő) állt. Az önkontrollos gyalogló program során a 

gyerekek 6 héten át napi 45 percet sétáltak. A megtett távolságot lépésszámláló (OMRON, Japán) 

segítségével mérték le. A program előtt és után megmértük a résztvevők testösszetételét, illetve 

az éhomi vércukor-, inzulin-, koleszterin- és triglicerid szinteket. A résztvevők étrendjét a heti 

konzultációk alkalmával diétás napló segítségével elemeztük. Az étrend változásának vizsgálatát 

3-napos táplálkozási napló alapján végeztük el, a program során összesen 3 alkalommal (0. 6. és 

12. hét). A táplálkozási naplóval egyidőben a gyerekek az aktivitási szokásukról és a szubjektív 

éhségérzetükről kérdőívet töltöttek ki. A szubjektív éhségérzetet egy 5 fokozatú skála 

segítségével (módosított MIT éhségérzet-skála) tettük mérhetővé. A programot követő 2. illetve 

3. évben szülőkkel történő telefonos interjú módszerével utánkövetéses vizsgálatot végeztünk. 

Előzetes hipotézisünknek megfelelően a 12-hetes alacsony GI/GL étrend mindkét csoportban 

szignifikánsan csökkentette a résztvevők szubjektív éhségérzetét, testzsír tömegét, az egyes 

körfogatokat és a cardiovascularis kockázati tényezők számát. Meglepetésünkre a hozzáadott 

gyalogló program az önmagában alkalmazott diétához képest nem eredményezett további 

kedvező változásokat. Az utánkövetéses vizsgálat alapján megállapítható, hogy a résztvevő 

gyerekek képesek voltak a tanult étrendi elemeket hosszútávon is beépíteni táplálkozásukba. 

Ennek eredményeként a vizsgálat végére elért BMI értékeket 2 illetve 3 évvel a programot 

követően is tartani tudták. 

Eredményeink alapján úgy tűnik, hogy az alacsony GI/GL étrend hatékony eszköz lehet a 

gyermekkori elhízás elleni küzdelemben. Az általunk alkalmazott 45 perces gyalogló programnál 

viszont mind intenzitásában, mind időtartamában hatásosabb mozgásformára van szükség. 

Az iskolai étkezések átalakítása a táplálkozástan oktatásával és rendszeres testmozgással 

kiegészítve vizsgálatunk alapján ígéretes módszer lehet a gyermekkori elhízás járványszerű 

terjedésének megállítására. 
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12. APPENDIX 
 

Appendix 1. Life Style Questionnaire 

Date: 

Name:__________________________ 

Satiety: 
Hunger scale  
Please rate the daily hunger level of the child. Circle one number the most applies to you 
0 to 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Overall daily hunger level  0 1 2 3 4 5 
 
Sedentary activity 
• Watching TV : ………hour per day 
• Computer games / internet: ______hour per day 
 
Physical activity 
• Participation in physical education lessons; 2  3 or more than 3 
• Participation in extra curricular physical activity: ………hour per week 
• Type of extra curricular physical activity: ………… 

 

Hunger score Description 

0 Full, not hungry at all 

1 Feel nut hungry yet 

2 Little hungry 

3 Little more hungry 

4 Hungry, stomach rumbling 

5 Very hungry, can’t concentrate 
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Appendix 2. Nutrition consultation curriculum  

1. Introduction to GI  

a. Macronutrients: Which Foods are Carbohydrates Protein and Fat 

b. What is GI 

c. Factors decreasing GI 

i. Carbohydrate type 

ii. Acidity 

iii. Fiber 

iv. Food processing  

v. Cooking method 

vi. Portion 

d. Design sample menu 

Handout of GI and sample menu plans included 

Individual consultations 

2. Why do we need to enough drink water? The role of hydration for body temperature and 

detoxification 

Building sample menu plan 

Recipes 

Individual consultation  

3. Eating out 

a. Restaurant and parties 

b. Holiday foods: food for celebration 

c. Modifying typical Hungarian ethnic foods to lower GI 

Sample menu plans 

Sharing new recipes 

Individual consultation 

4. Blood sugar level and weight loss 

a. Low GI baking: modifying cakes and breads 

Sample menu plans 

Sharing new recipes 

Individual consultation 

5. Blood sugar and disease  

a. Diabetes mellitus  

b. Insulin insensitivity 

c. Weight gain 

d. Mood and food 

e. Eating when bored, angry, excited or afraid or TV  
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Sharing new recipes 

