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Objective: This paper reports the frequency, type, and degree of dyslipidemia in obese children 

before therapeutic intervention. The relationships between lipid values and weight status, as 

well as lipid values and physical fi tness, of these children were also investigated.

Design and methods: The initial examination of the Freiburg Intervention Trial for Obese 

Children (FITOC) measured the values of triglycerides (TG), total cholesterol (C), low-density 

lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C) in 546 

obese children aged 7–12 (body mass index [BMI] � 97th percentile), and compared these 

values with those of the age- and sex-specifi c reference group in the Lipid Research Clinics 

Population Studies Data Book (LRC). Four groups were selected according to the follow-

ing scheme: A, Normolipidemia; B, Hyper-LDL-cholesterolemia alone; C, Hypo-HDL-C + 

hypertriglyceridemia; D, Combined hyperlipidemia = Hyper-LDL-C + hypertriglyceridemia. 

Body mass index, BMI-SDS (corrected BMI), and physical performance in watt/kg body weight 

were measured.

Results: A total of 45.8% of the overweight children showed an abnormal lipid profi le. Ten 

percent of the children had high LDL-C levels (group B), while 15% had increased LDL-C 

and increased TG (group D) (higher prevalence in boys). In 18.9% we found increased TG, 

combined with decreased HDL-C values (group C).

Conclusion: Obese children are at risk of dyslipoproteinemia and related diseases. Children 

with the highest BMI-SDS and lowest physical fi tness have the lowest HDL-C values and 

increased TG, indicating a higher risk for the metabolic syndrome.
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Introduction
Obesity is categorized as a global epidemic by the World Health Organisation (WHO). 

The National Health and Nutrition Examination Survey (NHANES) (1999–2000) stated 

that nearly 65% of American adults were overweight (BMI � 25 kg/m2). The prevalence 

of obesity had increased from 23% to 31% since the previous NHANES III Survey 

(1988–1994). This development can also be observed in children and adolescents 

(Troiano et al 1995; Flegal et al 1998; Ogden et al 2002, 2003). Among children 6–15 

years old, the prevalence of obesity increased 7% (overweight 3.5%) between 1996 and 

2001 according to an English Health Survey (Joint Health Surveys Unit 2002). Cases 

of extreme obesity are increasingly observed in Germany and other European countries 

(Kromeyer-Hauschild et al 1999; Kalies et al 2002; Frye and Heinrich 2003; Ogden 

et al 2003). This development is alarming and predisposes this particular population 

to metabolic and orthopedic risk factors, as well as psychosocial disorders.

Interest in the pathogenesis of childhood atherosclerosis has intensifi ed in the past 

few decades (Berenson et al 1998; Freedman et al 1999; Frontini et al 2003; Kalies 

et al 2002; Kromeyer-Hauschild et al 1999; Srinivasan et al 2003). The Bogalusa Heart 

Study demonstrated that diseased adolescents with high levels of total cholesterol (C) 
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and low-density lipoprotein (LDL-C) levels already had 

atherosclerotic plaques (Tracy et al 1995). This constellation 

is caused by excessive food consumption and a decrease 

in physical activity (Berg et al 1994; Berg and Korsten-

Reck 1995). An important risk factor for the development 

of atherosclerotic coronary heart disease is the metabolic 

syndrome characterized by insulin resistance, obesity, high 

blood pressure, and dyslipidemia (Steinberger 2003). Early 

childhood obesity probably plays an important role in the 

development of this metabolic syndrome.

The Freiburg Intervention Trial for Obese Children 

(FITOC) aims to reduce obesity through physical activity, 

diet, and behavioral education (Korsten-Reck et al 2005). 

This paper reports the status of frequency, type, and degree 

of dyslipidemia in obese children before therapeutic interven-

tion. In addition the relationships between lipid values and 

weight status as well as lipid values and physical fi tness of 

these children were investigated.