Individual consultation 

6. Intellectual eating habits 

a. Chewing 

b. Eat with utensils 

c. Sit down to eat 

d. Never eat when upset 

Sharing new recipes 

Individual consultation 

7. Blood sugar level and stress 

a. What is stress? Anxiety, fear, anger, frustration, guilt, 

b. Watching TV and eating 

c. Food, eating and your mood  

d. Eating as compensation to boardom, and anxiety  

e. Anger and eating chruncy food 

f. New recipes 

8. Intelligent eating habits I. 

a. Chewing 

b. Eat with utensils 

c. New recipes 

9. Digestion and long-term weight loss 

a. Importance of mouth, stomach and intestines 

b. Importance of liver and detoxification 

c. Factors of long-term weight loss 

10. Taste and flavor of food 

a. The six tastes 

b. Why do we eat certain tastes? 

c. New recipes 

11. Intelligent eating habits II. 

a. Eat in a calm environment 

b. Sit down to eat 

c. “Don’t eat when you nervous” 

d. Recipes 

12. Vitamins and minerals  

a. Their importance in healthy functioning 

b. Preparation for final testing 
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Appendix 3.  

Low-GI/GL eating guideline [44] 

1. Eat  5-6 times a day every 3 hours  

3 meals (breakfast, lunch, dinner) & 2 snacks 

Size of main meal is 2 handful, size of snack 1 handful 

Don’t let more than 5 hours between meals 

 

2.  Eat within 1 hour of awakening. Breakfast is your most important meal. Eat low GI 

foods 

3. Eat a small snack in the afternoon and before bedtime 

4. Drink lemon water when you eat high GI food esp. for school lunch 

5. Eat before you become hungry 

When you are hungry your blood sugar level is too low.  

6. Consume 50-70% of your carbohydrates from low GI foods.  

Examples of low- and high-GI foods used in this program 

Low-GI High-GI 

Whole grains (oat, barley, bulgur wheat, 

cracked wheat, semolina, basmati rice, all 

bran) 

Grain: millet, rice and rice products, corn 

and corn flour products 

Breads (pumpernickel, whole grain) Bread, pastry, cakes made of refined flour 

Cereals: muesli with whole grain flakes, raw 

bran 

Cereal: corn flakes, extruded rice and 

puffed rice 

Temperate fruits: apples, berries, pears, 

apricot, peach, plums etc. 

 

Citrus fruits (oranges, grapefruit, tangerine, 

pine apple) 

Tropical fruits: mango, figs, dates 

“Above the ground” vegetables: squash, 

mixed vegetables, green beans, broccoli, 

tomato juice, tomato sauce, vegetable soups, 

asparagus, cauliflower, spinach, cabbage and 

onions, leafy greens, all above ground 

growing vegetables and carrots – including 

onion, radish 

“Below the ground” vegetables (potatoes, 

beets) 

 

Legumes (beans, chick pea, lentils) 
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Sample daily menu 

 

Breakfast Mid-morning 

snack 

Lunch Afternoon snack Dinner Bed-time 

snack 

Oatmeal muesli 

4 tbs. with 2 dl 

low fat milk 

 

Sandwich: 

Whole meal 

bread with 

mustard 2 slices 

of turkey or 

palm size low 

GI pastry (see 

Appendix 3) 

 

Vegetable soup 

(broth based) 

Spaghetti (Al-

dente) with 

chicken 

Bolognese 

sauce (with 2 

tbs. of added 

lentil in the 

sauce)  

Drink lemon 

water when 

eating high GI 

food in school 

cafeteria 

 

Plan yogurt with 

fresh fruit or 1 pc 

of 3 in diameter 

pancake with 1 

tsp jam (see 

Appendix 3) 

 