Methods
Patients
At initial examination, the children of the study 

were 7 to 12 years old (mean: 10.11 ± 1.25 years). Chil-

dren participating in the program (body mass index [BMI] 

above the 97th percentile of the German reference group) 

(Kromeyer-Hauschild et al 2001) were referred by family 

doctors, pediatricians, or school doctors. Some were outpa-

tients at two university clinics (Universitäts-Kinderklinik, 

Kinder- und Jugendpsychiatrie der Universitätsklinik). The 

content of the FITOC intervention program has been described 

previously (Korsten-Reck et al 2005). We summarize the 

lipid profi le values of the pre-start examination of all partici-

pants taken over 9 years. We compared the values of these 

children (n = 546) with the age- and sex-specifi c reference 

group of the Lipid Research Clinics Population Studies Data 

Book (LRC). These LRC data are given in Table 1 (US Dept 

of  Health and Human Services 1980). No guideline values for 

childhood lipid values appear in German publications. The 

age- and sex-specifi c 90th percentile (P
90

) for triglycerides 

(TG) as well as for LDL-cholesterol values was set as the 

upper limit and the age- and sex-specifi c 10th percentile (P
10

) 

for high-density lipoprotein cholesterol (HDL-C) was defi ned 

as the lower limit. Four groups were selected according to 

the following scheme: A, Normolipidemia [triglycerides 

(TG) � age- and sex-specifi c P
90

, HDH-C (HDL-C) � age- 

and sex-specific P
10

]; B: Hyper-LDL-cholesterolemia 

alone [LDL-C � age- and sex-specifi c P
90

, TG � age- and 

sex-specifi c P
90

]; C: Hypo-HDL-C + Hypertriglyceridemia 

[HDL-C � age- and sex-specific P
10

, TG � age- and 

sex-specifi c P
90

]; D: Combined hyperlipidemia = Hyper-LDL-

C + Hypertriglyceridemia [LDL-C � age- and sex-specifi c 

P
90

, TG � age- and sex-specifi c P
90

]. As well as total choles-

terol, TG, HDL-C, and LDL-C, BMI, BMI-standard devia-

tion score-values (BMI-SDS) (corrected BMI), and physical 

performance in watt/kg body weight were measured.

Methods
The biochemical methods were identical during the whole 

investigation. Total cholesterol was assayed using enzymatic 

colorimetric tests (cholesterol CHOD-PAP-method); 

LDL-cholesterol and HDL-cholesterol were measured using 

lipoprotein electrophoresis (Helena REP Diagnostic, Greiner 

Bio Chemica). Our laboratory takes part in an external 

certifi cation program (DIN EN ISO 9001).

BMI was used as a basis for weight status. To correct 

for age and sex, individual BMI-values were converted to 

Z-scores (SDS values). Calculation of SDS values was based 

on the national reference data available for German children 

(Kromeyer-Hauschild et al 2001). These references were 

derived using Cole’s LMS method (Cole and Green 1992), 

which allows BMI in individual subjects to convert to SD 

scores as follows:

SDS = [(X/M(t))L(t) -1]/L(t)S(t)

where X = individual BMI-value, L = Box-Cox power, 

M = Median, and S = coeffi cient of variation for individual 

age (t) and sex from the reference group. Results are indicated 

as BMI-SDS values.

Physical performance as watt/kg bodyweight was gauged 

with a standard bicycle ergometer (Lode, Groningen, NL) 

using a typical test protocol starting at 25 or 50 watts and 

increasing the work load by 25 watts every three minutes 

until exhaustion.

The sex-specific number of children in the above 

mentioned age- and sex-specifi c 90th percentiles for TG 

and LDL as well below the 10th percentile for HDL of the 

Table 1 LRC-data for LDL- and HDL-cholesterol, and triglycerides 
90th percentile by age, gender, and race

White boys White girls

Age 5–9 10–14 5–9 10–14

LDL-cholesterol 117 122 125 126

HDL-cholesterol 42 40 38 40

Triglycerides 85 102 90 114

Abbreviations: LDL, low-density lipoprotein, 90th percentile; LRC,  The Lipid 
Research Clinics’ Population Studies Data Book, Volume 1;  Triglycerides, 90th 
percentile; HDL, high-density lipoprotein, 10th percentile.
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reference group was calculated. The children were also 

classifi ed in the above mentioned lipid groups. Gender 

differences between the frequencies in the four lipid groups 

were tested by using chi-square test for categorical variables. 

Analyses of variance (ANOVA) with Tamhane T2 post hoc 

contrasts were used to compare the differences in BMI-SDS 

and fi tness (watt/kg bodyweight) between the lipid-groups. 

Normal distribution of BMI-SDS (p = 0.945) and watt/kg 

bodyweight (p = 0.184) were examined by Kolmogorov-

Smirnoff test. Statistical inferences were drawn at a signifi -

cance level of 5%. All statistical analyses were performed 

using SPSS 11.5.2.1 (SPSS Inc., Chicago, IL). The study was 

approved by the University of Freiburg Ethics Committee.

Results
The characteristics of the patients in this study are summa-

rized in Table 2. The BMI and BMI-SDS of the boys were 

signifi cantly higher than those of the girls.

About 40% of the children have total cholesterol values 

above the age- and sex-specifi c 90th percentile, and about 

30% above the 90th percentile for LDL-C and TG (Table 3). 

In contrast more than 20% of the children showed a HDL-C 

value below the age- and sex-specifi c 10th percentile. There 

are more boys with LDL-C values above the 90th percentile 

than girls (Table 3). In both sexes, a higher degree of lipid 

abnormalities was found in our overweight children com-

pared with the LRC data (Figure 1). A large number of 

children also have combined lipid disturbances. Only half the 

children showed a normal lipid profi le (group A). We found 

signifi cant sex differences among the four groups (Table 4). 

About 12% of the children had only high LDL-C level 

(group B), while 15% had increased LDL-C and increased 

TG (higher prevalence in boys) (group D) (Table 4). In 18.9% 

we found increased TG combined with decreased HDL-C 

values (group C). This combination was more common in 

girls (23% versus 14%).

There is a signifi cant variation in BMI-SDS and physical 

fi tness between the four lipid groups (Tables 5 and 6). 

Children with the highest BMI-SDS and the lowest physical 

fitness have the lowest HDL-C values and highest TG 

(group C) indicating a higher risk for metabolic syndrome. 

Group B shows no signifi cant differences in the level of 

BMI-SDS and physical fi tness compared with group A.

Discussion
The purpose of this study was to show the lipid values of a 

cohort of obese children (�97th percentile) before starting 

an intervention program. Obesity in childhood predisposes 

for metabolic syndrome with high blood pressure, changes 

in glucose metabolism, and dyslipidemia in adulthood 

(Hubert et al 1983; Kaufman 2002; McGill et al 2002; 

Kavey et al 2003). The relationship of obesity to cardiovas-

cular risk factors is not only defi ned by the level of obesity 

but also by the distribution of fat. Research has shown 

Table 2 Characteristics of the obese children examined

N Mean SD

Age (yrs) Boys 249 10.120 1.241

Girls 297 10.104 1.255

Total 546 10.112 1.247

BMI (kg/m2) Boys 249 27.1# 3.6

Girls 297 26.2# 3.4

Total 546 26.6 3.5

BMI-SDS Boys 249 2.37* 0.45

Girls 297 2.26* 0.49

Total 546 2.31 0.47

WATT/KG Boys 178 1.9 0.5

Girls 214 1.8 0.4

Total 392 1.8 0.4

Notes: Signifi cant differences between sexes; #p = 0.001; U-Test *p = 0.005;  T-Test.
Abbrevations: BMI, body mass index; BMI-SDS, body mass index standard deviation 
score-values.