Chicken 

paprikas 

(chicken breast 

cooked with 

onions, peppers 

and tomato; 

reduced fat sour 

cream) with 

handful rice-

peas and 

cucumber salad 

 

Stewed apple 

(1 big) with 

cinnamon or 

1 handful of 

whole meal 

crackers with 

1 dl low fat 

milk 
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Designing one meal [113] 

Food Distribution on plate 22 cm diameter 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Low GI Hi GI 
+lowGI 

Protein 

Fat 

Carbohydrate 

Above the ground vegt: 
broccoli, zucchini, 
mushroom, green beans, 
eggplant, salads, onion, 
radish, tomato, pepper etc 
-Temperate fruit: apple, 
pear, plum, cherry, 
apricot, peach 
Citrus fruit: lemon, 
orange, grape fruit 

Below the ground root 
vegt.: carrot, potato, 
yucca,  
Grains: rice, corn, refined 
cereal and flour products 
Watermelon, banana, 
grapes, papaya, figs, 
dates, raisins 
 

Legumes: peas, lentils, 
beans 
 

Poultry, meat, fish, eggs, 
dairy 
Soy, 
Fruit of the sea Oil for cooking, salad 

dressing, nuts and seeds 
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Ingredient: 
Makes 12 muffins 
5 large eggs,  
1 tsp vanilla extract 
1 tsp ghee or butter /margarine 
3 tbs sugar, 2 tbs fructose  
1 large apple cored   
5 tbs cooked yellow split peas 
5.5 oz (160 g) flour 
1/2 tsp baking powder 
Salt 
3.5 oz (100 g) dark chocolate, 
chopped 
3 tbs coco powder 
butter and flour for the baking pan 
 

 
Ingredients: 10 crêpe or 15 small 
pancakes (4 in diameter) 
 
2 eggs 
4 tbs cooked yellow split peas  
7-10 oz (2-3 dl) club soda (seltzer) 
¼ tsp baking soda 
5 tbs flour 
1 tbs corn starch  
salt 
1 tsp olive oil 
 

  

Sample low-GI recipes  [113] 

GI-balanced chocolate muffin 

Preparation time: 10 minutes 

 

1. Preheat oven 200 oC  

2.In blender: eggs, sugar, vanilla extract, butter, apple and cooked 

yellow split peas; Mix on high speed for 1 minute 

3. In mixing bowl: mix flour with baking powder and salt, then coco 

powder and chocolate pieces  

4. Add the mix in the blender to the dry mix in the mixing bowl. Mix 

well  

5. Pour batter to buttered and floured baking pan or paper muffin cups 

Baking time: 30- 35minutes  

 

 

Variation: For a basic vanilla sponge cake make cake without chocolate and coco powder. You may add 
plum, cherry, apricot or peach peaces to the dough for a fruit cake 
Store in fridge or freeze it. After refrigeration the best to preheat brownies in microwave 10 second.  
 

 

Chickpeas crêpe or pancake 
 

 

1. In blender on high speed mix the ingredients for 1 

minute 

2. Set aside the pancake mix for 20 minutes 

1. For pancake keep the mixture thicker, for crepes add 

more seltzer water 

2. Put batter to hot, lightly oiled no-stick pan and cook on 

medium heat.  

 

 

Variation: Add one large apple or zucchini to blender to make apple or zucchini pancakes 
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Cooking tips  

 

1. Use bean or peas flour to thicken sauces or soups 

2. Half of mashed potato, or potato croquet cooked yellow split peas 

3. Substitute rice or white bread in stuffing, meat balls and stuffed food with cooked mashed yellow 

split peas or cooked lentils 

4. Make béchamel from eggs, kefir and cooked yellow split pea mixed in blender  

5. Substitute cream or sour cream with yogurt or kefir, at least 50% 

6. Mix rice with green peas, lentil or beans at least 50% 

7. Serve fried food with vegetables instead of rice or potato 

8. Cook - parboil pasta and rice Al-dente  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 93  
 

 

 

 

Glycemic index and glycemic load of commonly consumed foods 

 (adapted from www.mendosa.com) [114] 