Table 3 Frequencies (%) of children with values for CH, LDL-C, and TG above P90 and for HDL-C below P10

Number 
of children

Boys Girls Total

(boys/girls) n % (95%CI) n % (95% CI) n (%) (95% CI)

CH � P90
546 (249/297) 102 41.0 (34.8–47.4) 108 36.4 (30.9–42.1) 210 38.5 (34.4–42.7)

LDL-C � P90
541 (248/293) 80 32.3 (26.5–38.5) 67 22.9 18.2–28.1) 147 27.2 (23.5–31.1)

TG � P90
545 (248/297) 82 33.1 (27.2–39.3) 103 34.7 (29.3–40.4) 185 33.9 (30.0–38.1)

HDL-C � P10
545 (249/296) 50 20.1 (15.3–25.6) 74 25.0 (20.1–30.3) 124 22.8 (19.3–26.5)

Note: 95% CI, 95% exact confi dence limits.
Abbreviations: CI, confi dence interval; CH, cholesterol; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; P10, 10th percentile; P90, 
90th percentile;  TG, triglycerides.
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that children with a large visceral component compared 

to peripheral fat can develop metabolic syndrome just 

like adults (Moreno et al 2002). Obese children develop 

not only insulin resistance but dyslipidemia as result of 

obesity and the prevalence is higher than seen among 

normal weight children (Freedman et al 1999). One study 

by Berenson demonstrates that obesity is not only associ-

ated with dyslipidemia but accelerates the atherosclerotic 

process in adolescents and young adults (Berenson et al 

1998). Recently published pediatric studies have focused 

on atherosclerosis as a process beginning in early childhood 

and related to obesity. Framingham Study data showed 

an increased incidence of cardiovascular events with 

increasing bodyweight, independent of gender.

Considering these results, lipid value screening appears 

to be helpful at the beginning of an intervention program for 

obese children. However, medical treatment of dyslipidemia 

in childhood is controversial and is so far only indicated for 

familial heterozygotic hypercholesterolemia (Stefanutti et al 

1999; Stein et al 1999). In contrast to treatment with drugs, 

lifestyle intervention has no inherent risk.

We compared pre-start FITOC lipid data from obese 

children with the LRC data because there are only a few 

comparable studies in the literature. Although the LRC 

data were collected in 1980, the 1998 American Academy 

of Pediatrics (AAP) recommendations set the same limits 

for LDL-C. These recommendations define lower than 

110 mg/dL as a normal value, 130 mg/dL as borderline high, 

and more than 130 mg/dl as a high value (AAP 1998).

Comparing the distribution of the lipid values of 

FITOC children with levels in the LRC studies, only 

54.2% of the FITOC children showed a normal lipid 

profi le (group A), whereas about 10% had a hyper-LDL-C 

alone (group B) and about 20% showed the “atherogenic” 

lipid profi le with hypo-HDL-C and hyper-trigliceridemia 

(group C) (Steinberger 2003).

Our results confi rm the fi ndings of other studies which 

show a higher frequency of dyslipidemia in obese children 

(Freedman et al 1999; Dirisamer and Widhalm 2002).

The Bogalusa Heart Study reported the probability of 

overweight children developing high TG, and total- and 

LDL-C levels 2.4–7.1 times greater than in normal-weight 

children. The increase in individual insulin resistance may 

explain a signifi cant part of the variance in the TG, LDL-C, 

and HDL-C values (Freedman et al 1999). In Germany 
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Figure 1 Distribution of the individual LDL-C of FITOC Children compared with 
the LRC Study.
Abbreviations: FITOC, freiburg intervention trial for obese children; LDL-C, 
low-density lipoprotein cholesterol; LRC, lipid research clinics population studies 
data book.

Table 4 Distribution of the children in the four lipid profi le groups

Group Boys Girls Total

n % (95%CI) n % (95%CI) n % (95%CI)

A Normolipidemia 
(HDL � P10 + TG � P90)

134 53.8 (47.4–60.1) 162 54.5 (48.7–60.3) 296 54.2 (49.9–58.5)

B Hyper-LDL-C alone 
(LDL � P90 + TG � P90)

32 12.9 (9.0–17.7) 32 10.8 (7.5–14.9) 64 11.7 (9.2–14.7)

C Hypo-HDL-C + Hypertriglyceridemia 
(HDL � P10 + TG � P90)

35 14.1 (10.0–19.0) 68 22.9 (18.2–28.1) 103 18.9 (15.7–22.4)

D Hyper-LDL-C + Hypertriglyceridemia 
(LDL � P90 + TG � P90)

48 19.3 (14.6–24.7) 35 11.8 (8.4–16.0) 83 15.2 (12.3–18.5)

Notes: 95% CI, 95% exact confi dence limits.
Abbreviations: CI, confi dence interval; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; P10, 10th percentile; P90, 90th percentile; 
TG, triglyceride.
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we have few representative population-based samples of 

childhood lipid values and cardiovascular risk factors. 

One other study presents cardiovascular risk factors of a 

large population, but combined-lipid-cluster-groups and 

correlations to physical-performance data as in our study are 

not mentioned (Reinehr 2005). Moreover, we found signifi -

cantly higher total-C and LDL-C values in boys as well as 

TG in our total cohort compared with an Austrian control 

group (Dirisamer and Widhalm 2002).

The mechanism of change in the lipid profi le could be: 

hyperinsulinemia causes hepatic VLDL-synthesis and leads 

to increased TG- and LDL-C-levels. The lack of the effect of 

insulin on lipoproteinlipase in peripheral tissues could then 

result in an increase in TG and LDL-C.

In addition, hyperinsulinemia in children leads to further 

alterations in fatty acid oxidation and concentrations (Sinaiko 

et al 2002). Other metabolic factors, such as an increase in 

levels of apolipoprotein B, homocysteine, and C-reactive 

protein are risk factors for atherosclerotic coronary heart 

disease (Sinha et al 2002; Halle et al 2004).

There is no doubt that the atherosclerotic process in adults 

seems to originate in childhood obesity with dyslipidemia, 

and must be treated in a timely fashion. In this age group, 

nondrug therapy is possible because unhealthy eating and 

behavioral habits are not yet fully established. New eating, 

behavioral, and activity patterns can be formed (Epstein 

et al 2000).

In conclusion, obesity in childhood predisposes for 

coronary heart disease in adults. In view of the socio-

economic significance of the increasing prevalence of 

childhood obesity, early screening is indispensable. Particular 

attention should be focused on the timely prevention 

of childhood obesity and corresponding dyslipidemia. 

Risk groups should be identifi ed and treated accordingly. 

Longitudinal data of dyslipidemia in obese children are 

important for the prevention of metabolic syndrome.

Table 5 Mean BMI-SDS-values in the different lipid profi le groups

Group* Boys Girls Total

n Mean SD n Mean SD n Mean SD

A1,2 Normolipidemia 
(HDL � P10 + TG � P90)

134 2.3 0.4 162 2.1 0.5 296 2.2 0.4

B3 Hyper-LDL-C alone 
(LDL � P90 + TG � P90)

32 2.4 0.6 32 2.1 0.5 64 2.3 0.5

C1,3 Hypo-HDL-C + Hypertriglyceridemia 
(HDL � P10 + TG �P90)

35 2.5 0.5 68 2.5 0.5 103 2.5 0.5

D2 Hyper-LDL-C + Hypertrigliceridemia 
(LDL � P90 + TG � P90)

48 2.4 0.4 35 2.3 0.4 83 2.4 0.4

Notes: *Signifi cant differences between the groups (ANOVA; p � 0.001); 1Signifi cant differences between group A and C (Tamhane T2; p � 0.05); 2Signifi cant differences 
between group A and D (Tamhane T2; p � 0.05); 3Signifi cant differences between group B and C (Tamhane T2; p � 0.05).
Abbreviations: BMI-SDS, MI-SDS, body mass index standard deviation score-values; CI, confi dence interval; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density 
lipoprotein-cholesterol; P10, 10th percentile; P90, 90th percentile;  TG, triglycerides.