Food GI Serving size (g) GL 

Pine apple 66 120 6 

Plum 49 120 5 

Strawberry fresh 40 120 1 

Prune jam 55 30 10 

Tomato juice unsweetened 42 250 4 

Orange 31 120 3 

Orange juice 53 250 12 

Mango 51 120 8 

Peach 42 120 5 

Peach in syrups 62 120 11 

    

Bean cooked 36 150 11 

Garbanzo bean cooked 31 150 9 

Kidney bean cooked 25 150 6 

Lentil cooked 29 150 5 

Red lentil cooked  32 150 6 

Soy bean cooked 20 150 1 

Yellow split pea cooked 32 150 6 

Cheese pizza 80 100 22 

Green peas 39 80 3 

Sweet corn 60 80 11 

Beet root cooked 64 80 5 

    

Potato baked  85 150 25 

French fries 75 150 22 

Mashed potato 74 150 15 

New potato boiled 78 150 16 

Sweet potato baked 44 150 11 

    

Spaghetti Bolognaise 52 360 25 

Corn pasta cooked 8 min 78 180 32 

Durum  pasta cooked 8 min 48 180 18 

Glass noodle  (mung bean)  39 180 18 

Brown rice cooked 16 min 92 180 35 

White rice pasta  

Cooked 10 min 

58 180 22 

Rice w/ beans and tomato 

sauce 

68 220 19 
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Spaghetti cooked 5 min  32 180 15 

Spaghetti cooked 10-15 min 58 180 28 

Spaghetti cooked 20 min 61  180 27 

Glutinus rice flour w soy bean  65 100 27 

Chinese fried rice w vegetable 

and chicken  

73 360 55 

Cooked white rice w plain 

yogurt 

58 150 19 

Rice and egg 72 150 26 

    

Swedish high fiber dry crisp 63 25 17 

White bread (square)  80 30 11 

White bread vinegar/ lemon 

sauce 

45 30 7 

Whole grain bread  71 30 8 

Whole meal bread 50 30 6 

Corn bread 92 30 21 

Crispix 87 30 21 

Muzlie 55 3010  

Oat meal cooked in water  66 250 17 

Rice krispies 82 30 21 

White rice long grain cooked 7 

min  

56 150 24 

White rice cooked 20 min 75 150 28 

White rice, broken grain  86 150 37 

Jazmin rice 109 150 46 

Basmati rice cooked 18 min 58 150 22 

Brown rice 66 150 21 

Puffed rice 74 150 31 

Rice cake 90 25 17 

Barley whole  grain 43 150 16 

Pop corn 72 20 8 

Power bar 58 1 db  

Fructose 11 25 g  

 20 50 g  

Glucose 100 25 g  

 103 50 g  

Méz 32 25 7 

Lactose 48 25 g  

 48 50 g  

Saccharoze 60 25 g  

 58 50 g  

Sugar alcohol 

Litesse (polydextrose + sorbitol 

7 10 1 

Xylitol 8 10 1 
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Appendix  4. Follow-up questionnaire – telephone interview 
 
Name: 
Age (y): 
Height (cm): 
Body weight (kg): 
 
Please answer to the following questions referring to you as parent and child where 
marked. Rate your answer between 0-5, where it applies.  
 
1. Please rate: How do the dietary changes learned in the program applies for the diet of 
your child today?     0 1 2 3 4 5 
 
1.B. If 0, how long could your child keep the dietary changes after the program?     
 

……..month 
 
2. How are you satisfied with the program for the lifestyle of your child?   
      0 1 2 3 4 5 
 
 3. How much did the lifestyle of the whole family changed since the program? 

0 1 2 3 4 5 
 
4. How is the daily average hunger level of your child? 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. How much did the program motivate the child to participate in physical activity/ 
exercise/ organized training?   0 1 2 3 4 5 
 
6. Extra curricular physical activity per week:..................hour 
7. Watching TV per day:  …………..min 
8. Playing computer games, internet per day:……..min 
9. Do you think the children need parental support to keep this program? 
10. Would you like to continue the program? 
 

Hunger score Description 

0 Full, not hungry at all 

1 Feel nut hungry yet 

2 Little hungry 

3 Little more hungry 

4 Hungry, stomach rumbling 

5 Very hungry, can’t concentrate 