Table 6 Mean physical fi tness in the different lipid profi le groups

Group* Boys Girls Total

n Mean SD n Mean SD n Mean SD

A1 Normolipidemia 
(HDL � P10 + TG � P90)

104 1.9 0.5 114 1.8 0.4 218 1.9 0.4

B3 Hyper-LDL-C alone 
(LDL � P90 + TG � P90)

16 2.0 0.4 25 1.9 0.4 41 1.9 0.4

C1,3 Hypo-HDL-C + Hypertriglyceridemia 
(HDL � P10 + TG � P90)

25 1.7 0.5 50 1.7 0.3 75 1.7 0.4

D Hyper-LDL-C + Hypertriglyceridemia 
(LDL � P90 + TG � P90)

33 1.8 0.4 25 1.8 0.4 58 1.8 0.4

Notes: *Signifi cant differences between the groups (ANOVA; p = 0.001); 1Signifi cant differences between group A and C (Tamhane T2; p � 0.05); 3Signifi cant differences 
between group B and C (Tamhane T2; p � 0.05).
Abbreviations: HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; P10, 10th percentile; P90, 90th percentile; SD, standard deviation; TG, 
triglycerides.

Powered by TCPDF (www.tcpdf.org)



Vascular Health and Risk Management 2008:4(5)1094

Korsten-Reck et al

Acknowledgments
U. Korsten-Reck designed and coordinated the intervention 

program. A. Berg and H.-H. Dickhuth drafted the paper. 

K. Korsten assessed the patients and data. K. Kromeyer-

Hauschild and M.W. Baumstark analysed and interpreted 

data and provided statistical support. All authors critically 

reviewed this manuscript and approved the fi nal version. The 

authors report no confl icts of interest in this work.

References
[AAP] American Academy of Pediatrics, Committee on Nutrition. 

Cholesterol in childhood. 1998. Cholesterol in childhood. Pediatrics, 
101:141–7.

Berenson GS, Srinivasan SR, Bao W, et al. 1998. Association between 
multiple cardiovascular risk factors and atherosclerosis in children and 
young adults. The Bogalusa Heart Study. N Engl J Med, 338:1650–6.

Berg A, Halle M, Bauer S, et al. 1994. Physical activity and eating 
behavior: strategies for improving the serum lipid profi le of children 
and adolescents. Wien Med Wochenschr, 144:138–44.

Berg A, Korsten-Reck U. 1995. [Strategien zur Verbesserung des 
Aktivitäts- und Ernährungsverhaltens bei Kindern und Jugendlichen.] 
Der Lipidreport, 4:15–22.

Cole TJ, Green PJ. 1992. Smoothing reference centile curves: the LMS 
method and penalized likelihood. Stat Med, 11:1305–19.

Dirisamer A, Widhalm K. 2002. Lipoprotein(a) as a potent risk indicator for 
early cardiovascular disease. Acta Paediatr, 91:1313–17.

Epstein LH, Paluch RA, Gordy CC, et al. 2000. Decreasing sedentary 
behaviors in treating pediatric obesity. Arch Pediatr Adolesc Med, 
154:220–6.

Flegal KM, Carroll MD, Kuczmarski RJ, et al. 1998. Overweight and 
obesity in the United States: prevalence and trends, 1960–1994. Int J 
Obes Relat Metab Disord, 22:39–47.

Freedman DS, Dietz WH, Srinivasan SR, et al. 1999. The relation 
of overweight to cardiovascular risk factors among children and 
adolescents: the Bogalusa Heart Study. Pediatrics, 103:1175–82.

Frontini MG, Srinivasan SR, Berenson GS. 2003. Longitudinal changes 
in risk variables underlying metabolic Syndrome X from childhood to 
young adulthood in female subjects with a history of early menarche: the 
Bogalusa Heart Study. Int J Obes Relat Metab Disord, 27:1398–404.

Frye C, Heinrich J. 2003. Trends and predictors of overweight and obesity 
in East German children. Int J Obes Relat Metab Disord, 27:963–9.

Halle M, Korsten-Reck U, Wolfarth B, et al. 2004. Low-grade systemic 
infl ammation in overweight children: impact of physical fi tness. Exerc 
Immunol Rev, 10:66–74.

Hubert HB, Feinleib M, McNamara PM, et al. 1983. Obesity as an 
independent risk factor for cardiovascular disease: a 26-year follow-
up of participants in the Framingham Heart Study. Circulation, 
67:968–77.

Kalies H, Lenz J, von Kries R. 2002. Prevalence of overweight and 
obesity and trends in body mass index in German pre-school children, 
1982–1997. Int J Obes Relat Metab Disord, 26:1211–7.

Kaufman FR. 2002. Type 2 diabetes mellitus in children and youth: a new 
epidemic. J Pediatr Endocrinol Metab, 15(Suppl 2):737–44.

Kavey RE, Daniels SR, Lauer RM, et al. 2003. American Heart Association 
guidelines for primary prevention of atherosclerotic cardiovascular 
disease beginning in childhood. Circulation, 107:1562–6.

Korsten-Reck U, Kromeyer-Hauschild K, Wolfarth B, et al. 2005. Freiburg 
Intervention Trial for Obese Children (FITOC): results of a clinical 
observation study. Int J Obes Relat Metab Disord, 29:356–61.

Kromeyer-Hauschild K, Wabitsch M, Kunze D. 2001. [Perzentile für den 
Body-Mass-Index für das Kinder- und Jugendalter unter Heranziehung 
verschiedener deutscher Stichproben.] Monatsschr Kinderheilkd, 
149:807–18.

Kromeyer-Hauschild K, Zellner K, Jaeger U, et al. 1999. Prevalence of 
overweight and obesity among school children in Jena (Germany). Int 
J Obes Relat Metab Disord, 23:1143–50.

McGill HC Jr, McMahan CA, Herderick EE, et al. 2002. Obesity accelerates 
the progression of coronary atherosclerosis in young men. Circulation, 
105:2712–8.

Moreno LA, Pineda I, Rodriguez G, et al. 2002. Waist circumference for 
the screening of the metabolic syndrome in children. Acta Paediatr, 
91:1307–12.

Ogden CL, Carroll MD, Flegal KM. 2003. Epidemiologic trends 
in overweight and obesity. Endocrinol Metab Clin North Am, 
32:741–60, vii.

Ogden CL, Flegal KM, Carroll MD, et al. 2002. Prevalence and trends in 
overweight among US children and adolescents, 1999–2000. JAMA, 
288:1728–32.

Reinehr T. 2005. Cardiovascular risk factors in overweight German children 
and adolescents: relation to gender, age and degree of overweight. Nutr 
Metab Cardiovasc Dis, 15:181–7.

Sinaiko AR, Steinberger J, Moran A, et al. 2002. Relation of insulin 
resistance to blood pressure in childhood. J Hypertens, 20:509–17.

Sinha R, Fisch G, Teague B, et al. 2002. Prevalence of impaired glucose 
tolerance among children and adolescents with marked obesity. N Engl 
J Med, 346:802–10.

Srinivasan SR, Frontini MG, Berenson GS. 2003. Longitudinal changes in 
risk variables of insulin resistance syndrome from childhood to young 
adulthood in offspring of parents with type 2 diabetes: the Bogalusa 
Heart Study. Metabolism, 52:443–50.

Stefanutti C, Lucani G, Vivenzio A, et al. 1999. Diet only and 
diet plus simvastatin in the treatment of heterozygous familial 
hypercholesterolemia in childhood. Drugs Exp Clin Res, 25:23–8.

Stein EA, Illingworth DR, Kwiterovich PO Jr, et al. 1999. Efficacy 
and safety of lovastatin in adolescent males with heterozygous 
familial hypercholesterolemia: a randomized controlled trial. JAMA, 
281:137–44.

Steinberger J. 2003 .Diagnosis of the metabolic syndrome in children. Curr 
Opin Lipidol, 14:555–9.

Tracy RE, Newman WP III, Wattigney WA, et al. 1995. Risk factors and 
atherosclerosis in youth autopsy fi ndings of the Bogalusa Heart Study. 
Am J Med Sci, 310(Suppl 1):S37–S41.

Troiano RP, Flegal KM, Kuczmarski RJ, et al. 1995. Overweight prevalence 
and trends for children and adolescents. The National Health and 
Nutrition Examination Surveys, 1963 to 1991. Arch Pediatr Adolesc 
Med, 149:1085–91.

US Dept of Health and Human Services. 1980. The Lipid Research Clinics’ 
Population Studies Data Book. Washington, DC: National Institutes 
of Health.

Powered by TCPDF (www.tcpdf.org)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


